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The digestibility of horse feeds and rations can be determined using different techniques such as calculations based on the
chemical composition, in vivo or in vitro methods. The marker methods overcome difficulties like discomfort for the animals and
longer experimental times encountered using the ingesta/egesta method. In field conditions, a natural indigestible marker like
acid-insoluble ash (AlA), with no changes in the normal ration, could be a very useful tool for digestibility trials. A group of six
standardbred horses was used in a set of seven apparent digestibility trials. The diets were based on a first-cut meadow hay
added to three different cereals (barley for trials 1 and 2; oats for trials 3 and 5 and corn for trials 6 and 7), the hay: concentrate
ratio being 60:40 or 70:30 on a dry matter basis. Feedstuffs and faeces were analysed to determine the AIA content, using
2N HCl or 4N HCl technique. No differences about AIA concentration were found between the two methods for means and
accuracy in each diet. Digestion coefficients for each diet did not differ with AIA method, even if in some trials interfering
factors consistently lowered the overall values. Consequently, the AIA 2N HCl can be considered the easier and cheaper method
to state apparent digestibility in field conditions, and a good tool for digestibility trials in horses fed hay-based diets.
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Introduction

The digestibility of horse feeds and rations can be deter-
mined or predicted using different direct or indirect tech-
niques: calculations based on the chemical composition of
feeds (Martin-Rosset et al., 1996a), in vivo (Miraglia et al.,
1988, 1999a, 1999b and 2006) or in vitro (Andrieu et al.,
1996; Martin-Rosset et al., 1996b; Macheboeuf et al., 1997)
methods. The total collection of faeces method is con-
sidered to be the most accurate and it has been tested
extensively on a large numbers of feeds, with a significant
number of horses to perform original table of nutritional
value of feedstuffs in Europe such as those of INRA (1984
and 1990). The marker methods overcome some difficulties
that are encountered with the analysis of the ingesta/egesta
method: stressful conditions for the animals (depending on
the kind of harness and/or the width of stalls) and longer
experimental periods. In recent years, indigestible markers
have been used in digestibility trials: some markers are
naturally occurring substances such as n-alkanes (Peiretti
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et al., 2006), acid-insoluble ash (AlIA) (Miraglia et al., 1999a
and 1999b; Almeida et al., 2001) and acid detergent lignin
(ADL) (Miraglia et al, 1999a and 1999b), while other
markers are added to diets, such as chromic oxide (Cr,05) in
horses (Parkins et al., 1982; Cuddeford and Hughes, 1990)
or titanium dioxide (Ti0,) in cattle (Titgemeyer et al., 2001).
In field conditions, the natural indigestible markers can be
used with no changes in the normal ration, providing thus a
very useful tool for digestibility trials. The advantages of the
AlA method over the techniques using other markers are the
simplicity of the analysis and the lack of special equipments.
AIA may be composed predominantly of silicate, as discussed
by Van Keulen and Young (1977) who obtained a 100%
recovery of AlA with sheep. Satisfactory results with AIA as an
indicator for horse digestibility measurement have also been
reported by Sutton et al. (1977) and Bergero et al. (2004).
In the determination of AIA content, the concentration of
HCl used in the laboratory technique appears as an important
factor. In seven digestion trials with horses, two AIA methods
were compared 2N HCl v. 4N HCl AIA (Van Keulen and Young,
1977), with the aim to assess the reliability of repeated
determinations performed in faeces and feedstuffs for horses.



Material and methods

Six standardbred horses, aged between 3 and 9 years, with
average initial and final weights of 495+78 and
492 + 49kg, respectively, were used in a set of seven
in vivo apparent digestibility trials. The diets were based on
a first-cut meadow hay (100% for trial 4, on dry matter
(DM) basis) supplemented with three different cereals
(barley for trials 1 and 2; oats for trials 3 and 5; and corn for
trials 6 and 7), the hay:concentrate ratio being 60:40
respectively, on DM basis. According to Martin-Rosset et al.
(1984) and for each trial, the experimental period lasted
20 days: with 14 days of adaptation to the diet and 6 days
of total collection according to the routine method descri-
bed by Martin-Rosset and Dulphy (1987). The feeding level
was close to maintenance in all the experimental periods,
since the horses performed a very light exercise made of a
daily 20 min walk using an automatic lungeing.

Aliquot samples were daily collected during the experi-
mental period. Each aliquot represented about 10% of the
faecal output. Then cumulative samples were prepared by
mixing daily samples. The faecal cumulative samples were
dried in a forced-draft oven at 65°C for at least 48h till
constant weight. The feeds were taken for immediate
determination of the DM content at 105°C. All the dried
samples were ground in a mill fitted with a 1 mm screen.
The samples were analysed to determine crude protein (CP),
crude fibre (CF) and ash, according to Association of Official
Analytical Chemists (2004). The neutral detergent fibre
(NDF), acid detergent fibre (ADF) and ADL were determined
according to Van Soest et al. (1991). The gross energy (GE)
was measured with an adiabatic calorimeter bomb (IKA
C7000; IKA, Staufen, Germany).

Feedstuffs and faeces from each horse were analysed
to determine the AIA, using both the 2N HCl and 4N HCI
techniques (Sutton et al., 1977; Miraglia et al., 1999a and
1999b).

In order to assess the accuracy and the repeatability of
the two methods, the AIA determinations were performed
nine times (three samplings and three determinations in
each sampling) on each feedstuff with each method (2N
and 4N), and at least in duplicate for faeces samples.

The rations’ apparent digestibility coefficients were
evaluated using the AIA as internal markers and were
calculated according to the indirect digestibility method
(Van Keulen and Young, 1977). The calculation of the DM
digestibility was as follows:

DM digestibility (%) = (1 — A/B) x 100,

where A and B were the AIA concentrations in the feed and
faeces, respectively. The organic matter (OM) digestibility
was calculated as follows:

OM digestibility (%) = [1 — (A/B) x (OMB/OMA)] x 100,

where OMA and OMB were the OM concentrations in the
feed and faeces, respectively.
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Results were submitted to analysis of variance (ANOVA)
using the SPSS statistics package (version 11.5; SPSS Inc.,
Chicago, IL, USA). All the trials’ data were first pooled into a
single database and then considered separately to assess
the intra-group variance. A two-tailed t-test was used to
compare the results of the AIA analysis on each feedstuff,
using the final mean value obtained out of the three mean
values for each sub-sampling. In this way, it was possible to
compare the data that were used in practice for the
digestibility coefficients assessment.

Digestibility coefficients for DM and OM were also cal-
culated, and a two-way, diet and method, ANOVA was used
to determine the statistical differences between the two
different AIA techniques.

Results

Tables 1 and 2 summarise the chemical composition of the
hays and grains used in the different trials, respectively.
During all the trials, the hay composition showed a varia-
bility in terms of CP, fibrous fractions and ash, even if the
net energy value was almost steady. As far as grains is
concerned, the process did not influence in particular the
protein and net energy value of grains.

The characteristics of the horses, the intakes and the
apparent digestibility coefficients measured with the two
methods are given in Table 3.

Feeding levels was stated to be close to maintenance
according to the reference method (Martin-Rosset and
Dulphy, 1987).

The mean AIA concentrations were used to calculate the
apparent digestibility coefficients during digestibility trials.
The accuracy of the measurement is a key point for the
determination since a small difference in the accuracy or
repeatability of the mean measurement can influence, to a
large extent, the final results.

The concentration of the AIA measured by the 2N and 4N
methods along with data variability in the hays, con-
centrates and faeces are reported in Table 4. There were
no significant differences between the two methods; when

Table 1 Dry matter (DM) content and chemical composition (g/kg
DM) and energy content (MJ/kg DM) of the meadow hays

Trials 1 2 3 4 5 6 7
Dry matter 935 91.1 927 893 88.1 89.7 88.1
Organic matter 918 915 936 935 923 905 935
Ash 82 85 64 65 77 95 65
Cp 87 92 74 82 172 16 176
Crude fibre 369 359 32.7 321 349 308 305
NDF 663 615 626 632 658 60.6 59.4
ADF 436 388 402 372 392 376 36.0
ADL 71 62 64 55 59 62 51

Gross energy (Mi/kg) 17.7 17.6 18.0 17.9 17.7 167 175
Horse feed units’ 0.44 043 045 0.44 041 042 043

"Net energy value, according to Vermorel and Martin-Rosset (1997).

1729



Bergero, Préfontaine, Miraglia and Peiretti

Table 2 Dry matter (DM) content and chemical composition (g/kg DM) and energy content (MJ/kg DM) of the cereal grains

1 2 3 5 6 7
Trials Flaked barley Flaked barley Flaked oat Whole oat Flaked corn Rolled corn
Dry matter 89.0 87.5 88.9 88.3 86.7 86.7
Organic matter 96.6 95.7 93.7 95.2 98.8 97.4
Ash 3.4 43 6.3 4.8 1.2 2.6
CP 10.3 12.0 1.4 10.8 8.4 9.2
Crude fibre 74 7.0 1.1 16.1 3.1 4.4
NDF 35.9 324 37.7 38.9 3.0 3.9
ADF 10.5 7.6 14.0 17.4 4.5 5.9
ADL 2.6 1.5 4.5 2.8 1.4 1.9
Gross energy (MJ/kg) 17.6 17.6 17.5 18.5 17.2 17.5
Horse feed units’ 1.01 0.99 0.93 0.85 1.12 1.07
Net energy value, according to Vermorel and Martin-Rosset (1997).
Table 3 Intake and apparent digestibility coefficient (%) of the diet

1 2 4 5 6 7

Hay/flaked Hay/flaked Hay/flaked Hay/whole Hay/flaked Hay/rolled
Trials barley barley oat Hay oat corn corn
Horses (n) 6 6 6 6 6 6
Live weight (kg = s.d.) 495 + 78 497 £ 79 508 + 84 482 + 42 482 + 42 492 + 49 492 + 49
Forage/concentrate 60/40 60/40 60/40 100/0 60/40 70/30 70/30
Intake level Maintenance  Maintenance  Maintenance  Maintenance  Maintenance  Maintenance  Maintenance
(g DM/kg W7 +s.d.) 770+26  757+14  772+04  69.7*22 74.6 = 0.1 735038 74.1 +0.30
Apparent digestibility (% = s.d.)
DM 2N method 60.5 +3.6 66.4+1.6 70.2 3.8 63.5+5.3 504+100 39.0+x120 814=17
DM 4N method 59.7+34 659+ 1.8 711 £33 64.5 = 6.7 52.0 = 8.8 29.4 +15.3 80.6 1.5
OM 2N method 62.3+35 69.9+1.7 71.5+38 64.3+54 52.1 +10.2 403 +124 822+16
OM 4N method 61.6 3.3 69.4+1.9 723 +33 65.3 6.8 53.6 = 9.1 309156 81.4*15
DM = dry matter; OM = organic matter.
Table 4 Concentration (%) in acid-insoluble ash measured according to the 2N and 4N data methods
Trials 1 2 3 4 5 6 7

Hays
2N method 2.45 +0.06 2.57 £0.15 1.33+0.03 1.54 +=0.05 2.49 +0.07 2.57 £0.90 1.35+0.06
4N method 2.55 +0.02 2.71 £0.03 1.36 = 0.02 1.55 +0.04 2.50 = 0.02 2.87 £1.50 1.43 = 0.01
Concentrates
2N method 0.96 + 0.05 0.63 +0.05 0.85 + 0.01 2.83 =0.06 0.01 +0.01 0.01 +0.02
4N method 1.02 =0.04 0.66 = 0.01 0.86 = 0.01 2.82 +£0.05 0.00 = 0.04 0.02 +0.02
Faeces

2N method 433 +0.42 5.59 +0.27 411 +0.49 4.26 = 0.81 5.62 +1.28 417 =0.81 4.45 + 0.46
4N method 4.66 = 0.39 5.49 +=0.27 4.04 +0.44 450 +0.70 5.62 +1.10 4.25+0.84 4.46 + 0.46

the whole faeces database set was compared, we obtained
P=0.85. Similar findings were obtained for trial 1
(P=0.66); for trial 2 (P=0.74); for trial 3 (P=0.89); for
trial 4 (P = 0.78); for trial 5 (P = 0.99); for trial 6 (P = 0.82);
and for trial 7 (P=0.96). There was however a difference
between the two methods for hay (P= 0.05), but not for
barley, (P=0.27); for oats (P = 0.87) or for corn (P = 0.66).
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The concentrations of the AlA in faeces were, as expected,
different between the different trials. When the measurement
was repeated on the same faeces samples, the data analysis
showed no significant differences. The best relationship
between the two methods was obtained for trial 5, where
P was close to 1 (0.99) and the worst in trial 1 with
P =0.66. On the whole, the correlations obtained with the



two different methods were very close and the standard
deviations were similar, when single trials were compared.
It was, however, important to point out that the distribu-
tion of the data was not always the same: the standard
deviation of the data in trial 2 was 0.27 for both methods,
while in trial 5 it was observed as 1.28 for 2N AIA and 1.10
for 4N AIA. This was a per se different variability, which
was not connected either to the method used, or to the
feedstuffs (hay + oats in trial 5, as in trial 3, which has a
standard deviation of 0.49 for the 2N method and 0.44 for
the 4N method) and then to the AIA level in feedstuffs or in
faeces (the values observed were similar to those that were
found for other trials) or to the horses, which were the
same in all the trials.

Good correlations were obtained with the concentrates,
but the results were less satisfactory for hay. However, the
mean values obtained for hays using the 4N method were
slightly but constantly higher. The main problem was in
trial 6, in which a difference was observed over 0.3%
between the two determinations with a very high stan-
dard error (0.90 for 2N AIA and 1.50 for 4N AlA). The
high value of ash reported for the hay used in trial 6
(9.5%) can explain partly the high variability. As a con-
sequence, higher differences were found between digest-
ibility coefficients obtained with the two tested methods,
particularly when hay diets were tested. For diets includ-
ing concentrates, this effect was less evident. Another
important fact to point out was the AIA absence in corn
using both methods.

Consequently, no statistical differences were found for
the factor ‘method’ both for DM and OM digestibility
coefficients (Table 3).

Discussion

Van Keulen and Young (1977) used 2N HCl and found no
significant difference in the AIA concentrations determined
by either 2N or 4N HCl methods. They concluded that
2N HCl was preferable because of easy handling. Furuichi
and Takahashi (1981) determined the AIA content of feed
and faeces using three different concentrations of HCI (2N,
4N and 6N). They did not find any significant differences
among the three methods. Other authors used only 4N AIA
method for apparent digestibility method comparison in
other species (Kavanagh et al,, 2001)

As to digestibility coefficients, no significant difference
between the two methods for each trial was found: this is
consistent with observed AIA concentrations and can stand
for the suitability of both methods while studying horse
diets" apparent digestibility.

As to the coefficients considered per se, it is interesting
to observe that the hay used in trial 4 was highly digestible
compared to our previous data (Bergero et al., 2004), and
on the contrary, the mixed diets coefficients were some-
times very low, especially for trials 5 and 6. The normal
increase in the digestibility coefficients expected while
using concentrates in the diets compared to hay alone was
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observed only for trials 2, 3 and 7. This stands for inter-
fering internal (e.g. disturbances in the gut functions, as
previously referred by Miraglia et al. (1999a and 1999b))
or external factors (e.g. corn quality in terms of moulds or
mycotoxins, and others) that occurred, in particular, during
trial 6. However, if we considered the single trial, even
those interferences did not affect the differences found
using the two methods.

Since no differences was found between the two meth-
ods for means and accuracy, it was concluded that the 2N
HCl method was the easiest technique to be used, even if in
some trials interfering factors consistently lowered the
overall values. Consequently, the AIA 2N HCl can be con-
sidered the easier and cheaper method to state apparent
digestibility in field conditions, and a good tool for digest-
ibility trials in horses fed hay-based diets.
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