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Abstract — Results of four trials, in which intake and digestibility of nine roughages had been mea-
sured, were pooled to make a comparison between llamas and sheep fed dry forages. Llamas
and sheep ingest, on average, similar levels of dry matter: 15.8 against 17.7 g DM/kg LW, or 49.2
against 51.1 g DM/kg LWO73, The values for each species are significantly related, but with a low
slope, llamas ingest more straw and a lower quantity of high-graded forages than sheep. Overall
mean digestibility in llamas is better than in sheep: + 2.5 points for OM and + 4.3 for cell walls.
Digestibilities in both species are well correlated, with an important difference for the low-
graded, but no difference for high-graded forages. The mean level of non-digestible crude pro-
tein content of diets is higher by 4 g/kg DM in llamas than in sheep. For each species the intake
and digestibilities are positively related to the crude protein content of the roughages and nega-
tively to their NDF content. (© Elsevier / Inra.)
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Résumé — Comparaison de I’ingestibilité et de la digestibilité de différents fourrages chez
le lama et le mouton. Les résultats de quatre essais, dans lesquels les quantités ingérées et les diges-
tibilités de neuf fourrages ont été mesurées, ont été regroupés pour mieux comparer les lamas et
les moutons recevant ces fourrages. En moyenne, lamas et moutons ont ingéré des quantités de
matire seche proches : 15,8 contre 17,7 en g/kg de PV, et 49,2 contre 51,1 en g/kg de PV%75, Ces
quantités sont étroitement liées entre les deux espéces, mais avec une pente de 0,5, les lamas
ingerent plus de fourrages pauvres et moins de bons fourrages que les moutons. En revanche, les
lamas ont mieux digéré les fourrages que les moutons : + 2,5 points pour la MO et + 4,3 pour les
parois (NDF). Les digestibilités sont bien reliées entre les deux espéces, avec un écart important
pour les fourrages riches en parois et pas d’écart pour les fourrages pauvres en parois. La teneur
en matieres azotées non digestibles des fourrages est plus élevée de 4 g chez les lamas
que chez les moutons. Pour chaque espece 1’ingestibilité et les digestibilités sont positivement
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reliées a la teneur en MAT et négativement a celle en parois végétales des fourrages. (© Elsevier

/Inra.)
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1. INTRODUCTION

Most of the feeding trials carried out
on llamas and sheep, as reviewed by Dul-
phy et al. [6], show that Ilamas ingest less
high-quality forage and more low-quality
forage per kg liveweight than sheep. Also,
forage digestibility is reported to be higher
in llamas than in sheep.

Because these first results come from
different laboratories, and in order to have
a more coherent approach, results obtained
in four trials carried out in our laboratory
were pooled to evaluate relationships
between forage quality and intake and
digestion capacities in llamas and sheep.
Nine different forages fed during these tri-
als were chosen so that their characteristics
would cover the full range of forage qual-
ities that could be fed to these species.

This assessment is especially justified
as some other results [10, 13] for the
digestibility of several forages are in dis-
agreement (sheep showing higher
digestibilities) with those reviewed pre-
viously [6].

2. MATERIALS AND METHODS

Altogether, results of four trials were used:
trial 1, Dulphy et al. [3] (natural meadow hay
1, straw 1); trial 2, Lemosquet et al. [9] (natu-
ral meadow hay 2, cocksfoot hay); trial 3, Dul-
phy et al. [2] (natural meadow hay 3 and 4, tall
fescue hay 1, straw 2); trial 4, Dulphy et al.
[4] (tall fescue hay 2).

In each case experimental conditions of tri-
als are given in the corresponding paper. Each
year three to six animals of each species were
used. A total of eight different llamas were
used in these four trials. Forages were all fed ad
libitum, as unsupplemented for the seven hays
and with a nitrogen-rich complement for the

two straws. Refusals were limited between 10
and 20%, enabling animals to eat voluntarily
while reducing the possibilities of selection.

Special individual pens were built for the
llamas based on individual metabolism pens
designed for sheep. All digestibilities were cal-
culated following total fecal collection during
6 days.

Each forage was characterized by its total
nitrogen content (Kjeldahl method) expressed
as crude protein (CP) and total plant cell wall
content (NDF measured according the method
of Goering and Van Soest [7]) (table I). Para-
meters measured were: voluntary intake of dry
matter (DM) (per kg liveweight (LW) and per
kg W 07%) digestibility (OM and NDF) and
content of non-digestible total nitrogen
(expressed as g non-digestible CP/kg ingested
DM, NDCP). This last parameter was included
because apparent digestibility of total nitrogen
depends closely on total nitrogen content of
feed offered. Digestibilities of concentrates
were assigned digestibilities taken from tables
[8], who allowed to calculate individual
digestibilities of the straws.

Comparisons between species were made
on the pooled values by analysis of variance.
We then calculated the correlations between
llamas and sheep, and lastly those linking
parameters in each species to forage compo-
sition.

3. RESULTS

3.1. Voluntary DM intake

Mean values of voluntary DM intake
for the nine forages are given in table I1.
There are no significant differences in DM
intake between llamas and sheep, despite
the lower values for llamas; respectively
—11 and —4% when expressed in g/kg
liveweight or metabolic weight.

However, if the two straws are not
taken into account, difference between
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Table I. Chemical composition of studied forages (g/kg DM).

Crude protein

Cell wall content (NDF)

Trial 1

— Hay (natural grassland 1) 94
— Straw 1 58

Trial 2

— Hay (natural grassland 2) 79

— Hay (cockfoot) 118
Trial 3

— Hay (natural grassland 3) 147
- Hay (natural grassland 4) 110
— Hay (tall fescue 1) 51

— Straw 2 37

Trial 4

— Hay (tall fescue 2) 68

706
769

669
710

628
648
711
832

667

Table II. Compared feeding values of the nine forages fed to llamas and sheep (concentrate

fed with straws excluded).

Llamas Sheep Difference
Voluntary DM intake
e/kg LW 15.8 17.7 NS
g/kg LWOTS 49.2 51.1 NS
Digestibility (%)
OM 56.3 53.8 S
NDF 56.5 52.2 S
NDCP
g/kg DM 48 44 S

OM, organic matter; NDF, neutral detergent fiber; NDCP, non digestible crude protein; NS, not significant

(P >0.05); S, significant (P < 0.05).

species become significant when
expressed in g/kg W (16.9 for llamas ver-
sus 19.8 for sheep; —15%, P = 0.05), but
not in g/kg W 075 (52.9 versus 57.5; —8%).

In addition, intake levels of llamas and
sheep are closely related. The moderate
slope of the regression, approximately 0.5,
is significantly less than 1. This indicates
that llamas are less sensitive to the quality

of forage than sheep (figures I and 2).
This is confirmed by a significant inter-
action between species and composition
of forages (table IiI).

The intake of llamas is significantly
positively correlated with total nitrogen
content and negatively with NDF content.
In contrast, intake of sheep is only signi-
ficantly correlated with NDF content
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Table III. Relationships between, CP and NDF content and feeding values of forages in llamas
and sheep. (y = ax + b; L =llamas: S = sheep) (n =9).

Slope a b SD (x) R* Interaction
species x
chemical composition
CP (g/kg DM)
— Voluntary DM Intake
* g/kg LW L 0.0703 9.82 1.66  0.85 )
S 0.0753 11.29 443 0.54 ) S
e g/kgLWO75 L 0.200 32.3 5.8 0.80 )
S 0.234 313 12.7 0.57 ) S
— Digestibility (%)
oM L 0.165 424 3.7 0.86 )
S 0.166 39.7 4.8 0.80 ) S
NDF L 0.166 42.4 2.9 091 )
S 0.179 37.0 43 0.84 ) S
— NDCP/kgDM)
L 0.100 393 53 0.58 )
S 0.109 34.8 53 0.61 ) S
NDF (g/kg DM)
— Voluntary DM intake
«g/kg LW L —0.0398 43.85 1.62  0.86 ) S
S —0.0629 62.03 310 081 )
o g/kgL WO L -0.124 136.6 45 0.88 ) S
S -0.195 188.6 8.2 0.85 )
— Digestibility (%)
OM L -0.101 127.8 2.4 0.94 ) S
S -0.100 124.0 42 0.85 )
NDF L -0.071 107 5.0 0.70 ) S
N -0.078 106.8 6.1 0.65 )
— NDCP (g/kg DM)
-0.011 554 6.5 0.11 ) NS
S -0.026 62 6.6 0.26 )
* significant threshold: R=0.55 P=0.10
R =0.63 P =0.05
R=0.76 P=0.01

OM, organic matter; NDF, neutral detergent fiber; NDCP, non digestible crude protein; S, significant

(P <0.05); NS, non-significant (P > 0.05).

(table 1II). Correlations after multiple
regression are slightly better: R = 0.92 and
0.91 in llamas, R = 0.81 and 0.85 in sheep.

3.2. Digestibility

On average, digestibility of OM and
NDF is significantly higher in llamas than

in sheep (respectively, + 2.5 and + 4.3
points; fable [I). These digestibilities in
both species are significantly correlated
(figures 3 and 4), with a slope less than 1,
more evidently for NDF. Under these con-
ditions, differences between the two
species are largest for the lowest digestibil-
ity roughages: respectively + 4.2 and
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Voluntary DM intake in llamas
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Figure 1. Relationship between voluntary DM
intake in sheep and in llamas (g/kg LW).
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Figure 3. Relationship between OM digesti-
bility in sheep and in llamas (%).

+ 7.0 units for llamas, but almost non-
existent for the high-quality roughages.
Indeed, there is also a significant interac-
tion between species and composition of
forages (table III).

Voluntary DM intake in ilamas
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Figure 2. Relationship between voluntary DM
intake in sheep and in llamas (g/kg LW075),
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Figure 4. Relationship between NDF digesti-
bility in sheep and in Ilamas (%).

The variations in OM digestibility are
best accounted for by variations in NDF,
especially for llamas, but unexpectedly,
NDF digestibility is better related to total
CP content (table III). Correlations after



80 J.-P. Dulphy et al.

NDCP content of forages in llamas
60

50 4

40 4

30 4 93 (P<0.01)

20

T T T d
20 30 40 50 60
NDCP content of forages in sheep

Figure 5. Relationship between non-digestible
crude protein (NDCP) in sheep and in llamas
(g/kg VDMI).

multiple regression are respectively
R =0.98 and 0.91 in llamas, R = 0.89 and
0.85 in sheep.

3.3. Non-digestible crude protein
content

Non-digestible crude protein content
was highest in llamas compared to sheep
(+ 4 g/kg of offered dry matter; rable II).
The correlation between the values found
for llamas and those for sheep is signifi-
cant with a slope near to 1 (figure 5).

The non-digestible crude protein con-
tent depends only weakly on forage com-
position. It is best correlated with total
crude protein content, but non-significantly
(table III).

4. DISCUSSION

The average intake of dry matter in
sheep (51.1 g/lkg W 0-7) is practically the
same as that given by the equation of Dul-
phy et al. [5] for grass hays (52 g/lkg W

0.75) for a NDF content of 704 g/kg DM.
The intake values for sheep may therefore
be considered as representative. Intake
values for llamas support the conclusion of
Dulphy et al. [6] that Ilamas ingest poor
forages better than sheep, but ingest high-
quality forages to a lesser extent. These
results are also in agreement with those
of Warmington et al. [12] who fed poor
forage and Cordesse et al. [1] who fed two
highly ingestible forages. Maintenance-
fed llamas probably adjust their feeding
to their needs better than sheep. They
probably are building up less fat than the
‘standard’ sheep used for comparison.
Besides, their maintenance needs are lower
than those of sheep [11].

Concerning extent of digestion, the
superiority of llamas is confirmed here,
especially for plant cell walls in poor for-
ages. Results presented here are more con-
sistent than those found in the literature
compilation of Dulphy et al. [6] and con-
firm that the supertority of llamas
decreases as digestibility increases. These
findings are supported by those of Warm-
ington et al. [12] and Cordesse et al. [1],
who found little difference in digestibil-
ity between the two species. Some litera-
ture data are however in sharp disagree-
ment with ours (e.g. some of those cited by
San Martin and Bryant [10], and a study
by Wauters et al. [13]). These results were
obtained with apparently very free forage
dispensing. Sheep may then have selected
the forage more than llamas, choosing the
more digestible parts of plants offered
[10]. It may be also that some sheep are
better adapted than others to digest poor
forage, as suggested by Wauters et al. [13].

Llamas are therefore comparable to cat-
tle in their ability to digest plant cell walls.
The causes for differences in digestibility
values between llamas and sheep have
been discussed extensively elsewhere [4];
the llama has a slow transit, excellent
intraruminal nitrogen recycling, efficient
rumen pH regulating system. However,
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llamas excrete a little more nitrogen in
their feces than sheep and, probably, more
endogenous organic matter. Indeed, in the
relationships between CP and NDCP dif-
ferences between the two species concern
essentially b (table III) which represents
fecal non-alimentary CP. Elsewhere, the
quantity of digestible NDF (NDF content
x NDF digestibility) in offered forages is
32 g more in llamas, as compared to 23 g
for digestible organic matter.

In conclusion, we confirm that charac-
teristics of the feed value of forages
(ingestibility, digestibility) are different
in llamas and sheep. For poor forages, 11a-
mas are better adapted, and they ingest
and digest plant cell walls better. For high
quality forages there is no difference in
digestibility, but llamas ingest less than
sheep.
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