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Abstract

The management ofhorses in the post-surgical phase involves many aspects conceming stress
reactions and the recovery of the intestinal functions in the case of surgical treatments of
colics, enteritis and dismicrobial problems. During this period it is necessary to keep horses in
quiet conditions and, if possible, without loss of muscular tonus. At the same time, it is
necessary to fight against the loss of minerals, vitamins and electrolytes that occurs during
illness. Recently the industries producing dietetic Jeeds are more and more involved in the
research of special formulae conceming mixed feeds for the recovery of horses from the post
surgical phase. Rough materials generally characterized by high digestibility together with
probiotics are often employed to satisfy these exigence. In fact they promote the
development of enterophil bacteria in opposition to pathogens with a consequent re
establishment of healthy physiological functions. The apparent digestibilities of meadow hay
or meadow hay plus dietetic feed rich in probiotics, inulin, minerals and vitamins were
determined by means of three in vivo digestibility trials, each performed on 6 adult healthy
horses weighting about 450 kg over a 6 days faeces total collection period with a previous 14
days adaptation periodo The dietetic feed was tested at two different amounts: 0.5 and 0.8 kg/q

live weight as fed basis (75:25 and 62:38 on DM basis, respectively). These increasing
amounts were studied with the aim of verifying if the digestibility of the dietetic feed in
suggested amounts by the producer were opti mal for the claimed in clinical nutrition. Faeces
and feed dried samples were analysed to determine dry matter, organic matter, crude protein,
crude fibre, fibrous fractions and gross energy. The results showed that the addition of the
dietetic feed to the hay improves the CP digestibility ofthe 75:25 and 62:38 rations, while the
crude fibre and fibrous fractions digestibilities of 62:38 ration were statistically lower than
those of hay alone. These results could mainly be ascribed to the decreasing digestibility of
the fiber with the increasing of the inclusion of the dietetic feed.
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Introduction

In horses the prolonged housing together with lack of moving in the post-surgical phase
involves many aspects concerning different stress reactions. Specially in horses went on
surgical treatments of intestinal pathologies a long recovery period of the normal intestinal
functions could be observed mainly in short-tempered animals. The most common
consequences are colic, enteritis, microbial disorders or systemic inflammation pathologies
such as lameness (Garner et al., 1978; Miraglia et al., l 999a; Reeves et al., 1996). The
feeding management of these horses is a very delicate question because they are subjected to
forced hunger, to frequent changes in feeding, to a restricted ingestion of forages and, in the
recovery phase or to the ingestion of concentrated feeds rich in energy. During this period it is
necessary to keep horses in quiet conditions and, if possible, without loss of muscular tonus.
At the same time, it is necessary to fight against the loss of minerals, vitamins and electrolytes
that occurs during illness. To prevent these problems a correct feeding strategy based on a
deep understanding of the mechanisms involved in the onset of digestive disturbances is
needed. In the large intestine the limited peristalsis causes a considerable water re-absorption:
consequently the intestinal transit becomes very hard and painful with possible large intestine
colico This situation is often linked to changes of the hindgut bacteria population because the
high production of lactate is accompanied to an increased production of Gram+ bacteria and
a decreased production of Gram- bacteria. Besides, in these conditions it is possible to have
the release of vasoactive amines and of toxins that go into the blood through the damaged
intestinal wall because it has became permeable; this is a possible cause of lameness (Yoder
et al., 1997). The use of mixed feeds in equine nutrition can determine considerable changes
of the intestinal ecosystem and consequent changes in the diet digestibility (de Frombelle et
al., 2001). In fact the increase of amylolitic population associated to the increase of lactate
and to the hindgut acidosis determines the reduction cellulolytic bacteria and a reduction of
fibre digestibility (NDF and ADF) (Kerrour et al., 1997; Drogoul et al., 2001). In recent
times, different commerciaI mixed feeds have been proposed to prevent digestive disorders in
particular for sport horses that suffer of high stress conditions. But many factors, related to the
feedstuff itself or to external conditions, can influence the digestive functions ofhorses (Orton
et al., 1985; Bergero et al., 1998). Recent experimentations demonstrated a reduction of fibre
digestibility when the fibre source comes from by-products such as citrus pulp and apple by
products (Peiretti et al., 2003; Miraglia et al., 2004; Miraglia et al., 2006); consequently, the
use of mixed feeds rich in "dietetic fibre" or simply "high fibre concentrates" has to be deeply
evaluated before their administration, mainly in the case of horses affected by digestive
disturbances. In other cases, it has been demonstrated that the use of high digestible cereals
(mainly those heated processed) reduces the fibre digestibility (Sarkijarvi and Saastamoinen,
2006; Julliand et al., 2006) when the amount is high. This phenomenon could be linked to the
increasing fraction of starch resistant to the enzymatic attach (cereals rich in amylase)
(Bailoni et al., 2006) and to the variations that could appear amongst the microbial population
and the intestinal environment depending on the quantity and on the fermentation of starch
flowing into the hindgut ecosystem. If the overloading of the capacity for starch digestion in
the small intestine occurs, it is likely that the normal microbial activity in the large intestine
would be compromised (Potter et al., 1992). The consequence could be a reduction of the
digestibility of the different fibre components of the whole ration. Recently the industries
producing dietetic feeds are more and more involved in the research of special formulae
concerning mixed feeds (Martin-Rosset et al., 2006): every year feed industry works out
many formulations of compounds feeds. Some of them are claimed for clinical nutrition for
the recovery of horses from the post-surgical phase; thus, the nature and the proportion of the
feed ingredients may vary considerably. Rough materials generally characterized by high



digestibility together with probiotics are often employed to satisfy these exigence. In fact
probiotic promote the development of enterophil bacteria in opposition to pathogens with a
consequent re-establishment of healthy physiological functions. More recent1y the use of
mixed feeds including fructooligosaccharide (FOS) evidenced that these substances improve
the structure of the mucous membrane of the gut and influences the production of Volatile
Fatty Acids (VFA) (Swanson et al., 2002; Tsukahara et al., 2003). Some experimentations
carried out on horses evidenced a positive effect of FOS on cecum-colic bacteria (Bergero,
1998). Other experimentations showed that FOS administration to horses can reduce the total
anaerobic bacteria populations, lactobacillus and streptococcus with a decrease bacteria using
lactate: this condition should prevent abnormal fermentations linked to the D-lactate increase
(Respondek et al., 2006). Other studies showed that FOS reduce considerably the yeast
counting with a reduction of coliform bacteria, an increase of lactobacillus and an increase of
their ratio with the number of E. coli (Pellegrini et al., 1999). Nevertheless, even though there
is literature available conceming starch utilisation, on one side, and the use of pre-probiotic
administered as supplement in specific premix on the other, no data available exist in
literature conceming the in vivo digestibility of mixed feeds including probiotic such as FOS
or other else. Many of these experimentations refer to microbiological trials and not to the
utilisation of the nutrient parameters by the horse. Besides, data conceming in vivo
digestibility trials of simple processed cereals or of mixed feeds rich in cereals differ between
them because of treatments, kind of cereal and experimental procedures; in fact the
experimental procedures refer to "ingesta-egesta" total faeces collection (Bergero et al.,
1998; Miraglia et al., 2004 - 2006; Peiretti et al., 2003), chromium-mordanted (Sarkijarvi and
Saastamoinen, 2006), acid insoluble ashes (Bergero et al., 2005 - 2006; Casini et al., 2002;
Miraglia et al., 1999b; Peiretti et al., 2003), etc .. An experimental mixed feed rich in high
digestible cereals, probiotics, inulin, minerals and vitamins previously tested in small amounts
in the post-surgical phase of horses in the period of housing in the clinic was administered to
healthy horses to assess the apparent digestibility of rations including increasing levels of it
with the aim to suggest it in the diets of horses after discharging from the clinico These trials
represent the first step of the experimentation consisting in testing the mixed feed on healthy
horses to have a standard reference values of nutrients utilisation and before using it in
clinical nutrition.

Material and Methods

Three in vivo digestibility trials have been performed on 6 healthy standardbred horses,
weighting 458 +/- 35 and 453 +/-31 kg respectively at the beginning and at the end of the
experimental period; these horses were aged between 4 and 8 years. The horses were fed, in
alI the trials, at a feeding leve l close to maintenance. According to the standard experimental
procedures of the in vivo digestibility trials (Martin- Rosset et al., 1984) in the first trial the
horses received hay (first cut meadow hay) as the only feedstuff (100%); in the two following
trials the same hay was given together with an experimental dietetic feed (C), tested at two
different amounts: 0.5 and 0.8 kg/q live weight as fed basis corresponding respectively to
75:25 F:C ratio (RI) and 62:38 F:C ratio (Rz) on DM basis. These increasing amounts were
suggested by the producer to verify if they were optimal for the claimed in clinical nutrition
both for the administration in the post-surgical phase and in the period of convalescence
before beginning the normal physical activity. The components of the mixed feed (Recovery
ACME®) were: flaked barley, soybean (meal solv. extd.), flaked com, dextrose, sugar cane
molasses, soybean hulls, diosmectite, yeast (Saccharomyces cerevisiae), and FOS. The
vitamin and mineraI supplementation was constituted by a commerciaI premix rich in
oligoelements produced by the same industry (Osteparon ACME ®). The experimental period



lasted 20 days for each trial: 14 days of adaptation to the diet and 6 days of total faeces
collection, according to Martin-Rosset et al. (1984), using a suitable device (Horse Diaper)
that alIows the complete recovery of the faeces (and the urines, if required, in separate bags)
and avoids the forced rec1usion of the horses in digestibility stalIs thus alIowing the horses to
walk and roam around freely. The horses were individualIy stabled in boxes with free access
to water. Cumulative samples were prepared by mixing daily samples and were stocked for
folIowing analysis. The faecal and hay cumulative samples were dried in a forced-draft oven
at 65°C for at least 48 hours till constant weight. The mixed feed were taken for immediate
determination of the dry matter (DM) content at 105°C. AlI the dried samples were ground in
a mill to pass a 1 mm screen. The samples were analysed to determine crude protein (CP),
crude fibre (CF), and ash, according to AOAC (2000). The neutral detergent fibre (NDF), acid
detergent fibre (ADF) and acid detergent lignin (ADL) were determined according to Van
Soest et al. (1991). The gross energy (GE) was measured with an adiabatic calorimeter bomb
(IKA C7000, Staufen, Germany). The nitrogen-free extract plus ether extract (NFE + EE)
and organic matter (OM) were calculated for each material on the basis of the previous data.
The cellulose and hemicellulose were calculated fÌ'om the NDF, ADF and ADL. The apparent
digestibility coefficients of hay and rations were then calculated for DM, OM, GE, CP, CF,
NDF and ADF. The digestibility ofhay and ofrations were determined according to Martin
Rosset et al., 1984:
d = (Ingested amounts - Excreted amounts )/Ingested amounts % .
The digestibility ofthe mixed feed was determined according to Martin-Rosset et al., 1984:
dC= (dR - Jx dF): c
dC = mixed Jeed digestibility
dR = ration digestibility
dF = hay digestibility (previously determined)
J = percentage oJforage (hay) in the ration
c = percentage oJ the mixed Jeed in the ration
The digestibility data of the rations were processed using one-way analysis of variance
(ANOV A), with the kind of ration being the only comparison factor, using the SPSS statistics
package (v Il.5, SPSS Inc., Chicago, IL, USA). The groups were compared using the Duncan
Test (Norusis, 1992).

Results and Discussion

Table 1 shows the chemical composition of feeds used in the different trials. The apparent
digestibility coefficients are summarized in Table 2. The digestibility coefficients of the hay
(H) are in agreement with previous experimentations carried out on similar forages produced
in Mediterranean areas (Bergero et al., 2005; Miraglia et al., 1995; Peiretti et al., 2006). The
comparison between the hay digestibility (1st trial) and the digestibilities of Rj and R2 rations
shows that the digestibility coefficients of Rj and R2 rations are higher for CP (P<0.05); this is
in agreement with Miraglia et al. (2006), that showed that CP digestibility coefficients
increase with increasing the amounts of concentrates in the ration. The NDF, ADF and CF
digestibility coefficients of R2 ration are statisticalIy lower (P<0.10) than those of the H
ration. This means that the higher amount of the mixed feed in R2 determined a negative
effect on the digestibility of fibrous fractions. The calculated digestibility coefficients of the
mixed feed (C) are higher in the 2nd trial than in the 3rd trial for DM, OM, GE and CP; the
NDF, ADF and CF digestibility coefficients are negative in both cases and that confirm the
previous researches from· Julliand et al. (2006) conceming the decreasing digestibility of the
fibre fÌ'actions with the excess of the inc1usion of the dietetic feed. Julliand et al. (2001) and
de Fonbelle et al. (2001) observed an increase in the horse gut of total anaerobic bacteria,



lactobacillus and streptococcus in rations constituted by a concentrate percentage higher then
50%. In these cases there is a reduction of the molar percentage of acetate that determines a
reduction of the [(acetate+butyrrate)/propionate] ratio. The changes of the microbial activity
determine a cecum-colic acidosis and a consequent reduction of the intestinal cellulolytic
bacteria. This is the possible cause of the digestibility decrease of CF, NDF and ADF of the
diet. A balanced diet should be necessary to compensate the abnormal fermentations
consequences such as a gas increase in the small intestine and a limited peristalsis. It is not
possible to confirm the preliminary hypothesis concerning the considerable improving of diet
digestibility when this kind of mixed feeds is introduced in the diet. This means that it is
necessary to verify the role of FOS on diet digestibility when they are included in the mixed
feeds. The introduction of diosmectite and yeast (Saccharomyces cerevisiae) doesn't seem to
improve the digestive utilisation. But there is no available literature concerning it and,
consequently, it has not been possible to compare the present results with similar
experimentations.

Conclusions

The use of mixed feeds in equine nutrition can determine considerable changes of the
intestinal ecosystem and consequent changes in the diet digestibility. For this reason in
recent times different commerciaI mixed feeds have been proposed as dietetic feed and/or to
prevent digestive disorders in particular for sport horses that suffer of high stress conditions.
But many factors, related to the feedstuff itself or to external conditions, can influence the
digestive functions of horses and a spreading use of these feeds could result in negative
effects. More data are needed, however, to assess the effect ofthese products on the utilisation
of the whole ration. The feeding management of horses affected by digestive disorders or
coming from surgical treatments is a very delicate question that needs a deeper knowledge
concerning the hindgut bacteria population and the effects of the mixed feeds on the intestinal
ecosystem. Recently the industries producing dietetic feeds are more and more involved in the
research of special formulae concerning mixed feeds claimed for clinical nutrition. But the
questions that arise from the use of these feeds concern their cost (they are very expensive)
and the certainty of their benefici al effects; besides, it is important to know which is the best
way of administration of pre-probiotic: the inclusion in the feed or their distribution as a
premix supplement not included in the mixed feed.
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Tab1e 1. Chemica1 composition (% on DM) ofhay (H) and ofthe mixed feed (C)

H

HCHC
1st tria1

2nd tria12nd tria13rd tria13rd tria1

Dry Matter

92.990.592.490.692.5

Organic Matter

93.293.691.492.091.5

Ashes

6.86.48.68.08.5

Drude protein

7.47.318.87.419.9

Crude fibre

35.536.95.336.05.1

NDF1

69.271.416.966.718.1

ADF2

45.846.48.146.49.1

ADL3

5.89.91.17.21.2

Cellu1ose4

40.036.57.139.27.9

Emicellu1ose5

23.425.08.720.39.0

Nitrogen-rree extract

48.747.765.746.864.9

Ether Extract

1.71.81.61.71.5

GE (MJ/kg)

18.518.917.317.717.7
r

Neutra1 Detergent fibre
2 Acid Detergen fibre3 Lignine4 Cellu1ose: ADF-ADL5 Emicellu1ose: NDF-ADF



Table 2. Digestibility coefficients (mean values ± S.E.) of hay (H), rations (RI and R2) and
mixed feed (C).

H

RIR2DietCC
1st trial

2nd trial3rd trialeffect2nd trial3rd trial

Dry Matter

44.6±2.145.8±5.642.6±6.3NS49.6±17.239.3±13.6

Organic Matter

45.2±2.147.0±5.843.0±6.8NS52.4±17.639.5±14.8

Crude Protein

37.6±3.4a53.8±4.3bb0.002102.4±9.394.1±3.159.1±2.7

GE

43.6±2.246.0±5.739.6±6.7NS53.1±17.333.1±14.4

Crude Fibre

36.6±3.2a12.0±12.1 ab-6.8±17.1 b0.071-62.0±40.3 -77.7±40.1

NDF

40.6±2.5a30.1±8.7abb0.059-1.5±28.0-45.9±30.17.7±12.8

ADF

40.0±2.8a23.5±10.1 ab3.9±14.2b0.072-25.9±33.4 -54.9±33.1

a,b,e Means in the same row with unlike superscripts differ (P<0.05 for CP and P<O.1O for CF,

NDF and AD F)RI: ration 2nd trial (hay:concentrate = 75:25 on DM basis)R2: ration 3rd trial (hay:concentrate = 62:38 on DM basis)


