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Abstract   

This study explored the prevalence of gastric ulcers in thoroughbred horses, a breed known to 

be particularly susceptible to this condition. The primary focus was to examine how feeding 

practices, particularly the inclusion of high-fiber diets, influence the development of gastric 

ulcers & the performance of these horses.   

Horses fed high-fiber meals before training exhibited a significantly lower prevalence of gastric 

ulcers compared to horses trained on an empty stomach. High-fiber diets, when properly 

balanced with digestible energy & paired with high-quality forage, not only avoided negative 

impacts on performance but often enhanced it. Tests conducted on forage quality revealed that 

excellent hay with optimal nutritional composition played a crucial role in promoting gut health 

& overall performance. A survey was conducted in the present study which revealed that 

thoroughbred horses kept in continuous race training with unchanged feeding & management 

practices experienced frequent and recurrent gastric ulcers.   

Traditional feeding regimes often prioritize grain-heavy diets due to their energy density, 

especially before races. However, this approach increases the risk of gastric ulcers by providing 

insufficient buffering to protect the stomach lining.   

Incorporating high-quality forage before training or competition proved to be a simple yet 

effective way to prevent gastric ulcers.   

Forage improves the stomach's buffering capacity by stimulating saliva production and creating 

a more stable gastric environment, thereby reducing ulcer formation. Contrary to concerns, 

feeding a high-fiber diet did not impair the horses’ athletic performance. Thoroughbreds on such 

diets performed as well as, or better than, those on conventional grainbased diets. Properly 

balanced feeding plans, ensuring adequate energy without excessive reliance on grain, promoted 

both health & performance sustainability.   

Conclusion:   

The study underscores the importance of dietary management in preventing gastric ulcers in 

Thoroughbred horses. Transitioning from grain-dominant diets to high-fiber, forage-based 

feeding regimens, particularly before training or competition, offers significant benefits. These 

include improved gastric health, reduced ulcer prevalence, & potentially enhanced athletic 

performance. Adjusting feeding strategies to prioritize gut health can provide a dual advantage:   

supporting the well-being of the horses while maintaining their competitive edge.   

      

  

  

  

  



 

  

LIST OF ABBREVIATIONS 

 

EGUS- Equine gastric ulcers syndrome 

BW- Body weight 

DE- Digestible energy 

CP- Crude protein 

CF- Crude fiber 

ESGD- Equine squamous gastric disease 

EGGD- Equine glandular gastric disease 

DAPE- Deep acupuncture point exam 

ACTH- Adrenocorticotropic hormone 

FOD- Forage only diet 

OD- Forage and oats diet 

PUFA- Polyunsaturated fatty acids 
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I) INTRODUCTION    

Evolution     

Over millions of years the horse went through a process of evolution to become the type of 

animal it is now. In size, horses previously resembled mammals such as hares or Guinea pigs. 

Their teeth alongside the gastrointestinal tract are designed in a fashion which enables the 

digestion of the large amount of carbohydrates & protein present in fruits & leaves (Manning, 

2021). As time progressed, the extreme climate change led to the increased presence of more 

dry, tall grasses & a lack of fruit. In response to these environmental factors' evolutionary 

adaptations occurred. There was an alteration of their previous digestive tract to one which 

allowed for a higher intake of grasses & forages. In particular they required the ability to digest 

structural carbohydrates such as cellulose, lignin, & hemicellulose present in them (Manning, 

2021). Research suggests that horses may have been domesticated already 5000 years ago, 

around 3500 BSC (Bartels, 2023).  At first, they were used for work in the fields, carriage rides, 

milk & meat. As the time went on people started using horses for competing. Soon it became 

obvious that the animals require way more energy to perform, & people started to feed them 

grain (Harris, 1998). The changes in type of feed together with less frequent meals and high 

intensity training have been associated with development of ulcers in the stomach lining (Kane, 

2010). Out of all the breeds used for sports, thoroughbreds are a breed most commonly affected 

by EGUS. Most if not all of the young horses before they start training have no abnormalities 

within their stomach lining. It commonly occurs within months of starting training and rarely 

resolves fully with just medical treatment (Kranenburg et al., 2023). Thanks to multiple 

investigations it is now known that feeding large amounts of grain at once, together with feeding 

little forage or providing straw as the only roughage to the horse, predisposes the animal to 

gastric ulcers syndrome. However, feeding horses a high fiber diet before training can decrease 

the chances of EGUS & decrease the number of cases seen in practice (Menzies-Gow, 2011).     
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II) LITERATURE REVIEW    

A) Digestion    

As we can see on Fig.1-2, the stomach of a horse is a small compartment compared to the rest 

of the digestive tract. It can only accommodate up to 12 L of food and liquid for a brief time & 

is divided into two parts with margo plicatus in between them. The glandular area is divided into 

cardiac, fundic and pyloric regions. This part secretes hydrochloric acid to help break down 

particles and pepsin which digests proteins. It is lined with mucosa that helps protect this part of 

the gut from the acid as well as secreting bicarbonate along with having an excellent blood 

supply that supports faster healing in case of any damage (Smarsh, 2022).    

On the contrary, the non-glandular portion present after the esophagus is simply a storage area 

for the food. It is only lined with squamous mucosa which does not give real protection and 

requires forage to keep the acid levels low. Giving a horse unlimited access to forage throughout 

the day allows for a buffering effect and bicarbonate production to be almost constant in this 

area. It helps to neutralize the acid and what comes with it, keeping the food below the 

nonglandular part together with protecting it from ulcer development (Ellis, 2020), (Sykes et al., 

2015).     

Furthermore, unlike other animals' horses are unable to vomit, due to the anatomy of the GI. 

First, the stomach placement is closer to the ribcage & is so small that it cannot touch the 

abdominal wall, meaning when contractions occur, the stomach is not affected by the pressure. 

There is also a sharp angle between the esophagus and the stomach and a cardiac sphincter that 

makes it impossible for the food to come up, making it a one-way route (Nicky, 2023). This 

anatomy, which is idiosyncratic to the horse, lends itself to the development of ulcers when 

significant amounts of grain are fed in lieu of forage. Oats, barley, & other grains require less 

time for chewing causing lower levels of saliva and bicarbonate production followed by quicker 

movement of food to other areas. They are also quickly fermentable and produce an even more 

acidic environment in the gut. Hay on the other hand, can stay longer in the stomach, allowing 

copious amounts of bicarbonate and saliva to be released. This keeps the acid level low for a 

long time and protects the lining from ulcers (Smarsh, 2022).    

When feeding horses, we have to take into consideration everything mentioned above. A horse's 

stomach is designed to take on only a small load of concentrates at once and requires constant 

access to forage. Feeding large volumes of grain seen commonly with sport horses predisposes 

to severe stomach overload causing further tightening of the sphincter. This can lead to stomach 

rupture, colic signs and in the long run the development of erosions as well as ulcers 

(KutznerMulligan et al., 2013).     
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Fig.1 Digestive tract of a horse (Vetpro,  2021). 

  

Fig. 2 Division of the stomach (Sykes et al., 2015). 
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B) Hydration and macronutrients    

a. Water    

Water is one of the most important components of good health in any animal. It is 

necessary for saliva production and what comes with it provides increased bicarbonate 

production together with buffering and keeping the hydrochloric acid levels within the norm 

(Hiney, 2017). Besides, it is needed to maintain appropriate body temperature, hydration status 

and mobility. (Novak & Shoveller, 2008). Water intake in a horse can come up to 30 liters a day 

and can be supplied by either direct drinking or from hay. Forage in general supplies 10-20% of 

water demand while fresh grass can give twice the amount of water compared to hay or silage 

(Novak & Shoveller, 2008).     

Nonetheless, it can be affected by stage of life, exercise, sweating, travel & salt intake (Novak 

& Shoveller, 2008). In lactating mares, the requirement can increase up to 37-74% above 

maintenance (Rankovic, 2021). On the other hand, horses that are training for a long time and 

sweat a lot can lose even up to 40L of water as was in case of study done on endurance horses 

that took part in 80 km race (Snow et al., 1982). It has also been proven that horses who don’t 

have constant access to water are over 2.5 times at greater risk of developing gastric ulcers 

(Luthersson et al., 2017).     

    

b. Carbohydrates    

Carbohydrates are one of the main sources of energy in an equine diet. They are divided 

into structural & non-structural. In relation to the terms of structural that are present in the form 

of fiber and cellulose in the cell wall, stalks, and stem of the plant. They must be fermented in 

the foregut or hindgut. Conversely, non-structural carbohydrates are in sugar, fructans & starch 

seen in grains. Even though carbohydrates are not broken down in the stomach, rather in the 

small intestine, they still have a huge effect on the development of gastric ulcers in equids 

(Pagan, 2012).     

A study done in Belgium in 2019 on 27 horses documented a group of equids fed on excessive 

amounts of starch and sugar, yet less than the minimum amount of hay per day & received less 

frequent meals, were seen to develop equine gastric ulcers (Gallineli, 2019). This occurs due to 

the ever-present hydrochloric acid which horses produce within the stomach. If a horse does not 

have access to forage which takes longer time to digest and promotes buffering, then the pH of 

the stomach drops exposing the mucosa to a very acidic environment. This is the causal factor 

regarding the development of ulcers. Moreover, if there is no forage in the stomach during 

training, the extremely low pH acid can splash around causing damage to the non-glandular part 

by forming erosions. Therefore, this study suggests that feeding less than 2g/kg/meal of starch 

can help prevent ulcers with the minimum amount of hay fed a day totaling between 1-2% of 

body weight (Gallineli, 2019).    

According to another study starch rich feeds should be withheld or decreased to less than 1g/kg   
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BW prior to exercise or swapped for hay only, by giving 1-2kg of hay prior to exercise to 

promote chewing & increased saliva production that helps with gut buffering alongside  

decreasing the gut fill and helping prevent occurrence of ulcer in a long run (Raymond, 2016).     

    

Fig. 3 Percentage of starch in different grains. (Chase, 2007). 

  
    

    

Fig. 4 Nutritional content of different kinds of hay. (Equi-analytical laboratories in 

New York, 2023). 

 
 

When looking at dietary requirements, feeds seen in Fig.3 should be given in low amounts or 

swapped for either of the hays present in Fig.5 as they are easier to digest. In a situation when a 

diet is low in fiber there is an increased likelihood for a horse to develop gastric ulcers. It may 

occur due to emptiness of the stomach as grain is broken down faster, while forage can remain 
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in the stomach for a much longer time providing bicarbonate and buffering properties that lower 

acid level (Smarsh, 2022).     

A lack of fiber also leads to shrinking of the stomach & allowing hydrochloric acid to splash 

around the squamous area. Therefore, it is important to provide fiber prior to exercise to protect 

the gut from acidic pH (Ermeres et al., 2023). To maintain functional digestion, it is suggested 

that a horse be given a minimum of 1.5% of the body weight of hay a day (Ermeres et al., 2023).     

Nevertheless, even varieties of hay can have a high-water soluble carbohydrate content based 

on the time they were cut. Grass hay cut during autumn/wintertime tends to have higher 

quantities of starch as they store the energy needed in a different manner compared to 

spring/summer grasses and produce more fructose (Thunes, 2023). Legume hay on the other 

hand is known to be richer in protein and calcium compared to grass hay. Unfortunately, horses 

tend to prefer leafy consistency of grass hay to steamy legumes which when more mature are 

harder to digest (Warren, 2023).    

       

Fig. 5 Feeding hay based on the stage of life (Warren, 2023). 

    
 

Seen in Fig. 5 the type of hay fed is highly dependable on the stage of life. Horses that are in 

higher demand of energy require hay that is easily digestible, while horses suffering from 

obesity, Equine metabolic syndrome or are ridden very rarely can be fed legume hay that is more 

mature, harder to digest & even takes longer to chew (Warren, 2023).    

    

c. Proteins    

In horses even though the proteins are mainly degraded in the small intestine, they are also 

partially broken down in the stomach. In the gut, the hydrochloric acid secreted by the glands 

can produce a very acidic environment. These conditions allow it to denature proteins which 

once broken down are easier for enzymes to digest. Furthermore, pepsinogen, converted into 

pepsin with help of hydrochloric acid, allows the breaking down of large protein molecules to 

polypeptides and peptides (Witherow, 2022).    
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Fig. 6 Protein requirements for horses (Novak & Shoveller, 2008). 

 

     
 

 

 

 

 

 

 

 

 

 

 

Fig.7 Daily nutrient requirements for horses of different mature weights-500kg (Novak & 

Shoveller, 2008). 
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When looking at feeding requirements we must remember that protein requirement is based 

on individual needs as seen in Fig. 6 and Fig. 7. Moreover, proteins are made of amino acid 

chains. Limiting amino acids are the most important ones which have to be supplied by us in 

order to promote good gut health. The foods that contain a high amount of this amino acid 

together with a high amount of crude protein are soybean meal, legume pastures, legume hays, 

whole oats, and flax seeds (Novak & Shoveller, 2008). The diet should contain a minimum of 

0.65 % of lysine and 0.5% of threonine. (Novak & Shoveller, 2008). The best way to ensure 

the minimum intake of this amino acid is to provide an excellent quality forage. For instance, 

legume hay from red clover, alfalfa or grass hay from timothy, Bermuda, or orchard grass 

(Novak & Shoveller, 2008).    

It’s very rare for horses to develop protein deficiency, yet protein excess is more commonly seen. 

It not only leads to waste of money as the animal cannot digest all the protein it's given, but it 

can also increase water consumption, urine output together with strong smell of ammonia that 

can result in kidney or liver failure (Novak & Shoveller, 2008). On the contrary, a study has 

shown that horses fed alfalfa hay meal which is high in CP, CF and calcium is beneficial for 

horses’ gut health as it promotes buffering of stomach acid and decreases the level of gastric 

ulcers (Julliand et al., 2021; Thunes, 2024).     

    

d. Fats    

Out of the energy sources mentioned, fats are the ones that can provide over 2 times more energy 

than carbohydrates or proteins (Worth, 2010). We can subdivide them into saturated and 
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unsaturated fats (Worth, 2010). Compared to proteins and carbohydrates, fats are broken down 

only within the small intestines. Nonetheless, supplying fats in the horse's diet can slow down 

gastric emptying. This allows the content to stay longer in the stomach and produces a barrier 

between the lining and the hydrochloric acid (Orme et al., 1997 What is more, fat can be used 

as a substitute for extra grain. This is often done when a horse needs to receive more energy or 

calories, without increasing carbohydrate intake due to high amounts of harmful non-structural 

carbohydrates and excess hydrochloric acid causing ulcers. It has been proven that fat added to 

a diet has no effect on blood glucose or insulin level in horses. It can be supplied without 

increasing glycemic index, while improving resting glycogen and increasing performance 

(Orme et al., 1997). An experiment done on 6 mares that were fed a diet supplemented with fat 

has also shown that it improved their speed and muscle glycogen concentration (Oldham et al., 

1990). Not only that but supplying the feed with fish oil can decrease the inflammatory reaction 

caused by exercise (Banton, 2024). Even though digestibility of fats is quite low in forage 

feeding low grain, a high crude fiber diet is more beneficial, and horses can do well on this diet 

if supplemented by fats (Valigura, 2022).    

    

    

   

   

    

Fig.8 Amounts reported are based on (g/100g oil). Data adapted from the USDA (Valigura, 

2022). 

      

Regardless of how beneficial fats are, the ratio of Omega 6 to Omega 3 should not exceed 1:1 

to avoid inflammatory responses to occur. In Fig. 8 we can see different types of oils that can be 

given with the ratio of Omegas in it.     

It has been shown that linseed can be supplied together with hemp oil 3:1 ratio for the well 

balanced ratio of the two fats or alone (Leizer et al., 2000). Lastly, sea buckthorn can also be 

used as it helps prevent or decrease glandular ulcer development in horses during fasting or feed 

deprivation (Auer, 2012). What’s more it’s been proven that supplementation of Omega 3 helps 

decrease the ulcers in the squamous region of the stomach together with prevention of 

occurrence (Pagan et al., 2022).    
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e. Minerals    

Minerals can be divided into macrominerals which are required in copious amounts in the diet 

(calcium, phosphorus, potassium, sodium, chlorine, magnesium, and Sulphur), & microminerals 

also known as trace elements in which selenium, copper, iodine, zinc, iron, cobalt & manganese 

(Godfrey, 2024). Even though a lack of proper mineral balance in the diet does not directly cause 

gastric ulcers, it can contribute to development & poor health of the digestive tract.    

  A study done on 9 thoroughbred cross horses was performed to see the effect of seaweed 

calcium derived supplement. It has been shown that horses who received the product secreted 

gastric juice of higher pH, making the gut environment less acidic together with less chance of 

developing ulcers by increasing the buffering capacity (Jacobs et al., 2020).     

Magnesium on the other hand, is needed for relaxation of the muscles together within 

the gastrointestinal tract. A horse deficient in magnesium can present as more stressed, anxious, 

or nervous. This leads to increased stomach acid production and the possibility of ulcer 

development. In 2023 research was conducted on 42 young trotting horses. They were divided 

into control groups & a study groups that received magnesium oxide supplementation. Within 

30 days a gastroscopy examination was performed, & it revealed that those horses which were 

supplemented with magnesium presented with lower incidence of ulcers following treatment 

when compared with the control group (Leleu & Courouce, 2023).     

Zinc & copper are necessary for healing tissues & maintaining good integrity. In 

compliance with a study performed on horses in a large animal teaching hospital in Copenhagen 

& Extremadura, horses diagnosed with gastric ulcers there between August 2020 and August 

2023 were deficient in zinc & iron. This study suggests that supplying zinc could be beneficial 

for healing the gastric mucosa during ulcer treatment or providing a good environment for 

prevention (Munoz-Pieto et al., 2024).     

Selenium together with vitamin E and C are prime antioxidant nutrients in animal diets. They 

help reduce oxidative stress effect on the horse's body which occurs with intense exercise & 

stress. These micronutrients can act as antioxidants on the body & protect it (Bahena, 2023). In 

addition to that, a recent study has shown that horses suffering from gastric ulcers have higher 

levels of proinflammatory cytokines causing inflammatory response. As selenium, vitamin E & 

C are antioxidants they could benefit from supplementation during therapy (Thunes, 2024). To 

ensure appropriate intake of microminerals, horses should be fed excellent quality hay such as 

bromegrass, timothy, orchard grass or bermudagrass. Their ratio is the closest to ideal, while 

alfalfa & white clover hays should be avoided in copious amounts. The best commercial feed 

that can provide adequate supplementation would be soybean meal with ratio of 1:1.8 & beet 

pulp in lesser amounts due to ratio of 10:1. Other foods like barley, wheat bran and rolled oats 

have much higher Phosphorus compared to calcium level (Bazay, 2022).    
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III) Equine Gastric Ulcer Syndrome (EGUS)    

Equine gastric ulcers are sores that develop in the stomach lining due to excess hydrochloric 

acid or enzymes. The Equine Gastric Ulcer syndrome can be divided into two separate diseases. 

One being Equine Squamous Gastric disease (ESGD) and the other Equine Glandular Gastric 

disease (EGGD). (Sykes et al., 2015). As indicated previously hydrochloric acid is produced 

constantly in horses, making them more prone to erosions & damage in the squamous area due 

to chronic exposure to acid splashing. This mainly occurs when horses don’t have enough access 

to forage which protects the gut from such an effect (Sanchez, 2011). On the other hand, the 

glandular region is commonly affected due to failure of defense mechanisms or the prolonged 

usage of non-steroidal medication in treatment of secondary diseases (Sykes et al., 2019).    

It has been demonstrated that over 80% of horses were presented with ulcers in non-glandular, 

squamous regions (Andrews, 2019). Another study performed on racehorses in Korea has 

shown that all 49 thoroughbreds did suffer from gastric ulcers. However, most severe erosions 

have been reported in the non-glandular region of the gut (Hwang, 2022).     

It is difficult to diagnose ulcers in horses based on clinical signs only as they can be 

consistent with any disease. Despite that, if horses present with colic episodes on multiple 

occasions, experiences reduced performance, loss of body condition & weight as well as 

becoming more lethargic/aggressive then this could guide us in the direction of ulcers 

development (Young, 2019). A historical observation of 111 horses showing signs of colic has 

exhibited that any kind of abdominal pain could be associated with ulcer development in horses 

(Murray,1992). The explanation behind is straight forward. Horses that suffer from colic 

episodes and are staying in hospital are fasted for long periods of time & the food is reintroduced 
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slowly. Acids & bile salts have been shown to cause more severe injury to squamous mucosa 

than acid on its own. If the concentration is high enough, it can change the electrolyte transport 

within the gastrointestinal tract. It was proven by research that horses fasting for as little as 14 

hours are more likely to develop erosions & ulcers in the gut (Berschneider, 1999).    

    

Fig.9 DAPE pressure points (Bowen, 2019). 

Supplementary, Deep Acupuncture Point Exam (DAPE) may help with ulcer diagnosis. It is a 

tool used by some veterinarians, physiotherapists and horse owners. Putting pressure on the areas 

present in Fig.10 can give us an indication of discomfort. Horses suffering from ulcers when 

touched there, tend to react by kicking, trying to bite, shaking head, pinning ears etc.  Even 

though there are some indications that could guide us in the direction of ulcer diagnosis, the best 

way to prove the disease is to perform a gastroscopy (DePaolo, 2012).     

 

    

Fig.10 Ulcer grading scale (Bowen, 2019). 

The severity and place of occurrence can be observed. It is of great importance that the scope is 

at least 3m long to allow a view of the entire stomach. Previously shorter scopes were used, 

making the diagnosis inaccurate as it could not reach all the areas. Once observed, they can be 
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graded based on Fig. 10. Grade 0 represents no changes and Grade 4 is very severe. Racing 

Thoroughbreds & sport horses are the breeds most affected. It has been shown that over 90% of 

these athletes suffer from this condition (Sanchez, 2011). The reasons for this condition are 

constantly being studied, however it is believed that breed, stress, management, changes in 

routine, excessive exercise & most importantly, nutrition play the main role.     

    

1) Effect of the breed and exercise intensity on gastric ulcers development.    

When looking at the breeds & severity of training, thoroughbred racehorses are the most 

prone breed to equine gastric ulcer syndrome. An extensive study done over 72 years on 3715 

deceased horses demonstrated that not only was EGUS present in 633 of them, but it also proved 

that thoroughbreds & standardbreds are the most prone breeds to gastric ulcers while 

coldblooded breeds represent only 7% of cases (Sandin, 2000). Respectively, research was done 

on 67 horses in race training. Out of all the horses, 42 were in active racing and 25 were in 

training. It has been shown that the horses that were participating in the competition were greatly 

affected by ulcers in the squamous area compared to horses that were just in training (Murray, 

1996).     

Additional research done on 345 racehorses has shown that 86% of them suffered from gastric 

ulcers. It showed not only that this breed of animals is very prone to this condition but also 

pointed out that again the non-protected squamous area was more severely affected in relation 

to the glandular area (Begg, 2003).     

Prevalence of gastric ulcers in thoroughbred racehorses was studied on 171 horses in active race 

training in New Zealand over 2003-2004. EGUS was noted in 151 of the animals. More severe 

damage was seen along lesser curvature of the stomach compared to greater curvature and saccus 

caecus (Bell et al., 2007).     

It is not only the breed predisposition, competition & preparation for it that can aid in the 

development of gut lesions, but the training itself. Research was performed to see if ulcers can 

be triggered by putting horses into stimulated race training. Thirty horses took part in the 

experiment. Further examination of 275 Standardbred racehorses revealed that those involved 

in racing presented with higher levels of gastric ulcers compared to horses not in training nor 

racing (Dionne, 2003). Furthermore, a review of 80 standardbred horses in race training was 

performed to measure the severity of gastric ulcers in them. Equids in constant training or raced 

within the previous months were suffering from an increased incidence of ulcers compared to 

rested horses. This could be associated with the stress that comes with competing, different diets, 

food withholding prior to the race and extreme amounts of exercise (Jonsson & Egenvall, 2006).     

The effect of decreased performance in horses was additionally seen in an Arabian racehorse 

brought to a Jockey Club hospital. After endoscopic examination it became evident that the 

animal is experiencing grade 4 of ESGD and EGGD. The exact cause of the issue was revealed 

once a look into the diet took place. The horse was fed 3.08g/kgbW/meal of starch and forage 

completed only 40% of the diet. Poor diet and high intensity training together with competing 
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presented increased secretion of HCl in the gut leading to erosion. Furthermore, after changing 

the diet to a fiber one with added oil, followed by more frequent meals the gastroscopy exam 

took place showing massive improvement in gut flora (Gulsah et al., 2016).     

The effect of exercise on the occurrence of gastric ulcers was also performed on small groups of 

horses. Three of them got a polyester bag placed in their stomach and changes in the volume 

were recorded. This showed that as horses were in trot or canter the volume of the stomach 

decreased causing hydrochloric acid to splash around the squamous area. On the contrary, once 

the horse returned to walking, the volume increased. This demonstrates that strenuous exercise  

& withholding forage prior to it has an enormous impact on mucosa damage (Figueras, 2002).     

    

2) Stress and management    

Nonetheless, stress & management also play an essential role in gastric issues. When preparing 

a thoroughbred for these events, the horses go through a lot of changes. Such as, new 

surroundings, trainers, transportation, lack of previous stable mates, decreased or lacking turn 

out time, change in diet or environment. Any of these may lead to increased levels of stress 

hormones. Immediately after, cortisol causes a drop in prostaglandin which leads to a drop in 

gastric pH together with granting conditions for EGGD development (Sheiddeger, 2017).     

Further research carried out on 26 horses that were in active training showed that after 

intravenous injection of exogenous ACTH, it propels the adrenal cortex & increases cortisol 

levels. When this happens, the level of prostaglandins drops again, followed by a drop in gastric 

pH & providing yet again a perfect environment for ulcer development (Scheidegger, 2017).     

All the above-mentioned factors have been put together and studied in 1999. Thirty horses were 

removed from fields and were brought to a barn where they were fed Bermuda hay, 6 kg of 

concentrate together alongside a protocol of intense training for 6 days in a week. The results 

presented have shown that removing horses from their natural habitat into the stables, feeding 

them large amounts of grain and putting them through strenuous exercise all will not only lead 

to stress, but damage to gastric mucosa in the long run (Vatistas et al., 1999).     

3) Nutrition    

Out of all the predisposing factors, nutrition plays a crucial role in diagnosis, management, 

treatment and prevention of EGUS. It’s the first bit of information that should be taken into 

consideration when diagnosing a horse. Lack of adequate amount of forage, inferior quality 

hay/grass and no constant access to it together with high starch and grain diets puts the horses 

at a notable risk of ulcers. Since horses secrete hydrochloric acid constantly, they require 24/7 

access to forage to prevent full emptying of the stomach and acid splashing (Vokes et al., 2023).      
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(i) Grain vs forage and fats    

    
Fig. 11 Equine feed pyramid (eXtension HorseQuest Articles and News and My Horse 

University Horse Nutrition Online Course), 2017). 

Horses, compared to their ancestors, are used in various sports and have a huge demand 

for energy to meet the required performance level. Forage alone diet is believed not to be enough, 

therefore owners over the time decided to focus on high grain diets forgetting how important 

fiber is for these animals Cereal grains like oats, wheat, barley and maize are often used as they 

provide high starch level and what comes with that high energy, but at the same time they contain 

small amount of fiber. This can lead to various metabolic disorders (Rowe, 2000).     

Withholding grain should take place prior to exercise while forage or another source of fiber 

should be given to the horses before exercise. Feeds high in starch and sugars present in most of 

the grain tend to absorb from the small intestine in the form of glucose causing the release of 

insulin which gives information to muscles that they must store the glucose away. The levels of 

glucose and insulin usually take 4 to 5 hours to come back to normal after feeding, therefore if 

insulin is present in blood during exercise, the horse will not be able to utilize glucose as the 

body gives signals to store it away. This will result in the horse running out of muscle energy 

causing fatigue. Providing hay will not necessarily alter the performance but will protect the gut 

from acid & the formation of ulcers (FeedXL, 2024).     

Data obtained from 27 horses brought for nutritional evaluation and suffering from ulcers 

between 2013-2018 was recorded together with a control group of 21. It revealed that horses 

affected by ESGD were fed diets higher in starch and sugars compared to animals fed higher 

fiber diets. What is more, there was also a connection between the number of meals fed. Ulcer 

patients got 2 meals a day while healthy horses got 3. All this together has indicated that small 

amounts of fiber together with high starch intake of more than 2g/kg/meal is a predisposing 

factor to development of erosion. Nonetheless, giving more hay, accompanied by large amounts 

of grain does not prevent ulcers development (Galinelli et al., 2019).     

Feeding horses with an energy dense diet high in starch and low in fiber was also investigated 

on 19 Bardigano horses intended for meat production. Two different diets were given to the 
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animals, & it was noted that large amounts of starch in diet may lead horses to greater 

susceptibility to mucosal damage in the stomach (Colombino et al., 2022).     

High grain diets have also been studied at the University of Illinois. Sixteen standardbred 

weanlings took part in it to evaluate two different diets over 3 intervals of 30 days each. In the 

first 30 days all horses received a hay only diet, in the next round one group was fed a complete 

pellet diet followed by a hay and grain diet for the last interval. The other group received the 

opposite. After 90 days the horses were examined again and the results showed that horses fed 

a complete pellet diet had a higher degree of ulcers compared to horses fed a grain & hay diet 

indicating that a balance between hay & grain is necessary in feeding horses (Flores et al., 2011).    

                                        

The benefits of reducing grain in the diet & replacing it with high forage has also been seen in 

thirty-four adult horses. The first group of 20 horses was fed a high fiber & fat diet while 14 

horses got their usual concentrate diet. The change of concentration to fat & fiber diet had a 

positive effect on gastric ulcers, with horses suffering from them having lower levels of 

ulceration in both squamous and glandular mucosa of the stomach. This demonstrates that 

including fats in a diet together with fiber could be a better choice for increased energy compared 

to high grain (Bohm et al., 2018).      

Providing a higher fiber diet not only prevents occurrence of ulcers, but what comes with it 

increases the time horses spend on chewing. Horses produce hydrochloric acid constantly, giving 

them unlimited access to hay which promotes chewing and what comes with that increased 

production of saliva which has buffering capacities and protects the stomach lining. A study 

backing this was performed on eight mares. They were put on 2 different diets, each lasting 3 

weeks with a week interval in between. The first diet was ad libitum access to orchard hay while 

the other was pelleted feed. There was an evident increase in chewing time between hay (43,476 

chews/day) and pellets 10,036 chews/day) (Elia et al., 2010).     

High fiber diet is not only a requirement for racehorses, but any horse including pregnant mares. 

Fourteen mares previously suffering from severe ulcers have been studied to see the effect of ad 

libitum hay and low starch diet on gut health. After as little as a month, the degree of ulcers has 

greatly dropped in 7 out of 14 horses. It has been speculated that if such diet was given for a 

longer period, the possibility to heal the erosions with just use of high forage diet is possible 

without any use of omeprazole (Kranenburg et al., 2023).     

Eating time, which is beneficial for saliva production, also increased when fed roughage 

compared to grain which encouraged searching behavior in their bedding for food (Elia et al., 

2010). Not only did the time spent on eating & the amount of chewing increase, but also the 

amount of saliva. Horses with constant access to hay or pasture produced 400-480g of saliva per 

100 grams of food eaten. When fed grain diets they produced around half of the amount 

(206g/100 gram of feed) (Meyer et al., 1985).     
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Moreover, feeding forage instead of grain helps with lower production of gastrin which is 

responsible for hydrochloric acid secretion. Horses that are fasting and are fed grain only 

generate more gastric acid & less saliva than horses on a forage diet alone (Smyth et al., 1989).     

Fats together with supplements are at the top of the pyramid suggesting that they are not 

as important in a diet. Previously, it was commonly believed that fats will not only not provide 

enough energy for horses but also will lead to excessive weight gain. This misconception has 

been refuted. Choosing the correct fats with the right ratio can be hugely beneficial to a horse & 

aid in better digestion & utilization in contrast to grain. Fats provide 2,5 times more energy than 

carbohydrates and are excellent carriers of fat-soluble vitamins like vitamin A, D, E, K (Valigura, 

2022).     

Supplementing horses with long chain polyunsaturated fatty acids (PUFA) & its effect on gastric 

mucosa has been studied in 13 thoroughbred horses. The animals were given either short or long 

chain PUFA. After 3 months they were evaluated after running a 4600m race. The positive effect 

of L-C PUFA was seen as the ulcers present in the horses were not seen anymore, while horses 

put under stress did not develop ulcers either (Pagan et al., 2022).    

Other benefits of oils also include the ability to prevent ulcers from occurring. To check that, 

four ponies got gastric cannula fitted into their stomach. They were fed an unlimited amount of 

hay for 5 weeks followed by 5 weeks of hay & corn oil diet. After analyzing the content, it has 

been shown that the acid content of the gut was lower, preventing it from manifesting in the 

squamous part of the stomach (Cargile et al., 2004).     

The effect of fat in the equine diet was also investigated in a trial on 15 thoroughbred racehorses. 

Firstly, the horses were fed a controlled diet with 2 % digestible energy feed & were prepared 

for a 1600m race. Afterwards the feed was swapped to 12% total dietary fat, & the horses were 

taking part in another 1600m run. The mean time at which the horses finished the race improved 

by 2.5 seconds, suggesting that fat added to diet improves race time (Harking et al., 1992).     

    

        

IV) Withholding forage and ulcers development in horses    

It is a common practice in racehorses to start reducing gut weight 2-3 days before the race to 

improve performance. Many trainers, owners and breeders tend to drastically decrease access to 

hay and increase grain as it tends to retain water and make the horse heavier, which is not desired 

for a race. Overloading the gut with grains does not increase the energy storage but may lead to 

carbohydrate overload and acidosis. Even though it may make the horse perform better in the 

short run, it has an extremely negative effect on digestive health. It is believed that racers 

perform better if they are slightly dehydrated, which is completely wrong. Horses require water 

and forage to form a fiber mass in their stomach which prevents acid splashing and development 

of EGUS. What is more, this allows them to recover faster after a race by replenishing the fluid 
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loss caused by sweat and heavy respiration together with better muscle and tissue recovery 

(Kohnke, 2012).     

In the wild or in 24h turnout horses spend approximately 16 hours eating forage, while in modern 

practice they tend to eat for only 8-12 hours which is not even close to the time they evolved to 

spend eating (Harris, 2005; Ellis, 2010). Modern diets involve elevated levels of starch and sugar 

while forgetting the importance of constant access to hay and the benefits it has on gut health. 

Withholding forage will lead to the development of ulcers. In the stomach it acts as a protective 

cushion from acid for the squamous mucosa as complete digestion can take even 24-48 hours. 

However, digestion of grain can take 12 hours. Therefore, the new lifestyle many sports and 

racehorses became accustomed to causes them alimentary tract issues. On top of that, feeding 

meals of up to 5kg of grain twice a day has a huge impact on ulcers in comparison with more 

frequent feeding. Horses evolved to consume small amounts of food over the day, which allows 

them to digest starch and sugars in small intestines rather than hindgut, providing good gut health 

(Cymbaluk, 2015).     

Induction of ulcers was performed in 10 horses to see the effect of hay withdrawal. For 7 days 

the horses were deprived of hay and given forage for a certain amount of time summing up to 

even 84 hours each, with 12h of feed deprivation being the maximum. This study showed that it 

takes as little as 36-72 hours for erosions to develop and 84 hours for greater level of ulcers to 

develop, suggesting that lack of hay for even such a short period of time is extremely damaging 

to gut health (Murray, 1994).     

Measurement of the stomach pH has also shown the effect lack of forage has on ulcer formation. 

Five horses were fitted with a pH electrode that measured it every 6 min for 24 hours. Three 

protocols were followed: (1) horses had no access to hay or bedding for 24 hours, (2) horses had 

free access to timothy hay for 24 hours, (3) horses had unlimited access to timothy hay, while 

being treated with ranitidine. Gastric acidity was greater in animals that had forage compared to 

those that were allowed to eat. This suggests the importance of hay & chewing for both gut 

health & the functioning of the buffering systems (Murray et al., 1993).     

Twenty-one ponies fed hay only and 27 ponies given a mixed diet for 2 weeks showed rather 

similar results. After slaughter, the stomach was examined for ulcers. In the hay group no animal 

was presented with any damage to squamous or glandular mucosa, while 10 of the mixed diet 

fed animals were presented with ulcers in the squamous mucosa near margo plicatus (Coenen, 

1990).     

The effect of excess starch, long forage withdrawal, lack of water in a paddock & providing 

straw as the only roughage revealed prevalence of ulcers in patients used for this research. In 

Denmark 201 horses not in current race training were collected from different yards around the 

country. In this group of animals 107, which is 53% of equids, were positive for grade 2 ulcers 

in the non-glandular region. This was associated with not providing forage except from straw, 

withdrawing constant access to water and feeding over 2g/kg BW of starch per day. These types 

of alterations in feeding have a gross effect on the gut & make the horses more prone to ulcers, 

together with the expression of abnormal behaviours (Luthersson et al., 2009).     
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As mentioned above, the size of meals & frequency of feeding are just as important as having 

constant access to forage. Horses' stomachs are small & can only accommodate small amounts 

of food at the time. A 60-day experiment was performed on 30 quarter horses placed in stables 

with moderate training at hand. One group was fed in a traditional way & received grain twice 

a day, the other group had an automatic feeder which broke down the feedings into multiple a 

day. It became evident that horses fed less often developed ulcers in the glandular & squamous 

mucosa, suggesting that withholding the feed & offering larger meals does have an impact on 

EGUS (Bass et al., 2018).     

The above-mentioned was also supported by another study on 54 Standardbred racehorses in 

training. Gastric ulcers were seen in 75% of horses fed twice a day and in 57% of horses fed 

three times a day, suggesting again that the number of meals does influence EGUS. Horses 

should receive small amounts of food at least 3 times a day with unlimited access to forage to 

ensure no gastric problems occur (Bezdekowa et al., 2008).      

V) Forage and its effect on performance    

Despite the knowledge of ulcers and the importance of providing ad libitum hay & other forages, 

it is a common practice to believe that it has rather negative effects on performance. The 

continuous debate has been going on over the years whether horses should be fed prior to 

exercise? If so, then how much?  Should there be no food or water before? If fasted, then how 

long before is the most appropriate or should they be fasted at all? Even though it's an ongoing 

question within the equestrian community, the benefits of feeding a high fiber meal or hay prior 

to exercise have an extremely positive effect on their well-being as well as digestive tract (Pagan 

and Harris, 2010).     

It is well known that grain should be avoided or replaced by forage to ensure a well-functioning 

gut. Three separate experiments took place & concluded the importance of feeding forage before 

exercise compared to grain. In the first experiment 6 thoroughbred horses were given hay 3 times 

a day and grain. This method had an effect on glycemic response, plasma protein level & water 

intake. In another group 4 thoroughbred horses were stabled & fed grain with or without hay. 

The aim was to see if it has any effect on feed utilization and exercise. It led to reduced plasma 

volume, increased lactate production together with high heart rate during exercise. Furthermore, 

providing grain led to reduction of availability of free fatty acids as well as increased blood 

glucose. Lastly, 4 horses were put in stalls & were only fed forage. The aim was to determine if 

not feeding grain prior to exercise would affect substrate utilization. All together, these studies 

concluded that feeding hay or forage prior to exercise did not hugely affect the performance and 

feeding small meals consisting of fiber prior to race is beneficial to gastrointestinal tract (Pagan 

and Harris, 2010).     

Replacing the grain diet with high energy forage would be just as beneficial and horses are able 

to perform just as well on that type of diet. Six standardbred geldings were used for a study over 

29 days change over experiment & were fed two different diets. Firstly, they got a forage only 

diet followed by a forage- concentrated diet. Non esterified fatty acids, plasma acetate, lactate, 

glucose, insulin & venous pH were measured before, during & after exercise on day 25. Muscle 
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glycogen was measured before & after exercise. Plasma acetate, venous pH and plasma glucose 

were higher in the forage only diet both before & after exercise. Plasma insulin & muscle 

glycogen were lower in forage diets. Nonetheless, glycogen utilization was similar in both diets. 

This suggests that horses can do well on a high energy forage diet. It alters the metabolic 

response & has more positive than negative effects on performance (Jannson et al., 2012).     

The consequences of Forage only diet (FOD) vs 50:50 (forage and oat diet- OD) on performance, 

metabolic plasma & body weight was measured during 12h fasting. Twelve standardbred horses 

in training were fed those two different diets over a 3-week period. On the last day of each 

experiment, the horses were fasted. The body weight & water intake were measured daily, while 

during fasting it was checked hourly. Moreover, during fasting total plasma protein, urea, insulin, 

non-esterified fatty acids, glucose and acetate concentration were measured. The study revealed 

that body weight & water intake increased on forage only. Body weight loss was also higher 

during feed deprivation on forage feed. Total plasma protein & plasma insulin were both lower 

during feed deprivation on FOD. What is more, plasma NEFA & urea both increased when food 

was withheld, while plasma glucose was not affected at all. This study indicates that high energy 

forage diets may be an alternative to grain in racehorses (Connysson et al., 2010).     

The benefits of fiber diet over grain can be seen in young horses' development prior to racing 

careers. Sixteen standardbred horses were fed forage only meals for 4 months. They received ad 

libitum grass haylage together with 1kg of lucerne with minerals. The number of training 

sessions & length were measured daily, while growth as well as feed intake were recorded 

monthly. Heart rate has been measured during October and December exercise period.  The 

results of the testing showed an increase in height from 148.7cm to 154.1 cm, body condition 

score increased to 4.9 by the end of research, body weight went from 403kg to 453kg, while 

heart rate was lower before & after exercise. This indicates that yearlings in training can achieve 

at least the same gain & development as horses in conventional training and feeding with grain 

(Ringmark et al., 2014).     

High forage diets may not only be beneficial for equine gut health, but could be an alternative 

to a grain diet, while providing increased levels of crude protein. Two high energy diets were 

reviewed in 6 standardbred horses over 23 days crossover design. One diet consisted of 16,6% 

crude protein & was rich in fiber while the other contained 12.5% crude protein. On day 19, the 

horses took part in a treadmill race simulation test during which blood samples were taken before 

& after running. Furthermore, biopsy of musculus gluteus was taken before, after & 90 min post 

exercise, together with determining levels of glycogen & amino acids. The results have shown 

that muscle glycogen as well as leucine were higher in 16.6% crude protein diet together with 

amino acids concentration being higher on increased crude protein diet. On the contrary, 

glycogen, glutamate & aspartate dropped while alanine increased in both diets. Due to increasing 

glycogen & leucine levels on high protein diets, they may be beneficial not only for gut health, 

but after intense training they aid in muscle and tissue recovery. This will allow the horse to get 

back into training faster. (Essen and Jansson, 2010).    
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Research done in 2022 on Standardbred horses was conducted to assess benefits and potential 

limitations that come with feeding a high energy forage only diet (FOD), rather than grain. The 

horses were offered timothy grass or meadow fescue. The energy content must always be 

measured to ensure appropriate digestible energy is present as each bale or batch of hay always 

has different levels. This is due to the time they were cut, weather, ground condition etc. The 

energy content of these feeds was 11.5 MJ digestible energy (DE). As this level was still low, 

some horses had to be supplemented with additional lucerne or alfalfa to meet requirements of 

crude protein (CP). The research revealed as above that horses can be fed forage only diet, 

however the DE has to be at least 11.5 MJ per kg of dry matter to achieve that. What is more, 

many breeders and trainers worry about hay belly that usually develops when horses are fed 

forage only. This happens as forage stimulates production of saliva and increases water intake 

(Andrad, 2022).     

Nonetheless, it is not the case when fed properly. Furthermore, the lactate threshold on FOD was 

elevated compared to grain, indicating that horses can perform better. Muscle glycogen depletion 

can be tackled by providing high CP feed aiding recovery post training. All in all, FOD is very 

beneficial for horses’ gut health and welfare but also does not really affect their performance. 

Quite the opposite, they can improve it as the animals will feel better, won’t have excess acid 

build up in the gut and no abnormal behaviours will be seen either. The most important aspect 

of this diet is to measure the quality, CP content & DE each time a new bale or batch is open. 

This may be limiting in some places, as it is easier to just feed grain rather than putting so much 

effort into measuring as well as it is more expensive. However, the benefits of it and improved 

performance should outweigh the costs (Andrad, 2022).     

    

    

        

VI) GOALS OF THE STUDY    

The aim of the study was to show that if horses were given forage prior to training that it would 

help decrease the chances of gastric ulcers development. This condition is mainly seen in horses 

that compete, especially racehorses that are not given any hay prior to racing and are mainly fed 

grain to enhance the energy requirements. Multiple studies have shown that feeding hay or 

forage high in CP can provide just as good results in competition, together with providing well 

balanced gut health.     
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  VII) MATERIALS AND METHODS    

To gain the data, the survey was sent to multiple owners, breeders and trainers of thoroughbred 

horses. The equids chosen for the study had to currently suffer from gastric ulcers or suffered 

previously and the condition recurred as well as be in current race training. In total 48 horses 

from different people were chosen for this study.     
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VIII) RESULTS    

    

Fig. 12 Out of 48 Thoroughbred horses suffering from ulcers. Above is shown the quantity of 

horses diagnosed with the use of gastroscopy. 

    

Fig. 13 Illustrates the area of the stomach affected by ulcers 
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Fig. 14 Documents the age of horses affected by gastric ulcers. 

    

 

Fig. 15 Classification of those presenting gastric ulcers by sex. 
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Fig. 16 Breakdown of horses presenting with EGUS in terms of being turned out in groups 

 or alone. 

    

Fig. 17 Illustrates the time spent outside. 

    



    26    

    

 

Fig. 18 Demonstrates the access horses had to forage during the turn out. 

    

 

Fig. 19 Changes in training intensity after EGUS diagnosis. 
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Fig. 20 Duration of withholding hay prior to race. 

Fig. 21 Duration of withholding grain prior to race. 
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Fig. 22 Number of horses that received oil in their diet. 

 

Fig. 23 Quantity of oil within horses' feed. 
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Fig. 24 Feed type received by horses in their diet. 

 
    

Fig. 25 Quantity of hay received daily. 
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Fig. 26 Categorization of intervention/changes post diagnosis. 

 

Fig. 27 Recurrence rate of ulcers among participants. 
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IX) DISCUSSION    

According to Figure 12, only 13 horses were examined by gastroscopy. Both squamous as well 

as glandular mucosa were affected with the exception of 1 horse that had two areas covered in 

erosions. The rest of the animals were diagnosed based on clinical signs & DAPE pressure points 

in Figure 9. We don’t have data on the other 35 horses as they were not diagnosed with an 

endoscope. Even though there was an equal number of horses suffering from ulcers in both areas, 

we do not have any information about the parts of stomach affected in the other 35 animals that 

were diagnosed without gastroscopy. Nonetheless, many studies show that ESGD is more 

commonly seen compared to EGGD. The reason being is that the squamous mucosa is not 

protected and easily affected by low stomach pH. Therefore, reasons for this part to be affected 

are mostly due to incorrect feeding practice, no pasture time and increased stress (Nadeu et al., 

2000).     

Age & sex also have a major effect on EGUS. Figure 14 shows that horses from the age of 5-6 

experience the highest degree of ulcers compared to younger or older horses. It could be inferred 

that youngsters are only beginning their race training & are slowly exposed to stress factors, 

change of diet, intense exercise while horses at the peak of their career have already been 

chronically exposed to such factors. Furthermore, the prevalence of ulcers drops again in older 

animals when they retire from competing (Jonsson & Egenvall, 2006).     

The association between sex & the development of ulcers remains an open topic. Some research 

suggests that ESGD is more commonly seen in stallions & geldings (Rabuffo et al, 2002) states 

that the risk of ulcer development increases with age in stallions that were castrated. Necropsies 

performed between 1924-96 on 3715 revealed that there is a correlation between gender and 

ulcer development (Sandin et al., 2000). Other studies suggested that occurrence of EGGD is 

dependent on sex rather than ESGD (Busechian et al., 2024). In the survey 31 geldings were 

affected by ulcer & only 13 mares, suggesting that they indeed are more predisposed to this 

condition (Figure 15).    

Previously only stallions used to be turned out on their own as owners were worried about 

unwanted breeding, fighting & injuries between horses. Nowadays, most horses that participate 

in any type of sport are turned out alone or not turned out at all. In the study only 11 horses were 

turned out in groups & 37 were staying on the paddocks alone. The reason behind that is worry 

of injuries or damage to the body that can occur when horses are playing or simply the price of 

the animal. Horses are herd animals & keeping them separated can increase stress & cause 

abnormal behaviours. Keeping horses in groups does not only decrease stress level & hence the 

ulcers that come with it, but also the animals tend to be less aggressive, move more & improve 

Musculoskeletal development alongside their social skills (Jorgensen & Boe, 2007; Van Weeren 

et al., 2010; Andrews, 2021).    

Letting horses out in groups is just as important as the amount of time spent outside. Studies 

showed a connection between length of turn out and development of abnormal behaviors caused 

mainly by stress and eventually leading to ulcers (Eklund, 2009). Horses that spend less than 12 

hours a day in the field are more prone to exhibit undesired behaviors like cribbing, circling in 
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the stable, wood chewing and self-harm (Eklund, 2009). In regard to Figure 17, all animals did 

not spend nearly enough time outside. 33 horses got only 2-3 hours turn out time, 9 horses spent 

4-6 hours outside and only 6 horses were out for 6 hours making them more prone to ulcers.     

Figure 18 shows that as many as 29 horses had no access to forage or grass during time spent 

outside. This has a huge effect on ulcer development. Horses graze for up to 18 hours a day, their 

digestive tract is built so that they can only digest small meals at the time (Davidson and Harris, 

2003). Allowing them to graze during turn out or providing them with hay increases time spent 

on eating, leading to almost constant buffering of the stomach acid and prevention in gastric 

ulcer development. Furthermore, access to forage during turn out prevents abnormal behaviours, 

colic & constipation (Hudson et al., 2001; Videla & Andrews, 2009).    

In as many as 33 out of 48 horses the training intensity has not changed since the gastroscopy. 

(Figure 19). This makes treatment and recovery from EGUS more difficult. Strenuous exercise 

decreases gastric emptying and increases the severity of ulcers (Orsini et al., 2009). Horses 

recovering from ulcers should not only have their diet evaluated and changed, but also the total 

exposure to workload should be decreased. Best practice would be to let the horses in groups 

out to either pasture or dry lot with constant access to hay & a concurrent reduction in grain 

feeding. Further to this when ridden, activities such as trotting & cantering should be decreased 

to a minimum. This prevents the stomach volume from decreasing, which can be seen during 

any speed faster than walking. Working horses at a walk increases the stomach volume providing 

more space & if fed fiber prior to training reduces exposure to hydrochloric acid (Figueras, 

2002).     

Forage is often withheld in racehorses as early as 2-3 days before race. Hay is reduced to one 

quarter normal intake, whilst grain is increased by 300 grams daily. This method is used, 1kg of 

roughage can hold up to 3kg of water and potentially decrease the performance (Kohnke, 2012). 

This approach is far from ideal as changes in diet, increased exercise & withholding of water 

will only predispose the animal to the development of erosion. Many studies have shown that 

horses may benefit from a forage only diet. It has been demonstrated that performance levels 

maintain within competition horses on high starch feed with the added benefit of no concurrent 

ulcer's development (Jannson et al., 2012; Andras, 2022). Moreover, grain can be withheld 

before exercise as it has a negative effect on the metabolism of glucose, due to signals of the 

body to store it away, making the animal run out of energy before the end of the race (FeedXL, 

2024). In Figure 21 most of the horses had grain taken away for more than 1 hour before the 

race, while 16 had access to it for less than an hour before competition, having rather negative 

effects on the gut.     

The benefits of oils in any horse have shown a positive effect on decrease in the inflammatory 

reaction that comes with intense exercise (Gulsah et al., 2016). Furthermore, oils high in omega 

3 compared to omega 6 help increase secretion of prostaglandin which aids in lower production 

of hydrochloric acid in the gut (Nash, 2019). Even though as many as 41 horses were 

supplemented with oil, on their own it is not enough to prevent EGUS. The appropriate amount 

of oil fed daily should also be met. Horses must receive between 50-100 ml of oil/ 100 kg BW 
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a day to have a beneficial effect on their gut (Iowa State University, Equine Science., 2024). In 

Figures 22 and 23 it is visible that the animals did indeed receive fat supplementation, however 

the amount of it was inadequate & failed to provide as many benefits as it could in ulcer 

treatment & prevention.    

Horses which took part in this survey as seen in Figure 24 were mostly fed a grain rich diet or 

grain mix from varied brands prioritizing starch & sugar intake for energy over forage. Only 11 

horses had access to lucerne out of 48. The positive buffering effect of alfalfa, or lucerne, has 

been seen in many studies. One of the studies on 24 Quarter Horse yearlings was performed. 

The animals were fed two different types of hay over a 28-day period with 21 days break in 

between. Firstly, they received Bermuda type of hay, secondly, they were fed with alfalfa. It was 

noticed that horses fed Bermuda hay had higher grade of ulcers than yearlings fed alfalfa hay 

(Lybbert, 2007). The explanation for this stand is in the nutritional values of these two. During 

mid blooming, Alfalfa has as much as 20% more DE and up to 60% more protein providing 

better nutrition and digestibility (Stotts, 2021).    

Typically, horses consume between 1,5-3% BW of forage. For an average horse this equals 

around 10 kg of hay per day. Horses are tricky eaters meaning they eat small amounts of feed 

during the day. This allows us to mimic their natural grazing pattern and provide an adequate 

amount of saliva production which helps with buffering of the stomach acid (D’Costa, 2022). In 

the study as many as 14 horses received more than 10 kg/day & 14 horses got between 7-10 kg 

of hay per day. On the other hand, as many as 20 horses did not receive near the required amount 

of forage equalling as little as 3 kg/day. This indicates that low hay consumption has a huge 

impact on gut buffering and EGUS occurrence.     

Once a horse is diagnosed with Equine gastric ulcer syndrome, certain changes must be put in 

place. It is visible in Figure 26 and 27 that management adjustment was not a priority in 

treatment of the condition, but mainly medicine. This was most likely the reason for the 

recurrence of ulcers in the group of 48 horses that took part in this research. (Kranenburg et al., 

2023) shows that ulcers can either completely heal or the stomach mucosa may improve by 

simply changing the management. The most important aspect of this approach would be 

providing ad libitum forage with small meals of grain and without the use of proton pump 

inhibitors (omeprazole). What is more, the same routine put in place together with having 

designated caretakers has also shown positive effect on improvement of gastric microbiota 

(Kranenburg et al., 2023).     

    

     

  

  

  

  

]   
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X) SUMMARY    

Equine gastric ulcer syndrome is a condition that many thoroughbred owners have struggled 

with for many years. The treatment of EGUS is not only lengthy, but also significantly cost 

intensive, without a guarantee that the problem will not recur. It is well known that prevention 

is better than treatment & here this statement applies exceptionally.     

The best approach any owner could do to prevent this syndrome from developing on the farm is 

focusing on management from the day the foal is born all the way up to retirement. As seen in 

the above studies and research, horses evolved so that they are able to only consume small 

amounts of food at once & they tend to graze for as long as 16 hours a day (Harris, 2005; Ellis, 

2010). Giving horses free choice of hay throughout the day & allowing them to spend the 

majority of the day outside mimics the natural habitat these animals evolved in & helps the 

function of their gut. Allowing for continuous access to hay, grass or other forage aids in saliva 

production that increases gastric pH & improves buffering of the stomach (Godfrey, 2024). 

Moreover, reducing the amount of grain in one meal would be very beneficial for the gut. 

Feeding smaller meals more often does not cause overload of the stomach & also allows for 

better glucose metabolism (FeedXL, 2024). This will not only improve gut health but can 

provide better outcomes in racing than feeding large meals & limited hay. There is evidence that 

horses fed just a high fiber diet in adequate ratios may have comparable performances within 

competition as horses fed a high energy cereal diet. However these similar performances are 

achieved without the coinciding effect of gut issues (Jannson et al., 2012). Nonetheless, the 

quality & amount of DE has to be measured with each batch of hay or other fiber source and 

should not go below 11,5 MJ per kg of dry matter (Andrad, 2022).     

The stomach pH tends to be the highest when horses are stressed. This mainly occurs during 

competition. When horses are anxious, they produce large amounts of cortisol causing a drop in 

prostaglandins together with decreasing gastric pH. This will give a perfect environment for 

erosions to develop (Scheidegger, 2017). We may not be able to reduce the stress during that 

day, but we can definitely improve their wellbeing prior to it. Giving horses a small amount of 

hay prior to a race will provide a layer of chyme in the stomach which during a race will protect 

the non-glandular mucosa which is most sensitive to low pH.     

Nutrition and management are the main factors underlying the development of ulcers in horses. 

Altering the diet & improving practices relating to the management of horses has been 

demonstrated to be the most efficacious strategies to prevent the development of EGUS 

(Luthersson et al., 2019). Despite the time-consuming & costly nature of implementing this best 

practice approach this must be weighed up against the costs, stress & lost competition time that 

come with the resultant treatment of EGUS should one not implement the proposed strategy.  

This is the best way to ensure the horses' wellbeing and health.     
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