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Abstract

A series of 4 X 4 Latin-square digestibility trials was carried ont to determine whether there were any differences
between different types of equid in their ability to digest diets containing different levels of fibre and protein, The
equids (Thoroughtreds, Highland ponies, Shetland ponies and ¢ onkeys) were offered one of four molassed diets in
burn and these contained different proportions of alfalfa and oat straw: 1.0:0, 067033, 033067, 01,
respectively. The apparent digestibility of dry matter (DM), organic matter (OM), gross energy (GEL crude protein
(CP), acid-delergent fibre (ADF) and nentral-detergent fibve (NDFE) were estimated, The rate of passage of Hhe
different dicts was measured using Cr-mordanted fibre (Cr-fibre) and Co-ethylene diamine tetra acetic acid.

All animals digested the companents of the high-fibre diets less well than Hose af the low-fibre dicts (1" < 0-001 for
DM. OM, GE, CP and ADF). Dankeys digested fibre more effectively than the ofher equids (P < 001 for ADF and
NDF). The gastro-intestinal transit tine of the high fibre diets was signifieanitly less than that for the low fibre diets
(P < 0:001) and donkeys retained food residues longer than the other cquids (P < 0-01).

Keywords: dietary protein, digestibility, equidae, fibre, frausit tine,

Introduction significant difference between horses (Thoroughbred
Equids, as well as other herbivores that are hind g and Quarter horse mares) and ponies (Shetland
fermenters, are considered to be less efficient than  mares): digestibility coefficients for the proximate
muminants in utilizing plant cell-wall constituents  constituents measured in the ponies were higher,
(Hintz, Schryver and Stevens, 1978). Two groups of  This difference was consistent with both diets
Workers (Olsson and Ruudvere, 1955; Loewe and although ‘the magnitude of the difference was
Meyer, 1974) have illustrated the offect that fibre slightlv less on the low fibre diet. Similasly, Barth,
Content of the diet can have on the relative  Wiliams and Brown (1977} found higher
digestibilities of foodstuffs by ruminants and equids.  digestibilities of DM and gross energy (GE) in
Ahey showed that whilst horses and cattle were Shetland ponies given alfalfa/orchardgrass hay
equally effective in digesting low fibre foods, cattle (348 g CF per kg DM) than these reported for either
were better able to digest high fibre foods. They  alfalfa ar orchardgrass given to light horses (eg.
found that generally, as the fibre content of the diat Fonnesbeck, 1969; Van der Noot and Gilbreath,
sed, the digestibility of organic matter (OM)  1970), They suggested that ponies mav be more

Was less for both horses and cattle, but the reduction  efficient  al digesting  roughages compared with
Or horses was greater. In more recent studies in  horses. Hintz  {1990), however, following  an
Which OM digestibilities of 53 foods were compared  extensive review of the literature, concluded that
sheep and horses (Smolders, Steg and Hindle,  although the average digestibility of DM and energy

1990) similar conclusions were reached. was higher in ponies than in horses, the difference
: was small enough to justify using ponies in digestion

“ide and: Hintz (1969) compared the digestion of studies to evalute foodstutfs for horses.

alfalfa 252 g crude fibre (CF) per kg dry matter :

Ehm with that of alfalfa/grain diets (178 g CF per Uden and Van Soest (1982) confirmed that ruminants
g DM in non-ruminant herbivores. They tound no were superior to equids in digesting timothy hay

=



408

fibre but reported that there was large individual
variation bebween equids in terms of their ability to
digest fibre, Monies {mean live weight 132 kg) were
more efficient at digesting DM and the cell wall
components cellulose and hemicellulose compared
with horses (mean live weight 385 kg). The largest
horse (500 kg) had the lowest cell-wall digestibility
(030} whilst the smallest pony (90 kg) had the
highest ((-44). Feeding levels were regulated to
provide sufficent digestible energy (DE) for
maintenance purposes based on metabolic body size;
the ponies consumed 20:7 g Hmothy hay per kg live
weight (70-2 g M®™) compared to the horses, which
only consumed 16-1 g/kg live weight (715 g MO,
Janis {(1976) has proposed. that the foraging strategy
of equids is to have a voluntary food intake that is
usually greater than that of ruminants, However, b

way of compensation, the digestibility of food
nutrients is usually higher in ruminants than in
horses. From this it might be expected that higher
intakes in the ponies would be associated with lower
digestibilities since retention times would probably
be reduced.

Recent work (Pearson and Merritt, 1991) compared
the digestion of hay and barley straw by ponies and
donkeys and showed that the donkeys ate less, had
slower rates of passage and digested the food
components more effectively than the ponies.

The current study was designed to discover any
differences between horses, different types of pony
and donkeys in their ability lo digest fibrous diets. A
brief, preliminary report of part of this study has
been published (Pearson, Cuddeford, Archibald and
Muirhead, 1992).

Material and methods

Animals and management

Four adult Highland pony geldings (mean weight
505 kg), four adult donkey geldings (mean weight

Table 1 Memn (x50 no. = 100 f:lm'rlr.l:u'rl'ﬂn q.ff the diefs ﬂ_l'}lr.rf.lf (taliies are g.l'ﬁ.'x d:l"_lrl miatter (DM unless otherioise stated)
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174 kgl and four young (1 to 2 year old) Shetland
ponies, one gelding and three stallions (mean weight
108 kg), were housed in pairs in climate rooms (one
pony with one donkey or two ponies together): The
rooms  were maintained at a temperature of
approximately 13°C. The animals were tethered ai
each side of the climate room and separated by a
central partition so that the faeces from each animal
could be identified easily and collected. Four adult
Thoroughbred geldings (mean weight 548 kg) were
housed in individual stalls next to each other, Urine
was allowed to drain down channels in the floor
away from the area where faeces were voided in
both the rooms and the stalls. Clean drinking water
was always available from individual metered
supplies and artificial light provided a constan)
daylength of 12 h. Each animal was walked in hand
or on a horse-walker at 1.7 m/s for 2 h/day.

Dhiets

Four diets containing different proportions of
precision-chopped, maolassed oat  straw  and
dehydrated alfalfa were prepared. The proportions
of pat straw and alfalfa in each diet were 0:1,
0-33: 067, 0-67:0-33 and 1:0, respectively. The
composition of each diet is given in Table 1. The four
diets were given to each of the four equid types
according to a 4 X 4 Lalin-square design. Each
animal received each of the four diets in turn over
four 21-day periods. In each of the four time periods
in the experiment, one donkey, one Thoroughbred,
one Shetland and one Highland pony received each
diet.

Each day individual animals were offered a food
calculated to provide sufficient energy to meet their
maintenance energy requirements according to the
formula DE (M]/day} = 4-12 (0:975 + 0:021 M), where
DE is digestible energy and M is the live weight {Icg}
of the animal (Pagan and Hinkz, 1986),

digestibility of the GE of the ocat straw and nlfalfi
were assumed a priorr and thus the basis f€1

Alfalfa proportion

1 067 0-33 o

Oat straw proportion 0 033 0-67 1
Mean se Mean 5.8, Mean s Mean se O

Dry matter {g/kg) B65 iz 844 42 B15 48 i 104
Ohrganic matter 907 14 SE 17 908 21 514 22
Meutral-detergent fibre L &3 454 135 23 1240 621 15:8
Add-detergent fibre 7 &8 325 97 365 76 389 124
Crude protein 171 43 138 34 100 41 45 240
Gross energy (M) kg DM) 1801 010 18407 009 1780 009 1719 014
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ralioning the groups of animals was the same. The
daily ration was divided into four equal meals and
given at 08.00 b, 12.00 h, 16.00 h and 20.00 b, in deep-
sided troughs in order to reduce spillage, Any food
refusals were collected at 08.00 h each day before
fresh food was offered.

Mueasurements and rate of passage markers

Each animal was weighed at the siart of the
experiment and twice weekly to the end of the
experimental period. For the first 14 days of each
period the animals were allowed to adapt to the new
diet. During the final 7 days, measurements of food
“intake and total faecal collections were made. Mean
retention time (MRT) of two indigestible food
-markers (Cr-mordanted hay fibre, a solid phase
marker and Co-ethylene diamine tetra acetic acid
(EDTA), a liquid phase marker) were measured
using the techniques described by Pearson and
Merritt (1991).

Complete faecal collections were made at regular
intervals from 23.00 h on day 14 (administration of
markers) for 7 days until the end of the period. For
estimation of MRT, faeces from cach animal collected
at 9, 11, 13, 15, 17, 20, 23, 31, 33, 35, 37, 39, 41, 46, 57,
61, 65, 70, 81, 85, B9, 94, 105, 113, 129, 137, 153, 161
and 177 h after marker administration. Individual
faecal collections were weighed, thoroughly mixed
and a subsample taken for determination of DM and
marker  concentrations. A further  sample
(proportionately 0-02 by weight) from each collection
was pooled over the 7-day period for each animal for
subsequent fibre, energy and nitrogen analysis, All
samples were dried in a forced draught-oven at 60°C
to constant weight and then ground through a 1 mm
screen before analysis. Acd-detergent fibre (ADF),
neutral-detergent fibre (NDF), crude protein (CP),
GE and OM were determined according to the
methods of the Association of Official Analytical
Chemists {1990).

Calculations and statistical analyses

Apparent digestibilities were calculated from total
DM intakes and faecal DM outputs over the 7-day
collection periods. The MRTs of Cr-fibre and Co-
EDTA were calculated as described by Pearson and
Merritt (1991).

The design of the experiment was a standard change-
over design comprising four Latin squares, one for
each type of equid. The data obtained were subjected
to an analysis of variance using Genstat (Lawes
Agricultural Trust, 1990). In the analysis, the total
sum of squares was partitioned into three strata
Tepresenting variabion between animals, variation
between periods, and animal X period interaction,
Overall equid effects were estimated and tested from

L

the between-animal stratum (d.f. = 12, Diet effects
and equid X diet interaction were estimated and
tested from the animal X period stratum (d.f, = 33),
Residual effects of dietary treatment were tested for
carry-over using covariance analysis and were not
found to be significant for any of the measurements.

Results

Temperabure and relative humidity

Ambient temperatures and relative humidities were
monitored in the climate rooms. The averages of the
daily values achieved for each room for the 9 days at
the end of each period (no. = 9 were calculated,
Average daily maximum temperatures varied
between 12 and 15°C between rooms, minimum
temperatures recorded varied between 9 and 14°C,
and average relative humidity at 10.00h ranged
between 060 and 079 There were significant
differences  between rooms only for minimum
ambient temperature (P < 0:05). The minimum daily
temperature  was  associated  with  washing-out
thosing) of the rooms (once daily). Temperatures
returned to average values within 30 min of the
completion of room washing. Variation in relative
humidity within the day were large (£0:10) possibly
due to changes in free-standing water.

Perrod cffects on the experimental resulis

Experimental observations on each animal lasted for
12 weeks, during which time ‘each animal received
each dietary treatment for a 3-week period. The
amount of experimental variaton that could be
accounted for by period effects was not significant,

Food and water miake

The animals were given food to meet maintenance
Energy requirements using the different diets. Hence
the daily allowance and the actual intakes of the low
energy, high fibre whole oat straw diet, expressed
per kg live weight, were signifirantly (P < 0001
higher than those of the less fibrous, more encrgy
dense whole alfalfa diet. The intakes of the other
diets were intermediate between these two values;
increasing with increasing fibre content (Table 23,

Most animals consumed all of the foed offered each
day. The exceptions were those given just oat straw.
Two of the Shetland ponies intermittently refused up
to  one-third of the straw allocation. The
Thoroughbreds had refusals but proportionately
they did not exceed -2 of their straw allocation. One
of the Highland ponies often left up to one-quarter of
the straw diet, but not on a regular basis, Refusals of
the whole straw diet by two other Highland ponies
proportionately did not exceed 01 of the allocation
on any day, bul again, refusals were irregular. These
findings suggest that the amount of oat straw needed
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Table2 Mean daily drymatter (OM), digestible energy (DE), digesiible crude profein { DCP) and volssbary water intakes by Thoroughbreds
(TBI, Higiiland poutes (H pony, denkes end Shetland powees (5 pony) when given dicts contaiming differst preportions of elfalfa (ALF)

and pat stear (05)

Diet proportions Type of equid
— e Significance
ALF 0s T8 H pony Donkey 5 pony Mean of effecls
Daily intake of;
DM (g/kg M) 1 0 10-4 a6 112 124 108 Type .
De7 0:23 11:5 185 12.4 141 12-1 [Diet Loy
033 D67 131 123 143 150 137 Type X diet
i ! 137 12:1 153 135 142
Mean 12:2 111 131 14:3
sedt=111 zedi=083 sed =044
seed)| =081
DM (g/kg M) 1 i 49.7 450 402 0.9 437  Type 2
ad 0-33 55-2 445 447 45-2 457 Dot e
033 0467 630 58.3 517 482 553  Type Xdiel
0 I G5 573 561 440 571
Mlean 383 52.3 482 456
sedt =378 sedf=33 sodg =108
aed =241
DE (k] / kg M) 1 ] 120 113 132 128 123 Type "
67 033 117 105 132 123 119 et o
33 HHy 122 116 142 140 130 Type X dict
] ] 101 95 123 125 112
Mean 115 108 132 129
sedt=97 sedf=H84 sedg =432
sedf=639
DCP(g/kg M) 1 ] 141 1:36 136 109 131 Type
067 (133 1401 0-94 059 0:74 (.52 et herd
i1-31 0-67 057 -1 (1t (160 039 TypeX diet *
i 1 005 045 (k05 004 05
Mean (K5 (174 074 063
sedt =035 sedi=0031 sed =005
sed.|| =423
Water (1I/kg DM] 1 i} 394 37 I-19 221 2:76 Type e
Wiy 0:33 3491 472 145 251 327  Diet
033 0-67 384 412 2000 251 312 Type X diel
0 1 378 404 255 136 327
Mean 387 22 43 240
spdt=0660 sodt=0477 sed 5 =023

sedl]=0320

t sed. for comparison between two means for different bypes of equid,
1 sed. for comparison bebween bwo means for the same type of equid.
5 sed. for comparison bebween overall means for equid types.

|| sie.d. for comparison between overafl means for diet types,

Lo meet maintenance energy requirements was near
to voluntary, ad [ibitum intake for some of the
animals, The data in Table 2 include those animals
that had refusals when given straw. When intakes of
the different diets were compared between the
different equid types on the basis of daily DM intake
per kg M2 they were significantly higher in the
Thoroughbreds and lower in the Shetland ponies
than in the donkeys and Highland ponies (P < (:01),
When expressed per kg live weight, the differences
in intake between the differenl equids were just
significant (P < (.05, Table 2). The Shetland ponies

had the highest DM intakes per kg live weight,
followed by the donkeys, the Thoroughbreds and
then the Highland ponies.

Water intake was not significantly different on any of
the different diets when expressed per unit of DM
consumed, but did differ significantiy (P <(001)
between the different tvpes of equid. The donkevs
had the lowest water intakes, followed by the
Shetlands. Both these equids had significantly lower
water intakes than the Thoroughbreds and the
Highland ponies (P < 0:01; Table 2).
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Live t

Animals had significantly (P <0405 greater live
weights when given the two diets containing the
most straw (067 : 033 and 1:0, oat straw : alfalfa);
these diets were associated with the highest intakes
and therefore greatest gut-fill,

Table3 Mean apparent digestibility of dry matter (DM), orgitreic matter (OM),

(ADF) and resitral detergent fibee (NDF) in Thoroughieds (TR,

41
Apparent digestibility coefficients
There was a wide range of values measured for the
apparent digestibility coefficlents of the food

nutrients (Table 3) caused by the different diets, Diey
had a significant effect on the rent digestibility
coefficients for DM, OM, GE, CP and ADF

gross energy (GE), erude protein (CP), acid detergent filrre

Highland poreses (H pony), donkeys anid Shetland ponies (5 ponu) gioen
diets contamming different proportions of alfalfa (ALF) med oot straw (05)

Dhet proportions Typeof equid
i RN Significance:
ALF s B H pony Donkey S pony Mean of effects
Apparent digestibility
- coefficlents
oM 1 a (65 68 067 059 (b6 Type "
67 333 (61 58 062 052 (58 Diet s
033 067 0-56 (155 (56 054 055 Tvpe X diet
0 1 (48 050 048 046 44
Mean 58 58 058 053
snddt =000 sod =000 5008 = (010
sedf =003
oM 1 0 068 0.6 070 062 067 Type s
067 033 060 59 064 052 059 Thee =
033 067 055 056 159 055 056  Type X diet *
o 1 048 51 052 051 (50
Mean 058 059 &1 55
sodt=07 sedi= (48 sed = 0009
sed ] =007
GE 1 0 064 065 065 057 063 Type s
067 033 NE7 (55 59 045 55 [t s
033 67 0:53 053 (56 052 054 Tyvpe X diet =
0 | D43 047 047 047 046
Mean 054 055 057 {151
sedt= 0400 sedf=000 sedg&=000
sed ] = 0008
cp 1 n 077 074 074 066 072 Type
067 33 065 (64 66 56 (64 Diet -
033 067 055 058 057 055 056 Type X diet
{1 1 010 10 010 (IR0 01
Maean 052 052 052 (nd6
st =AY sedf=0027 srd5=0m3
sedl=MHD
ADF 1 0 047 {149 (150 042 047  Type a:
067 033 -39 0-40 (46 31 o039 et -
033 D67 035 (138 042 042 040 Tvpe X diet
1] 1 0-37 042 044 (44 41
Mean 040 042 045 40
sedt=0031 sedi=0031 sed&=0016
s =0014
NDF 1 1] 44 043 045 043 044 Type
067 33 43 042 (150 0:33 042 Dhet
033 D67 044 -4 07 46 (44 Tvpe X diet *
0 1 041 047 049 (-4 (-4
Mean 043 043 (148 042
i sed.t= (03 sedf= 04031 sedg=0M5
sedi=001

| g g
Faed, for comparison betwieen two means for different types of equid,
b s.ed. for comparison between two means for the same type of equid.

3 s.ed. for comparison between overall means for Y
| | se.d. for comparison between overall means for diet types

i
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(P < (0:D0T). These digestibility coefficients decreased
as more straw was included in the diet. The
differences in the apparent digestibility of fibre
between diets were not so marked as for the other
nutrients. The greatest difference in ADF apparent
digestibility was seen between the whole alfalfa diet
{0-47) and the other forage mixtures (P < 0.001) (039,
0-40 and 0-41, respectively for the oat straw : alfalfa
diets 0:33 1067, 0:67:0:33 and 1:0). There was no
consistent difference in NDF apparent digestibility
between diets, The apparent digestibility coefficients
for protein measured in animals given the whole oat
straw diet are included for completeness, but are of
little relevance in view of the very low protein
content of the straw (48 g/ kg DM),

There were significant differences between types of
equid in terms of their ability to digest the diets
(Table 3). The Shetland ponies digesled the DL OM,
GE and CP of the different diets significantly less
well than the other equids (P < 0.01). The effect was
more noticeable when they were given the more
digestible alfalfa  diet (mean DM  apparent
digestibility coefficient 0-66) than when given the oat
straw diet (mean DM apparent digestibility
coefficient (-48). The fibre (NDF and ADF) apparent
digestibility coefficients tended to vary considerably

Alfal
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Figure 1 Mean cumulative proportional recovery rates of Cr-fibre for horses, ponies and donkeys foreach dietary treatment

{means of four animals):

between diets and between individuals when
measured in the horses and ponies, particularly
when the animals were given the mixed roughage
diets. In fact, fibre apparent digestibilities for the
single forages (alfalfa or oat straw) tended to be
higher than those determined for the mixed forage
diets,

Digestibilities of OM, GE, ADF and particularly
NDF, measured in the donkeys were consistently
higher than those values obtained with the horses or
ponies (P < 0:01).

The only significant (P < 005) interactions between
type of equid and diet occurred when the apparent
digestibility of OM, GE and NDF was measured
{Table 3). The Thoroughbreds appeared to digest the
OM and GE in the diets with the higher levels of
alfalfa bhetier (han the Shetland poties, but the
opposite effect was seen when the oat straw diet was
given,

Rate of passage of digesta through the digestive tract
Average recovery rates of Cr-fibre and Co-EDTA
were proportionately 0-88 and 0-93 respectively over
the 7-day collection periods. Differences in recove
rates between individual animals were not related to

(67 Alfalfa : 0-33 Straw

100
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(60
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Figure 2 Mean cumulative proportiomal recovery rates of Co-EOTA for horses, ponies and donkeys for cach dietary

treatment (means of four animalsl;

equid type. The mean cumulative recoveries of Cr-
fibre and Co-EDTA by the different groups of
animals and for the different diets are given
respectively in Figures 1 and 2. Proportionately
about 0-80 of each marker was egested within the
first 75 h of the collection period. The cumulative
recovery curves of Co-EDTA show less variation
between equid types than those for Cr-fibre. Table 4
shows the MRTs of Cr-fibre and Co-EDTA. As might
be expected, the MRT of Cr-fibre (the solid-phase
marker}) was longer than that of Co-EDTA (the
liquid-phase marker) in nest of the ssimals
regardless of diet. The exceptions were the
Thoroughbreds, which showed remarkably similar
MRTs of Cr-fibre and Co-EDTA on each of the diets.
Diet had a significant effect (P < 0-001) on MRT of
Cr-fibre and Co-EDTA. Not surprisingly, MRT was
greatest with the alfalfa diet, the diet with the highest
energy density and therefore given in the smallest
amount during the experiment. In contrast, rate of
passage of digesta through the tract increased
considerably when the animals were given diets that
contained straw. Differences in MRT for the three
diets containing oat straw were small.

Consistently slower rates of passage of the solid-
phase marker were measured for all the diets given

horse; — — —donkey; = = = = Hightand pony; - - .-

- Shetland pony.

to the donkeys compared with when given to the
other equids (P < 0-01). Differences in MRTs of the
liquid-phase marker between equids were less
noticeable, although in most cases, the donkeys had
longer MRTs, matched only by the Highland ponies
given some of the diets.

There was a significant interaction (P = 0.05) between
type of equid and diet in the MRT of Cr-fibre. The
MRT of Cr-fibre in the gastro-intestinal tract of the
Thoroughbreds, Highland ponies and donkevs
appeared lo be influenced by dict, i luwever, in the
Shetland ponies, diet seemed to have little effect on
MRT of Cr-fibree (Table 4). Although no significant
interaction  botween equid type and diet was
observed for Co-EDTA, the Shetland ponies tended
to have the lowest MRTs of Co-EDTA on all of the
diets, compared with values obtained for the other
equids,

Discussion

The smallest ponies (Shetlands) consumed more DM
(g/kg M) compared with the Highland ponies and
Thoroughbreds, This observation s similar to that
reported by Uden and Van Soest (1982), although in
the present study, the Shetland ponies were not more
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Table 4 The mean retenton fome (h) of L'_'r-_f'n’uf and Co-EDTA e Hhe digestive teact of Thoroughbireds (THY, Hr'ginlmm poveees (H ponyg)
deskeys and Shetied panies (5 porg) gren dieis comlaining different preportions of alfalfs {ALF) and pat stranr (5]

et proportions Type of vguid
Skgnificance
ALF 05 TB H pany Donkey 5 pony Mean of effiects
Mean retention
trmue (hl
Cr-fibre i ] 514 637 757 463 596 Type s
067 033 -1 S04 59.2 42 49.5 Dhoet
033 &7 422 515 55:3 47 4494 Type X diet *
{ 1 384 513 53-8 A 47-h
Mean 442 542 al2 40
sedt =458 sedt=3133 spdf=T67F
sedd=315
Co-EOTA I 0 5141 -4 fl-5 11-6 53.5 Type
67 33 443 430 472 402 437 [Hiet
0-33 {67 4149 459 4 427 450 Ti_l'pe X diet
0 1 43 = 453 460 =47 45.0
Mean 454 494 509 423
st =3 sedt =170 sedf=185
sed =402

1 sed for comparison betwesn two means for ditlerent types of equd.
1 s for comparisen bebween bwo means for the same type of equid.
& s, for comparison between overall means for equid types,
[ sl for comparison between overall means tor diet types.

elficient at digesting food nutrients when compared
with the Thoroughbred and Highland ponies. The
apparent dlgukhbl.l.m coefficients for DM, OM and
GE measured in  the Shetland ponies were
consistently lower than those for the larger amimals
tTable 31 This would seem to support the hypothesis
that there is a relationship between DM intake
lexpressed per kg M) and nutrient digestibility, since
the animals with the lower intakes digested food
nutrients more effectively, However, donkeys did
not fit this pattern. They consumed almost as much
DM 0133 g/ kg M) as the Shetland pomes (143 g/ kg
M), but they consistently digested DM, OM and GE
more uffectm:lv than the other equids. This L-upermr
capability to digest fibre compared with ponies
agrees with previous results obtained with both
restricted (Wolter and Velandia, 1970) and ad [ibitum
fed animals (Pearson and Merritt, 1991; Tisserand,
Faurie and Toure, 1%91; Suhartanto, Julliand, Faurie
and Tisserand, 1992), This superior ability of
donkeys is almost certainly due to the fact that they
are able to retain food particles for longer in the
digestive tract compared with the other animals.
That the Shetlands consumed the most DM (g DM
per kg M) is not surprising since they were rationed
according to an estimate of maintenance energy
requirement that was based on a linear equation that
incorporated a large Y intercept {((K975); this intercept
has an effect similar to the use of a power function of
bady weight. Thus, the Shetland ponies were offered
more food, had the highest intake per kg body

welght but on the basis of metabolic body size (M"7
they received significantly less than the heavie
animals,

Fluctuations in live weight could be explained b
changes in gut-fill due to the different diets that wer
offered. Animals consistently showed the heavies
live weights when given diets with the highest fibr
comtent and intake allowances (0067 0:33 and 1 ¢
pat straw ; alfalia). The fact that those animals tha
did not consume all of their food ration, but stil
maintained live weight suggests that they had
higher efficiency of digestion, a reduced maintenanc
energy need, or possibly a greater gut-fill,

The mean apparent digestibility coefficients for OM
CP and ADF of dehydrated alfalfa offered to th
animals in the present study were 0:67, (72 and 0-47
respectively {Table 3). Previous studies in thi
laboratory with dehvdrated alfalfa (304 g ADF per ki
DM} given 1o Thoroughbreds shnv.ed similar ON
({0-63) and CP (0:74), but lower ADF (0-35) value
{Cuddeford, Woodhead and Muirhead, 19%92). Th
coefficients in the current study are similar to thos
reported by Hintz (1969) for alfalfa hay (310 g CF pe
kg DM} offered to horses, which were 0-59, (75 ani
0-41 (CF not ADF) respectively. An alfalfa hay give
to donkeys was reported (lzraely, Chosniak, Steven:
Demment and Shkolnik, 1989) to have an AD
digestibility of 047 which is similar to the valu
((1-530) obtained in the present study.
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The mean apparent digestibility coefficients reported
here for ADF (0-41) and OM (0-50) of oat straw are
different from those reported by Hintz (1969), where

surprisingly the CF value was high at 0-51 and the
OM value was only 0-44. This might have been
accounted for by the fact that the oat straw used in
the present study contained only 389 g ADF per kg
DM compared with that used by Hintz (1969) which

contained 400 g CF per kg DM. Digestibility values
for oat straw piven to donkevs have not been
reported before, but coefficients for other straws are
wvailable. An ADF digestibility has been reported in
ad libifum fed donkeys as 0-42 for wheat straw
containing 484 g ADF per kg DM (Leraely ot al., 1989)
and (135 for wheat straw containing 465 g ADF per
kg DM (Suhartanto et al, 1992). These values
compare with the value of (044 obtained for oat straw

in the present study. An ADF digestibility for barley
straw (567 ¢ ADF per kg DM) offered ad libitum to
donkeys was determined to be 0-52 (Pearson and
Merritt, 1991), with an associated OM digestibility of
0-48.

For herbivores, and equids in particular, the fibre
content of a diet has been found to have a marked
influence on nutrient digestibility (Fonnesbeck,
Lydman, Van der Noot and Symons, 1967); the
higher the fibre the lower the digestibility value. This
relationship was confirmed in the present study
when the Thoroughbreds, Highland ponies and
donkeys were given the different diets. This
relationship was less clear in the Shetland ponies,
probably because of the low digestibilities measured
in these animals when given the 0-67:0-33
(alfalfa : oat straw) diet. Generally, the level of fibre
. the diet, seemed to have little effect on the
inimals’ abilities to digest the fibrous components,
iithough the combination cf 0-67 : 0-33 alfalfa and oat
straw depressed both ADF and NDF digestibilities in
these animals. It is noteworthy that the other equids
were not similarly affected and no explanation can
se offered for this anomaly.

The present study confirmed the observation of
Jden and Van Soest (1982) that there is considerable
ndividual variation between equids in their ability
o digest fibre. However, apparent digestibility
vefficients for the fibrous components of the single
orages were less variable than those of the mixtures.
ome of the variation may be explained by the
lifficulty in achieving an homogenous mix of oat
draw  and alfalfa, subsequent problems of
dequately sampling these mixed forages and
wssible food interactions.

he amount of energy and nitrogen available to the
nicroflora in the hind gut will affect the ability of
Huids to digest fibrous, plant cell-wall components.

In the current study, energy intake was not limited
although there were large differences in protein
intake. Variation in ADF and NDF apparent
digestibilities obtained between diets and between
animals may have partly reflected these differences
in nitrogen availability and subsequent microbial
activity. However, the lack of any marked
depression in ADF and NDF apparent digestibility
associated with the decrease in digestible CP intake
as the dietary straw content increased (Table 3)
suggests that when the dietary supply of nitrogen is
low, the equid has some mechanism that sustains the
nitrogen supply to the hind gut. The donkey appears
to be the most successful equid in terms of digesting
fibre on low protein diets and this may be because it
has the best developed mechanism for nitrogen
recycling to the hind gut. In support of this, Izraely et
al. (1989) found that when donkeys were given a low
protein (45 g CP per kg DM) wheat straw compared
with when given high protein (360 g/kg DM) alfalfa
hay, there was a decrease in the urea filtration rate.
This was combined with an increase in the fractional
urea resorption, which subsequently increased
retention of urea nitrogen and recycling of nitrogen
into the hind gut.

The situation with horses and ponies is unclear
although Prior, Hintz, Low and Visek (1974) have
produced evidence to show that urea is recycled to
the hind gut of ponies. However, nothing is known
of the controlling circumstances under which the
return occurs or of the extent to which it presents a
contribution to, or a penalty on, the nitrogen
economy of the animal.

The low nutrient apparent digestibilities measured in
the Shetland ponies, compared with those obtaired
in the other animals, were more noticeable as the
alfalfa content of the diet increased. The
measurement of digestibility, particularly of
roughage diets, in very small equids (ca. 100 kg) may
not be representative of the situation in larger horses.
This may be because their small size may reduce the
effectiveness of digestive processes, particularly
fermentation which is affected by both the size of the
reaction vessel and the out-flow rate (Hume and
Sakaguchi, 1991). Hintz (1990) concluded that ponies
can be used in digestion studies to evaluate
foodstuffs for horses although the minimum mean
weight of the ponies used in the different
experiments he reviewed was 132 kg and mostly the
ponies weighed 160kg or more. The immature
ponies used in the current study may have had a
smaller large intestine : body weight ratio than the
larger equids and could have been disadvantaged.
This relative disadvantage should have been most
marked on the high fibre diets (containing oat straw)
but in fact the discrepancy was most obvious when
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the dietary alfalfa content increased and intake was
reduced. A possible explanation for this apparent
anomaly could be that the Shetland ponies
consumed less digestible CP (g/kg DM) compared
with the other animals.

Lower water intakes per kg food consumed by
donkeys as compared with other equids have been
reported elsewhere (e.g. Mueller and Houpt, 1991)
and may reflect the donkeys’ desert origins. Water
intake per kg DM increased with increasing straw
inclusion in the diet by up to 0-51. Although, this
increase was not significant, it may reflect greater
water retention in the lumen of the gut which in turn
may affect the rate of passage of digesta. Hydrophilic
polysaccharides, such as hemicellulose, absorb water
and hold it in the lumen of the gut. This is reflected
in the high water content of the faeces voided by
animals given hemicellulasc-tich diets (c.g. timothy
hay, straw) compared with those given diets low in
hemicellulose (e.g. alfalfa). Cuddeford et al. (1992)
have shown that Thoroughbred horses given only
alfalfa (130 g hemicellulose per kg DM) voided four
times as much water in the urine and produced drier
faeces than those given timothy hay. However, mean
water intakes (1/kg DM) were similar, DM intakes
were the same and although rate of passage was
quicker for the alfalfa, there were no significant
differences. The relationship between water intake
and nutrient digestibility in the donkey is as yet
untested.

It has been proposed that compared with the
ruminant, the horse is better adapted to deal with
fibrous foods when they are available ad libitum
(Illius and Gordon, 1990). The adaptation is that the
horse will eat more low quality roughage than the
ruminant, although the digestibility of the nutrients
will be less in the horse. It is not known if there are
different strategies employed by members of the
equidae to digest high fibre diets. For example, is
there any attempt to regulate intake and rate of
passage of ingesta thereby affecting exposure time to
enzymatic and microbial activity? The results of the
current study suggest that donkeys have a different
strategy from other equids, because they have a
higher intake of food and digest nutrients more
effectively in contrast to horses and ponies, where
high intakes are associated with lower nutrient
digestibilities. Previous work (Pearson and Merritt,
1991) has shown that donkeys given straw ad libitum
had a slower rate of passage of food residues, and
higher OM digestibility compared with ponies given
the same diet. It is proposed that donkeys are more
efficient at digesting fibrous foods because they have
a higher mean retention time of food particles in the
gut regardless of intake. Where the food resource is
limited, the donkey, like the ruminant, would have

an advantage, but, where there are unlimited food
supplies, the pony or horse can compensate for
reduced digestive efficiency by consuming and
processing more food.
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