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1 Abbreviations 
 

HCl: Hydrochloric acid 

ECL-cells: Enterochromaffin-like cells 

ACh: Acetylcholine 

TFF: Factor family peptides 

NSAIDs: Non-Steroidal Anti-Inflammatory drugs 

SCFA: Short chain fatty acids 

DM: Dry matter 

COX: Cyclooxygenases  

PGE2: Prostaglandin E2 

PPIs: Proton-pump inhibitors   
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2 Summary  
 

Gastric ulceration in pigs has been known since the 1950’s, where it was not considered to be 

important and was found sporadically. Already in the 1960’s and 1970’s, concomitant with 

increased intensification of production systems, gastric ulcer in pigs was reported worldwide. 

Gastric ulcer has economic and animal welfare implications: severe gastric ulceration can result in 

reduced growth performance and mortality, and impaired welfare due to pain. 

The reviewed studies on gastric ulcer prevalence presented in this report can be summarized as 

follows: the percentage of stomachs from pigs with ulcers or scars/strictures is between 0 and 93%, 

with a median of 11% and an average of 17%. The frequency of lesions including erosions, ulcers, 

and strictures/scars in pigs vary between 4 and 93%, with a median of 23% and an average of 29%. 

The percentage of stomachs from pigs with a normal appearance (without any form for lesion) 

ranges between 0 and 77%, with a median of 23% and an average of 30%. In Denmark, the three 

studies with pigs presented show prevalence of ulcers and scars/strictures between ~6 and 49%; 

when including erosions, the prevalence is between 9 and ~52%; and normal stomachs are seen in 

~17-29% of the animals. The prevalence of ulcers and scars/strictures in sows is between 15 and 

79%; and between 25 and 79% if erosions are also considered. Between 14 and ~40% of the Danish 

sows have normal stomachs. In few studies, sows have shown higher ulcer prevalence than 

finishers.  

The gastric mucosa of pigs can be divided into a glandular part (cardiac zone, fundic/body zone, 

and antrum/pyloric zone) and a non-glandular part, the latter being a small rectangular area around 

the esophageal opening, also called the pars esophagea. The pars esophagea is covered by a 

stratified squamous epithelium but, opposite to the other regions, lacks glandular cells that secrete 

protective mucus. Consequently, this epithelial layer offers limited protection against low pH in the 

lumen and gastric enzymes, which is probably the reason why ulceration of the pars esophagea 

region is much more frequent than in the other regions of the stomach.  

The glands of the distal gastric regions secrete gastric acid, which contains high levels of 

hydrochloric acid, resulting in a reduction of pH in the lumen. The low pH activates pepsinogen 

into the active protease pepsin. This highly acidic environment and the proteolytic activity of pepsin 

can damage the gastric mucosa. Therefore the inner walls of all compartments of the stomach, 
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except the pars esophagea region, contain glandular mucous cells that produce mucus, which is vital 

to protect the cell linings.The barrier function of the mucus include maintenance of a neutral pH at 

the surface of the gastric epithelium via retention of bicarbonate, prevention of pepsin infiltration 

and subsequent proteolytic degradation of the epithelium, and hydrophobic properties, which repel 

damaging water-soluble agents. On the other hand, the pH of the proximal regions, with absence of 

gastric acid secretion, is normally higher, and a lower pepsin concentration is found. 

Due to lack of information in the literature regarding some aspects of the pathogenesis and 

ethiology of gastric ulcer in pigs, reports from other animal species (horses, rodents and even 

humans) have been included to emphasize mechanisms behind gastric ulcer development in pigs. 

There are differences in the gastric epithelium among the various species, for example, humans 

have no stratified squamous epithelium in the stomach, which is crucial given the different 

mechanisms involved in the ulcer development of the stratified squamous epithelium (pars 

esophagea) and columnar epithelium (remaining stomach regions). Horses and rats, like pigs, do 

have a non-glandular region; but, especially rats, have been used as models for humans, meaning 

that ulcers in the glandular regions have often been in focus. Therefore, information obtained from 

these models cannot always be directly extrapolated to the mechanisms involved in ulcer 

development in the pars esophagea of pigs, and hence these data should be considered with caution 

before proven in the pig. Efforts have been made throughout this report to specify what type of 

epithelium was under study. 

Ulceration in the non-glandular region of the stomach of pigs is a disease of complex etiology in 

which multiple factors are thought to be involved, e.g.,, interruption of feed intake, fineness of feed 

particles, feed nutrient content, infections with bacteria such as Helicobacter spp., and stress. Acid 

is considered to be the most destructive force in ulceration, even if exactly how the damage is 

caused is not totally elucidated. Therefore, there seems to be agreement in that the Schwarz’s 

dictum (1910) “no acid, no ulcer” remains valid today. In accordance with this, it is believed that 

anything contributing to a breakdown in the separation of the digesta in the proximal and distal 

compartments may allow the stratified squamous epithelium of the pars esophagea region to come 

into contact with the luminal content of the distal part with acid, bile (refluxed from the duodenum), 

and pepsin. Chronic insult of the pars esophagea region will eventually lead to ulceration. This 

hypothesis has been developed from studies in which the proximal stomach of pigs fed coarsely 

ground meal has been measured to have higher pH, and lower bile acid and pepsin concentration 

than in the distal regions, and concomitantly a low incidence of stomach ulcers. On the other hand, 

feeding fine-pelleted diets have been observed to result in a fluid content and mixed gastric digesta 
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with lower pH and high concentration of bile acid and pepsin in the pars esophagea region, and at 

the same time a high ulcer incidence. This means that strategies resulting in a firm (opposite to 

fluid) gastric digesta would reduce the risk of gastric ulcer development. 

From the literature presented in this knowledge synthesis, it is clear that much research on the 

pathogenesis of gastric ulcer in pigs was done already in the 1960’s - 1970’s, where this disease was 

recognized worldwide. In fact, the dictum just mentioned above on ‘no acid, no ulcer’ is from 1910, 

and is today highly relevant. However, gastric lesions/ulcer prevalence in pigs is still significant in 

many countries. The main reason is most probably that known strategies resulting in reduced 

prevalence affect the production economy negatively. Feeding coarsely ground meal significantly 

protects against ulcer, most probably by adding firmness to the gastric digesta. However, this 

strategy results in impaired feed utilization with a consequent lower animal productivity and 

increased environmental load, which makes this feeding strategy unpopular in modern intensive pig 

production.  

Whereas structure of the feed has been clearly demonstrated as important for the prevalence of 

gastric ulcer, less clear is the impact of composition of the feed. The level of fibre per se (without 

adding structure) does not seem to be an important factor determining ulcer formation. On the 

contrary, the type of cereal has an effect. Oats and barley, as opposed to wheat and maize, 

contribute to keep a good stomach health (without ulceration), seemingly through an enhanced 

firmness of the gastric digesta. Provision of straw or hay to pigs seems to reduce the frequency of 

gastric ulcer in pigs, and again this is probably because pigs with sufficient access to straw/hay eat 

it and thereby compensate for a lack of structure in the feed. These results emphasize the hypothesis 

that feed that adds firmness to the gastric digesta prevents ulcer formation. Addition of organic 

acids to the feed is not a risk factor for the gastric ulcer development.  

Micronutrients such as zinc and vitamin E, or other antioxidants such as melatonin, may influence 

the robustness of the epithelium towards the ulceration process. Low status of these nutrients 

around weaning due to reduced feed intake during this period can easily occur, what may influence 

the susceptibility of the pigs to gastric ulceration at this point or perhaps later in life. However, very 

little evidence on this is available. The potential beneficial impact of dietary fatty acid composition 

and antioxidant level on pig gastric ulcer via formation of prostaglandins has not been scientifically 

elucidated. 

Besides the impact of feed on gastric ulcer prevalence, factors related to management (e.g., feeding 

method, stress), sex, genetics, and infections have been investigated.   
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Ad libitum feeding (very frequent feeding) results in higher gastric ulcer prevalence than feeding a 

few times daily, which can be due to behavioral differences at feeding as a consequence of the two 

feeding systems, and/or differences in digesta fluidity (higher fluidity in the ad libitum-fed pig). It is 

generally considered that stress, due to for example, crowding, mixing of unfamiliar individuals, 

transportation, fluctuating ambient temperature, etc, contributes to ulcer development. Clear results 

on stressful factors affecting gastric ulcer are needed, though.  

The impact of sex is rather clear, barrows having higher gastric ulcer prevalence than gilts. The 

mechanism behind this difference has not been established so far. A genetic component in gastric 

ulcer predisposition is thought to exist, some breeds/pig lines showing higher prevalence than 

others, e.g., animals selected for high efficiency/gain or leanness having higher risk of developing 

ulcers. 

A big number of studies have investigated whether Helicobacter suis has a role in the pathogenesis 

of gastric ulcer. Some studies have reported a relationship between the presence of Helicobacter 

species and gastric lesions of the pars esophagea. There seems to be a general believe among the 

authors reporting these results that this bacterium can contribute to the disease, and therefore worth 

investigating, but it is probably not the main causative agent. This is based on the fact that 

Helicobacter-like bacteria have been associated with increased prevalence and severity of gastric 

ulcer, but a causal role has never been established. Further, whether other diseases (e.g., post-

weaning multisystemic wasting syndrome) enhance or predispose to gastric ulcer formation has 

been studied but not proved.  

Regarding treatment of gastric ulcer, besides the strategies shown to be beneficial, some specific 

products/substances have been looked at. The tested agents belong to two main categories: agents 

that prevent a reduction of the gastric digesta pH (antacids, histamine H2-receptor antagonists, 

proton-pump inhibitors); and mucosal protective agents. Although some of them (e.g., proton-pump 

inhibitors) can have some effect, the high price would make it unrealistic to use in pig production in 

general. Also, using some of these agents without treating the cause of the disease is not a 

recommendable way of solving the problem. Further, a low pH of the gastric digesta reduces the 

proliferation of pathogenic bacteria, therefore antiacidic agents can have other negative side-effects 

on the animals health. 

As mentioned above, feeding pigs with coarsely ground feed or feed providing firmness to the 

gastric digesta significantly reduces the risk of developing gastric ulcer. However, this practice can 
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have negative effects related to the growth performance of the animals and the environment. Also, 

housing pigs in enriched production systems, e.g., more space per animal and provision of high 

amounts of straw/straw bedding, seems to be a means of reducing gastric ulcer prevalence. These 

systems are often more expensive and can give problems related to waste management. For 

example, in systems that incorporate fully or partly slatted flooring, the use of particulate substrates 

in significant quantities can block the liquid-slurry handling-facilities. Therefore, rearing pigs under 

the modern intensive systems without/reduced gastric lesions requires other tools than those 

generally applied today. 

Various research activities could contribute to supply these tools: 

- Continuous search for feed components/additives/feed processing that contribute to a firm gastric 

digesta, thereby protecting the pars esophagus epithelium from the gastric acid, without 

jeopardizing the animal´s growth performance and/or feed efficiency. 

- Search for ingredients/additives that increase the robustness of the pars esophagus epithelium. 

Substances or nutrients that add protection/cover the mucosa of the pars esophagea reducing the 

damage caused by the acid, pepsin, and bile acids. 

- Establishment of the pathogenesis of pig gastric ulcer. Although the digesta firmness is a crucial 

mechanism behind the development of gastric ulcer in pigs, other factors affect this development. 

Examples of questions that could be posed are: what defense mechanisms known to be important 

for protection of the glandular regions of the stomach play also a role in ulcer formation in the pars 

esophagea; why do different breeds seem to be affected differently?; why are barrows more affected 

than gilts?; is there a bacterial agent involved/how important is it? More knowledge on these 

mechanisms would add the chance to find alternatives to reduce ulcer formation. 

- Further research on optimizing production systems that balance economy-, management-, animal 

welfare aspects in order to reduce gastric ulcer prevalence.   

3 Sammendrag 
 

Mavesår hos grise har været kendt siden 1950’erne, hvor det ikke blev anset for vigtigt og kun blev 

fundet sporadisk. Allerede i 1960’erne og 1970’erne, samtidig med øget intensivering af 

produktionssystemer, blev der rapporteret om mavesår hos grise over hele verden. Mavesår har 
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både økonomiske og dyrevelfærdsmæssige konsekvenser: Mavesår kan resultere i reduceret vækst 

og dødelighed og forringet velfærd på grund af smerte. 

De evaluerede undersøgelser om forekomsten af mavesår, som vi præsenterer i denne rapport, kan 

sammenfattes til følgende: Procentdelen af maver fra grise med mavesår eller ar/forsnævringer er 

mellem 0 og 93 % med en median på 11 % og et gennemsnit på 17 %. Hyppigheden af skader inkl. 

eroderinger, mavesår og forsnævringer/ar hos grise varierer mellem 4 og 93 % med en median på 

23 % og et gennemsnit på 29 %. Procentdelen af maver fra grise med normalt udseende (uden 

nogen form for skade) spænder fra 0 til 77 % med en median på 23 % og et gennemsnit på 30 %. 

De tre undersøgelser i Danmark viser en forekomst af mavesår og ar/forsnævringer på mellem ∼6 

og 49 %. Hvis vi inkluderer skaderne, er forekomsten på mellem 9 og ∼52 %, og normale maver ses 

hos ∼17 til 29 % af dyrene. Forekomsten af mavesår og ar/forsnævringer hos søer er mellem 15 og 

79 % og mellem 25 og 79 %, hvis vi også tager højde for eroderinger. Mellem 14 og ∼40 % af de 

danske søer har normale maver. I nogle få undersøgelser har søer vist en højere forekomst af 

mavesår end slagtesvin. 

Maveslimhinden hos grise kan opdeles i en glandulær del (cardia, fundus-/krop og antrum/pylorus) 

og en ikke-glandulær del, hvoraf den sidstnævnte er et lille, rektangulært område omkring 

spiserørsåbningen, også kaldet pars esophagea. Pars esophagea er dækket af squamous epithelium, 

men sammenlignet med andre områder mangler den glandulære celler, som kan udskille 

beskyttende slim. Som følge heraf beskytter epitellaget kun begrænset mod lav pH-værdi i 

hulrummet og maveenzymerne, hvilket formentlig er grunden til, at mavesår i pars esophagea-

regionen forekommer hyppigere end i de andre maveregioner. 

De distale maveregionernes kirtler udskiller mavesyre, som indeholder et højt niveau af saltsyre, 

som reducerer pH-værdien i hulrummet. Den lave pH-værdi omdanner pepsinogen til det aktive 

enzym pepsin. Dette meget syreholdige område og den proteolytiske aktivitet af pepsin kan 

ødelægge maveslimhinden. Derfor indeholder indervæggene af alle mavekamre, undtaget pars 

esophagea-regionen, glandulære slimceller, som producerer slim, hvilket er afgørende for at 

beskytte cellebelægningerne. Slimens barrierefunktion indebærer vedligeholdelse af en neutral pH-

værdi på overfladen af mavens epitel via bevarelse af bikarbonat, forebyggelse af pepsininfiltration 

og efterfølgende proteolytisk nedbrydelse af epitelet, og vandskyende evner, som frastøder 

ødelæggende, vandopløselige komponenter. På den anden side er pH-værdien af de proksimale 

regioner, uden udskillelse af mavesyre, normalt højere, og indeholder en lavere koncentration af 

pepsin.  
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På grund af manglende information i litteraturen om mavesårs patogenese og ætiologi hos grise har 

rapporter fra andre dyrearter (heste, gnavere og endda mennesker) været inkluderet for at lægge 

vægt på mekanismerne bag udviklingen af mavesår hos grise. Der er forskelle i mavens epitel 

blandt de forskellige arter. For eksempel har mennesket ikke et lagopdelt squamous epitel i maven, 

hvilket er afgørende i forhold til de forskellige mekanismer, der er involveret i mavesårsudviklingen 

af de lagopdelte squamous epitel (pars esophagea) og cylinder epitel (resterende maveregioner). 

Heste og rotter har, ligesom grise, en ikke-glandulær region, men specielt rotter har været brugt som 

modeller for mennesket, hvilket betyder, at mavesår i de glandulære regioner ofte har været i fokus. 

Derfor kan information opnået fra disse modeller ikke altid udledes direkte til de involverede 

mekanismer i udviklingen af mavesår i pars esophagea hos grise. Derfor bør disse data overvejes 

med forsigtighed, før det afprøves hos grise. Igennem denne rapport har vi gjort os anstrengelser for 

at specificere, hvilken type epitel, der er undersøgt. 

Mavesår i den ikke-glandulære region hos grise er en sygdom af kompleks ætiologi, hvori flere 

faktorer spiller en rolle, f.eks. afbrydelse af foderoptag, finheden af korn, foderets næringsindhold, 

bakterieinfektioner som f.eks. Helicobacter-arter og stress. Syre betragtes som den mest destruktive 

påvirkning af mavesår – også selvom det ikke er fuldstændig belyst, hvad der forvolder skaden. 

Derfor ser det ud til, at Schwarz’ udtalelse (1910) ”ingen syre, ingen mavesår” stadig gælder i dag. I 

overensstemmelse med dette mener man, at alt der bidrager til et nedbrydning af opdelingen af 

indholdet i de proksimale og distale områder måske tillader den lagopdelte squamous epitel af pars 

esophagea-regionen at komme i kontakt med det luminale indhold af den distale del med syre, galde 

(tilbagestrømmet fra tolvfingertarmen) og pepsin. Kronisk påvirkning i pars esophagea-regionen vil 

med tiden give mavesår. Denne hypotese er udviklet gennem undersøgelser, hvori den proksimale 

mave hos grise, fodret med grovmalet foder, blev målt til at have en højere pH-værdi og en lavere 

galdesyre og pepsinkoncentration end i de distale regioner, og samtidig en lav hyppighed af 

mavesår. På den anden side har det vist sig, at det at fodre med finformalet foder har resulteret i et 

flydende indhold og blandet maveindhold med lavere pH-værdi og høj koncentration af galdesyre 

og pepsin i pars esophagea-regionen og på samme tid en højere hyppighed af mavesår. Dette 

betyder, at strategier, der resulterer i et fast (modsat flydende) maveindhold ville reducere risikoen 

for udviklingen af mavesår. 

Fra litteraturen, der er præsenteret i denne vidensyntese, står det klart, at der allerede i 1960’erne og 

1970’erne blev forsket meget i mavesårs patogenese hos grise, hvor sygdommen blev kendt i hele 

verden. Faktisk er den ovenfor nævnte udtalelse om ”ingen syre, ingen mavesår” fra 1910 stadig 

meget relevant i dag. Alligevel er hyppigheden af mavesår hos grise stadig signifikant i mange 
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lande. Formentlig er hovedårsagen hertil, at kendte strategier, der resulterer i reduceret forekomst, 

påvirker produktionsøkonomien negativt. At fodre med grovmalet foder beskytter signifikant mod 

mavesår, sikkert ved at tilføje ”fasthed” til maveindholdet. Men denne strategi resulterer i forringet 

foderudnyttelse med en konsekvent lavere dyreproduktivitet og øget belastning på miljøet, hvilket 

gør foderstrategien upopulær i den moderne intensive svineproduktion.  

Mens foderets struktur tydeligt har vist sig at være vigtig for udbredelsen af mavesår, er virkningen 

af fodersammensætningen mindre tydelig. Fiberniveauet alene (uden at tilføre struktur) ser ikke ud 

til at være en afgørende faktor for udviklingen af mavesår. Derimod har typen af kornsort en effekt. 

Havre og byg bidrager, i modsætning til hvede og majs, til en god mavesundhed (uden mavesår), 

tilsyneladende gennem en forbedret fasthed af maveindholdet. Tildeling af halm eller hø til grise ser 

ud til at reducere hyppigheden af mavesår hos grise, og igen er dette formentlig, fordi grise med 

tilstrækkelig adgang til halm/hø spiser det og dermed kompenserer for manglende struktur i foderet. 

Disse resultater understreger hypotesen om, at foder, der tilfører fasthed til maveindholdet, 

forhindrer dannelsen af mavesår. Det er dog ikke en risiko for udviklingen af mavesår at tilføre 

foderet organiske syrer. 

Mikronæringsstoffer som zink og E-vitamin, eller andre antioxidanter som melatonin, kan påvirke 

robustheden af epitelet. Der kan let forekomme lav status af disse næringsstoffer omkring 

fravænning på grund af reduceret foderindtag i denne periode, hvilket kan påvirke grisenes 

følsomhed i forhold til mavesår på dette tidspunkt eller måske senere i livet. Der er dog meget lidt 

evidens for dette. Den potentielt gavnlige effekt af fedtsyrersammensætningen og niveauet af 

antioxidanter på grises mavesår via dannelsen af prostaglandiner er ikke videnskabeligt belyst. 

Udover foderets påvirkning på hyppigheden af mavesår har man undersøgt faktorer, der er relateret 

til management (f.eks. fodringsmetode, stress), køn, genetik og infektioner. 

Fodring ad libitum (meget hyppig fodring) resulterer i højere forekomster af mavesår end fodring et 

par gange om dagen, hvilket kan være på grund af adfærdsmæssige forskelle ved fodring som en 

konsekvens af to fodringssystemer og/eller forskellene i hvor flydende maveindholdets er (mere 

flydende hos grise fodret ad libitum). Stress er ofte anset for at medvirke til udviklingen af mavesår 

på grund af f.eks. overbelægning, blanding af fremmede individer, transport, varierende 

temperaturer i omgivelserne osv. Dog mangler vi klare resultater på stressende faktorer, der har 

indflydelse på mavesår. 
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Kønnets påvirkning er rimelig tydelig, eftersom galte har højere forekomst af mavesår end gylte. 

Mekanismen bag denne forskel er endnu ikke fastslået. Man mener, at der findes en arvelig 

disposition for mavesår. Nogle racer/linjer har højere forekomst en andre, f.eks. har dyr, der er 

udvalgt for høj foderudnyttelse eller høj kødprocent, højere risiko for at udvikle mavesår. 

I mange undersøgelser har man forsket i, om Helicobacter suis spiller en rolle i mavesårs 

patogenese. Nogle undersøgelser har rapporteret en sammenhæng mellem tilstedeværelsen af 

Helicobacter-arter og mavelæsioner i pars esophagea. Blandt de forfattere, der rapporterer disse 

resultater, synes der at være en generel opfattelse af, at denne bakterie kan bidrage til sygdommen 

og derfor er værd at undersøge, men den er formentlig ikke hovedårsagen. Dette er baseret på det 

faktum, at Helicobacterlignende bakterier er blevet forbundet med øget forekomst og omfang af 

mavesår, men det er aldrig blevet påvist som årsagen til sygdommen. Endvidere er det undersøgt, 

men ikke bevist, om andre sygdomme (f.eks. PMWS) forstærker eller disponerer for udvikling af 

mavesår. 

Med hensyn til behandling af mavesår, udover de strategier, der har vist sig gavnlige, har man set på 

nogle specifikke produkter/midler. De testede midler tilhører to hovedkategorier: midler, som 

forhindrer en reduktion af maveindholdets pH-værdi (syreneutraliserende, histaminantagonist H2-

receptor, syrepumpehæmmere) og midler til beskyttelse af slimhinderne. Selvom nogle af dem 

(f.eks. syrepumpehæmmere) kan have nogen effekt, vil den høje pris gøre det urealistisk at bruge 

dem i den generelle svineproduktion. Det kan heller ikke anbefales at løse problemet ved at bruge 

nogle af disse midler uden at behandle årsagen til sygdommen. Endvidere reducerer en lav pH-

værdi i maveindholdet væksten af patogene bakterie, hvorfor syreneutraliserende midler kan have 

andre negative bivirkninger på dyrenes sundhed. 

Som nævnt ovenfor reduceres risikoen for at udvikle mavesår betydeligt ved at fodre grise med 

grovfoder eller foder, der giver fasthed til maveindholdet. Denne praksis kan dog have negativ 

virkning i forhold til dyrenes vækstrate og miljøet. Desuden ser det ud til, at opstaldning af grise i 

berigede produktionssystemer, f.eks. mere plads per dyr og tildeling af store mængder halm/halm 

strøelse, kan reducere forekomsten af mavesår. Disse systemer er ofte dyrere og kan give problemer 

i forhold til håndtering af gylle. For eksempel, i systemer med fuldt eller delvist spaltegulv, kan 

brugen af store mængder af halm eller lign. blokere for håndtering af gylle. Derfor kræver det andre 

redskaber, end dem man generelt bruger i dag, at producere grise i moderne intensive systemer 

uden/med reducerede mavesår. 

Forskellige forskningsaktiviteter kunne bidrage ved at supplere disse værktøjer: 
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− Fortsat søgning efter foderbestanddele/tilsætningsstoffer/foderfremstilling, som bidrager til et 

fast maveindhold, og dermed beskytter pars esophagea epitelet fra mavesyren uden at forringe 

dyrets vækst og/eller foderudnyttelse.  

− Søgning efter ingredienser/tilsætningsstoffer, som øger robustheden af pars esophagea epitel. 

Substanser eller næringsstoffer, som tilfører beskyttelse/dækker pars esophagea-slimhinde og 

reducerer de negative effekter af syre, pepsin og galdesyre. 

− Etablering af patogenese af mavesår hos grise. Selvom fastheden af maveindhold er en vigtig 

mekanisme bag udviklingen af mavesår hos grise, påvirker andre faktorer denne udvikling. 

Eksempler på spørgsmål, der kunne stilles, er: Hvilke forsvarsmekanismer, der er kendt som 

værende vigtige for beskyttelse af glandulærregionerne i maven, spiller også en rolle i dannelsen 

af mavesår i pars esophagea? Hvorfor påvirkes racer forskelligt? Hvorfor påvirkes galte mere 

end gylte? Er der en bakteriel komponent indblandet/hvor vigtigt er den? Mere viden om disse 

mekanismer ville øge chancen for at finde alternativer til at reducere dannelsen af mavesår. 

− Mere forskning om optimering af produktionssystemer, som tager hensyn til økonomi, 

management og dyrevelfærdsaspekter for at reducere hyppigheden af mavesår. 

4 Introduction 
 

Gastric ulceration in swine is a common condition worldwide (Friendhip, 2003a; Friendship, 

2003b; Haesebrouck et al., 2009). Gastric ulcer may result in decreased feed intake, reduced daily 

weight gain, and even sudden death (Friendhip, 2003a; Friendship, 2003b), thus leading to 

significant economic losses. Further, although it is unclear what degree of ulcer severity causes 

pain, there is little doubt that this disease can cause pain and discomfort. Gastric ulceration in pigs 

is therefore, of animal welfare and economic concern.  

Before the 1950’s, the occurrence of gastric ulcers in pigs was considered rare and unimportant, but 

during that decade, significant increase in ulcers was reported in several countries. Already in the 

1960’s, this disease was recognized worldwide (Curtin et al., 1963; Gamble et al., 1967; 

Kowalczyk, 1969; Penny et al., 1972). Swine in all ages can be affected (Curtin et al., 1963; 

Kowalczyk, 1969; Kavanagh, 1994), although it is most common in pigs over six weeks old 

(Kavanagh, 1994). Piglets down to two weeks of age have been observed to have ulcers (Curtin et 

al., 1963).  



15 
 

There is a general believe that the increase in gastric ulcer prevalence during the 1950s was 

associated with intensification of pig production e.g., fine grinding and pelleting of feed, leaner 

genetics, increased stocking densities; and that continued intensification during the last decades has 

resulted in a further increase (Davies, 1993; Sorrell et al., 1996; Eisemann and Argenzio, 1999a; 

Doster, 2000; Nielsen and Ingvartsen, 2000a). More systematic data are needed to establish this 

increase during the last decades, though.  Further, clear effects of the various factors just mentioned 

on gastric ulcer development have not always been found.     

In Denmark, gastric ulcer prevalence is also of big concern. Approximately one third of the growers 

and half of the sows have a suboptimal gastric health (Nielsen et al., 2013a). A summit meeting on 

‘Better welfare for swine’ was held in Denmark in 2014, at which a declaration was agreed on by 

the partners 

(http://mfvm.dk/fileadmin/user_upload/FVM.dk/Nyhedsfiler/Underskrevet_erklaering_topmoede_1

3032014.pdf); and consequently, an action plan for better animal welfare for pigs was launched. 

The action plan contained a number of targets with related initiatives in 10 areas. The current report 

is a part of the area ‘Strengthened efforts against ulcers in grower pigs and sows’, within the 

initiative ‘Finishers – research’  

(http://mfvm.dk/fileadmin/user_upload/FVM.dk/Dokumenter/Landbrug/Indsatser/Dyrevelfaerd_og

_-transport/Handlingsplan_for_bedre_svinevelfaerd.pdf).  

In pigs, in contrast to humans, gastric ulcer is by far most commonly developed in the more 

unprotected non-glandular region of the stomach (pars esophagus), the region of stratified 

squamous epithelial tissue surrounding the esophageal opening, and to a much lower extent in the 

glandular regions. The pars esophagus is non-glandular and, unlike the rest of the stomach, 

unprotected by a mucus coating. Although it has been demonstrated, already many years ago, that 

some factors have a key role in the development of gastric ulcer in pigs, i.e., a firm consistency of 

the gastric digesta protects the pars esophagea from gastric acid (Reimann et al., 1968; Maxwell et 

al., 1970; Maxwell et al., 1972; Regina et al., 1999; Nielsen and Ingvartsen, 2000b; Canibe et al., 

2005; Liermann et al., 2015), the ethiology of this disease seems to be multifactorial, and how the 

different factors interact and affect the disease has not been definitely established. 

 A firm gastric digesta, which, as just mentioned, prevents gastric ulcer to a great extent, is obtained 

by feeding coarse meal rather than finely ground pelleted feed (the most studied intervention; this 

and others will be discussed in this knowledge synthesis). However, this change of feeding strategy 

often compromises feed efficiency, and hence the production economy, and environment. 

http://mfvm.dk/fileadmin/user_upload/FVM.dk/Nyhedsfiler/Underskrevet_erklaering_topmoede_13032014.pdf
http://mfvm.dk/fileadmin/user_upload/FVM.dk/Nyhedsfiler/Underskrevet_erklaering_topmoede_13032014.pdf
http://mfvm.dk/fileadmin/user_upload/FVM.dk/Dokumenter/Landbrug/Indsatser/Dyrevelfaerd_og_-transport/Handlingsplan_for_bedre_svinevelfaerd.pdf
http://mfvm.dk/fileadmin/user_upload/FVM.dk/Dokumenter/Landbrug/Indsatser/Dyrevelfaerd_og_-transport/Handlingsplan_for_bedre_svinevelfaerd.pdf
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Therefore, feeding coarsely ground meal is not an obvious solution in modern pig production. 

Hence, there is a demand for alternative strategies to prevent gastric ulcers in pig production 

without impairing growth performance, and the main purpose of the present report is therefore to 

synthesize the knowledge on prevalence and causes of gastric ulcers in slaughter pigs, and with this 

background, to identify possible solutions or areas needing more research for prevention of this 

production disease.  

The current report provides initially a detailed description of anatomy and physiology of the 

stomach of pigs (Section 4) in order to understand the pathogenesis and ethiology of gastric 

ulceration (Section 5). Subsequently, this knowledge synthesis reviews the prevalence of gastric 

ulcers worldwide (Section 6); impact on animal welfare (Section 7); impact on growth performance 

(Section 8); influence of feed (Section 9); and finally other factors (Section 10) which may be of 

importance for gastric ulceration. In Section 11, we discuss possible treatments of gastric ulcer, and 

in Section 12 (conclusion and perspectives) we propose the relevance of potential strategies and 

perspectives for prevention of gastric ulcers.  

5   Anatomy and physiology of the stomach 

 

A general description of anatomy and physiology of the stomach, based on literature (mainly books) 

from both pigs and humans, is given. This makes the basis for a better understanding of the 

different factors described in this knowledge synthesis that affect the development/prevalence of 

gastric ulcers in pigs.  

5.1 Regions and cells of the stomach 

 

The stomach is a muscular organ responsible for storage, initiating the breakdown of nutrients, and 

passing the digesta into the small intestine (De Rouchey, 2009). The stomach´s main secretory 

function is the production of hydrochloric acid (HCL), which facilitates the digestion of protein, and 

the absorption of some minerals and vitamin B12 in the small intestine. Gastric acid also prevents 

bacterial overgrowth and enteric infection.    
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The pig stomach has four distinct areas which include the oesophageal (pars esophagea), cardiac, 

fundic (body) and pyloric (antrum) regions (Yen, 2001a, 2001b; McDonald et al., 2002; De 

Rouchey, 2009) (Fig. 1):  

• The esophageal region is located at the entrance of the stomach from the esophagus and is a non-

glandular extension of the esophagus into the proper stomach. Its lining epithelium is stratified 

squamous. This region of the stomach does not secrete digestive enzymes but has significance in 

that this is where ulcer formation in pigs occurs most often.  

• Adjacent to the esophageal region is the cardiac region, a pale pink-grey region, which occupies 

about one third of the total luminal surface. In the cardiac portion of the stomach, an alkaline, 

enzyme-free, viscous mucus is produced, which protects the epithelium from the acid and 

proteases secreted into the stomach.  

• The brown-red fundic (body) region is the first major portion of the stomach that begins the 

digestive process by secreting hydrochloric acid (parietal /oxyntic cells) and pepsinogen (chief 

cells). It occupies about one third-one fourth of the stomach. 

• The yellow-pink pyloric (antrum) region is responsible for secreting mucus, like the cardiac 

region, to line the digestive membranes to prevent damage from the low pH digesta as it passes 

to the small intestine. G cells, which produce gastrin, are a hallmark of this region. The pyloric 

region occupies about one fourth of the pig stomach. It has a much heavier musculature than the 

other regions, which is used to regulate the expulsion of food into the small intestine as well as 

mix the contents. This is an important function not to overload the small intestine with chyme, so 

proper and efficient digestion and absorption of nutrients occurs. 

 

 
  

Figure 1. Schematic drawing illustrating the regions of the pig gastric tunica mucosa (From (Yen, 

2001b). 
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The glandular mucosa is organized in vertical tubular units that consist of four regions: the pit 

region, consisting mainly of columnar surface mucous cells; the isthmus, where the multipotent 

progenitor cells reside; and the actual gland region, which forms the lower part of the unit 

(Schubert, 2012) (Fig. 2). The latter consist of a neck and a base. The three glandular regions of the 

stomach contain secretory glands that are structurally similar but contain different cell types.  

 

a) 

 
b) 

 
                                                 

 Figure 2. Histology of the stomach - a three-dimensional view of layers of the stomach (From 

(Mineur et al., 2012) (a); and anatomy of the oxyntic and pyloric gland (From (Schubert, 2012) b). 

 

The main cell types in gastric glands (Fig. 3) (Yen, 2001a, 2001b; Xu, 2003; Xu and Zhang, 2003; 

Zhang and Xu, 2003; Eurell and Frappier, 2006; Cunningham, 2007) are: 

• Surface mucous cells: Cover the major surface areas of the stomach (except the esophageal 

region) and line the gastric pits. They produce a thick, viscous, alkaline and acid-resistant 

mucous that lubricates and protects the mucosal surface. 
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• Mucous neck cells: These cells are located in the neck region and secrete a thin watery mucous 

only under vagal stimulation. 

• Parietal (or oxyntic) cells: These cells are found predominantly in the upper part of the gland 

interspersed among the mucous neck cells. They secrete HCl after stimulation mainly by gastrin, 

but also by acetylcholine and histamine. Another product secreted by the parietal cells is gastric 

intrinsic factor, a glycoprotein that binds vitamin B12, a step necessary for subsequent 

absorption of this vitamin in the small intestine. 

• Chief cells: These cells are located mainly near the base of the glands and are typical-looking 

protein-secreting cells. They secrete pepsinogen and a weak lipase, and in the young animal, 

chymosin. Pepsinogen is converted to the proteolytic enzyme pepsin upon contact with the acidic 

gastric juice. 

These exocrine secretions are all released into the gastric lumen. Collectively, they make up the 

gastric digestive juice.  

• Undifferentiated cells: These cells are found in the neck region and give rise to all the other cell 

types. They travel upwards to replace surface mucous cells, and downwards to replace parietal, 

chief, and enteroendocrine cells. According to some authors, it is the mucous neck cells that 

appear to be the progenitor cells. 

Enteroendocrine cells/gastrointestinal endocrine cells: These cells are more prevalent near the base 

but can be found anywhere in the glands. Enteroendocrine cells are specialized endocrine cells of 

the gastrointestinal tract and pancreas. They produce gastrointestinal hormones or peptides in 

response to various stimuli. Enteroendocrine cells secrete their product into the lamina propria 

where it is taken up by blood vessels (endocrine) or diffuse locally to target cells (paracrine). 

−  G-cells: Secrete gastrin that stimulates the production of gastric acid (HCl) by parietal cells. 

−  D-cells: Secrete somatostatin that inhibits the release of gastrin by G cells and thereby the 

production of HCl by parietal cells. 

−  Enterochromaffin-like (ECL) cells: Release histamine as respond to gastrin released by G-

cells, which stimulates the parietal cells to produce gastric acid. 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Endocrine
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Gastrointestinal_tract
http://en.wikipedia.org/wiki/Pancreas
http://en.wikipedia.org/wiki/Gastrointestinal_hormone
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Figure 3. Activity of secretory cells of the gastric mucosa (From (Sherwood, 2005). 

 

The cardiac region contains primarily mucous cells. Parietal cells may occur at the junction of the 

cardiac and fundic gland regions. 

The fundic (body) region contains parietal cells, chief cells, located deeper in the gland, ECL cells, 

and D cells. Parietal cells are particularly numerous in glands of the fundus. 

In the pyloric (antrum) region, the mucus-secreting cells are the predominant cells. G cells are also 

characteristic of this region. In addition, the pyloric glands contain chief cells and D cells but not 

parietal cells. 

5.2 Gastric secretion 

 

As described above, secretion from oxyntic glands predominantly contains acid and enzymes, 

whilst secretion from cardiac and pyloric glands mostly contains mucus. The mixture of secretions 

from all gastric glands is denoted gastric juice. The gastric glands secrete gastric juice continuously 

but the volume of secretion increases when the glands are stimulated (see Section 4.3). 
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The major secretory products of the gastric epithelium, all of which are important either to the 

digestive process or to control of gastric function (Xu, 2003; Sherwood, 2005; Cunningham, 2007) 

are: 

• Hydrochloric acid: the parietal cells secrete both hydrogen and chloride but by different 

mechanisms. They secrete hydrogen through an H+, K+-ATPase enzyme located on the luminal 

surface of the cell. This enzyme, referred to as ‘proton pump’, exchanges H+ for potassium ions 

(K+), pumping one K+ into the cell for each H+ secreted into the lumen. The K+ cations that 

accumulate within the cells are released back into the lumen in combination with Cl- anions. 

Then H+ and Cl- ions combine in the lumen to form hydrochloric acid.  

Hydrochloric acid plays important roles in the stomach: 

– Facilitates protein digestion by activating the enzyme precursor pepsinogen to an active 

enzyme, pepsin, and provides an acid medium that is optimal for pepsin activity. And 

secondly, it denatures proteins, that is, it uncoils proteins from their tertiary structure, thus 

exposing more of the peptide bonds for enzymatic attack. 

– Provides a non-specific defense mechanism by reducing microbial proliferation. 

• Pepsinogen: is an inactive enzymatic molecule produced by the stomach. It is stored in the chief 

cell’s cytoplasm within secretory vesicles from which it is released by exocytosis on appropriate 

stimulation. When pepsinogen is secreted into the gastric lumen, HCl cleaves off a small 

fragment of the molecule, converting it to the active form of the enzyme, i.e., pepsin. Once 

formed, pepsin acts on other pepsinogen molecules to produce more pepsin. Only when there is 

no more protein in the stomach, does the secretion of pepsinogen cease. 

Because pepsin can digest protein, it must be stored and secreted in an inactive form so it does 

not digest the cells in which it is formed. Pepsin is usually referred to as a single compound, but 

it is actually a family of protein-digesting enzymes.  

Mucus: the surface of the gastric mucosa is covered by a layer of mucus which serves as a 

protective barrier against several forms of potential injury to the gastric mucosa. The mucus 

protects the gastric mucosa against mechanical injury through its lubricating properties. 

Furthermore, the mucus helps protect the stomach wall from self-digestion because pepsin is 

inhibited when it comes in contact with the mucus coating the stomach lining. Being alkaline, 

mucus helps protect against acid injury by neutralizing HCl in the vicinity of the gastric lining, but 

it does not interfere with the function of HCl in the lumen. Whereas the pH in the lumen may be as 

low as 2, the pH in the mucus layer adjacent to the mucosal cell surface is about 7.  



22 
 

Due to the above described secretions, a pH gradient can be found in the stomach, with values from 

5-6 in the pars esophagea and cardiac region to 2- 3 in the fundus and pyloric region. 

 

5.3 Regulation of gastric acid secretion  

 

Gastric acid facilitates the digestion of protein and absorption of iron, calcium, and vitamin B12, as 

well as prevents bacterial overgrowth. However, when levels of acid overwhelm mucosal defense 

mechanisms, ulcers occur. To prevent such damage, gastric acid is precisely regulated and produced 

according to need. This is accomplished by a highly coordinated interaction among a number of 

neural, hormonal, and paracrine pathways (Fig. 4). These pathways can be activated directly by 

stimuli originating in the brain or reflexively by stimuli originating in the stomach after ingestion of 

a meal such as mechanical (e.g., distension) or chemical (e.g., protein and acid) stimulation 

(Schubert, 2012). 

Four chemical messengers primarily influence the secretion of gastric juice (Xu, 2003; Sherwood, 

2005; Schubert, 2012). Parietal cells have separate receptors for each of these messengers. Three of 

them- acetylcholine, gastrin, and histamine- are stimulatory. The fourth regulatory agent- 

somatostatin- inhibits acid secretion. Acetylcholine and gastrin also increase pepsinogen secretion 

through their stimulatory effect on the chief cells. 

• Acetylcholine (ACh): is a neurotransmitter released from the intrinsic nerve plexus in response 

to vagus stimulation. Acetylcholine stimulates both, the parietal and chief cells as well as the G 

cells and ECL cells.  

• Gastrin: is a hormone secreted into the blood by G cells in response to protein products in the 

stomach lumen as well as in response to acetylcholine. After being carried by the blood back to 

the stomach, gastrin stimulates the parietal and chief cells, promoting secretion of highly acidic 

gastric juice. In addition to directly stimulating the parietal cells, gastrin also indirectly promotes 

HCl secretion by stimulating the ECL cells to release histamine. Gastrin is the main factor 

responsible for the increasing HCl secretion during digestion of a meal.  
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Figure 4. Regulation of gastric acid secretions. (From http://elearn.pharmacy.ac.uk/flash/ 
 

http://elearn.pharmacy.ac.uk/flash/view/Stomach_cells.html). 
 

 

• Histamine: is released by a paracrine secretion from the ECL cells in response to gastrin and 

acetylcholine. Histamine acts locally on nearby parietal cells to increase the rate of HCl 

secretion. 

Somatostatin: is released from the D cells in response to acid. It acts locally as a paracrine, in 

negative-feedback fashion, to inhibit secretion by the parietal cells, G cells, and ECL cells, thus 

turning off the HCl-secreting cells and their most potent stimulatory pathways. When pH is 3 or 

below, acid secretion diminishes and gastrin release is blocked (Lærke and Hedemann, 2012). 

5.4 Phases of the gastric secretory activity 

 

During the interdigestive state (also denoted interprandrial phase), basal acid secretion is 

maintained at an efficiently low level by the tonic inhibitory restraint exerted by somatostatin on 

ECL (histamine), parietal (acid), and G (gastrin) cells as just described in Section 4.3). During 

ingestion of a meal, maximal secretion is achieved by removing the inhibitory influence of 

somatostatin while directly stimulating acid and gastrin secretion. This is accomplished in large part 

by activation of intramural cholinergic neurons (Schubert, 2012).  

A schematic illustration of the interactions involved in the processes described in the following (Xu, 

2003; Schubert, 2012) is shown in Fig.4. 

 

http://elearn.pharmacy.ac.uk/flash/
http://elearn.pharmacy.ac.uk/flash/view/Stomach_cells.html
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• Cephalic phase: Before food even reaches the stomach, the thought, sight, smell, and taste of 

food (cephalic phase) activate central neurons whose input is relayed via the vagus nerve to 

gastric intramural cholinergic neurons (neurons which use ACh to send their messages). In the 

fundus, ACh stimulates the parietal cell directly, as well as indirectly by eliminating the 

inhibitory paracrine influence of somatostatin on parietal and ECL cells. The resultant increase 

in histamine stimulates the parietal cell directly via H2 receptors, and indirectly via H3 receptors 

in D cells that mediate suppression of somatostatin secretion. Histamine, acting via H3 receptors, 

amplifies the ability of secretagogues to stimulate acid secretion by further suppressing 

somatostatin secretion. Thus, the net effect of cholinergic neurons is suppression of paracrine 

inhibitory influences (i.e., somatostatin) and enhancement of stimulatory influences (i.e., 

histamine and ACh) on the parietal cell. In the pyloric region, cholinergic neurons activated by 

anticipation of the meal, stimulate gastrin secretion directly on G cells, as well as indirectly by 

suppressing somatostatin secretion in D cells. Gastrin in turn stimulates parietal cells directly and 

indirectly by enhancing the secretion of histamine. 

• Gastric phase: As the meal enters the stomach (gastric phase), the same cholinergic neurons are 

activated further mechanically by high distension and chemically by protein components of the 

food. Initially, the meal buffers the secreted acid and the resulting decrease in acidity further 

inhibits somatostatin secretion and thus increases gastrin secretion. Luminal protein activates 

gastrin-releasing peptide neurons that directly stimulate gastrin secretion by G cells. The 

breakdown products of protein, namely amino acids and amines, also stimulate gastrin secretion. 

• Intestinal phase: As the meal leaves the stomach (intestinal phase), paracrine and neural 

pathways are activated to restore the inhibitory influence of somatostatin and hence restrain acid 

secretion. First, a stimulatory paracrine pathway linking gastrin to pyloric somatostatin cells is 

activated that acts to restore somatostatin secretion after release of gastrin. Secondly, there is 

diminished activation of cholinergic neurons by anticipation of the meal as well as by protein 

and distention. Thirdly, as distention decreases, vasoactive intestinal peptide neurons are 

preferentially activated that stimulate somatostatin secretion. Fourthly, as the buffering capacity 

of the meal diminishes, luminal acidification stimulates somatostatin secretion.  

Finally, enterogastrones (e.g., cholecystokinin, gastric inhibitory peptide, secretin, and 

neurotensin), released from the small intestine in response to acid, fat, and/or hyperosmolar 

glucose, stimulate somatostatin secretion. The resultant increase in somatostatin secretion 

attenuates gastrin and acid secretion and restores the basal interdigestive state.  
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In summary, gastrin is the main stimulant of acid secretion during meal ingestion, is produced by G 

cells of the gastric pyloric region and in much lower amounts in the proximal small intestine, colon 

and pancreas. It is released in response to dietary proteins, amino acids, and amines as well as by 

gastric distention. The main inhibitor of acid secretion is somatostatin. The secretion of pepsinogen 

appears to be under the same regulatory influences as the secretion of HCl. However, regulation of 

pepsin secretion has been researched much less than regulation of HCl secretion (Cunningham, 

2007). 

5.5 The gastric mucosal defense system 

 

The gastric epithelium is under a constant assault by a series of endogenous noxious factors 

including HCl, pepsinogen/pepsin, and bile salts. Unprotected living cells would promptly necrose 

when exposed to these gastric acid concentrations (Ham et al., 2012). In addition, a steady flow of 

exogenous substances such as medications and bacteria encounter the gastric mucosa. To resist 

these insults, a highly intricate biologic system is in place to provide defense from mucosal injury 

and to repair any injury that may occur: ‘the gastric mucosal defense system’ (Monnig and Prittie, 

2011). Major physical and chemical components of the gastric mucosal defense mechanism include 

mucus and bicarbonate secretion, tight intercellular junctions, high cell renewal rate, epithelial 

restitution, high mucosal blood flow, specialized plasma membrane ion permeability (resistant to 

diffusion of hydrogen ions), intracellular defensive proteins, neurohumoral factors and 

prostaglandins, superoxide dismutase, and nitric acid (Ichikawa, 2011; Monnig and Prittie, 2011; 

Ham et al., 2012). All these factors interact with each other, and damage to the mucosa occurs when 

an imbalance between the aggressive factors and protective factors occurs. 

The gastric mucosal defense system can be envisioned as a three-level barrier, composed of pre-

epithelial-, epithelial-, and sub-epithelial elements (Fig. 5). 

• Pre-epithelial elements:  

The first line of defense is a mucus-bicarbonate-phospholipid layer. This barrier is formed by 

mucus gel, bicarbonate, and surfactant phospholipids, which cover the mucosal surface. This 

unstirred mucus layer acts as a physical barrier against luminal pepsin, and thus prevents proteolytic 

digestion of the surface epithelium. This unstirred layer on the mucosal surface also retains 

bicarbonate secreted by surface epithelial cells to maintain a near-neutral pH at the surface. 

Consequently, a pH gradient is formed with a near neutral pH close to the epithelium and an acid 
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pH luminally (Forte, 1996; Sherwood, 2005). The mucus layer acts as a lubricant, to reduce 

physical damage to the epithelium by ingested materials, and as a trap for bacteria. Another 

mechanism by which the mucus layer defends the gastric mucosa is the hydrophobic properties of 

the surfactant phospholipid layer phasing the luminal contents, which retards the diffusion of H+ 

toward the mucosa, thus providing a barrier to acid back-diffusion (Ham et al., 2012).   

Mucus gel is co-secreted with low-molecular-weight trefoil factor family peptides (TFF), a class of 

protein that is important to mucosal defense. They may play a role in the intracellular assembly and 

/or packaging of mucins. Trefoil factor family peptides 2 increase the viscosity of gastric mucin and 

stabilize the gel network (Laine et al., 2008). These peptides are also involved in gastric acid  

 

 
 

Figure 5. Components involved in providing gastroduodenal mucosal defense and repair (From 

(Valle, 2005).  

secretion (downregulation) and cellular differentiation, and epithelial restitution across damaged 

epithelium. Thus, data suggest that TTF2 have multiple physiologic functions in the promotion of 

mucosal healing (Ham et al., 2012). 

The efficacy of the mucus barrier is dependent upon the mucus gel structure and thickness (Monnig 

and Prittie, 2011). The thickness of the mucus layer is a dynamic balance between mucus secretion 

and the degree of erosion and proteolytic degradation. Erosive mechanisms include shear forces 

created during digestion, the presence of acid and bile acids in the gastric lumen, or the presence of 

infectious agents (Monnig and Prittie, 2011). Mucus secretion and gel thickness regulation are both 

augmented by the presence of luminal acid (Ham et al., 2012). An increase in mucus thickness is a 

normal defensive response to luminal insults, and it is generally believed that, the thicker the 
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mucus, the better the protection (Phillipson et al., 2008). Prostaglandins are one of the components 

stimulating mucus and bicarbonate secretion (Wallace, 2008). 

When these pre-epithelial elements of the gastric mucosa defense system are overwhelmed or break 

down in disease progression, the next series of protective mechanisms come into play. 

 

The pars esophagea region has no glands and therefore lacks mucus-producing cells. As a 

consequence, this epithelium is not protected by the pre-epithelial elements just described (see 

Section 4.5.1. for more details).     

• Epithelial elements: 

Surface epithelial cells provide the next line of defense. The epithelial lining forms a regulated, 

selectively permeable barrier between luminal contents and the underlying tissue compartments. 

This permeability is in part determined by the most apical intercellular junction, referred to as ‘tight 

junctions’. The surface epithelial cells, interconnected by these tight junctions, form a ´barrier´ 

preventing back diffusion of acid and pepsin (Laine et al., 2008). Further, the apical membrane of 

gastric epithelial cells is presumably highly resistant to damage by acid, i.e., resistant to diffusion of 

hydrogen ions (Wallace, 2008; Ham et al., 2012). This is supported by data from, for example, 

(Sanders et al., 1985), who showed that exposure of the apical surface of canine chief cells to a 

solution of pH 2 for more than 4 h did not damage the cells. However, the basolateral membrane of 

these cells was very sensitive to acid, being damaged when exposed to a solution with pH of 5.5.  

The epithelial cells generate substances with different roles but all with mucosal protective actions, 

like prostaglandins, TFFs, heat chock proteins, cathelicidins, and defensins (Laine et al., 2008; 

Monnig and Prittie, 2011). Another important characteristic of the gastric epithelium that makes it 

resilient to injury is its high cell renewal rate (‘its youth’) (Laine et al., 2008; Wallace, 2008). 

Continuous cell renewal from mucosal progenitor cells maintains structural integrity of the mucosa. 

Epithelial cell proliferation is regulated by various growth factors and prostaglandins (Laine et al., 

2008). 

If the pre-epithelial barrier breachs, gastric epithelial cells bordering a site of injury can migrate to 

restore a damaged region (restitution). Restitution is the rapid process in which viable cells 

bordering the damaged area migrate to cover the denuded basal membrane. This process takes place 

before cell proliferation or extensive inflammatory response occurs and requires uninterrupted 

blood flow and an alkaline pH in the surrounding environment. Several growth factors and 
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prostaglandins modulate the process of restitution. Larger defects that are not effectively repaired 

by restitution require cell proliferation (Jones et al., 1999; Laine et al., 2008; Wallace, 2008; 

Monnig and Prittie, 2011). Prostaglandins inhibit gastric acid secretion, and are important in 

epithelial cell restitution. 

• Sub-epithelial elements: 

It is generally accepted that an adequate mucosal blood flow is a prerequisite for maintaining 

mucosal integrity. Hence, a hyperemic response to luminal irritants seems to be an essential 

component of the gastric defense system, since its prevention leads to the development of mucosal 

injury (Atuma, 2000; Laine et al., 2008; Ham et al., 2012). As reviewed by  

(Atuma, 2000; Laine et al., 2008; Monnig and Prittie, 2011; Ham et al., 2012), there are various 

protective mechanisms of the mucosal blood flow. It has been shown to be necessary for diluting 

and flushing out back-diffusing acid and cellular waste products. Furthermore, the blood flow is a 

source of bicarbonate for the surface epithelial cells which is necessary for intramural neutralization 

of acid and maintenance of the pH gradient in the overlying mucus layer. Adequate oxygen and 

nutrient delivery is also vital for maintenance of the metabolic process and the process of rapid 

repair. This hyperemic response is mediated by sensory afferent nerves. These nerve endings in the 

superficial mucosa can detect the presence of acid, and they respond by releasing, in the vicinity of 

submucosal arterioles, calcitonin gene-related peptide, which acts via the vasodilator nitric oxide. 

This results in relaxation of the smooth muscle surrounding the arterioles, leading to an elevation of 

blood flow in the mucosa. Prostaglandins are also potent vasodilators (Wallace, 2008; Monnig and 

Prittie, 2011) leading to increased mucosal blood flow. Hydrogen sulphide seems to play a 

significant role in regulating mucosal blood flow, too (Monnig and Prittie, 2011).  

 

It is still debatable as to the causal relationship between a reduction in blood flow and mucosal 

injury. An obvious question is if the reduction in blood flow is the cause or consequence of mucosal 

damage (Atuma, 2000). 

 

5.5.1 Pars esophagea 

The squamous epithelium of the stomach, in contrast to the glandular surface, has no mucus-

secreting glands. As described above, the thick alkaline mucus that coats the glandular surface is an 

important component of the stomach epithelium’s natural defense against acid damage. In pigs, the 
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epithelium of the pars esophageal region is characterized by having a stratified squamous mucosa. 

This type of epithelium is well suited to areas in the body subject to constant abrasion, as it is the 

thickest and layers can be sequentially sloughed off and replaced before the basement membrane is 

exposed (Fig. 6). However, because this region is non-glandular, it lacks the secretions of mucus 

and bicarbonate that form a protective barrier throughout the remaining gastric epithelium. This is 

believed to be the reason for the much higher prevalence of ulcer observed in this region of the pig 

stomach compared to the other gastric regions (Argenzio and Eisemann, 1996; Lang et al., 1998; 

Argenzio, 1999; Doster, 2000; Martineau et al., 2009).  

 
 

Figure 6. Illustration of stratified squamous epithelium. 

https://learnhistology.wordpress.com/2011/08/12/chapter-2-epithelial-tissue/. 

5.6 Gastric mixing and emptying  

 

The stomach is divided into two physiological regions. The proximal region serves a storage 

function, retaining food as it awaits eventual entry into the small intestine. The distal region serves a 

grinding and sieving function, breaking solid pieces of food down into particles small enough for 

small-intestinal digestion (Cunningham, 2007). Food emptied into the stomach from the esophagus 

is stored in the relatively quiet fundus. Food is gradually fed from the fundus to the pyloric region, 

where mixing takes place (Sherwood, 2005). Because the muscle layers in the cardia and fundus are 

thin, the peristaltic contractions in these regions are weak. When the peristaltic waves reach the 

pyloric region, they become much stronger and more vigorous because the muscle here is thicker. 

Hence, the mixing of food to produce the chyme occurs in the pyloric region. The antral peristaltic 

contractions provide the driving force for gastric emptying. Each antral peristaltic wave propels 

chyme towards the pyloric sphincter. Its opening is large enough for water and other fluids to pass 
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through with ease but too small for the thicker chyme to pass through, except when a strong antral 

peristaltic contraction pushes it through. This is also denoted the ´sieving mechanism´. 

Particles leaving the stomach during the digestive phase of activity are less than 1-2 mm in 

diameter. Particles too large to pass the pylorus are crushed and ejected back into the antrum by the 

passing wave of peristalsis. The bulk of the antral chyme that is being propelled forward but failed 

to be pushed into the duodenum is abruptly halted at the closed sphincter and is tumbled back into 

the antrum. This tossing back and forth, called retropulsion, thoroughly mixes the chyme in the 

antrum (Sherwood, 2005). Thus, the peristaltic actions of the distal stomach walls serve not only to 

propel food but also, and perhaps importantly, to grind and mix it. Some types of ingested materials 

cannot be reduced to particles less than 2 mm in diameter. To clear the stomach of indigestible 

debris, a particular type of motility occurs between meals. This motility pattern is called 

interdigestive motility complex. The pylorus relaxes as strong waves of peristalsis sweep over the 

antrum, forcing less digestible material into the duodenum. Eating disrupts the complex and causes 

resumption of the digestive motility pattern (Sherwood, 2005; Cunningham, 2007). 

The amount of chyme that escapes into the duodenum with each peristaltic wave before the pyloric 

sphincter closes tightly depends largely on the strength of peristalsis and on the particle size of the 

ingested material. The intensity of antral peristalsis can vary markedly under the influence of 

different signals from both the stomach and the duodenum. The main gastric factor that influences 

the strength of contraction is the amount of chyme in the stomach. Other things equal, the stomach 

empties at a rate proportional to the volume of chyme in it at a given time. Furthermore, the degree 

of fluidity of the chyme in the stomach influences gastric emptying. The stomach contents must be 

converted into a finely divided, thick liquid form before emptying (Sherwood, 2005).  

Despite the gastric influences, factors in the duodenum are of primary importance for controlling 

the rate of gastric emptying. The four most important factors in the duodenum that influence gastric 

emptying are fat, acid, hypertonicity, and distention (Sherwood, 2005).  
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6 Pathogenesis and ethiology  
 

The proximal region of the stomach tends to maintain a neutral pH, whereas the contents of the 

distal regions are subjected to aggression by the gastric acid and digestive enzymes, where these are 

secreted. The pathogenesis of gastric ulcer of the pars esophagea in swine is considered to be 

multifactorial but there seems to be agreement in that the Schwarz’s dictum (1910) “no acid, no 

ulcer” remains valid today. In accordance with this, it is believed that anything which contributes to 

a breakdown in the segregation of the acidic and enzyme-containing distal part of the stomach and 

the neutral proximal part of the stomach is a risk factor for gastric ulceration development in the 

pars esophagea of pigs. 

 

In general (and as described in Section 4.5), the pathogenesis of gastric ulcer formation involves an 

imbalance between aggressive (HCl, pepsin, bile acids) and defensive factors(Friendship, 2006; 

Martineau et al., 2009; Ichikawa, 2011). In contrast to the glandular surface, the squamous 

epithelium of the pars esophagea has no mucus-secreting glands. The thick alkaline mucus that 

coats the glandular surface is an important component of the stomach epithelium’s natural defense 

against acid damage. The lack of surface mucus makes the squamous portion of the pig stomach 

particularly prone to ulcer development, what is considered the main reason why gastric ulcers in 

pigs affect most frequently this gastric region.  In addition, restitution, the process by which gastric 

epithelial cells bordering a site of injury can migrate to restore a damaged region, has not been 

observed in the squamous stratified epithelium (Argenzio and Eisemann, 1996; Argenzio, 1999) or 

at least is considered to be less efficient than that in the glandular regions. Similarly, the protection 

of the glandular mucosa by prostaglandins, which among other events, increase blood flow and 

reduce gastric acid secretion, has not been demonstrated in the type of epithelium found in the pars 

esophagea (reviewed by (Argenzio, 1999; Morrissey et al., 2008). (Morrissey et al., 2008), 

investigating equine non-glandular gastric mucosa, reported that while a synthetic prostaglandin E2 

analogue protected the equine glandular gastric mucosa from nonsteroidal anti-inflammatory drugs 

(NSAIDs)-induced injury, prostaglandins do not appear to be of major importance in the defense of 

the non-glandular mucosa, with this mucosa not being susceptible to NSAID-induced injury 

(Meschter et al., 1990; Macallister and Sangiah, 1993). However, it should be noted that there are 

numerous prostaglandins, and future research needs to reveal the importance of these metabolites in 

the non-glandular mucosa.  
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In the non-glandular region, factors like intercellular tight junctions, intracellular buffering systems, 

and low permeability to back-diffusion of hydrogen ions to reduce acid injury act as barriers  

(Argenzio, 1999; Morrissey et al., 2008; Martineau et al., 2009). Lesions associated with ulceration 

of the pars esophagea rarely extend into the contiguous esophagus or the glandular region of the 

stomach (Thomson, 2012). Ulcerations and erosions of the pars esophagea may involve only a small 

portion or all of the gastric squamous mucosa. The normal epithelium of the pars esophagea is 

smooth, white, and glistening, and its junction with the cardiac gland region is abrupt and distinct. It 

is believed that lesions usually progress from hyperkeratotic parakeratosis of the squamous 

epithelium that causes a thickened, rough appearance and is often yellow in colour as a result of bile 

staining (Thomson, 2012). If the insulting acidity persists, part or all of the stratified squamous 

epithelium peels or sloughs off and leaves one or more ulcers. Blood vessels of various sizes in the 

lamina propria are eroded and hemorrhage begins. If blood loss is slow, melena (dark, tarry faeces), 

generalized pallor, and anemia may be observed. If a few large vessels are eroded, the animal may 

die from an acute massive hemorrhage. In some pigs, the ulcers may be recovered and heal 

uneventfully. Occasionally, resolution of lesions results in stricture of the terminal esophagus or 

pars esophagea. Sometimes the ulcerated area involves the entire pars esophagea and may partially 

obstruct the esophagus. The terminal part of the esophagus may also be hypertrophied. In animals 

that have recovered from deep ulcers, a puckered or stellate scar often remains 

(https://vetmed.iastate.edu/vdpam/FSVD/swine/index-diseases/gastric-ulcers). 

Histologically, the lesion is the result of thickening and parakeratosis, with nucleated cells present 

on the mucosal surface. Rete pegs and proprial papillae are elongated, and neutrophils and 

eosinophils are often present at the tips of the proprial papillae. Epithelial separation and erosion 

usually occur beneath a band of cells with cytoplasmatic pallor and nuclear degeneration. Ulcers of 

the pars esophagea usually involve only the submucosa, but they may advance to the muscularis 

externa and occasionally to the serosa (Thomson, 2012). 

In establishing the prevalence of gastric ulcer in pigs or assessing the value of any treatment or 

preventative strategy, stomachs are taken from slaughtered animals and the appearance of the pars 

esophagea is scored to evaluate the impact of the tested treatment. A number of scoring systems 

have been applied in the analyses of surveys and experimental ulceration evaluations, such as that 

proposed by (Hessing et al., 1992; Nielsen and Ingvartsen, 2000b);(Kopinski and Mckenzie, 2007). 

In general, they distinguish between normal epithelium, hyperkeratosis, erosion, ulcer, scar, and 

stenosis. In Denmark, a scoring system has been proposed in which an index is given based on 

scores from 0 to 10 (Table 1 and Fig. 7). 

https://vetmed.iastate.edu/vdpam/FSVD/swine/index-diseases/gastric-ulcers
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Table 1. Description of scale for classification of degree of ulceration in the pars esophagea of pigs 

((Jørgensen and Nielsen, 2015a). 

Stomach score Pars esophagea Description 

0 
No hyperkeratosis, or erosions or 

ulcer or scar 

Pars esophagus is white, glistening, smooth and 

elastic 

1 Hyperkeratosis under 1 mm Hyperkeratosis: mucosa around the esophagus 
gradually changes structure to finger-like formations 
 

2 Hyperkeratosis over 1 mm 

3 Hyperkaratosis is papillomatous 

4 Erosion <½ cm diameter Erosion: The protective mucosa layer has 

disappeared and there is direct access to the 

underlying epithelium  
5 Erosion >½ cm diameter 

6 

Small superficial ulcer ½ cm  

or 

slight scar Ulcer: Deep changes in mucosa eventually with 

blood. 

Scar: Older lesions with partial healing and scar 

formation. When scar develops, fibrous connective 

tissue is formed and the tissue is inelastic and 

contracts.  

7 

Medium ulcer ½-2cm or smaller if 

deep 

or 

scar with slight fibrosis 

8 

Big ulcer >2cm or smaller if deep 

or 

scar with clear fibrosis 

9 
Diameter of esophagus 

constricted but >½cm 

Scar: Older lesions with partial healing and scar 

formation. When scar develops, fibrous connective 

tissue is formed and the tissue is inelastic and 

contracts. In the most severe cases, the esophagus is 

constricted and becomes inelastic. 

10 Esophagus diameter <½cm 

 



34 
 

 

 

Figure 7. Illustration of scale for classification of degree of ulceration in the pars esophagea of 

pigs (Busch 2016http://vsp.lf.dk/Viden/Sygdom%20og%20behandling/Mave-

%20og%20tarmsystem/Mavesaar.aspx). 
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Gastric ulceration is considered to be a multifactorial disease. Several factors may contribute to the 

pathogenesis of the mucosal lesions, which can be related to the feed, management or other factors 

(Table 2). The extent to which the different factors contribute to ulcer development has been 

established to varying degrees. While the impact of some factors has been clearly shown, that of 

others is not so evident. The main factors will be discussed in Section 9 and 10 of this report. 

Table 2. Factors reported to increase the risk of gastric ulceration in pigs. 

Feed Management Others 

Finely ground feed Stress Sex (barrows) 

Heat treatment Crowding Genetic selection of lean-type 

swine 

Pelleting Transport Helicobacter suis 

Wheat, maize Confinement Other diseases 

Low levels of vitamin E 

/selenium 

Mixing with new pigs  

High levels of unsaturated fat Ad-libitum feeding  

Low levels of zinc Fasting/irregular feeding  

High levels of copper   

 

Risk of increased acidity: 

Irrespective of cause or risk factors for gastric ulceration, the effects are thought to be a 

derangement of normal gastric function. An abnormal fluid content in the stomach results in 

changes in the pH gradient that normally exists between the terminal esophagus and the pylorus. 

The excessive acidity, lower than is normal at the pars esophagea, (and presence of bile acids and 

pepsin) initiates changes in the stratified squamous epithelium (hyperkeratosis) that may ultimately 

lead to ulceration (Maxwell et al., 1970; Lang et al., 1998; Regina et al., 1999; Moesseler et al., 

2010). The most consistent risk factor for gastric ulcer development reported in the literature is 

probably feeding finely ground pelleted feed, in contrast to coarsely ground feed. Feeding finely 

ground feed or pelleted feed results in a high prevalence of gastric ulcer in swine as compared to 

coarsely ground meal. This has repeatedly been shown (Reimann et al., 1968; Maxwell et al., 1970; 

Wondra et al., 1995a; Wondra et al., 1995b; Regina et al., 1999; Nielsen and Ingvartsen, 2000b; 

Canibe et al., 2005; Liermann et al., 2015). The gastric digesta of pigs fed finely pelleted feed is 

fluid, resulting in greater mixing, that allows the acidic (and pepsin-and bile acid containing) 

contents of the distal stomach come in contact with the non-glandular pars esophagea region. On the 
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contrary, digesta from pigs fed coarsely ground meal has a firmer consistency which is less prone to 

mix in the stomach, and in that way, the pars esophagea does not suffer the insults characteristic of 

the distal digesta. This is considered the main mechanism behind the impact of the two feed types 

on gastric ulcer prevalence in the pars esophagea.  

Importance of bile acids: 

The gastric epithelial cells, including those from the pars esophagea, are characterized by being 

resistant to acid (Argenzio, 1999; Morrissey et al., 2008). Therefore some authors have argued that 

the acid itself is not the only factor responsible for epithelial lesions (Lang et al., 1998).  (Lang et 

al., 1998) showed that bile acids appear to act synergistically with low pH to damage the squamous 

epithelium and cause ulceration. Conjugated bile acids are normally maintained in their dissociated 

form in the intestine. However, at the lower pH of the stomach, they may be unionized and lipid 

soluble, thereby gaining access to the mucosa (Argenzio, 1999). The relation between the 

yellow/green color of the pars esophagea, as a sign of bile staining, and ulcer occurrence has been 

discussed, though. (Reed and Kidder, 1970; Penny and Hill, 1973; Guise et al., 1997) showed a 

correlation between bile staining and the occurrence of hyperkeratosis, erosions, and ulcers in the 

pars esophagea of slaughtered fattening pigs. (Reed and Kidder, 1970) hypothesized that the 

regurgitation of bile into the stomach might be causally linked to the occurrence of esophagogastric 

lesions in fattening pigs. (Penny and Hill, 1973) suggested, however, that the observed relationship 

between bile staining and occurrence of esophagogastric lesions is possibly due to a higher degree 

of imbibition of bile by tissue that is roughened by hyperkeratosis, erosions, or ulcers. That is, the 

presence of bile is not the cause of the epithelial alterations. Further, (Elbers et al., 1995a) suggested 

that a yellow colour (not marked yellow-green colour), which indicates bile regurgitation of recent 

origin, is not positively linked to the occurrence of esophagogastric lesions in fattening pigs. They 

also suggested that various factors associated with slaughter, such as fasting and slaughter 

procedure, are primarily responsible for the presence of bile and the staining of the pars oesophagea 

in the stomach. On the other hand, a darker yellow to green colour, indicating that bile staining 

occurred much earlier in the life of the animal, was not observed on any of the pigs included in the 

study of (Elbers et al., 1995a), what did not allow correlating bile staining from earlier life to gastric 

lesions. Although according to the authors, their results indicated no evidence of association 

between bile staining and gastric lesions, they concluded that the possibility that the presence of bile 

in the stomach is related to hyperkeratosis cannot be excluded. 

 In general, the studies show that bile staining does not normally occur in normal pars esophagea, 

whereas it is seen in affected epithelium (from parakeratosis to ulcer). However, the question is 
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whether staining is causal for gastric lesions or is due to the affected epithelium being more prone 

to imbibe bile acids.    

Role of pepsin and short chain fatty acids: 

The role of pepsin in the development of gastric lesions has been discussed. Although in vitro 

studies by (Lang, 1997)  did not indicate that pepsin has an important component in tissue damage, 

it is generally considered that pepsin, being a proteolytic enzyme with relatively high activity at the 

pH measured in the proximal stomach, has a role initiating damage of stratified squamous mucosa 

of the pars esophagea (Regina et al., 1999). Studies specifically investigating this aspect are lacking, 

though.   

The importance of short chain fatty acids (SCFA) in the development of gastric ulcer has also been 

studied.  Short chain fatty acids are lipid soluble in their undissociated form and, therefore, could 

presumably penetrate and acidify underlying tissue more readily than free hydrogen (Argenzio and 

Eisemann, 1996). (Argenzio and Eisemann, 1996) after conducting in vitro studies showing damage 

of gastric tissue concluded that SCFA may be important in the pathogenesis of pig gastric ulcers. 

However, (Argenzio, 1999; Regina et al., 1999; Hansen, 2004; Canibe et al., 2005) measured the 

highest concentrations of SCFA in the stomach of pigs with the lowest ulcer prevalence (fed 

coarsely ground diet). The relation between gastric SCFA concentration and gastric ulcer is 

therefore not clear. This conclusion was also drawn by (Argenzio, 1999).    

Because gastric digesta fluidity increases with time of feed withdrawal (mainly when feeding a 

finely ground diet) ((Hansen, 2004); Canibe et al., unpublished), situations related to starvation, like 

transportation, disease, or feeder malfunction are considered as risk factors for gastric ulcers 

development (Lang et al., 1998; Thomson, 2012) (See Sections 9 and 10 for further details).  

Onset and duration of lesions: 

It is believed that ulcers can develop and heal very fast. Fasting animals for 24 to 72 h has been 

shown to dramatically increase the prevalence and severity of erosive lesions in the pars esophagea 

(Pocock et al., 1968; Friendship et al., 2000; Cole et al., 2002). (Thomson, 2012) suggested that 

ulceration may occur rapidly, and the progression from normal pars esophagea to complete 

ulceration may take less than 24 h. Observations made in abattoirs in animals slaughtered after 

different periods of feed withdrawal/fasting indicate that 24h fasting results in lesions in the pars 

esophagea (Lawrence et al., 1998; Makinde and Gous, 1998). (Marcato et al., 1999) reported more 

severe lesions in pigs deprived from feed during 27-42 h prior to slaughter compared to those 
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deprived for 18 h and again more in these compared to animals deprived for 4 h. Others have not 

been able to see this impact of 24h fasting (Eisemann et al., 2002; Nielsen et al., 2013a). Regarding 

healing, (Lawrence et al., 1998) observed significant healing/reduction of lesion severity of the pars 

esophageal epithelium within 3 days of feeding a coarsely ground feed. (Cole et al., 2002) reported 

ulcer in gastric-cannulated pigs after 7 days on a finely ground diet. Further, 24-48 h of feed 

withholding clearly increased lesions in the pars esophagea mucosa; whereas a gradual 

improvement in the health of the mucosa was observed from 1 to 6 days after the animals were 

again provided with finely ground feed. (Nielsen et al., 2013b) reported that 70% of the pigs 

slaughtered after 9 days on a finely ground and pelleted diet had ulcer, with a score of 6 or more 

according to Table 1. A group of pigs had been slaughtered before the provision of the finely 

ground diet and all except one pig had a score of 0. Therefore, it was assumed that the gastric 

lesions had developed during 9 days. Improvement of the lesions were seen after 2 weeks on a 

coarsely ground diet. Similarly,(Ayles et al., 1996b) observed a significant reduction of ulcer score 

after 3 weeks on a coarsely ground diet. 

7 Prevalence  
 

There is a high number of publications in the literature reporting prevalence of stomach lesions 

from abattoir surveys conducted in many different countries, including Denmark (Table 3 and 4). 

The data originate from a varying number of animals, and, not least, from a varying number of 

farms, what makes the information less robust. Gastric ulcer is not monitored in any country, and 

therefore, the data available are to be considered as indicative. 

As mentioned above, the studies use different scoring systems to report the alterations of the gastric 

epithelium (mainly the pars esophagea region), and not all the different lesions are reported, what 

makes direct comparisons of different studies and general conclusions to be drawn difficult. 

However, the results of most studies can be classified into four categories: normal epithelium, 

parakeratosis, erosion, and ulcer (sometimes strictures/scars). Another aspect to bear in mind here is 

that according to the discussion on feed withdrawal described in Section 5, the data obtained in 

abattoirs might be somewhat an overestimation of gastric ulcer prevalence in pigs.  

Tables 3 and 4 present the prevalence of gastric ulcers outside Denmark and in Denmark 

respectively. From the reviewed studies presented in Table 3, it can be seen that the percentage of  
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Table 3. Prevalence of gastric lesions in pigs outside Denmark (%). 

 

1) (Muggenburg et al., 1964); 2) (Penny et al., 1972); 3) (Penny and Hill, 1973); 4) (Grondale and Vangen, 1974); 5) 
(Ito et al., 1974); 6)(Bivin et al., 1974); 7) (Tamas et al., 1983); 8) (Backstrom et al., 1988); 9) (Christensen and 
Cullinane, 1990); 10) (Makinde and Obwolo, 1990); 11) (Hessing et al., 1992); 12) (Elbers et al., 1995b); 13) (Guise et 
al., 1997); 14) (Makinde and Gous, 1998); 15) (Carvalho et al., 1999); 16) (Melnichouk, 2002); 17) (Robertson et al., 
2002); 18) (Ramis et al., 2004); 19) (van den Berg et al., 2005); 20) (Amory et al., 2006); 21) (Kopinski and Mckenzie, 
2007); 22) (Rodriguez et al., 2008); 23) (Appino et al., 2006); 24) (de Oliveira et al., 2010); 25) Karlsson and Cerne 
(2010); 26) Cerne and Karlsson (2010); 27) (Proietti et al., 2010); 28) (Vasudevan et al., 2012); 29) (Swaby and 
Gregory, 2012); 30) (de Oliveira et al., 2009). 

Year Country No. pigs Normal Parakeratosis Erosions Ulcers Stricture/
Scar Ref. 

Pigs         
1964 USA 3753 40 44 7.5 5.5 0.9 1 
1972 Australia 1125 26 58  18  2 
1973 Australia 1801 59  2.1 2.3 0.4 3 
1974 Norway 207 11 77 12  4 
1974 Japan 73 0 23 32 45  5 
1974 Brazil 3113 22 59 7.8 11 0.03 6 
1983 Hungary 14711 6.8 43 18 25 7.2 7 
1988 USA 932 56 44 21 0.3 4.4 8 
1990 New Zealand 2661 68 25 6.5 0.1 0.2 9 
1990 Zimbabwe 2619 44 46 7.19  10 
1992 Holland 209 7.6 68 17 8.1 11 
1995 Holland 455 6.5 52 31 11  12 
1997 England 1242 23 77  23  13 
1998 South Africa 4320 61 19 15 5.1  14 
1999 Brasil 1085 36 64  15 
2002 Canada 1021 6.2 43 36 16  16 
2002 Australia 15741 20 50 30  17 
2004 Spain 20796 61 27 12  18 
2005 Switzerland 1897 41 44 11 4  19 
2006 England 800 81 19  20 
2007 Australia 280 3.9 35 30 31  21 
2008 Colombia 900    31  22 
2009 Italy 595    13  23 
2010 Brasil 20792 10 58 25 6.6  24 
2010 Sweden 3858 49 33 6.7 9.8 1.5 25 
2010 Sweden 460 88 12 26 
2010 Italy 400    93  27 
2011 India 48 77 19 4.2 0  28 
2012 England 9827 20 49 24 6.4  29 
Sows        
1988 USA 163 61 39 11 1.8 2.5 8 
1992 Holland 224 13 63 19 5.4 11 
Piglets        
2009 Brasil 80 (15 kg) 71 25  3.75  30 
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Table 4. Prevalence of gastric lesions in pigs and sows in Denmark (%). 

Year No. pigs Normal 
 

Parakeratosis 
 

Erosions 
 

Ulcers 
 

Stricture
/Scar 

Ref. 

Pigs        
1985 347 19 72 3.2 0.9 4.9 1 
2013 1518 17 31 2.5 41 7.8 2 
2013 1101 29 30 11 26 4.2 3 
Sows        
1998 392 40 54 25 9.5 9.3 4 
2004 775 25   28 ulcer/scar 5 
2004 263 32 43 10 15 6 

2013 2302    79% (ulcer and scar) 
27% (big ulcer and scar) 7 

2013 1023 18 22 9.4 44 7.0 3 
2014 482 14 28 6 49 1.7 8 

 

1) (Kjeldsen, 1985); 2) (Jensen et al., 1996); 3) Nielsen et al., 2013a; 4) (Christensen, 1998); 5) (Christensen and 
Vestergaard, 2004); 6) (Vestergaard et al., 2004); 7) (Bruun and Vinther, 2013); 8) (Bruun and Vinther, 2014). 

 

stomachs from pigs with ulcers or scars/strictures is between 0 and 93%, with a median of 11% and 

an average of 17% (including data from studies reporting ulcer and erosions separately; five studies 

were excluded). The frequency of lesions including erosions, ulcers and strictures/scars in pigs vary 

between 4 and 93%, with a median of 23% and an average of 29% (including data from studies 

reporting parakeratosis and erosions separately; one study was excluded). The percentage of 

stomachs from pigs with a normal appearance ranges between 0 and 77%, with a  

median of 23% and an average of 30% (including data from studies reporting normal stomach 

separately). 

Only two studies with sows are shown in Table 3, with values of ~4 and 5% ulcer or scar/stricture 

prevalence, and ~15-25% prevalence if erosions are also included. Regarding piglets, one study 

from Brazil is shown, with an ulcer prevalence of ~4%. The prevalence of normal stomachs was 

~13 - 61% in sows; and ~71% in piglets. 

In Denmark, the three studies with pigs presented in Table 4 show prevalence of ulcers and 

scars/strictures between ~6 and 49%; when including erosions, the prevalence was between 9 and 

~52%; and normal stomachs were seen in ~17-29% of the animals. Figure 8 shows the distribution 

of gastric score among 1.101 finishers in Denmark (Nielsen et al., 2013a). The prevalence of ulcers 
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and scars/strictures in sows was between 15 and 79%; and between 25 and 79% if erosions were 

also considered. Between 14 and ~40% of the Danish sows had normal stomachs. 

 

Figure 8. Distribution of gastric score among 1.101 finishers in Denmark. Adapted from (Nielsen et 

al., 2013a). 

Differences in ulcer prevalence in different regions of the same country (Muggenburg et al., 1964; 

Robertson et al., 2002; Rodriguez et al., 2008) and among herds (in pigs and sows) (Christensen 

and Cullinane, 1990; Guise et al., 1997; Robertson et al., 2002; Christensen and Vestergaard, 2004; 

Ramis et al., 2004; Cerne, 2010; Bruun and Vinther, 2013; Nielsen et al., 2013a; Bruun and 

Vinther, 2014) have been reported. This probably arises from differences in management, 

husbandry and nutritional practices, different climates, and access to different feed ingredients 

(Robertson et al., 2002; Ramis et al., 2004; Cerne, 2010). (Robertson et al., 2002) in a study 

including 11684 pigs from 94 Australian herds, reported feeding of pelleted feed, use of automatic 

feeding systems, ad libitum feeding, feeding multiple ratios, location (country region), and use of 

water from dams instead of rivers or bores as risk factors for gastric ulcers.  (Nielsen et al., 2013a) 

observed lower gastric ulcer prevalence in herds feeding home-mixed feed as compared to those 

feeding commercial feed; the reason being that home-mixed feed has typically a coarser structure.  

It is believed that intensification of swine production has led to an increase in gastric ulcer 

prevalence in swine (Blackshaw et al., 1980; Potkins et al., 1989; Ramis et al., 2004). Higher 

erosion/ulcer prevalence has been reported in large/industrial herds compared to small herds (Tamas 

et al., 1983; Christensen and Cullinane, 1990; Ramis et al., 2004). A higher density, implying a 

higher infection pressure, a higher use of pelleted feed, and use of genetically improved animals in 
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large herds are some of the factors proposed as contributors to these differences (Ramis et al., 

2004). A significantly higher prevalence of gastric lesions was found in pigs from conventional 

housing systems compared to pigs raised on farms providing straw bedding and outdoor exercise 

(van den Berg et al., 2005). However, there is very scarce information (from abattoirs) regarding the 

prevalence of gastric ulcers in alternative production systems (i.e., organic, outdoor). In this regard, 

we are only aware of a small survey including 32 pigs from a Friland system and 32 pigs from an 

organic system. Out of the 32 Friland pigs, 5 had ulcer or scar; out of the 32 organic pigs, 20 had 

ulcer or scar, and 4 had stricture in the esophagus (Svend Haugegaard, SEGES Danish Pig Research 

Center, personal communication). 

 The prevalence of ulcer in sows has been shown to be higher than that in growers (Robertson et al., 

2002; Nielsen et al., 2013a). Sows, through a longer life than growing pigs, could have more 

chronic lesions (Nielsen et al., 2013a). (Christensen, 1998) on the other hand, reported lower 

prevalence of lesions in sows than in growers, the difference was mainly due to a lower prevalence 

of parakeratosis in the sows.    

Gastric ulcer prevalence seems to be affected by sex, barrows having a higher prevalence than gilts 

(Muggenburg et al., 1964; Nuwer et al., 1967; Pickett et al., 1969; Carvalho et al., 1999; Rodriguez 

et al., 2008; Di Martino et al., 2013; Nielsen et al., 2013a; Jørgensen et al., 2015b); and genetics, 

more selected animals having a higher prevalence (Berrueco and Robison, 1972; Grondale and 

Vangen, 1974). 

Several of the mentioned aspects will be further discussed in Sections 9 and 10. 

8 Impact on animal welfare - is it painful?  
 

It is not known whether gastric ulceration causes pain. It can be acutely painful in humans, so by 

analogy, it is likely that ulceration is also painful in pigs. From data on growth performance (Figure 

9), it can be assumed that severe ulcers do cause pain, since pigs have reduced growth rate, 

probably because suffering from gastric ulcer may reduce appetite/feed intake. Pigs with scores of 

10 (according to Table 1), could also show impaired growth as a result of lower feed intake due to a 

reduction of the esophagus diameter (see Section 8 for more details). 

Whether lower severe lesions cause pain without affecting growth performance/feed intake is not 

known. Therefore, in order to establish the consequence of this disease on pig welfare related to 

pain, more investigation on this aspect is needed. 
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9 Impact on growth performance  
 

The impact of gastric lesions on growth performance is, together with animal welfare, a key 

parameter to consider from an economical and ethical point of view. There have been contradictory 

reports on the relationship between mucosal lesions in the pars esophagea and the animals’ growth 

rate. (Blackshaw et al., 1980) and (Backstrom et al., 1988) in relatively small studies; and (Potkins 

et al., 1989; Hessing et al., 1992; Wondra et al., 1995a; Guise et al., 1997)and (Dirkzwager et al., 

1998) did not find such a significant relationship; whereas others have found a negative impact of 

extensive erosions/ulcers on weight gain (Hedde et al., 1985; Elbers et al., 1995b; Ayles et al., 

1996b; Sloth et al., 1998; Jørgensen et al., 2015b). Further, (Ayles et al., 1996b) measured a 

negative correlation between increasing ulcer severity and daily weight gain and feed intake but not 

with feed to gain ratio; whereas (Persson et al., 2008) reported a weak positive correlation between 

daily weight gain and gastric lesion score.   

The contradictory conclusions drawn in the various studies could partially be ascribed to differences 

in the classification of the lesions, the number of observations included, and the severity of lesions. 

In general, it is believed that development of severe ulcers impair growth whereas mild/moderate 

lesions do not. This was also suggested by the results of (Smith and Edwards, 1996), who detected a 

negative correlation between ulcer score and growth rate only in the groups with higher scores, and 

no effect in the groups with the lowest scores. Danish studies confirm this statement too, showing 

that the severe gastric lesions result in growth depression, whereas the performance of pigs with no 

or moderate lesions do not seem to be affected (Sloth et al., 1998; Nielsen et al., 2013b; Jørgensen 

et al., 2015b). The same tendency was observed by (Hansen et al., 2006a). (Sloth et al., 1998) did 

not see a clear decrease in daily body weight gain in animals with scores from 0 to 6-7, but lower 

daily weight gain of ~100 g were measured in pigs with scores 8-9, and of ~200 g in those with 

score 10. (Nielsen et al., 2013b) reported the following:   pigs with score 0, 1, or 2 had a daily 

weight gain of 1000-1200 g, pigs with score 6,7,8, or 9 of 900-1000 g, and pigs with score 10 grew 

600 g/d during a 5-week period. (Hansen et al., 2006a) measured a daily weight gain of 977-1021 g 

in pigs with gastric scores between 0 and 5; 981-990 g in pigs with scores 6 to 9; and 888 g in pigs 

with the score 10. From the results obtained, (Busch, 2016) indicated that gastric scores of 8 or 

more according to Table 1 can result in up to 100 g reduction in daily weight gain of grower-

finishers. Figure 9 illustrates results from three Danish studies and shows that weight gain is 

reduced when the stomachs have severe lesions, i.e., from score 7-8. 
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Figure 9. Relationship between daily weight gain and gastric ulcer score. Adapted from (Sloth et 

al., 1998) Ref. 1; (Hansen et al., 2006a)), Ref. 2 (there were no pigs with score 3); (Jørgensen et al., 

2015b) Ref. 3. 

 

Another reason for a lower growth in some animals could be a lower feed intake due to a reduction 

of the esophagus diameter, making the passage of feed to the stomach difficult. As described in 

Table 1, when scar develops, fibrous connective tissue is formed and the tissue is inelastic and 

contracts. In the most severe cases, the esophagus is constricted and becomes inelastic. 

Besides the impact of gastric ulcers on growth, severe ulcers can result in mortality. (Melnichouk, 

2002) reported that in a farm with a mortality of 4.6%, approx. 25% of the deaths were attributable 

to severe blood loss caused by gastric ulceration. (Deen, 1993) attributed 0.5-0.75% of the annual 

mortality of grower-finishers to gastroesophageal ulcers; and estimated that ~2% of grower-

finishers died in summer due to gastric bleeding in North Carolina.  

(Friendship, 2003b) concluded the following: ‘from our studies, the major economic loss associated 

with gastric ulceration is mortality but I also believe that for every pig that dies, there are several 

other pigs in the same group that will have lesions that are severe enough to in some way interfere 

with growth performance. As a result of only considering mortality, we tend to underestimate the 

cost of gastric ulcers’. 
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10 Influence of feed  

 

10.1 Feed structure 

 

As mentioned above, the most consistent risk factor for gastric ulcer development reported in the 

literature is probably feeding finely ground pelleted feed, in contrast to coarsely ground feed. A 

high number of studies have shown the beneficial impact of feeding coarsely ground feed as 

compared to finely ground and pelleted feed (Reimann et al., 1968; Maxwell et al., 1970; Wondra et 

al., 1995a; Wondra et al., 1995b; Regina et al., 1999; Nielsen and Ingvartsen, 2000b; Canibe et al., 

2005; Liermann et al., 2015). The more firm consistency of the gastric digesta, characteristic of 

animals fed coarsely ground feed, is considered the key factor for the protective effect of coarse 

feed (Figure 10). This hypothesis has been developed from studies in which the proximal stomach 

of pigs fed coarsely ground meal has been measured to have higher pH, and lower bile acid and 

pepsin concentration than in the distal regions, and concomitantly, a low incidence of stomach 

ulcers. On the other hand, feeding fine-pelleted diets resulted in a fluid content and mixed gastric 

digesta with lower pH and high concentration of bile acid and pepsin in the pars esophagea region 

and at the same time a high ulcer incidence (Regina et al., 1999; Eisemann and Argenzio, 1999a; 

Nielsen and Ingvartsen, 2000b; Canibe et al., 2005). Hence, feeding coarse meal significantly 

protects against ulcer. However, this strategy results in impaired feed utilization with a consequent 

lower animal productivity and increased environmental load, which makes this feeding strategy 

unpopular in modern intensive pig production. This is illustrated in Figure 11, that shows how diets 

resulting in high feed to gain ratio also increase the risk of gastric ulcer and viceversa. The impaired 

feed to gain ratio observed when feeding coarsely ground feed is due to a low nutrient digestibility. 

The coarse structure impairs the access of the host´s enzymes to the starch and protein embedded in 

the more intact plant cell walls (Canibe et al., 2005).  

(Lang et al., 1998) showed that feeding finely ground and pelleted diets, compared to coarsely 

ground mash diets, and feed withdrawal both decreased pH of the proximal stomach contents (Lang 

et al., 1998). Both situations have been shown to increase the prevalence of ulcers (Lawrence et al., 

1998; Regina et al., 1999).This confirms the results of the above mentioned results on the relation 

between the low pH and ulcer risk. 
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Figure 10. Gastric digesta and epithelium of stomachs from pigs fed a coarsely-ground diet or the 

same diet fed as finely-ground and pelleted. 

 

 

Figure 11. Relationship between gastric score (6 to 10 according to Table 1) and feed convertion 

ration. Adapted from (Jørgensen and Nielsen, 2015a). 

Pelleting in itself increases the risk of gastric ulcer significantly. (Potkins et al., 1989) feeding pigs 

barley-based diets for ca. 100 days from about 20 kg liveweight reported that fine grinding (1.56 
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versus 4.68 mm screen) of barley increased the number and severity of oesophagogastric lesions. 

Pelleting the diet based on coarsely ground (4.68 mm screen) barley had a similar effect.  

Gelatinized corn, resulting in more fluid gastric contents, predisposes to gastric ulcer as opposed to 

raw corn (Nuwer et al., 1967; Maxson et al., 1968). Gelatinization of corn occurs when heated in 

the presence of water, resulting in breaking down of the intermolecular bonds of starch molecules. 

According to (Nuwer et al., 1967) neither heat nor gelatinization of starch per se is responsible for 

the ulcerogenic activity of expanded (gelatinized) corn, but these conditions may in some way play 

a role in an unknown physical-chemical change of corn during expansion that brings about 

ulcerogenic activity. As described above, the process of pelleting results in higher gastric ulcer risk. 

During pelleting, there is a reduction of the feed particle size and gelatinization of the starch occurs. 

The reduction of the particle size does not seem to totally explain the effect of pelleting, and heat 

treatment applied during pelleting by itself does not seem to lead to the same results either. These 

observations agree with those of (Nuwer et al., 1967); and leave the question on the exact 

mechanism behind the negative influence of pelleting on gastric ulcer unanswered. 

Inclusion of 15 or 30% whole ear corn silage (substituting wheat bran and cornmeal) resulting in 

similar neutral detergent fibre on dry matter (DM) basis compared to the control but in higher 

particle size, reduced the level of gastric lesions, i.e., gastritis in the case of this study (Mason et al., 

2013). 

Further, giving access to straw/hey can also be a way of adding structure to the feed leading to a 

more firm gastric digesta. This will be discussed in Section 9.2.4 below. 

10.2 Feed composition 

 

The impact of feed structure on gastric ulcer risk has been, as described above (Section 9.1), clearly 

demonstrated. However, because feeding coarsely ground feed results in lower feed utilization, 

other strategies have been/are being searched with the aim of improving gastric health without 

negatively affecting growth performance and the environment. Since there is consensus regarding 

the firmness of the gastric digesta being a key parameter to reduce gastric ulcer prevalence in pigs, 

the aim of most alternative strategies is to increase gastric digesta firmness. On the other hand, 

some ingredients are thought to confer robustness to the gastric epithelium and thereby reduce the 

risk of gastric ulcer onset. 

https://en.wikipedia.org/wiki/Starch
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10.2.1 Fibre 

 

One of the parameters looked at is the fibre content in the feed. (Maxwell et al., 1967) demonstrated 

how feeding a diet containing oats (85%) instead of corn, or adding 25% coarsely ground oat hulls 

(modules of fineness 2.50) to a corn-based diet reduced the incidence of gastric lesions in pigs. 

However, addition of 25% of finely-ground oat hulls (modules of fineness of 1.87) did not have a 

protective effect. Furthermore, feeding oat groats (96%) instead of corn, or addition of oat bran 

(9%) to a diet containing corn, did not protect against gastric lesions. So, the oat hull fraction 

(coarsely ground) of the oat grain was the only fraction effective in preventing the disease. The 

fluidity of the gastric contents (and the amount of gastric digesta) was in general related to the 

incidence of gastric lesions in the various dietary groups, i.e., pigs on diets resulting in lower gastric 

lesion incidence having less fluid gastric contents (and more digesta). The study strongly indicated 

that the particle size and not the fibre content per se was the mechanism whereby oat hulls protected 

the pigs against gastric lesions. Further, the data on gastric digesta firmness indicated that this is a 

crucial factor (as discussed in Section 9.1). However, the diets containing oats or oat hulls resulted 

in less favorable body weight gain rates and feed utilization (significant and numerical effects). 

Similar conclusions were drawn by (Maxson et al., 1968) regarding oat hulls showing the most 

positive effects when testing whole oats, oat groats, and oat hulls. The results were not as clear as 

those of (Maxwell et al., 1967).   

(Potkins et al., 1989) feeding pigs barley-based diets for ca. 100 days from about 20 kg liveweight 

reported that substituting small proportions of oat husk, but not of bran, in a finely ground diet gave 

lower incidences and severities of lesions. Adding the oat husk increased slightly the particle size of 

the diet.  In agreement with the mentioned studies, (Elbers et al., 1995c), although saw some 

numerical effect, did not detect a significant effect of increasing the fibre content of a diet by adding 

5% lucerne before grinding and pelleting on the proportion of pigs with ulcers.   

(Millet et al., 2012) testing the impact of fibre level (~36 vs. ~86 g/kg crude fibre) by changing the 

content of various ingredients, and feed particle size (1.5 mm versus 6 mm screen) on gastric 

lesions observed that coarse grinding reduced incidence of gastric lesions only in the high fibre diet. 

On the contrary, (Dirkzwager et al., 1998) did measure a positive effect of adding 5% sunflower 

hulls before pelleting to a low fibre (45 g/kg crude fibre) finely ground diet (2.5 mm screen). These 

authors testing a finely-ground diet (2.5 mm screen), a coarsely-ground diet (4 mm screen), a 

medium diet (a mixture of the two previous), and the finely ground diet added 5% sunflower hulls 



49 
 

concluded that not the amount of coarse particles but their composition exerts the largest effect on 

the occurrence of stomach lesions. The observations leading the authors to this statement were that 

the group fed the medium diet had a higher proportion of severe lesions than the group fed the fine 

diet added sunflower hulls, even though the proportion of coarse particles was not different in the 

two diets. (Laitat et al., 2015) measured a significant reduction in gastric ulcer score (0.82 versus 

1.55) when increasing the dietary fibre content from 19.0 to 31.4% NSP by substituting wheat with 

23% sugar beet pulp. The authors hypothesized that the fibre, being generally coarser, acts by 

reducing fluidity of the gastric digesta. The feed particle size distribution was reported, though. 

None of the three studies by (Dirkzwager et al., 1998; Millet et al., 2012); and (Laitat et al., 2015) 

reported gastric digesta fluidity, which could have helped explaining the differences observed in the 

different studies.   

Danish studies investigating the impact of fibre level on gastric health have also shown that fibre 

per se is not an important parameter affecting gastric ulcer, but the particle size distribution of the 

feed, which results in a more firm/less fluid/less separation between a solid and a liquid phase of 

gastric digesta. (Svane and Pedersen, 1994) observed that increasing the dietary fibre content from 

15.1 to 21.4% did not affect the incidence of gastric ulcers or gastric ulcer score, whereas increasing 

the particle size of the feed did (27% versus 11% of the pigs fed diets ground in a hammer mill and 

roller mill, respectively, had ulcers/scars). (Hansen and Mortensen, 2006b) tested the impact of 

adding 10% of various fibre-rich ingredients [chopped straw, pectin residue, sphagnum, green meal, 

oats, Arbocel (based on fibre from trees)] to a finely ground (2 mm sieve) pelleted feed, or having 

access to straw from a straw dispenser on gastric digesta DM% and sedimentation ability (the 

higher sediment, the higher firmness), and ulcer score. A positive control treatment was included 

consisting of a coarsely ground (5 mm sieve) feed with the same ingredients as the finely ground 

pelleted feed. The pectin residue, sphagnum, green meal, oats, and Arbocel were ground and 

pelleted with the remaining dietary ingredients. None of the experimental treatments affected the 

DM% or sedimentation ability of the gastric digesta, or the ulcer score compared to the control diet 

(except the diet added sphagnum showing a lower DM%, a numerically lower sedimentation ability, 

and a higher ulcer score). The coarsely ground diet group had higher DM%, higher sedimentation 

ability, and lower ulcer score. These data again indicated that a high firmness of the gastric digesta 

is the main mechanism behind an improvement of gastric health, i.e., the dietary treatments did not 

affect digesta firmness or gastric ulcer incidence, except the sphagnum diet affecting both 

parameters. The data also showed that the dietary fibre level per se (all diets had higher crude fibre 

content than the negative control; whereas the positive control had the same fibre content) is not an 
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important factor affecting gastric ulcer development. Supporting the latter statement, (Jørgensen et 

al., 2003) did not detect an effect of substituting 15% wheat with wheat bran. Accordingly, 

(Rasmussen, 2010) did not see any reduction in the gastric ulcer score or incidence of ulcers when 

increasing the dietary fibre content by ~20% wheat bran and reducing the content of wheat.   

10.2.2 Cereal type 
 

Cereal type also influences gastric health, i.e., maize and wheat (specially maize) seem to 

predispose to gastric ulcers whereas oats and barley reduce ulcer risk (Reese et al., 1966; Riker et 

al., 1967a; Maxson et al., 1968; Nielsen and Ingvartsen, 2000b; Jørgensen et al., 2003). In maize 

and wheat, the proportion of pericarp/testa relative to the endosperm is much lower than the 

proportion of husk relative to endosperm in barley and oats. Consequently oats and barley have a 

lower concentration of starch and a higher concentration of fibre than maize, wheat and rye 

(Knudsen, 1997). However, and as indicated above, the literature indicates that the beneficial 

effects of oats and barley are not mainly due to their higher fibre content in itself but to the firmness 

they confer the gastric digesta, thereby reducing the risk of gastric ulcer.  

Increasing substitution of wheat by barley (25, 50, 75, and 100% of the dietary grain) (Jørgensen et 

al., 2003) showed a linear negative relationship with occurrence of gastric lesions (i.e., the more 

barley, the less ulcer). The separation of the digesta in a solid and a liquid phase, (the less 

separation, the more firmness of the digesta), was reduced with more barley included in the diet, 

what probably explains the positive effect of barley inclusion. Growth performance was impaired 

by increasing amounts of barley in the feed, though. Inclusion of 15% wheat bran at the expense of 

wheat did not affect the mentioned parameters. In agreement with (Jørgensen et al., 2003) (Smith 

and Edwards, 1996) measured a higher ulcer score in pigs fed a diet containing 40% wheat than in 

those fed 40% barley. Similarly, (Nielsen and Ingvartsen, 2000b) reported lower gastric ulcer score, 

higher gastric digesta firmness, and more gastric content in pigs fed barley-based diets (70%) 

compared to those fed wheat-based diets (70%). The data also showed that pelleting rolled wheat 

affects negatively the stomach score more than pelleting rolled barley. The authors suggested that 

particles of rolled barley might be preserved to a higher extent during pelleting due to the harder 

husk and the endosperm of barley as compared to wheat; thereby contributing to digesta firmness. 

In disagreement with the data presented by (Jørgensen et al., 2003; Ball and Magowan, 2012) 

substituted wheat with barley (14, 29, and 43%) and detected a numerical decrease from score 1.01 

to 0.64 (scale from 0 to 10) but not a significant effect. All dietary groups had a very low gastric 

ulcer score, though.   
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Furthermore, and as described above, several studies have shown that in the oat grain, the hull is the 

fraction having the most beneficial impact on gastric ulcer, as compared to oat bran, oat groats or 

whole oats (Maxwell et al., 1967; Potkins et al., 1989).  

10.2.3 Organic acids 
 

Addition of organic acids to pig feed is a common practice, so elucidation of the impact of these 

products on gastric ulcer development is relevant. (Holm and Andersson, 2012) did not detect a 

difference in the proportion of pigs with gastric score of 6 or higher (according to Table 1), but did 

report a higher score (6.9) in pigs fed a diet containing 1% benzoic acid during the whole growing-

finishing period than in those fed  a diet without benzoic acid  (6.3). (Royer and Granier, 2004) did 

not observe differences in ulcer frequency when adding an organic acid mixture (formic, fumaric, 

citric, and propionic acid) at a level of 0.8% in the feed during the whole growing period. (Canibe et 

al., 2005) did not see an apparent effect of adding 1.8% formic acid to a standard feed on gastric 

ulcer when fed to pigs from ~30 to ~60 kg body weight. Similarly, addition of 1.8% K-diformate to 

starter diets did not affect the gastric epithelium of piglets on d 7 or on d 29 after weaning (Canibe 

et al., 2001). (Partanen et al., 2006) investigated the impact of adding two dietary acidifiers based 

on formic acid and lactic acid at a level of 3, 6, and 12 g/kg feed during the entire growing period 

and saw no difference between the acid-added diets and the control diet regarding gastric lesions. 

Similar observations were made by (Overland et al., 2000) after adding K-diformate (0.6 or 1.2%) 

to the feed; and (Partanen et al., 2002) when feeding pigs formic acid (0.8%) or  a formic acid–

sorbate blend (0.8% formic acid and 0.04% potassium sorbate).  

In general, the studies show that addition of organic acids to the feed is not a risk factor for gastric 

ulcer ulceration in pigs.  

10.2.4 Straw/hay 
 

The influence of straw provision is another parameter investigated in order to reduce gastric ulcer in 

pigs. The nutrition-related mode of action is that as ingestion of straw provides structure to the 

gastric digesta, pigs with sufficient access to straw/hay eat it and thereby compensate for a lack of 

structure in the feed. Another possible reason is related to animal welfare, access to straw may 

enhance the welfare/reduce stress of animals by allowing them to perform more of their species-

specific behavioral repertoire and potentially reduce the stress level, thereby reducing the risk of 

gastric ulcers (Herskin et al., 2016). These two factors can be confounded in many studies. In an 
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attempt to come closer to the mode of action, some studies have reported observations made on the 

gastric digesta, e.g., presence of straw and consistency.     

Providing straw to pigs (approx. 0.4 kg/pig/day given to pigs on concrete flooring) compared to 

pigs kept on slatted floors reduced the occurrence of gastric lesions (Scott et al., 2006; Scott et al., 

2007).  Pigs with straw bedding had straw in their stomachs, demonstrating that the animals had 

consumed straw. (Nielsen and Ingvartsen, 2000a) detected a positive effect of straw bedding (50-

100 g chopped straw/pig/day) on gastric ulcer development, too. More specifically, supplying straw 

bedding to pigs offered ground feed reduced the gastric ulcer score, whereas pigs fed with rolled 

feed did not see an improvement. The group fed rolled feed had a very low gastric score, what 

explains a lack of effect of the straw. So, offering rolled feed or straw bedding to pigs fed ground 

feed (3 mm sieve) had similar beneficial effects on gastric ulcer score. (Herskin et al., 2016) did not 

see an effect of providing 500-1000 g whole wheat straw/pig/day as compared to 10g/pig/day on the 

occurrence of hyperkeratosis or erosions, but the occurrence of ulcer was reduced from 33% to 7% 

by increasing the amount of straw available. The straw was placed on the concrete floor in the 

resting area. The amount of 500-1000g straw/pig/day meant that the pigs had permanent access to 

straw. (Amory et al., 2006; Bolhuis et al., 2007) (>500 g /pig/day); and (Camerlink et al., 2014) 

(deep litter bedding of straw and wood shavings) reported reduced gastric ulcer score when 

supplying pigs with straw/straw bedding on the pen floor as compared to barren housing. The 

consistency or other characteristics of the stomachs were not reported, though. (Jørgensen et al., 

2015b) testing the impact of provision of increasing amounts of whole wheat straw (from 10 to 500 

g/pig/day) on gastric lesions showed that providing 150-290 and 430 g straw/pig/day resulted in 

lower ulcer/scars (score 6-10 according to Table 1) than 10g/pig/day, whereas providing 500g was 

not different from 10g.  The authors concluded that increasing the amount of straw from 10 to 300 

g/pig/day reduced the occurrence of ulcers/scars, and increased the amount of straw in the stomach, 

the amount of digesta and its consistency; and that too high levels of straw are not necessarily 

beneficial. The reason for the lack of effect of the high amounts of straw (500 g/pig/day) could not 

be explained. 

On the other hand, (Hansen and Mortensen, 2006b) adding 10% chopped barley straw to a finely 

ground diet before pelleting, or providing 10% straw through a straw dispenser did not see an 

improvement in gastric lesions or sedimentation of the gastric digesta. Examining a subsample of 

stomachs, it was observed that more stomachs from the group receiving the straw in the pellets had 

straw than those receiving it from a straw dispenser, but at the same time, the straw were shorter in 

the former than in the latter. So, it could be speculated that one group ate too little straw and the 
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other one received too short straw in order to influence the consistency of the gastric digesta and 

thereby gastric ulcer development. 

Giving pigs permanent access to wrap hay from racks in addition to a standard Danish pelleted diet, 

(Poulsen and Thoning, 2015) could reduce the incidence of gastric ulcer (score 6-10 according to 

Table 1) from 87 % in the control group to 22 % in the wrap hay group. At the same time, the wrap 

hay group had a more firm gastric digesta and the pigs in this group had a higher amount of digesta 

in the stomach at slaughter. The disappearance of hay corresponded to 100g/pig/day, but how much 

was consumed and how much pressed through the slatted floor is unknown. In accordance with 

these results, (Di Martino et al., 2013) registered a reduction in the occurrence of erosions plus 

ulcers from ~63% of the pigs to ~32% by giving permanent access to uncut wheat straw from racks. 

In this study, the amount of straw removed corresponded to 70 g/pig/day.   

10.2.5 Zinc 
 

Zinc (Zn) is an essential nutrient required as a catalytic, regulatory and/or structural component for 

hundreds of Zn-dependent enzymes and other proteins (Vallee and Falchuk, 1993). Zinc is known 

to play an important role in growth, cell proliferation, and differentiation (Beyersmann and Haase, 

2001), and health and function of the skin (Schwartz et al., 2005) and gastrointestinal tract 

(Skrovanek et al., 2014). Zinc compounds have long been used in various forms of skin injury 

because of its efficacy in healing skin lesions and wounds.(Ågren et al., 1991) showed that topically 

applied zinc oxide enhanced the healing of skin wounds in pigs although they were fed a Zn 

sufficient diet. 

The non-glandular area of the pig stomach is a continuation of the esophagus epithelium, which 

consists of the same type of cells from which skin is derived. Turker and Salmon discovered in 

1955 the importance of Zn in skin health, as they found that dietary Zn supply cures and also 

prevents parakeratosis in pigs (Tucker and Salmon, 1955). Interestingly, (Whitenack et al., 1978) 

found that feeding pigs a Zn-deficient diet for 2-3 weeks resulted in parakeratosis of the tongue, 

esophagus, and stomach cardia. Also, (Hankins et al., 1985) and (Gupta et al., 1988) observed 

increased incidence and severity of parakeratosis in the esophagus of weaned pigs fed Zn-deficient 

diets for 28 or 60 days, respectively. In Zn-deficient rats, extreme parakeratosis of the entire length 

of the esophagus, from the beginning at the base of the tongue to the entrance into the forestomach, 

at which point it ceased, was observed (Follis et al., 1941). Zinc seems to hasten the healing 

(Navarro et al., 1990; Opoka et al., 2010) and prevent experimentally induced lesions in the 



54 
 

glandular regions of the rat and human stomach (Frommer, 1975; Pfeiffer et al., 1980; Esplugues et 

al., 1985; Wong et al., 1986). The effect of Zn supplementation on gastric ulcer in pars esophageal 

in pigs has only been investigated scarcely, though. Gastric ulcer in pars esophageal tissue, induced 

by 24 h fasting of piglets following weaning, was reduced by intraperitoneal injection of ZnSO4 

prior to weaning (Lawrence et al., 1998), whereas supplementation of 3000 mg Zn/kg diet post-

fasting did not promote healing of the pars esophageal tissue (Lawrence et al., 1998).  

The described studies show that deficiency of zinc can cause lesions in the esophagus and stomach, 

and zinc supply can reduce them. The actual role of zinc in gastric ulcer development in pigs has 

not been clearly established, though, and whether a zinc deficiency in the early life of the animal 

due to a low feed after weaning has any influence on ulcer development later on is unknown. 

10.2.6 Melatonin 
 

Melatonin (N-acetyl-5-methoxytryptamine) is an indole, produced enzymatically from L-

tryptophan, and is present in humans and animals as well as in different plant feedstuffs in varying 

amounts (Posmyk, 2009; Tan et al., 2012). Melatonin is a highly effective antioxidant and is 

synthesized in the pineal gland and gastrointestinal tract. The release of melatonin from the pineal 

gland follows a circadian rhythm and peaks during night, whereas the melatonin concentration in 

gastrointestinal tissue increases with feed intake (Kvetnoy et al., 2002). In the gastrointestinal tract, 

melatonin is produced by the enterochromaffin cells (Raikhlin and Kvetnoy, 1976). 

Dietary supplementation of melatonin (2.5, 5, or 10 mg/kg diet) to pigs (22 to 105 kg) reduced 

gastric ulcer severity compared with no melatonin supplementation (Ayles et al., 1996a; Bubenik et 

al., 1998). 2.5 mg melatonin/kg diet was as effective as 5.0 or 10.0 mg melatonin/kg diet in 

alleviating gastric ulcers and thus the dose needed to achieve maximal effect may be below the 2.5 

mg melatonin/kg diet (Ayles et al., 1996a; Bubenik et al., 1998). Another study by (Ayles et al., 

1999) confirmed the protective effect of melatonin (5 mg/kg diet) against gastric ulcer in pigs. 

Levels of plasma and gastric tissue melatonin were found to be higher in pigs with no lesions or 

parakeratosis compared with pigs with focal shallow ulceration or fully developed gastric ulcer 

irrespective of diets were supplemented with melatonin or not (Bubenik et al., 1998). This study 

also showed that in pigs receiving diets without melatonin supply, levels of melatonin of gastric 

tissue were higher in pigs fed the coarsely ground diet compared with the finely ground diet, and 

thus (Bubenik et al., 1998) speculated that the gastro-protective effect of coarse diets may be 

through melatonin. This has not been proved, though. The above findings show that melatonin may 
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have a role in preventing and healing gastric ulcer in pigs, which is suggested to be through a wide 

spectrum of activities such as scavenger of reactive oxygen species, protector of tissues against 

deleterious effect of reactive oxygen species, inducer of antioxidative enzymes like superoxide 

dismutase, increased mucosal blood flow, reduced gastric acid and pepsin secretion (Brzozowska et 

al., 2002; Jaworek et al., 2005), and decreased gastro motility slowing down gastric emptying 

(Kasimay et al., 2005). 

10.2.7 Fatty acids and vitamin E 
 

Linoleic (C18:2n-6) and α-linolenic acid (C18:3n-3) are essential fatty acids (FA), which are 

building blocks of FA of longer chain length in the n-3 and n-6 family. These essential 

polyunsaturated FA are precursors of prostaglandins, leukotrienes, and thromboxanes. Linoleic acid 

is desaturated to γ-linolenic acid (C18:3n-6), which is further converted to dihomo-γ-linolenic acid 

(C20:3n-6), and further desaturation forms arachidonic acid (C20:4n-6). By the action of 

cyclooxygenases (COX), dihomo-γ-linolenic acid and arachidonic acid are converted to 

prostaglandins. As described previously (Section 4.5), prostaglandins play a major role in the 

mucosal defense mechanisms and hence in the development and healing of gastric ulcer in the 

glandular regions. The prostaglandins play a key role in the generation of the inflammatory 

response. Prostaglandin E2 (PGE2) derived from arachidonic acid by the cyclooxygenase 2 (COX-2) 

isoform, is one of the most abundant prostaglandins produced in the body and is most widely 

characterised in animal species, and exhibits versatile biological activities. In a study with pigs (Cho 

and Chae, 2004), it was concluded that COX-2 expression may play a role in the pathophysiologic 

processes in ulcerative colitis caused by Salmonella typhimurium. The other cyclooxygenase 

isoform, COX-1, is expressed constitutively in most cells and serves housekeeping functions, such 

as gastric epithelial cytoprotection and homeostasis (Dubois et al., 1998).  

Biosynthesis of prostaglandins is blocked by NSAIDs, as these drugs are competitive active site 

inhibitors of both COXs. The use of NSAIDs is mentioned as a predisposing factor of gastric ulcers 

in pigs (Mosseler et al., 2014) and it is well-known from humans that the most common adverse 

effect caused by NSAID is damage to the mucosa of the gastrointestinal tract. Any attempt to 

increase the synthesis of PGE2 may in principle be considered as a beneficial change, because of its 

role in wound healing. Dietary modification of the precursors of prostaglandins such as fish oil or 

changing the ratio between C18:2 and C18:3 fatty acids, may influence the inflammatory processes 

and hence the ulceration. However, (Morrissey et al., 2008), investigating equine non-glandular 

gastric mucosa, suggested that prostaglandins do not appear to be of major importance in the 
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defense of the non-glandular mucosa. Therefore, the role of prostaglandins in the non-glandular 

mucosa of the pig stomach, that is, their role in relation to pig gastric ulcer, needs to be investigated.  

In addition to the synthesis of PGE2, the liberated arachidonic acid from the cellular membranes 

may also develop into lipid peroxides by influence of reactive oxygen species. Generation of 

mucosal peroxides may increase the risk of tissue injury. Thus, enhanced oxidative stress and 

uncontrolled inflammation may contribute or even stimulate gastric ulcer pathogenesis. (Eisemann 

and Argenzio, 1999b) investigated biochemical changes of the stratified squamous and oxyntic 

mucosa in pigs fed diets with differing propensity to cause gastric lesions. Higher concentration of 

thiobarbituric acid-reacting substances, indicative of peroxide generation, and PGE2, was observed 

in the stratified squamous compared with the oxyntic mucosa. Hence this study indicated a role of 

oxidative and inflammatory reactions in the development of ulcers in the stratified squamous 

mucosal region of the pig stomach. There is therefore an interest in identifying dietary components, 

which can influence the inflammatory processes and oxidative reactions in order to control the 

disease progression.  

The dietary balance of n-6 and n-3 fatty acids and the content of antioxidants like vitamin E and 

selenium have been given special attention in relation to gastric ulcers in swine. According to 

(Obel, 1953), see (Nafstad and Tollersrud, 1967) stomach ulcers in pigs produced by diets 

containing 6% cod liver oil might possibly be caused by peroxide formation from unsaturated fatty 

acids in the absence of vitamin E. In the studies by (Nafstad and Tollersrud, 1967), a slight but not 

significant degree of protection against gastric lesions was afforded by vitamin E supplementation. 

However, more evident was the increased severity of lesions when vitamin E was omitted from the 

ulcerogenic diets fed to the pigs. In addition, deficiency of other antioxidative nutrients may 

provoke ulceration through increased peroxide generation, e.g. deficiency in selenium may decrease 

the activity of gluthathione peroxidase and result in increased cellular peroxides. Inclusion of 

vegetable oils instead of animal fat may contribute with high levels of unsaturated fatty acids, and 

hence increased susceptibility towards oxidation. Introduction of three double bonds, i.e. C18:0 

versus C18:3, increases the oxidation rate with a factor 1:2.400.  

From other animal species and humans, it is well-known that long chained n-3 polyunsaturated fatty 

acids from fish oil may contribute with anti-inflammatory effects. This effect is dependent on the 

presence of an antioxidant defense system, as n-3 fatty acids are very susceptible to oxidation. 

However, no documentation is available regarding the susceptibility to ulceration in swine in 

relation to the dietary level of unsaturated fatty acids and interaction with vitamin E. Rats treated 
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with acetylsalicylate, dexamethasone or indomethacin have frequently been used to induce gastric 

ulcer and to study gastric injury or gastric mucosal damage, and these models have been applied to 

investigate the gastro-protective effects of dietary fatty acids and etheric oils (e.g., (Pineda-Pena et 

al., 2012). These models are often of ulcers developed in the glandular regions of the stomach, 

though.   

Prostaglandins and antioxidative systems seem to be important components of the gastric defense 

system and are associated with a general cytoprotection in the stomach. However, very little 

scientific knowledge is available in relation to the effect of fatty acid composition and vitamin E 

concentration in relation to gastric ulcers in pigs. 

10.2.8 Other feed additives  
 

There is some evidence to suggest that the inclusion of methylmethionine sulfonium, a derivative 

from methionine), in popular wording ‘vitamin U’ (from the latin ulcus), found in many vegetables 

such as cabbage and carrots, reduces the prevalence and severity of ulcers (Hegedus et al., 1983; 

Elbers et al., 1995c). (Elbers et al., 1995c) reported reduced proportion of severe ulcers by 50% by 

adding 400 ppm vit U to the diet. (Kopinski et al., 2007) could report only limited effects by adding 

200 ppm vit U to the diet. Further, sodium polyacrylate, a thickening agent that reduces gastric 

emptying, has shown positive results when added to the feed (0.1% to 0.5%) in pigs (Yamaguchi et 

al., 1981); and in experimentally provoked ulcers in rats and pigs (Nakamura et al., 1982; Kokue et 

al., 1983). 

The effectiveness of these feed additives is not well stablished, though, so more studies would be 

needed.  

11 Influence of other factors  

11.1 Stress  

 

The general believe that intensive production systems have resulted in increased gastric ulcer 

prevalence has led to the hypothesis that stressful factors associated with intensive swine production 

may contribute to gastric ulcer development. However, objective data on the role of ‘stress’ are 

scarce (Davies, 1993). Factors like space availability, mixing of unfamiliar pigs, group size, floor 
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type, ambient temperature, and transportation have been dealt with when investigating impact of 

stress and gastric ulcer. 

(Kowalczyk, 1969) summing various studies conducted in the United States concluded that 

transportation, strange environment, exposure to unfamiliar pigs, and crowding increases risk of 

ulcer development. (Hessing et al., 1992) found that mixing unfamiliar pigs resulted in higher 

prevalence of gastric lesions as compared to keeping the litter together from farrow to slaughter. 

Further, more pigs in the middle-ranked group as compared to the high- and low-rank group had 

gastric lesions. 

A number of studies have shown that pigs reared in enriched environments, which are assumed to 

reduce the stress level because they  allow a more ‘natural’ behavior as compared to barren 

environments, have lower ulcer prevalence (Guy et al., 2002); (Ramis et al., 2005); (Amory et al., 

2006); (Bolhuis et al., 2007) . However, several factors are often different in the two environments; 

such as bedding, floor type, and space allowance, what makes it difficult to ascribe differences in 

ulcer prevalence to a single factor. Straw (sawdust) bedding, which is usually included in the 

enriched environments, provides thermal and physical comfort; manipulable material, supplying a 

substrate for foraging; exploration; and nesting, what contributes to stress reduction (van de Weerd 

and Day, 2009). On the other hand, as described under Section 9.2.4., consumption of 

straw/sawdust, resulting in higher firmness of gastric digesta, can be a determinant element in the 

mode of action for reduced ulcer prevalence in pigs housed in enriched environments.    

Pigs housed in slatted floors have a higher risk of developing gastric ulcer than those housed in 

concrete floors (Amory et al., 2006). The authors speculated on stressors associated with housing 

pigs on fully slatted floors and a relation between slatted flooring and increased incidence of 

diseases causing irregular feed intake as possible explanations for the observed results. But this was 

not proven in the study. 

Various environmental factors both alone and in combination were studied by (Muggenburg et al., 

1967) to determine their relationship to ulcer formation. These factors were transportation, fasting, 

crowding, mixing of pigs, and length of time at the abattoir. All of these stresses, when in 

combination, significantly increased ulceration. However, neither transportation nor mixing was 

effective when used alone. Crowding did not increase the incidence of ulcers, but the total number 

of pigs in a pen had a large effect on fundic ulcers. A 90 percent incidence of fundic ulcers occurred 

in pigs grouped 30 and more in a pen, while pigs in groups of less than 16 showed no ulcers. 
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(Riker et al., 1967b) measuring the impact of temperature on gastric lesions detected more lesions 

in animals subjected to temperatures rotating every 3 days between 29.4 and 18.3 ˚C, considered a 

stressor, than in those housed in chambers kept constant at 29.4 or 18.3 ˚C. 

Regarding space allowance, (Pickett et al., 1969) measured worsened ulcer scores when the space 

allowance was reduce from 11m2 of outside pen space and 1.1 m2 of house space per pig to the 

half. (Guy et al., 2002) found that pigs housed on deep straw with a space allowance of 1.63m2 per 

pig had significantly less stomach ulceration compared to pigs housed on fully-slatted floors at a 

space allowance of 0.55 m2 per pig. Here the impact of space allowance per se cannot be separated 

from the straw effect, though. (Handlin et al., 1972) decreased the space per pig from 1.28 to 0.79 

m2 without observing changes in the incidence of lesions. Similarly, reducing the pen space per pig 

from 1.54 to 0.51 m2 or from 0.77 to 0.39 m2 did not affect the ulcer score visually or histologically 

(Eisemann and Argenzio, 1999a). Inconsistencies among studies may relate to differences in the 

extent of space restriction.  

 

(Jensen et al., 1996) did not detect impact of chronic intermittent stress consisting of unpredictable, 

inescapable electroshocks, on gastric ulceration.  

11.2 Feeding method  

 

Because gastric digesta fluidity increases with time of feed withdrawal, situations related to 

starvation, like transportation, disease, or feeder malfunction have been associated with gastric 

ulcers (Lang et al., 1998). According to this, feeding ad libitum, in contrast to restrictive feeding a 

few times daily, could be expected to reduce the risk of gastric ulcer. The observation of 

(Blackshaw et al., 1980) could support this, since the authors observed a less agonistic behavior in 

an ad libitum fed group compared to a restrictively fed group when observed during the morning 

meal. On the other hand, increased feeding occasions with smaller servings could lead to a 

more  competitive feeding resulting in a stressful environment that triggers increased production of 

cortisol and hence increases production of gastric acid (Hessel et al., 2006; Persson et al., 2008).  

It seems to be a clear negative impact of ad libitum feeding with regard to ulcer development. 

Several studies have shown a higher prevalence or risk of suffering from gastric ulcers in pigs fed 

ad libitum/many times daily compared to those fed 1 to 3 times daily (Blackshaw et al., 1980; 

Robertson et al., 2002; Persson et al., 2008; Jørgensen and Haugegaard, 2014). (Jørgensen and 

Haugegaard, 2014) compared ad libitum feeding versus 1 or 2 daily feeding times; and pelleted feed 
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versus coarsely ground meal. The observed prevalence of gastric ulcer in percentage of animals was 

68.8%; 40.7%; 42.2% for the ad libitum, 1-, and 2 times daily feeding group fed pelleted feed, 

respectively; and 15.9%; 9.8%; 6.0% for the ad libitum, 1-, and 2 times daily feeding group fed 

coarsely ground meal, respectively. The differences between ad libitum and 1-2 times feeding were 

significant for the group pelleted feed. No differences between 1 or 2 times daily feeding were 

detected. (Nielsen and Ingvartsen, 2000a) and (Jørgensen and Haugegaard, 2014) observed a higher 

fluidity (lower DM%) of gastric contents of pigs fed ad libitum compared to those fed once or twice 

daily, which could explain the increased ulcer prevalence in the former group.  

Feeding liquid feed is an extended feeding method in many countries. In Denmark, it is estimated 

that approx. 40% of growers-finishers are fed with liquid feed. A small study (N = 6) by (Mosseler 

et al., 2014) showed no difference in gastric ulcer score between pigs fed dry feed or the same diet 

fed as liquid feed (25% DM). Similarly, (Quemere et al., 1988; Albar and Granier, 1999) (wet 

feeder), and (Nielsen et al., 2013c) reported no difference in gastric ulcer prevalence when pigs 

were fed diets (pelleted or meal) in dry form compared to liquid form. On the other hand, (Dubroca, 

2006) reported better gastric health in animals fed liquid feed compared to those fed dry feed. The 

authors speculated that since liquid feed is made with meal and water, it could be possible that 

liquid feed is less mechanically aggressive than the dry feed, or that the dilution effect is a 

protective one. But this has not been proved. It was, though, not clear whether the dry feed had been 

pelleted or not, which is crucial in order to test the impact of liquid feed per se. (Scott et al., 2007) 

reported lower frequency of gastric ulcer and lower gastric ulcer score when feeding liquid feed 

compared to dry feed, but the liquid feed, in contrast to the dry feed, had not been pelleted, what 

impedes concluding on the impact of liquid feeding itself. 

The impact of using liquid whey instead of water when preparing liquid feed was studied by 

(Pedersen, 2005). Whey was included in the diet at a level of 70% of the total ingredient 

composition of the liquid feed (on as is basis) as compared to water being the only liquid 

component. A higher gastric ulcer score was found in the whey group (1.5) than in the control 

group (1.0), but no difference in the proportion of animals with ulcer (score over 5 according to 

Table 2).The level of gastric lesions was though very low in both groups, indicating a marginal 

impact if present. 

 

Fermentation of liquid feed has shown beneficial effects on the gastrointestinal health of pigs 

(Canibe and Jensen, 2012). Fermented liquid feed is characterized by high concentrations of organic 

acids (mainly lactic acid and acetic acid) and low pH (approx. 4.5) (Canibe and Jensen, 2003); 
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which also results in increased concentration of these acids and reduced pH in the stomach of the 

animals (Canibe and Jensen, 2012). This could be expected to increase the risk of ulcer 

development in the pars esophagea.  However, feeding fermented liquid feed compared to liquid 

feed did not show any effect on stomach score or the percent of pigs with ulcers (score higher than 

6 according to Table 1) (Pedersen, 2002), which indicated that the high concentration of organic 

acids and the low pH (4.3) measured in the fermented liquid feed had no influence on the 

epithelium of the pars esophagea.    

11.3 Helicobacter suis and other diseases  

 

There has been considerable interest in finding an infectious cause of porcine gastric ulcers similar 

to the situation in humans. Helicobacter-like microorganisms were identified in the glandular 

regions of the pig stomach ~25 years ago ((Mendes et al., 1990; Queiroz et al., 1990)).  

Since then, although varying prevalence has been reported, it has been made clear that Helicobacter 

spp. are found in a large proportion of slaughter pigs. Helicobacer (H.) suis (with previous names 

Gastrospirillum (G.) suis; Candidatus Helicobacter suis) is the main Helicobacter species colonizing 

the stomach of pigs (Haesebrouck et al., 2009). The reported prevalence of Helicobacter species in 

slaughter pigs varies between 10% and 90% (Queiroz et al., 1990) (11%); (Barbosa et al., 1995) 

(63%); (Grasso et al., 1996) (9%); (Cantet et al., 1999) (80%); (De Groote et al., 2000) (77%); 

(Choi et al., 2001) (64%); (Szeredi et al., 2005) (85%); (Hellemans et al., 2007b) (84%). These 

differences could partially be explained by the diagnostic tests employed, e.g., histology versus 

PCR assays (Cantet et al., 1999; Choi et al., 2001). Further, the prevalence of H. suis seems to be 

affected by age. (Hellemans et al., 2007b) reported 2% prevalence in suckling piglets, 27% in 

weaners, 84% in grower-finishers, and 90% in adult pigs. The results suggested that there might be 

maternal protection.    

While some studies have shown associations between the presence of Helicobacter-like 

microorganisms and gastric ulcer/lesions in the pars esophagea of pigs (Barbosa et al., 1995) 

(Queiroz et al., 1996; Roosendaal et al., 2000; Choi et al., 2001; Appino et al., 2006), others have 

reported a lack of this relationship (Melnichouk et al., 1999; Park et al., 2000; Szeredi et al., 2005; 

Hellemans et al., 2007a; Ramis et al., 2007). 

(Queiroz et al., 1996) detected H. heilmannii/G. suis in the glandular regions of 100% of stomachs 

with ulcer in the pars esophagea, in 90% with pre-ulcer, and in 35% with normal pars esophagea. 
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They concluded that this bacterium is strongly associated with naturally occurring ulcer and 

preulcer lesions of the pars esophagea of pigs and could be an important factor in the pathogenesis 

of these lesions. These results are in line with those of (Choi et al., 2001).(Choi et al., 2001) 

detected Helicobacter species in 64% slaughter pigs and demonstrated a significant association 

between lesion score and detection rate of Helicobacter infection: the presence of Helicobacter 

species in stomachs with lesion scores of 0, 1, 2, and 3 was 23, 53, 85 and 95%, respectively. 

Investigating the presence of G. sp. in stomachs of pigs with and without gastric ulcer as seen in the 

abattoir, (Barbosa et al., 1995) observed that among Gastrospirillum sp positive pigs, ~68% had 

gastric ulcers, and among the negative Gastrospirillum sp., ~21% presented gastric ulcer. There was 

a significant difference between pigs with and without gastric ulcer in regard to the presence 

of Gastrospirillum sp. This led the authors to conclude that Gastrospirillum sp. should be 

considered a potential factor related to the etiopathogenesis of gastric ulcer in pigs. (Roosendaal et 

al., 2000) reported an association between the presence of Helicobacter spp. organisms and gastric 

lesions by analyzing 41 stomachs. The presence of Helicobacter spp. was detected in 71% stomachs 

with erosions or ulcer, and in 35% without lesions. (Appino et al., 2006) detected Helicobacter spp. 

in 63% of the lesioned stomachs and in 24% of the normal stomachs investigated; and therefore, 

considered this bacterium as being important in the pathogenesis of gastric ulcer.  

On the other hand, (Melnichouk et al., 1999) found Helicobacter-like organisms in 19% stomachs 

with erosions and in 45% without lesions. Similarly, (Ramis et al., 2007) found no relationship 

between the presence or infection density of Helicobacter-like bacteria and gastric ulceration of 

pigs. (Grasso et al., 1996) detected G. suis in 10% of the pigs. This bacterium was found in the 

antrum and body and it was related to gastritis (not to ulcer). Infection with Candidatus H. suis did 

not significantly affect the gastric scores compared to a control group (Hellemans et al., 2007a). 

Accordingly, (Park et al., 2000) observed parakeratosis and hyperkeratosis in the pars esophagea 

but without relation to the presence of a tightly spiraled bacterium; a relation to pyloric gastritis was 

observed. 

Experimental infection with H. suis was seen to cause gastritis (and reduced body weight gain). 

Although more pigs infected with H. suis had gastric ulcers in the pars esophagea than the non-

infected pigs, the differences were not significant (De Bruyne et al., 2012). Similarly, (Hellemans et 

al., 2007a) saw no differences in lesion scores between Candidatus H. suis infected animals and 

control animals.  
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Although found in the pars esophagea (Roosendaal et al., 2000; Proietti et al., 2010), H. suis mainly 

colonizes the antrum and the fundic gland zone and, to a lesser extent, the cardiac gland zone 

(Barbosa et al., 1995; Roosendaal et al., 2000). Therefore, to the question, ‘How can a bacterium 

that colonizes the glandular regions of the stomach promote ulceration of the pars esophagea’ the 

following has been proposed: i) this bacterium increases the gastric secretion of HCl by its close 

contact with parietal cells; by affecting them, the bacterium can stimulate the production of HCl, 

which then comes in contact with the more unprotected pars esophagus epithelium and insults it; ii) 

the bacterium produces noxious substances, such as cytotoxins, that directly or indirectly act on the 

pars esophagea epithelium; iii) this bacterium causes a delay in healing leading to more severe 

lesions; iv) it could modify the gastric microbiota to one provoking lesions; v) the bacterium could 

cause anorexia (Queiroz et al., 1996; Proietti et al., 2010; De Bruyne et al., 2012; Thomson, 2012). 

These hypotheses have though not been confirmed.  

Further, among the investigators finding a relationship between the presence of Helicobacter 

species and gastric lesions of the pars esophagea there seems to be a general believe that this 

bacterium can contribute to this disease, and therefore worth investigating, but it is probably not the 

main causative agent.  This is based on the fact that Helicobacter-like bacteria have been associated 

with increased prevalence and severity of gastric ulcer, but a causal role has never been established. 

Recently, a new bacterium with the proposed name of Fusobacterium gastrosuis was present in 

higher numbers in the stomach of H. suis-infected than non-infected pigs (De Witte et al., 2016). 

Studies have also been conducted in order to elucidate whether other diseases could contribute to 

the development of gastric ulcers. Infectious diseases such as post-weaning multisystemic wasting 

syndrome (PMWS) have been associated with gastric ulcers (Ramis et al., 2006; Ribeiro Correa et 

al., 2008). (Nielsen et al., 2013c) were not able to detect a relationship between PVC2 and gastric 

ulcer in pigs. (Qureshi et al., 1978) suggested an involvement of Ascaris suum in gastric ulcer. In 

general, from the data published, it can be concluded that no specific infectious cause of gastric 

ulcer has been confirmed in pigs. 

11.4 Sex 

 

Several surveys have found higher prevalence of gastric ulcers/ higher score in barrows compared 

to gilts (Muggenburg et al., 1964; Nuwer et al., 1967; Pickett et al., 1969; Carvalho et al., 1999; 

Rodriguez et al., 2008; Di Martino et al., 2013; Nielsen et al., 2013a; Jørgensen et al., 2015b). For 
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example, (Jørgensen et al., 2015b) reported ulcer/scar (score of 6-10 according to Table 1) in 47% 

of the barrows and 26% of the gilts; (Rodriguez et al., 2008) reported ulcer in 40% of the barrows 

and 29% of the gilts; and (Di Martino et al., 2013) observed severe ulcer in 33% of the barrows and 

16% of the gilts. Others, however, have reported no significant differences between these two 

groups (Conley, 1968; Flatland and Slagsvol, 1971; Elbers et al., 1995b) (Guise et al., 1997; 

Robertson et al., 2002; Persson et al., 2008)). The reason for the observed difference between sexes 

has not been yet elucidated. Higher prevalence of other diseases in barrows compared to gilts has 

been observed (Nielsen et al., 2013a), what could indicate that barrows are in general less robust 

than gilts. (Shimozawa et al., 2006) in an attempt to elucidate the mode of action behind the lower 

prevalence of gastric ulcer in females than in males, conducted a study with rats. They concluded 

that the high levels of estrogen in females could be a contributing factor. The mechanism could be 

that increases in calcitonin gene-related peptide through an increase in the gastric mucosal levels of 

prostacyclin as a result of high levels of estrogen in females might contribute to reduce stress-

induced gastric lesions by attenuating inflammatory responses. However, it was not made clear 

whether the gastric lesions were found in the glandular or non-glandular region of the stomach. 

Therefore, this requires further research.OF VARIOUS NUTRITIONAL FACTORS AND 

11.5 Genetics  

 

Although the genetic component to gastric ulceration has been reported to be generally high 

(Friendship, 2003b), contradicting results can be found in the literature. The hereditability of gastric 

ulcers was estimated to be 0.52 by (Berrueco and Robison, 1972), which suggests that it is possible 

to reduce ulcers by means of selection. However, (Conley, 1968) found very low values (0.00-0.14). 

(Potkins et al., 1989) reported some indication of a difference between genotypes (Large White 

higher ulcer index than Camborough); and (Flatland and Slagsvol, 1971) and (Grondale and 

Vangen, 1974) reported an effect of sire on ulcer score. The mean score of Iberian pigs was lower 

than of Landrace and Duroc pigs (Ramis et al., 2007). On the contrary, (Muggenburg et al., 1964) 

found no differences in gastric ulcer occurrence among various breeds, i.e., Poland China, Chester 

White, and Hampshire; and Yorkshire and Duroc. The same observation was made by (Guy et al., 

2002) comparing [(Large White x Landrace) x Large White] with [(Duroc x Landrace x Large 

White or Meishan x Landrace x Large White) x Large White]; and (Conley, 1968) comparing 

Duroc with Hampshire.  
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(Grondale and Vangen, 1974) reported that selection for thin back fat and fast growing was 

accompanied by an increase in the incidence of esophagogastric ulcers. They observed erosions and 

ulcers in 16.7% of the pigs in the low backfat-high gain rate line, and 5.5% in the high backfat-low 

gain rate. (Berrueco and Robison, 1972) studied data obtained from Duroc (29% of the animals had 

ulcers) and Yorkshire (12% of the animals with ulcers) barrows. Based on correlations between 

ulcer incidence and various parameters, (Berrueco and Robison, 1972) indicated that selection for 

efficiency and/or gain would not increase gastric ulcer occurrence but selection for lean pigs will.   

On the other hand, (Hessing et al., 1992) and (Elbers et al., 1995b) detected differences between 

litters regarding gastric lesions.     

The reason for the observed differences between pig lines has not been elucidated. (Grondale and 

Vangen, 1974) speculated that some of the factors postulated to affect ulcer incidence like pepsin 

activity, low pH (due to gastric acid secretion), stress, anxiety, behavior, could be different in the 

various lines. Differences in endocrine and digestive enzymatic systems might also contribute. 

These authors further speculated that the higher incidence of gastric ulcers and higher lesion score 

in the low backfat line was probably due either to a complex of stressing factors of genetic origin, 

or to some differences in the stomach and its function, selected into the lean and fast growing pigs. 

However, none of this has been investigated. In order to further understand the mechanisms 

involved in the genetic differences of gastric ulceration, it would probably be worth to study which 

genes drive the pathogenesis.  

12 Prevention and treatment  
 
 

The data presented in Section 9 illustrate that many attempts have been made to prevent ulcer 

development by feed processing and by incorporating ingredients/protective substances in swine 

feeds. In Section 10, other factors like the level of stress and the feeding method (ad libitum versus 

restrictive feeding) are also factors to consider in order to reducing gastric ulcer incidence. That is, 

the strategies giving positive results as described in Sections 9 and 10 would in principle be valid 

alternatives to treat ulcers once developed (Table 5). 

 

 

 

 



66 
 

Table 5. Some strategies to prevent and treat gastric ulcers in pigs. 

 

Strategy 

Feeding of coarse diet  

Provision of straw/hay   

Inclusion of barley and oats in the feed 

Avoiding deficiency of nutrients like Zn, vit E 

Avoiding irregular feeding, crowding  

Restrictive feeding  

 

Treatment of the initial stage of the ulcerous disease is most often lacking since it is practically 

impossible to set a diagnosis at this stage of the disease. In an attempt to diagnose gastric ulcer in 

the living animal, plasma/serum pepsinogen levels have been measured and correlated to gastric 

lesions (Bunn et al., 1981; Banga-Mboko et al., 2003; Sidikou et al., 2006; Nielsen et al., 2013b). 

Whereas (Sidikou et al., 2006) reported significantly higher pepsinogen levels in pigs with 

parakeratosis and ulcers when compared to healthy pigs, the other studies did not show clear 

correlations between pepsinogen and gastric ulcer. Hence, a diagnostic tool to detect initial gastric 

lesions is not available. Methods to diagnose bleeding ulcers by detecting blood in faeces have not 

given satisfactory results either (Nielsen et al., 2013b). 

 In general, the advices given to treating gastric ulcers in a farm involve a series of management 

measures like: offering feed with coarse structure, avoiding irregularities in feed intake including 

those due to technical issues, avoiding crowding, etc. (Table 5). Further, nutritional deficiencies 

such as zinc and vitamin E should be avoided and concurrent respiratory disease treated (Table 5) 

(Friendship, 2006). When gastric ulceration is detected, pigs that are observed to be pale and weak 

should be segregated from penmates to avoid injury from bullying. If severe blood loss has 

occurred, euthanasia should be a consideration. Studies showing the effectiveness of each of these 

measures to treat gastric ulcer in pig production (not in an experimental set up) are missing in the 

literature, though. 

However, with the knowledge we have today, the most obvious prevention strategy/treatment when 

gastric ulcer problems are detected in a pig farm is to offer the animals  feed that gives structure and 

thereby firmness to the gastric digesta. The study of (Nielsen et al., 2013b) showed how feeding 

coarsely ground feed reduces (but does not eliminate) the prevalence of gastric ulcer in pigs 
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previously fed finely ground feed. According to (Busch, 2016), besides offering a coarsely ground 

feed and providing hay, no other real treatment measure is available to treat ulcers. As mentioned 

above, feeding coarsely ground feed, which is an effective treatment, reduces feed efficiency, 

though. Reduced feed efficiency has detrimental impact on the farmers’ economy, i.e., more feed 

needed for same weight gain; and on the environment by resulting in more nutrients being excreted 

from the animal, i.e., nitrogen and phosphorus. On the other hand, providing straw and hey can give 

other problems related to waste management. For example, in systems that incorporate fully or 

partly slatted flooring, the use of particulate substrates in significant quantities would block the 

liquid-slurry handling-facilities (van de Weerd and Day, 2009). Therefore, besides the strategies 

included in Table 5, numerous pharmaceutical agents have been tested in an attempt to neutralize 

acid, reduce gastric secretions, and /or promote ulcer healing.  

The tested agents include antacids, histamine (H) 2-receptor antagonists (H2-blockers), proton-

pump inhibitors (inhibitors of H+, K+-ATPase) (PPI), and mucosal protective agents. In humans, all 

these substances are currently used in gastroesophageal reflux disease treatment. However, PPIs 

remain the mainstay of treatment owing to their profound and consistent inhibitory effect on acid 

secretion (Mejia and Kraft, 2009; Hershcovici and Fass, 2011). According to (Maton and Burton, 

1999), antacids have little effect on healing of erosive oesophagitis in humans (which could be 

comparable to ulcer in pars esophagus in pigs), but are probably as effective or nearly as effective 

as H2 antagonists. For such patients, PPIs have been demonstrated to be much more effective. 

According to (Doster, 2000) and (Friendhip, 2003a) and, the same seems to be true for pigs. 

Literature in pigs is not extensive, though.  

• Antacids:  

Antacids are salts of aluminum, calcium, magnesium or sodium, or a combination of these, such as 

sodium bicarbonate, aluminum- and magnesium hydroxide, and calcium carbonate. In humans, they 

provide rapid but transient symptom relief and do not contribute to healing of erosive esophagitis 

(Hershcovici and Fass, 2011). The primary effect of antacids on the stomach is due to partial 

neutralization of gastric hydrochloric acid and inhibition of the proteolytic enzyme pepsin (Maton 

and Burton, 1999). 

Sodium bicarbonate is one the most commonly used in pigs, but conflicting results have been 

presented. (Ange et al., 2000) were able to increase the pH of the proximal region of the stomach of 

pigs by approx. 1 unit (maintaining it above 4.0) by supplying (calculated) 200 mOsm or 250 

mOsm sodium bicarbonate, or 250 mOsm mono-dibasic sodium phosphate with the water. It 
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remained to be investigated whether this pH increase could reduce stomach damage. (Cole et al., 

2004), studying the possible detrimental effects of consuming 200 mOsm solution of sodium 

bicarbonate through the water measured increased blood HCO3
-, Na+, pCO2, urine pH, and urine 

Na+ concentrations. The authors did not consider these changes as clinically relevant alterations, 

though. (Wondra et al., 1995) also concluded that pigs are able to maintain acid-base homeostasis 

with additions of 1, 2, or 3% sodium bicarbonate or 1% potassium bicarbonate with the feed. 

(Gamble et al., 1967) found no effect on ulcer severity after supplying 1 or 3% sodium bicarbonate 

with the feed. (Wondra et al., 1995b) observed slight improvements in gastric ulcer incidence when 

incorporating 1% sodium- or potassium bicarbonate in the feed. (Sorrell et al., 1996) reported 

decreased gastric lesion score after supplementation of 1% sodium bicarbonate to diets without 

added fat but slightly higher lesion score when the antacid was added to a fat-supplemented diet; 

and (Southern et al., 1993) reported increased incidence of gastric ulceration when 1% sodium 

bicarbonate was fed. As reviewed by (Doster, 2000) and Friendship, 2006), the administration of 

sodium bicarbonate in the diet over long periods may increase gastric acid secretion, which would 

counteract the buffering capability of bicarbonate. This characteristic seems to hold for H2-blockers 

and some proton pump inhibitors, too (Waldum et al., 2014). (Doster, 2000) and Friendship, 2006) 

indicated that antacids such as aluminium hydroxide and magnesium silicate are non-absorbable 

and may be preferable to sodium bicarbonate because their buffering effect is more prolonged. 

(Sorrell et al., 1998), however, did not see any impact on stomach ulceration by adding 1,5% or 3% 

magnesium silicate to pigs fed a finely ground diet. 

Since feed itself has buffer capacity and gastric pH is high immediately after feeding and decreases 

with time after feeding, providing antacids with the water instead of with the feed may have a 

greater potential to increase proximal stomach pH through the day (Ange et al., 2000). 

• Alginate-based raft-forming agents:  

These formulations have been marketed world-wide for over 30 years for the symptomatic 

treatment of heartburn (a burning sensation in the central chest or upper central abdomen caused by 

gastric reflux into the esophagus) and oesophagitis (inflammation of the esophagus due to 

mucosal damage caused by stomach acid coming up from the stomach into the esophagus) in 

humans, and appear to act by a unique mechanism, which differs from that of traditional antacids. 

In the presence of gastric acid, alginates precipitate, forming a gel. Alginate-based raft-forming 

formulations usually contain sodium or potassium bicarbonate; in the presence of gastric acid, the 

bicarbonate is converted to carbon dioxide. The CO2 bubbles become entrapped within the gel 

precipitate, converting it into a foam which floats on the surface of the gastric contents, much like a 

https://en.wikipedia.org/wiki/Chest
https://en.wikipedia.org/wiki/Epigastrium
https://en.wikipedia.org/wiki/Mucosa
https://en.wikipedia.org/wiki/Gastric_acid
https://en.wikipedia.org/wiki/Stomach
https://en.wikipedia.org/wiki/Esophagus
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raft on water. This combination has been shown to move into the esophagus and provide a barrier to 

reduce acid contact with the esophageal mucosa. Thus, these provide a physical barrier on contact 

with the stomach contents in the form of a neutral floating gel or raft. This physical mode of action 

is quite distinct from the chemical neutralisation of the bulk gastric contents provided by antacids 

alone. The advantage of alginate/antacid combinations over antacids alone is that they provide 

longer lasting symptom relief, even though relief is rapid in both cases (Mandel et al., 2000); 

(Hampson et al., 2005). 

According to (Mandel et al., 2000), possible mechanisms of action proposed for alginate based, raft-

forming formulations include: (i) preferential reflux of the alginate raft into the oesophagus; (ii) 

coating of the oesophagus by the alginate raft which could then act as a muco- or cytoprotectant; 

(iii) formation of a physical barrier to prevent gastrooesophageal reflux; and/or (iv) a combination 

of these effects. Available data support a mechanism by which the raft acts both as a barrier to 

reduce reflux episodes and by its ability to be refluxed ahead of or instead of gastric contents. 

Comparisons show the consistent superiority of alginate-based, raft-forming antacid formulations 

relative to placebo, and equal or superior performance, relative to conventional antacids. As a 

secondary effect, these agents have been reported to remove both pepsin and bile acids from the 

refluxate, limit their diffusion and affect enzymatic activity of pepsin Strugala, 2009 #1232}; 

(Chater et al., 2015).  

However, whether these substances are effective in pigs has to our knowledge been very scarcely 

investigated. (Kokue et al., 1983) tested various compounds in an experimentally produced 

gastroesophageal ulcer in pigs and found no antiulcerogenic effects by administering 20 g sodium 

alginate immediately and 4 hours after the injection of the inducer. (Nakamura et al., 1982)) did not 

find sodium alginate effective in inhibiting the formation of esophageal ulcer in rats experimentally 

provoked by pylorus ligation. It might though be worth investigating the impact of these 

components when added to the diet as a preventive strategy in more standard conditions (not 

experimentally provoked ulcer).  

• Histamine H2 antagonists (H2-blockers): 

H2-blockers, including nizatidine, ranitidine, cimetidine, and famotidine, reduce histamine-

stimulated gastric acid secretion by competitive inhibition of histamine at H2-receptors on parietal 

cells. H2-blockers reduce pepsin output by an unknown mechanism and reduce gastric acid volume 

as well (Hershcovici and Fass, 2011). In humans, standard doses are effective in controlling 

symptoms and in healing mild to moderate erosive esophagitis, but more severe forms of erosive 
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esophagitis require greater acid suppression, which H2-blockers are less able to provide 

(Hershcovici and Fass, 2011). 

There are few studies on the impact of H2-blockers on gastric ulcers in pigs. (Hedde et al., 1985) 

testing the effect of two H2-blockers, metiamide and SK&F 93479, found no impact on gastric 

ulcer score when adding them to a finely pelleted diet, and a reduction when adding 2-18 ppm 

SK&F 93479 to a medium-fine diet added 4.5% dehydrated alfalfa meal (from 2.2 in the control to 

1.5-1.8 in the SK&F 93479 treatments). (Anderson et al., 1981) administered cimetidine to pigs 

used in chronic laboratory experiments (subjected to surgery, chronic catheterization, and daily 

experimental manipulation) at a level of 15 mg/kg body weight/day via water. Fourteen of 62 

(22.5%) pigs that did not receive cimetidine developed bleeding ulcers, whereas of 45 animals 

given daily prophylactic doses of cimetidine, none manifested clinical signs indicative of a bleeding 

ulcer. These results indicated that cimetidine was effective in preventing morbidity and mortality 

due to bleeding gastric ulcers in young swine used in chronic laboratory experiments.  

Ranitidine, administered by injection (150 mg/day) three times per day, did not alleviate ulcers in 

porcine somatotropin-treated swine (Baile et al., 1994 In (Friendship, 2006). Intramuscular 

administration of cimetidine or ranitidine caused gastric pH to rise above 3.5 for only about 2 hours 

in pigs, compared to a much longer time in humans, possibly explaining the poor response in pigs 

(Sangiah et al., 1990). Cimetidine and famotidine do not seem to prevent ulcer in the bile duct-

ligated pig model (Stapleton et al., 1989).  

• Proton pump inhibitors (PPI): 

As mentioned above, proton pump inhibitors are the most potent inhibitors of gastric secretion 

(Mejia and Kraft, 2009). However, there are few data on the impact of PPIs in pigs, and as for the 

other drugs, results varying in efficiency have been reported. (Friendship et al., 2000) showed that 

40 mg of omeprazole per oral resulted in significantly higher gastric pH compared to medication 

with 20 mg and with no medication when pigs were fasted for 24 and 48 h. The authors concluded 

that omeprazole was effective in preventing some, but not all, of the tissue damage in the pars 

esophagea related to feed withdrawal. They also concluded that neutralizing bile acids seems to be 

important to obtain a more effective reduction of gastric ulcers by gastric acid inhibitors. In rats 

subjected to water immersion stress, 20 mg/kg omeprazole reduced the ulcer score to 0 

(Mohammad et al., 2015).  According to (Stapleton et al., 1989), omeprazole does prevent ulcer in 

bile duct-ligated pigs (Stapleton et al., 1989). 

• Mucosal protective agents: 
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Drugs that promote mucus secretion and reduce acid secretion, like E-type prostaglandins, are 

widely used in human medicine. However, these have not been found to be effective in treatment of 

gastric ulceration in swine (Baile et al., 1994 (Friendship, 2006). E-type prostaglandins are used in 

humans to treat ulcers developed in the gastric glandular mucosa due to nonsteroidal anti-

inflammatory drugs (NSAID). The non-glandular mucosa of the pars esophagea in pigs seems to be 

resistant to NSAID-induced injury (Meschter et al., 1990), what probably explains why as reported 

by (Baile et al., 1994 (Friendship, 2006), treatment with E-type prostaglandins have not been 

effective in the healing of gastric ulcer in pigs. However, many prostaglandin derivatives are 

known, hence, it is difficult to definitely exclude the role of prostaglandins family in relation to 

ulceration of the non-glandular mucosa of pigs.     

According to (Friendship, 2006), other inert and insoluble cytoprotectants such as bismuth 

subcarbonate, kaolin, and pectin may be useful. These substances have been used in an attempt to 

coat the ulcerated area and promote healing. However, we have not been able to find data on their 

effect on gastric ulcer in pigs.   

Sucralfate is a non-absorbable aluminum salt of sulfated sucrose which adheres to ulcers and 

erosions. This favors healing and provides cytoprotective effects (Mejia and Kraft, 2009). 

Sucralfate has shown to prevent ulcer in bile duct-ligated pigs ((Stapleton et al., 1989)) when 

administered at a dose of 1 g every six hours; and to enhance healing when using the same model 

(Mall et al., 1991). On the other hand, the addition of sucralfate to a finely ground diet (0.33 or 1.3 

mg per kg finely ground pelleted feed) fed to somatotropin-treated swine failed to alleviate ulcers of 

the pars esophagea (Baile et al., 1994 In (Friendship, 2006).   

Summarizing the general knowledge on pharmaceutical agents, a limited success on ulcer 

prevention has been seen with the incorporation of antacids in the diet to neutralize gastric acid. 

Further, when considering the use of any substance resulting in an increased gastric pH, it should be 

kept in mind that an acidic environment in gastric digesta has beneficial effects on the animal. Low 

pH increases pepsin activity and thereby aids protein digestibility; and the acidic digesta is 

considered important in impeding proliferation of bacterial pathogens at this site, acting as a 

defense mechanism against pathogens in the animals (Partanen and Mroz, 1999; Canibe and Jensen, 

2012). Therefore, the use of these products could negatively affect the mentioned functions. 

Regarding alginate-containing agents, information in pigs is needed in order to establish their 

potential effect.    
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Further, as reported by (Friendship et al., 2000), although PPIs seem to be a means of increasing 

gastric pH and thereby reduce risk of gastric ulcer in pigs, the high price of omeprazole makes this 

treatment against swine gastric ulcers only practical in the case of valuable breeding-stock at 

specific times of risk. This is probably true for several of the other drugs/products (e.g., H2-

blockers), too. Moreover, a continuous treatment with some of these drugs without treating the 

cause of the disease, feeding finely pelleted feed as a key factor, does not seem realistic. The use of 

mucosal protective agents could be an beneficial strategy to prevent gastric ulceration in pigs but 

more research is needed in order to identify agents with proved high efficiency.      

13 Conclusions and perspectives  

 

From the literature presented in this knowledge synthesis, it is clear that much research on the 

pathogenesis of gastric ulcer in pigs was done already in the 1960’s - 1970’s, in which period the 

disease was recognized worldwide. In fact, the dictum ‘no acid, no ulcer’ from 1910 is still today 

highly relevant, and gastric lesions/ulcer prevalence in pigs is a significant production disease in 

many swine-producing countries. The main reason is most probably that known strategies resulting 

in reduced prevalence affect the production economy negatively. The presented synthesis of 

literature has clearly indicated the need for alternative strategies. Feeding coarsely ground meal, 

which is probably the most significantly way to protect against ulceration, results in impaired feed 

utilization with a consequent lower animal productivity and increased environmental load, which 

makes this feeding strategy considerably unpopular in modern intensive pig production.  

The impact of gastric lesions on growth performance is, together with animal welfare, a key 

parameter to consider from an economical and animal welfare point of view. Studies seem to 

conclude that severe gastric ulcers result in growth depression, whereas performance is not affected 

in pigs with no or moderate lesions. Besides, severe gastric ulcers can result in mortality, and 

although it is not known from pigs whether gastric ulcers cause pain, it is by analogy to humans 

likely that ulceration is painful and hence impairs animal welfare.   

Factors that contribute to a reduced pH in the proximal region of the stomach may enhance the risk 

of gastric ulcer formation and pathogenesis. It is in general believed that gastric ulcers can develop 

and heal very fast. However, given the limitations/difficulties from an experimental point of view to 

research pathogenesis of gastric ulcers (most often diagnosed by viewing the stomach after 

slaughter), very little information is available on the timing of ulceration.  
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Factors influencing ulcer development investigated in the literature include feed, management, and 

others (e.g., gender, genetics-, infectious factors). However, yet the most reported factor leading to 

enhanced ulceration seems to be the use of finely ground or pelletized feed instead of feeding pigs 

coarsely ground feed/feed with structure. In Denmark, a well-stablished scoring system for 

classification of degree of ulceration in the pars esophagea of pigs has been developed, and factors 

considered to influence the risk of gastric ulcer in pigs have been studied in trials using this scoring 

system. 

Most studies have been performed with focus on reporting the prevalence of stomach lesions from 

abattoir surveys, and are therefore based on slaughter pigs, whereas little information is available 

regarding the prevalence of gastric ulcers in sows and piglets. The prevalence is influenced by 

gender, as barrows suffer more frequently from gastric ulcers than gilts. Sows seem to have a higher 

prevalence of gastric ulcers than pigs, which is probably due to a longer life than slaughter pigs. 

The prevalence of gastric ulcers varies among countries and between different regions within a 

country, probably mainly because of differences in production strategies. It is generally believed 

that intensification of swine production has increased the gastric ulcer prevalence in swine. There is 

a lack of information regarding the prevalence of gastric ulcer in alternative (less intensive) 

production systems to conventional systems, though.    

Whereas structure of the feed has clearly been demonstrated important for the prevalence of gastric 

ulcer, less clear is the impact of composition of the feed. However, assuming the consensus of the 

importance of the firmness of the gastric digesta, which seems to be a key parameter to reduce 

gastric ulcer prevalence in pigs, most references described in this report have focused on strategies 

to increase gastric digesta firmness. Frequently researched is the dietary fibre content, but the 

conclusion drawn in this review is that fibre level per se is not an important factor affecting gastric 

ulcer development. The type of cereal in the diet is known to influence gastric health in general, and 

beneficial effects of oats and barley relatively to maize and wheat seem to be attributed to the 

enhanced firmness of the gastric digesta. A common practice, such as addition of organic acids to 

the pig feed, is not a risk factor for the gastric ulcer development. Provision of straw or hay to pigs 

seems to reduce the frequency of gastric ulcer in pigs probably because pigs with sufficient access 

to straw/hay eat it and thereby compensate for a lack of structure in the feed.  

The importance of dietary micronutrients such as zinc and vitamin E, or other antioxidants such as 

melatonin (and its precursor tryptophan), may influence the robustness of the epithelium towards 

the ulceration process. An impaired feed intake during the first weeks after weaning of the pigs 



74 
 

from the sow may reduce the status of these nutrients and precursors, and thereby influence the 

susceptibility of the pigs to gastric ulceration. However, very little evidence is available. Further, it 

is not known whether effects of impaired status of some nutrients around weaning can predispose 

these animals to gastric ulcer later on. Dietary fatty acid composition and antioxidant level 

influence the metabolism of arachidonic acid to prostaglandins and reactive oxygen species, with a 

potential  impact  on ulcer progression. However, very little scientific knowledge is available in 

relation to the effect of fatty acid composition and antioxidants in relation to gastric ulcers in pigs. 

The general believe that intensive production systems have resulted in increased gastric ulcer 

prevalence has led to the hypothesis that stressful factors associated with intensive swine production 

may contribute to gastric ulcer development. Combination of several stressors (lack of space, 

transportation, mixing of pigs, etc.) may increase the prevalence of gastric ulcer. However, 

objective data on the role of ‘stress’ on gastric ulcer are scarce, probably because it is difficult to 

assess the actual stress condition of the individual pig.  

There seems to be a genetic component to gastric ulceration. The hereditability of gastric ulcers has 

been estimated to be 0.52 in one study, which suggests that it is possible to reduce ulcers by means 

of selection. Selection for thin back fat and high daily growth seem to increase the risk of gastric 

ulcer development, however, mechanisms for this has not been studied and would require intensive 

studies on what genes drive ulceration.  

With the scientific knowledge we have today, the most obvious prevention strategy/treatment when 

gastric ulcer problems are detected in a pig farm is to offer the animals feed that gives structure and 

thereby firmness to the gastric digesta. As mentioned above, feeding coarsely ground feed, which is 

an effective treatment, reduces feed efficiency, though. Reduced feed efficiency has detrimental 

impact on the farmers’ economy and the environment. Treatment of the initial stage of the ulcerous 

disease is most often lacking since it is practically impossible to set a diagnosis at this stage of the 

disease. Pharmaceutical agents (several of them contributing to an increase of digesta pH), which 

are frequently used to treat gastric ulcers in human, seem to have a limited success on ulcer 

prevention in pigs. Further, when considering the use of any substance resulting in an increased 

gastric pH, it should be kept in mind that an acid environment in gastric digesta has beneficial 

effects on the animal. Low pH increases pepsin activity and thereby aids protein digestibility; and 

the acidic digesta is considered important in impeding proliferation of bacterial pathogens at this 

site, acting as a defense mechanism against pathogens in the stomach. Therefore, the use of acid 

neutralising products could negatively affect these two functions. 
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  Given the importance of a high feed efficiency in modern pig production, what disqualifies the use 

of coarsely ground fed, and the believe that the disease has a multifactorial ethiology, an obvious 

way of reducing gastric ulcer prevalence in pigs has not yet been identified . Therefore, in order to 

find strategies to reduce the risk of gastric ulcer, various research proposals could be followed:   

- Continuous search for feed components/additives/feed processing that contribute to a firm gastric 

digesta, thereby protecting the pars esophagus epithelium from the gastric acid, without negatively 

impairing the animal´s growth performance. 

- Search for ingredients/additives that increase the robustness of the pars esophagus epithelium. 

Substances or nutrients that add protection/cover the mucosa of the pars esophagea reducing the 

damage caused by the acid, pepsin, and bile acids. 

- Establishment of the pathogenesis of pig gastric ulcer. Although the digesta firmness is a crucial 

mechanism behind the development of gastric ulcer in pigs, other factors affect this development. 

Examples of questions that could be posed are: what defense mechanisms known to be important 

for protection of the glandular regions of the stomach play also a role in ulcer formation in the pars 

esophagea; why do different breeds seem to be affected differently?; why are barrows more affected 

than gilts?; are bacterial agents involved and if so, how important are they? More knowledge on 

these mechanisms would enhance the possibilities to obtain alternatives to reduce ulcer formation 

without jeopardizing the feed efficiency and performance. 
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