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Summary: Feeding alfalfa hay is often recommended because of its buffering properties associated with substances, like protein and cal-
cium, to prevent lesions. However, the particle size of the alfalfa preparations seems to have an influence on gastric mucosa in weanlings.
We hypothesized that feeding alfalfa chaff with harsh particles would negatively impact glandular gastric mucosa in adult horses under
maintenance conditions. The study was performed as a cross-over 2×2 Latin square design with 16-days washout intervals over 8 weeks.
Six geldings (19 to 21 years of age) were kept in individual boxes (10.85m2). The horses were fed 1.5kg per 100kg BW of alfalfa chaff
or grass hay, offered twice a day. Horses were subjected to a gastroscopy immediately before the feeding period (T=0), after the first fee-
ding period of 12 days (T=12), after the first washout period (T=28), after the second feeding period of 12 days (T=40) and after the
second washout period (T=56). When horses were fed alfalfa chaff the median score of the antrum raised from 0 to 2 (p=0.07). And
after the washout period the median score of the antrum decreased to 0.5 (p=0.04). In conclusion feeding alfalfa chaff induced glandular
mucosal lesions at the antrum. Lesions of the antrum induced by feeding alfalfa chaff seem to be reversible and to heal within 16 days.
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Introduction

Alfalfa hay is a suitable forage for horses. It has been shown
to be a better source of nutrients for horses than grass hay.
Alfalfa contains readily available calcium and protein and
can thus be used to upgrade poor quality roughages. Becau-
se of its good source of digestible nutrients, there are thera-
peutic applications for horses with electrolyte imbalances,
hoof horn problems, old horses and horses with gastric ulce-
ration (Cuddeford 1994). For example, Nadeau et al. (2000)
found a lower incidence of squamous mucosal lesions fee-
ding an alfalfa hay diet than feeding a brome hay diet in hor-
ses. A diet of alfalfa hay significantly improved healing of
squamous mucosal lesions in this particular study.

However, particle size of alfalfa chaff preparations seemed to
have detrimental effects on glandular gastric mucosa in hor-
ses. In foals, feeding alfalfa chaff resulted in glandular muco-
sa lesions at the pylorus (Fedtke et al. 2015). The authors
suggested the lesions to be related to mechanical irritation by
the fine particles similar to findings in swine. In the study per-
formed by Mößeler et al. (2012) only the score of squamous
gastric ulcers was significantly higher feeding pigs a finely
ground pelleted diet, but not the score of the glandular
mucosa as seen in horses. Conversely, feeding a coarse
ground feed reduced mucosal lesions of the squamous
mucosa in growing pigs (Millet et al. 2012). Recently, we
found significant higher lesion scores when feeding alfalfa
chaff to weanlings, particularly at the pylorus than when fee-
ding grass hay (Vondran et al. 2016). As about 91% of the
particles of the alfalfa chaff were sized over 2mm, we hypo-
thesized that the harsh, acanthous structure of alfalfa chaff
may cause mechanical irritation at the pylorus. But it remai-

ned unclear whether the mechanical injury could be only
observed in weanlings during the stressful weaning process as
a result of an impaired mucosal defense or whether the
mechanical injury could be also induced in adult horses
under maintenance conditions.

The aim of this study was to investigate the effects of feeding
alfalfa chaff with a high amount of particles longer than 2
mm on gastric mucosa in adult horses. We hypothesized that
feeding a high proportion of long, harsh particles (alfalfa
chaff) would impact gastric mucosa of the pylorus in horses
under maintenance conditions, similar to the results obtained
in weanlings. We used alfalfa chaff as this is the common
alfalfa preparation used in equine complementary feed. Furt-
her we hypothesized that these pyloric lesions are reversible
and might heal during the 16-d lasting washout periods on
pasture.

Material and methods

Animals

Two Standardbred geldings and four Warmblood geldings,
19 to 21 years of age, with a mean BW (±SD) of 614±31
kg were included in the study. Inclusion criteria for the horses
were: absence of pre-existing diseases including teeth pro-
blems, no severe findings at the first gastroscopy (means no
gastric lesion score >2) and no medication 3 months prior to
initiation of the study. The geldings were allocated to each
group according to the homogenous distribution of gastric
findings at the first gastroscopy. All horses stayed on the tea-
ching farm of the Faculty of Veterinary Medicine nearby Leip-
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zig, Germany. Horses were fed and kept under same mainte-
nance conditions. They were kept together on the same
pasture for the last four months prior to the study with free
access to water and a shelter barn with straw bedding.

During the study horses were kept in individual boxes
(10.85m2) that allowed social contacts. Ground of the boxes
was covered with rubber mats and straw bedding. Horses
had access to a sand paddock for at least 3 hours twice eve-
ry day. During the study all horses had free access to water.
The geldings were monitored four times daily by a veterina-
rian for signs of discomfort, depression, inappetence, bru-
xism, or colic.

Feeding

A cross-over design (2×2 Latin square) was used to compare
the effects of feeding either alfalfa chaff or grass hay on the
gastric mucosa with horses randomly assigned to consume
one of the test diets for 12 days. 1. Alfalfa chaff: Each horse
was fed 1.5kg of unsieved alfalfa chaff per 100kg BW daily.
2. Hay: Each horse was fed 1.5kg of grass hay per 100kg
BW daily. The feed was offered in two equal portions twice a
day (7:00am and 8:00pm). Feed intake was monitored seve-
ral times daily and leftovers were reweighed after 24 hours.
In total, the different diets were fed for 12 days to each horse.
Each feeding period was followed by a washout period for 16
days. During the washout period horses had access to pastu-
re for 24 hours.

Gastroscopy

A gastroscopy with a flexible gastroscope (Karl Storz, Tuttlin-
gen, Germany), working length 3m, was performed immedi-
ately prior to the feeding (T=0) and again after the feeding
period of 12 days (T=12), after 16 days on pasture (T=28),
after the second feeding period of 12 days (T=40) and for a
last time after the second washout period of 16 days (T=56).
Prior to gastroscopy horses were fasted by using boxes with
rubber mats for 12 hours. Water was provided ad libitum.
The horses were sedated with 0.02mg per kg BW iv detomi-
dinhydrochloride (Cepesedan®; CP Pharma, Burgdorf, Ger-
many). The stomach was insufflated with air until the mucosal
folds vanished. The following regions of the stomach were
evaluated separately: dorsal squamous fundus; lesser curva-
ture; greater curvature of the squamous region; greater cur-
vature of the glandular region; antrum; and pylorus. Each
region and mucosal type was given a score from 0 to 4. Squ-
amous mucosa was scored according to a proposal of the
European College of Equine Internal Medicine (Sykes et al.
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2015) (Table 1). Glandular gastric mucosa including the
antrum and pylorus was evaluated according to a modified
scoring system (Table 2). Gastric mucosa was evaluated
during gastroscopy by the same blinded and experienced
investigator.

Scaling

Body weight was measured by an electronic weight scale
(Texas Trading, Oamaru, New Zealand) immediately before
each gastroscopy. 

Feedstuffs were weighed using an automatic scale (Mettler-
Toledo GmbH, Albstadt, Germany). 

Nutrient analysis

Dry matter (DM) was determined after oven-drying (103°C) to
a constant mass (Table 3). Crude ash was measured by
ashing the feeds in a muffle furnace (6h, 600°C) (Naumann
and Bassler 1976). Starch content was estimated polarimetri-
cally (Polartronic E, Schmidt and Haensch, Berlin, Germany).
Sugar contents (glucose and sucrose) were determined by the
Luff Schoorl method. Crude nutrients were assayed by the
Weende system (van Soest 1991). Neutral detergent fiber was
analyzed by the Fibertec® (Tectator, Rellingen, Germany) (van
Soest 1991). Salicylic acid concentrations of the grass hay
and the alfalfa chaff were measured by high performance
liquid chromatography and mass spectrometry (Table 4). The
grass hay and alfalfa chaff were additionally analyzed for
microbial counts using a conventionael plate system. Further-
more, the grass hay was analyzed for botanical composition.
According to the botanical composition the grass hay consi-
sted of Dactylis glomerata, Poa pratensis, Agrostis stolonifera,
Anthoxanthum odoratum and Bromus hordeaceus.

 

 
 
 
Table 2      Scoring system of the glandular regions including the antrum and pylorus of  the equine stomach.   |   Beurteilungsgrade der 
glandulären Region einschließlich Antrum pyloricum und Pylorus des Pferdemagens 

Grade Characteristics 

0 Epithelium intact and no appearance of hyperemia (reddening) or fibrinosupperative areas 

1 Intact flat mucosa, but with small single or multifocal areas of reddening 

2 Raised mucosa with large single or multifocal areas of reddening or fibrinosupperative areas, no signs of bleeding 

3 Raised mucosa with hemorrhagic and fibrinosupperative areas 

4 Ridged or depressed mucosa with severe signs of bleeding or with large and distinct fibrinosupperative areas 

 

 

 
 
 
Table 1       Scoring system of the squamous regions of the equine 
stomach, adapted from the proposal of the European College of 
Equine Internal Medicine (Sykes et al. 2015).   |   Beurteilungsgrade 
der kutanen Schleimhaut des Pferdemagens, nach den Vorschlägen 
des European College of Equine Internal Medicine (Sykes et al. 
2015) 

Grade Characteristics 

0 Epithelium intact and no appearance hyperkeratosis 

1 Mucosa intact, but areas of hyperkeratosis  

2 Small, single or multifocal lesions 

3 Large single or extensive superficial lesions 

4 Extensive lesions with areas of apparent deep ulceration 
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Sieving

To determine particle sizes 50g of dry alfalfa chaff were sie-
ved for 5 minutes with an excursion of 1mm. Size of the sie-
ves were 2mm, 1mm, 0.5mm and 0.25mm. Results of sie-
ving are shown in Table 5.

Statistical analysis

Statistical analysis was performed using a statistical software
program (STATISTIKA, StatSoft). Body weight was analyzed for
normal distribution by the Shapiro-Wilk W test. Stomach sco-
res were calculated using medians, 25th and 75th percentiles,
and ranges. The Wilcoxon signed rank test was used to com-
pare gastroscopic scores between the two feeding protocols.
Friedmans ANOVA was performed to compare the gastrosco-
pic findings for the different time points within the feeding pro-
tocols. A value of p<0.05 was considered significant.

Results

Mean body weight (±SD) prior to the study was 621±25.5kg
and it was constant during the whole period of the study.
None of the horses in the study demonstrated any clinical
signs commonly associated with the presence of gastric ulcers
such as colic, inappetence, or depression, as reviewed by
Andrews et al. (1999).
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Mycological examination of the hay showed 1x106 cfu of
yeast. Analysis of the alfalfa chaff did not show any important
results. Salicylic acid concentrations of the grass hay were
13.1mg/kg and of the alfalfa chaff 15.5mg/kg (Table 4).

Median lesion score (in brackets 25/75 percentile) of the gre-
ater curvature of the squamous mucosa prior to feeding hay
was 0.5 (0/1) (Figure 1). After feeding hay median score of
this region decreased to 0 (0/0) (p=0.11). There was no
change of the median score during the washout period after
feeding hay (0/1). Median lesion score of the greater curva-
ture of the squamous mucosa was 1.5 (0/2) prior to feeding
alfalfa chaff (Figure 1). After feeding alfalfa chaff median sco-
re of this region decreased to 0 (0/1) (p=0.07). There was
no change of the score of the greater curvature of the squa-
mous mucosa during the washout period after feeding alfalfa
chaff (0/1) (Figure 1).

Median lesion score of the lesser curvature of the squamous
mucosa prior to feeding hay was 1.5 (1/2) (Figure 2). After
feeding hay the median score decreased to 0 (0/1) (p=0.03)
(Figure 2). After the washout period median score increased
to 0.5 (0/2) (p=0.27), when horses were fed hay before
(Figure 2). Median lesion score of the lesser curvature was 1
prior to feeding alfalfa chaff. After feeding alfalfa chaff the
median score was 0.5 (0/2) (p=0.72). After the washout
period median score increased to 1.5 (1/2) (p=0.27), when
horses were fed alfalfa chaff before (Figure 2).

Median lesion score of the antrum prior to feeding hay was 0
(0/1) (Figure 3). After feeding hay the median score of the
antrum increased to 1 (0/1) (p=0.11) (Figure 3). After the
washout period median score decreased to 0 (0/2)
(p=0.72), when horses were fed hay before. Median lesion
score of the antrum was 0 (0/0) prior to feeding alfalfa chaff.
After feeding alfalfa chaff the median score increased to 2
(2/2) (p=0.07). After the washout period median score of

 

Table 5      Percentages of different particle sizes of alfalfa chaff.  |  Verteilung der Partikelgrößen der Luzernehäcksel angegeben in Prozent                                             

Diet >2mm >1mm >0.5mm >0.25mm <0.25mm 

Alfalfa chaff 
 

94.69% 3.77% 0.84% 0.12% 0.01% 

 

 

Table 4      Concentration of salicylic acid in hay or alfalfa chaff 
(expressed as mg/kg feedstuff)  |  Konzentration der Salicylsäure in 
Heu oder Luzernehäcksel (Angabe in mg/kg Futtermittel) 

Diet  Salicylic acid 

Hay mg/kg 13.1 

Alfalfa chaff mg/kg 15.5 

 

 

Table 3      Chemical composition of the feedstuffs (expressed as g 
per kg dry matter).  |  Chemische Zusammensetzung der Futtermittel 
(Angaben g pro kg Futtermittel) 

Nutrient Alfalfa chaff Hay 

Crude ash g/kg DM 71 53 

Crude protein g/kg DM 150 83 

Crude fibre g/kg DM 412 325 

NDF g/kg DM 578 643 

Ca g/kg DM 12.3 4.7 

P g/kg DM 2.74 1.7 

Mg g/kg DM 1.65 1.5 

DM: dry matter, NDF = neutral detergent fiber, Ca = Calcium,  P = Phosphor,  
Mg = Magnesium, DM: Trockensubstanz,  NDF = Neutrale Detergens-Faser,  
Ca = Calcium, P = Phosphor, Mg = Magnesium 

 

 Fig. 1 Mucosa lesion grades for the greater curvature of the squ-
amous mucosa before and after feeding for the different feeding pro-
tocols (white plots before feeding; black plots after feeding; grey
plots after washout).  |  Magenschleimhaut-Score an der großen
Kurvatur der kutanen Schleimhaut vor und nach der Fütterung der
verschiedenen Rationen (weiße Balken für Ergebnisse vor der Fütte-
rung; schwarze Balken für Ergebnisse nach der Fütterung; graue Bal-
ken für Ergebnisse nach der Washout-Periode)
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the antrum decreased to 0.5 (0/1) (p=0.04), when horses
were fed alfalfa chaff before (Figure 3).

No gastric mucosa lesions were found at the greater curvature
of the glandular region and of the pylorus during the study.

Discussion

Alfalfa hay is believed to have beneficial effects on gastric
mucosa by buffering gastric pH, as it contains large amounts
of calcium, magnesium and protein. Alfalfa hay contains cal-
cium between 15–26.3g/kg dry matter (Cuddeford 1994). A
high intake of calcium reduced the basal HCl secretion in rats
(Fisher et al. 1990). This effect was supposed to be a result of
higher extra- and intracellular calcium concentrations in
parietal and G-cells. Higher extra- and intracellular calcium
concentrations may lower the cAMP concentration, thus redu-
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cing the production of HCl (Fisher et al. 1990). Exposure of
the equine gastric mucosa to HCl and short chain fatty acids
(SCFAs) decreased sodium transport of the cells significantly.
As sodium transport is a value for cell vitality, exposure to HCl
seems to cause cell damage. After the addition of calcium
carbonate the decreased values of sodium transport returned
to values that were measured before the negative effects of
HCl and short chain fatty acids took part (Andrews et al.
2006). From these results, the authors proposed that calcium
has a protective effect in the development of squamous
gastric lesions. Under practical feeding conditions, Nadeau
et al. (2000) found significantly lower scores of squamous
gastric lesions in horses fed an alfalfa hay/grain diet compa-
red to horses fed a brome hay diet. The authors concluded
high amounts of protein and the quality of protein itself may
have buffering effects in the stomach as previously seen in
cattle (Haaland et al. 1982). This could be the reason, why
in our study lesion scores of the greater curvature of the squ-
amous mucosa decreased after feeding alfalfa chaff. Howe-
ver, due to the low number of horses, results failed to get sig-
nificant (p=0.07). In contrast to Nadeau et al. (2000),
recent studies have shown an impact of the particle size of
alfalfa on the gastric mucosa in foals. In the study performed
by Fedtke et al. (2015), weanlings fed alfalfa chaff had severe
lesions at the pylorus after the weaning process. The authors
speculated that the gastric lesions of the pylorus might be
related to the small particles of the alfalfa chaff similar to
results obtained in swine. 

In a study performed by Mößeler et al. (2010) the gastric ulcer
scores were significantly higher in pigs fed a finely ground pel-
leted diet, than those fed a diet of larger particle size. Further-
more, feeding a coarse ground feed reduced mucosa lesions
of the pars oesophagea in growing pigs (Millet et al. 1990). In
accordance to the results from Fedtke et al. (2015) and the
present findings, Vondran et al. (2016) observed higher lesion
scores at the pylorus in weanlings fed alfalfa chaff (91% of par-
ticles over 2mm) than in weanlings fed alfalfa pellets (60% of
particles under 0.25mm). In the study from Vondran et al.
(2016) the nutrient intake such as protein and calcium were
similar between the different diets in the weanlings. In conse-
quence, any positive or negative effects from nutrients can be
excluded. Therefore, authors hypothesised that the harsh,
acanthous structure of alfalfa chaff may cause mechanical
injury at the pylorus in weanlings and not the small particles as
seen in swine. In addition, the stressful conditions of the wea-
ning process might have impaired the gastric mucosa and it
might have become more vulnerable and susceptible for
ulcers. Until now, the effect of particle size of alfalfa chaff was
only examined in foals by using the weaning procedure as a
model to induce gastric lesions. It remained unclear whether
the mucosa injuries can be only observed in weanlings during
the stressful weaning process as a result of an impaired muco-
sal defence or whether the damages can be also induced in
adult horses under maintenance conditions. In consequence,
our study was performed in adult horses under maintenance
conditions without any harmful factors which may have an
impact to induce gastric ulcers such as weaning, medication,
fasting, high grain intake or others. The results of the recent
study are in accordance to the results already seen in wean-
lings. Similar to the results obtained in weanlings (Fedtke et al.
2015, Vondran et al. 2016), adult horses under maintenance
conditions fed alfalfa chaff showed numerical more and severe

Fig. 3 Mucosa lesion grades for the antrum before and after
weaning for the different feeding protocols (white plots before fee-
ding; black plots after feeding; grey plots after washout). Unlike let-
ters indicate a significant difference with p<0.05.  |  Magenschleim-
haut-Score am Antrum pyloricum vor und nach der Fütterung der
verschiedenen Rationen (weiße Balken für Ergebnisse vor der Fütte-
rung; schwarze Balken für Ergebnisse nach der Fütterung; graue Bal-
ken für Ergebnisse nach der Washout-Periode). Kleine Buchstaben
stehen für signifikante Unterschiede mit einem p-Wert von <0,05.

Fig. 2 Mucosa lesion grades for the lesser curvature of the squa-
mous mucosa before and after weaning for the different feeding pro-
tocols (white plots before feeding; black plots after feeding; grey
plots after washout). Unlike letters indicate a significant difference
with p<0.05.  |  Magenschleimhaut-Score an der kleinen Kurvatur
der kutanen Schleimhaut vor und nach der Fütterung der verschiede-
nen Rationen (weiße Balken für Ergebnisse vor der Fütterung;
schwarze Balken für Ergebnisse nach der Fütterung; graue Balken für
Ergebnisse nach der Washout-Periode). Kleine Buchstaben stehen für
signifikante Unterschiede mit einem p-Wert von <0,05.
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lesions at the antrum than horses fed grass hay. After feeding
alfalfa chaff the median score of the antrum raised from 0 to
2 (p=0.07). Due to the low number of horses, results failed to
get significant. Salicylic acid belongs to the pharmacological
group of non-steroidal antiphlogistics. While inhibiting cycloo-
xigenase I, the protective effects of prostaglandine (for example
vasodilatation and production of mucin) to the glandular
gastric mucosa are stopped and peptic ulcers may develop
(MacAllister et al. 1993). A high salicylate concentration which
is well known as an antinutrional factor in alfalfa (Beaumier et
al. 1983) can be excluded as a reason for gastric lesions in our
study, as we found similar concentrations in hay and alfalfa
chaff (supplementary file 1). The antrum is an area of the sto-
mach with high motility. The movement of the alfalfa stems
may excoriate the mucosa during the antrum passage. Due to
initial injury the glandular mucosa of the antrum might become
more vulnerable to SCFA, hydrogenic acid and/or bile salts.
Nevertheless feeding alfalfa chaff seems to have various effects
on the glandular and squamous regions of the stomach. Medi-
an lesion scores of the greater and lesser curvature of the squ-
amous mucosa decreased after feeding alfalfa chaff although
grass hay feeding revealed the same findings. In conclusion,
feeding alfalfa chaff does not have outstanding positive effects
on gastric mucosa, but may induce mucosa damages around
the antrum pyloricum in adult horses.

The second aim of this study was to investigate, if the gastric
mucosa lesions caused by feeding alfalfa chaff are reversible.
Therefore horses spent 16 days on pasture after the feeding
periods. The degree and the time for healing of gastric
lesions depend on the size and mainly on the depth of the
lesion (Bell et al. 2007). Superficial lesions of the squamous
mucosa might heal in about 7 days; deep ulcerations at the
glandular mucosa might need 3 month for healing (Murray
1997). Lesion healing in the equine gastric squamous muco-
sa appears to be an interrelated and dynamic process. Hea-
ling of erosions or ulcers starts with epithelial hyperplasia
accompanied by congestion and proliferation of capillaries
(angiogenesis) in the lamina propria (Murray 1999). Angio-
genesis has been shown to be pivotal for healing of duodenal
ulcers in rats (Szabo et al. 1994). When horses spent 16 days
on pasture after being fed alfalfa chaff, median lesion score
of the antrum decreased from 2 to 0.5. According to our
results, mild lesions of the glandular region caused by
mechanical irritation of alfalfa chaff might heal during 16
days on pasture rest without any medical treatment.

In summary, the gastric mucosa of the horse seems to be very
susceptible to lesions. Even the change from pasture to box
stabling with hay diet might cause lesions as shown in the pre-
sent study. In our study alfalfa chaff induced lesions of the
antrum in adult horses under maintenance conditions. But the
effects of feeding alfalfa chaff varied for the different regions of
the stomach. Alfalfa chaff might cause mechanical irritation at
the glandular mucosa of the antrum, but seem to have positive
effects on the squamous mucosa although grass hay feeding
has the same potential considering squamous mucosa. Mild
gastric lesions of the antrum caused by feeding alfalfa chaff
might heal in 16 days with pasture access for 24 h a day. It
remains open whether the mucosal injuries of the antrum can be
only observed in feeding alfalfa chaff or even when alfalfa hay
is fed. For practical feeding advice a traditional hay ration in suf-
ficient amounts (minimum 1.5 % of BW daily) is recommended.
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