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INTRODUCTION

In arid and semiarid areas, woody plants are often 
used as supplements to provide extra protein, which is 
low in poor-quality forages (Leng, 1997). To cope with 

the general feed scarcity during dry periods, farmers 
could collect parts of the plants when plenty of ma-
terial is available and feed this material to animals in 
dried form. Moreover, when animals are able to select 
their diet from a wide range of plant species, they could 
compose their diet based on complementarity of nutri-
ents and energy (Duncan et al., 2003) and avoidance of 
toxins. In addition, animals that have experience with 
woody plants may ingest more of such feeds given as 
supplements, including those that contain certain levels 
of plant secondary metabolites (Villalba et al., 2004). In 
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ABStRAct: A satisfactory intake of novel low-
quality forages by ruminants may require previous 
experience with this feed. Therefore, this study test-
ed in sheep whether experience with forages from 
woody plants had an influence on feed intake, feeding 
behavior, and nutrient supply when offered in a multi-
ple-choice arrangement. Two sheep experiments were 
conducted, 1 in Syria (Mediterranean region; Exp. 1) 
and the other in Switzerland (Central Europe; Exp. 2), 
that investigated 5 and 6 woody test plants, respective-
ly. In Exp. 1, the test plants were Artemisia herba-alba, 
Atriplex leucoclada, Haloxylon articulatum, Noaea 
mucronata, and Salsola vermiculata. In Exp. 2, Betula 
pendula, Castanea sativa, and Juglans regia were used 
in addition to A. leucoclada, H. articulatum, and S. ver-
miculata (the plants most consumed in Exp. 1). In each 
experiment, 12 lactating sheep (Awassi sheep in Exp. 1 
and East Friesian Milk sheep in Exp. 2) were allocated 
to 2 groups (“experienced” and “naïve”). Experienced 
sheep subsequently were familiarized with each test 
plant during a learning period of binary choices (1 
test plant vs. barley straw) for 4 h in the morning for 
7 d each. The naïve group received only straw. During 

the rest of the day, a basal diet composed of barley 
straw (ad libitum) and concentrate was offered to both 
groups. For the 2 wk following the learning period, 
the sheep were subjected to feeding of the basal diet 
to avoid carryover effects of the last offered test plant. 
In the following multiple-choice period, both groups 
were allowed to select from all test plants during 4 h 
in the morning for 14 d. Forage intake after 4 and 24 
h and feeding behavior during the first 30 min of the 
test feeding were assessed. Milk yield and composition 
were measured at the end of the multiple-choice period. 
Nutrient intake was calculated using feed intake mea-
surements and compositional analyses. Only in Exp. 
2, group differences (P < 0.05) were found on d 1 of 
the multiple-choice period. The experienced sheep con-
sumed more total forage, straw, OM, NDF, ADF, and 
ADL (nutrients without concentrate). However, across 
the entire multiple-choice period, there were no differ-
ences (P ≥ 0.05) in forage and nutrient intake, feeding 
behavior, and milk yield and composition between the 
groups in both experiments. This suggests that sheep can 
quickly adapt to previously unknown woody feeds of 
varying origin and quality offered as dried supplements.
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contrast, inexperienced animals are expected to be more 
reluctant to eat unknown feeds; this is also related to 
neophobia (Provenza and Balph, 1988). This reluctance 
happens particularly when feeds are not highly palatable. 
Therefore, animals need to learn what to ingest and to 
what level (or how much to consume). Therefore, experi-
ence should be advantageous to promote fast acceptance 
and higher intake of novel feeds (Catanese et al., 2012).

The present study tested the following hypotheses: 1) 
experience with woody forages leads to a higher total for-
age and nutrient intake when several woody forages are of-
fered in a multiple-choice situation and 2) this experience 
affects feeding behavior. These hypotheses were tested in 
choice feeding experiments using woody plants charac-
teristic of 2 contrasting regions. These plants differed in 
nutrient composition and plant secondary metabolites and 
were offered as dried supplements. The 2 hypotheses were 
tested in 2 countries with 2 dairy sheep breeds.

MAteRIALS And MethodS

Study Regions and Experimental Feeds

The experiment in Switzerland was approved by the 
Cantonal Veterinary Office of Zurich. The treatment of 
the animals in Syria, where no such approval procedures 
are established, was the same.

The present study involved the Mediterranean re-
gion (a warm and dry climate) and the Central Euro-
pean region (a temperate and more humid climate) with 
the regions’ special feeds and livestock breeds. In each 
study region, 1 dairy sheep experiment was conducted. 
Experiment 1 was performed in Syria, which was cho-
sen as a representative area of the Mediterranean region. 
Experiment 2 was performed in Switzerland, an area 
representative of Central Europe. In both regions, for-
ages from typically available woody plants were used 
(Table 1). In Syria, dried leaves and fine twigs were col-
lected from the following steppe shrubs: Artemisia her-
ba-alba (from Al-hammam), Atriplex leucoclada (from 
Maskana), Haloxylon articulatum (from Wadi Al-azib), 
Noaea mucronata (from Hazm Al-sur), and Salsola ver-
miculata (from Abisan and Drehim). Each plant species 
was sampled from several individual plants over several 
weeks in March and April 2010, after the early spring 
rainy season when the plants were sprouting. After the 
plants were collected, they were completely dried in the 
shade underneath a roof for 2 to 5 d. The duration de-
pended on plant species and ambient temperatures rang-
ing from 8 to 26°C. The material was then pooled per 
plant species across sampling days to ascertain an equal 
distribution of the batches to avoid variations in nutri-
tional composition. The plant material was stored in jute 
bags until it was distributed to the sheep. In Exp. 1, the 

test plants were not chopped before they were fed to the 
sheep. As representative woody forages of the Central 
European region (Exp. 2), dried and chopped (particle 
size: maximum 1 cm) leaves of 3 tree species, Betula 
pendula (from Albania), Castanea sativa (from Alba-
nia), and Juglans regia (from Bulgaria), were purchased 
from Alfred Galke GmbH, Gittelde, Germany. The 3 
plant species that had been consumed the most in Exp. 
1 (A. leucoclada, H. articulatum, and S. vermiculata) 
were also tested in Exp. 2. These 3 forages were also 
chopped to about 1 cm (leaves), and twigs were cut to 
maximum 3 cm long to achieve a similar physical struc-
ture across the test plants. Experiment 1 was conducted 
at the International Center for Agricultural Research in 
the Dry Areas (IcARdA), Aleppo, Syria, in June 2010 
(early summer). Experiment 2 was performed in August 
2011 (late summer) at the Institute of Animal Nutrition, 
University of Zurich, Zurich, Switzerland. In Syria, the 
temperature and humidity during the experiment were 
26°C and 49% on average. In Switzerland, average tem-
perature and humidity was 23°C and 67%, respectively.

Animals and Basal Diet

Twelve adult lactating sheep in their 9th to 11th week 
of lactation were used in barn experiments. In Exp. 1, 
fat-tailed Awassi sheep were used. Sheep were weighed 
before morning feeding time but without previous feed 
or water restriction. The sheep had been grazed on pas-
ture mainly composed of Avena barbata and Carex 
stenophylla and additionally fed ad libitum with silage 
composed of vetch and oat together with 1 kg/d of con-
centrate (per kilogram: 500 g barley grain, 300 g wheat 
bran, 180 g cottonseed cake, 6 g NaCl, 12 g CaHPO4, 
and 2 g vitamin mixture) during milking. In Exp. 2, East 
Friesian Milk sheep were used that had been previously 
kept indoors and fed 1.2 kg/d of a hay harvested in a 
young vegetation stage from a mixed sward of grass, le-
gume and herb species and 0.5 kg/d of a commercial 
concentrate including a vitamin–mineral mix and being 
designed for sheep (Combifloc 2921; Meliofeed, Her-
zogenbuchsee, Switzerland). The animals of Exp. 2 had 
previous experience in grazing on pasture but had never 
consumed woody forages.

During the experiments, the sheep received a basal 
diet composed of barley straw fed ad libitum and concen-
trate in amounts of on average 1.1 and 0.7 kg·head–1·d–1 
in Exp. 1 and 2, respectively, following the respective lo-
cal practice for supplementing dairy sheep. When related 
to feeding recommendations (AFRC, 1993), these con-
centrate allowances were calculated to be large enough 
to ensure that the energy and protein requirements for 
maintenance and milk production were covered thus 
avoiding bias in test plant selection behavior. The con-
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centrate used in Exp. 1 consisted of barley (88.2%), soy-
bean meal (9.8%), CaHPO4 (1.2%), NaCl (0.6%), and a 
vitamin–mineral premix (0.2%). The latter provided the 
following nutrients per kilogram of concentrate: 270 mg 
Ca, 243 mg Na, 212 mg P, 1.52 mg Mn, 0.30 mg Mg, 
0.23 mg Co, 0.15 mg I, 24,500 IU vitamin A, 600 IU 
vitamin D3, and 1 mg vitamin E. In Exp. 2, the concen-
trate (Combifloc 2957C; Melior AG, Herzogenbuchsee, 
Switzerland) consisted of wheat, barley, wheat starch, 
wheat and corn flakes, various mill byproducts, distill-
er’s grains, soybean meal, maize gluten, canola expeller, 
sugarbeet pulp and molasses, vegetable oil, and a min-
eral–vitamin premix. The premix provided the following 
nutrients per kilogram of concentrate: 11 g Ca, 5.5 g P, 
3 g Mg, 25,000 IU vitamin A, 5,000 IU/kg vitamin D3, 
and 25 mg vitamin E. Via the concentrate, the animals 
in Exp. 2 were supplemented with NaHCO3 (20 g/d) and 
had ad libitum access to mineral licks (AgroLine AG, 
Roggwil, Switzerland) that provided the following nu-
trients per kilogram: 375 g Na, 8 g Mg, 800 mg Zn, 80 
mg Mn, 100 mg I, 30 mg Se, and 30 mg Co. In both ex-
periments, the concentrate was always completely con-
sumed, and access to fresh water was unrestricted.

Experimental Design

For both experiments, the same experimental de-
sign was applied and the aspects relevant for design-
ing “choice” experiments were considered (Meier et al., 

2012). Before the experiments began, the animals were 
adapted for 7 d to their individual pens (2 by 2 m and 
1.2 by 2 m in Exp. 1 and Exp. 2, respectively) and the 
feeding management [4 h of test feeding in the morning 
(straw only) followed by feeding of the basal diet for the 
rest of the day; “adaptation period”; Fig. 1].

In each experiment, half of the ewes were allocated 
to 1 of 2 treatment groups. Group allocation was done in 
a way that groups were balanced for BW (Exp. 1, 62 ± 
9.0 and 59 ± 7.7 kg; Exp. 2, 61 ± 10.7 and 68 ± 14.8 kg; 
means ± SD) and milk yield (Exp. 1, 912 ± 154.3 and 
869 ± 111.5 g/d, Exp. 2: 616 ± 244.6 and 972 ± 418.5 
g/d). The first treatment group (experienced) underwent 
a learning period before the choice feeding situation was 
implemented (named the “multiple-choice period”). Dur-
ing the learning period, the experienced animals were 
familiarized with all test plants used in the experiment. 
The feeds were offered individually but always in binary 
choice with barley straw during the 4 h of test feeding for 
7 d (named the “subperiod”). The number of subperiods 
depended on the number of test plants included in the 
experiment (5 and 6 in Exp. 1 and Exp. 2, respectively). 
The test plants were allocated randomly to the animals 
during the subperiods. Between the subperiods, the ani-
mals were fed barley straw only for 2 d. The other treat-
ment group (naïve) received only barley straw during the 
4 h of test feeding. In Exp. 2, 1 animal of the naïve group 
had to be excluded due to illness. After the learning pe-
riod, all animals from both treatment groups received 

table 1. Chemical composition of the experimental feeds (% of DM)1

Feed Plant family Experiment n2 DM3 OM NDF ADF ADL
Non-NDF 

CHO CP EE TP4 TT4 CT5

Mediterranean shrub leaves and fine twigs
Artemisia herba-alba Asteraceae 1 9 92.9 83.2 42.0 34.8 10.5 24.1 12.5 2.19 2.45 1.59 0.01
Atriplex leucoclada Chenopodiaceae 1/2 7/4 91.4 80.3 42.7 25.6 6.5 17.5 18.2 1.25 0.68 0.42 0.01
Haloxylon articulatum Chenopodiaceae 1/2 8/4 92.7 83.7 45.8 27.2 6.9 16.6 18.0 0.97 2.29 1.32 0.03
Noaea mucronata Chenopodiaceae 1 8 93.1 87.3 65.9 45.3 12.4 12.2 8.0 0.67 0.55 0.28 0.01
Salsola vermiculata Chenopodiaceae 1/2 7/4 91.5 87.1 63.4 37.8 10.3 11.1 11.4 0.75 0.51 0.28 0.02

Temperate climate tree leaves
Betula pendula Betulaceae 2 4 91.6 95.2 49.4 29.5 19.3 22.6 15.5 4.53 3.04 2.40 1.83
Castanea sativa Fagaceae 2 4 91.7 94.7 43.1 27.2 11.3 28.7 12.0 6.26 4.70 4.10 0.49
Juglans regia Juglandaceae 2 4 90.8 88.1 47.7 34.5 16.1 20.1 13.7 3.26 3.44 2.83 1.21

Barley straw
1 9 93.2 86.9 66.9 41.7 4.2 13.9 5.4 1.20 0.77 0.43 0.01
2 4 92.0 92.6 80.9 51.4 8.1 5.8 4.1 1.22 0.55 0.31 0.02

Concentrate
1 2 92.0 91.8 34.0 11.1 0.7 – 17.0 1.68 – – –
2 3 90.3 91.2 22.0 8.1 3.3 37.0 27.7 4.14 0.37 0.14 0.02

1EE, ether extract; non-NDF CHO, non-NDF carbohydrates, calculated as OM – NDF – CP – EE – TP; TP, total phenols; TT, total tannins; CT, condensed 
tannins.

2n, number of feed samples analyzed; n = 4 for TP, TT, and CT.
3Percent of original substance.
4Given as gallic acid equivalents.
5Given as leucocyanidin equivalents.
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only the basal diet for 14 d (“straw feeding period”) to 
minimize the carryover effects of the previous subperiod.

During the following 14-d multiple-choice period, 
all test plants (but no barley straw) were offered simul-
taneously in separate troughs for 4 h to both treatment 
groups. When the troughs were filled, the animals were 
either standing in the opposite corner of their pens due 
to shyness (Exp. 1) or were outside in the milking par-
lor (Exp. 2). This setup ensured that the animals could 
express their choice rather than start to feed on the feed 
provided first. The troughs were first refilled after 30 
min and then periodically if needed to ensure that the 
feeds were always provided ad libitum. The allocation of 
the test plants to the troughs was changed every day to 
avoid habituation in feed position (Kaitho et al., 1996).

Feeding-Related Measurements

Individual feed intake was recorded separately for 
the 4 h of test feeding and for 24 h. Refusals were re-
corded. As the animals did not noticeably select within 
feed type, refusals were not further analyzed for nutrient 
composition. The BW of the animals was determined 
in the morning before feeding (without previous fast-
ing or water restriction) on d 1 of each subperiod and 
period. The DMI was calculated from the as-fed intake 
data by using the DM content analyzed in the samples 
collected within the respective period. All intake data 
were analyzed and presented in relation to metabolic BW 
(BW0.75). Feeding behavior was recorded using 4 cam-
corders (CANON Legria FS200; Tokyo, Japan) mount-
ed on the ceiling of the barns in positions allowing a full 
view of all individual barns at the same time and on all 
troughs, which were labeled with numbers. In Exp. 2, 2 
animals (1 per group) had to be housed in another part 

of the building. Thus, feeding behavior was assessed for 
5 animals per treatment group. Behavioral variables in-
cluded the time spent eating the individual test plants 
and the frequency of eating each test plant (i.e., the num-
ber of eating events). An eating event was defined as the 
period from when the animal put its head into the trough 
and showed jaw movements to when the animal moved 
its head away from the trough. Only the first 30 min of 
test feeding were considered for this analysis as most 
eating events occurred during this time. Afterward, the 
animals only occasionally resumed eating. The videos 
were analyzed with the behavior software INTERACT 9 
(Mangold International GmbH, Arnstorf, Germany).

Feed samples were collected regularly (8 times in 
Exp. 1 and 4 times in Exp. 2), ground to pass through 
a 0.75-mm sieve, and analyzed (AOAC, 1997) for DM 
and ash (AOAC International [AoAc] number 930.15). 
An air-circulation oven was used in Exp. 1, and a TGA-
701 (Leco Corporation, St. Joseph, MI) was used in 
Exp. 2. Feeds were also analyzed for NDF (with added 
α-amylase), ADF, and ADL (with H2SO4; Van Soest 
et al., 1991; AOAC number 973.18). In Exp. 2, a Fib-
ertec System M (1020 Hot Extraction; Tecator, Flawil, 
Switzerland) was used and no Na2SO3 was added in the 
NDF analysis (Van Soest et al., 1991). All detergent fi-
ber data are given excluding ash. In Exp. 1, N was ana-
lyzed according to the Kjedahl method (AOAC number 
991.20) using a digestion block heater (Tector 2020; 
Foss, Hillerød, Denmark) and a distillation unit (Vapo-
dest 30; Gerhardt GmbH, Königswinter, Germany). In 
Exp. 2, N was determined following AOAC method 
977.02 using a C/N-Analyzer (Leco-Analyzer Typ FP-
2000; Leco Corporation, St. Joseph, MI). The CP con-
tent was computed as 6.25 × N. Ether extract (EE) was 
analyzed with Soxhlet extractors (Exp. 1: Soxtherms306 

Figure 1. Schedule of the feeding management performed in Exp. 1 and Exp. 2 with respect to the type of feeding accomplished during the daily 4 h of test 
feeding. Shaded areas reflect subperiods and periods of offering one or more test plants.
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A; Gerhardt GmbH, Königswinter, Germany; AOAC 
number 920.39; Exp. 2: Extractionssystem B-811; Bü-
chi, Flawil, Switzerland; AOAC number 963.15). Total 
phenols (TP) and total tannins (TT) were analyzed with 
the Folin-Ciocalteau method (Makkar, 2003), but gallic 
acid was used. For condensed tannin (CT) analysis, the 
butanol-HCl-Fe method was applied, and the values are 
given as leucocyanidin equivalents. In Exp. 1, the con-
tent of digestible OM in DM was derived from in vitro 
incubation following Tilley and Terry’s (1963) protocol. 
Sodium and K content was determined with the standard 
AOAC (2000) protocol. Non-NDF carbohydrates were 
calculated as OM minus NDF, CP, EE, and TP.

Milk-Related Measurements

The sheep were hand milked before feeding in the 
morning (starting at 0800 and 0900 h in Exp. 1 and 2, re-
spectively) and in the late afternoon (starting at 1700 h) 
either in their pens (Exp. 1) or in a milking parlor (Exp. 
2). Milk yield (g·head–1·d–1) was recorded and the sam-
ples were immediately frozen at –20°C on the last 3 d 
of the 14-d straw feeding period and on the last 3 d of 
the 14-d multiple-choice period. The defrosted samples 
were pooled to 1 sample per sheep and period consid-
ering the milk amounts obtained at the corresponding 
milking events. Fat, protein, and lactose content were 
determined with infrared-operated analyzers (Exp. 1: 
Milkoscan 133; Foss Electric, Hillerød, Denmark; Exp. 
2: Combifoss FT; Foss Electric, Hillerød, Denmark in 
Bronopol conserved samples). In Exp. 1, total solids 
were determined with the same equipment whereas in 
Exp. 2 this was done with the standard AOAC (1997) 
protocol (number 930.15) using a TGA-701 (Leco Cor-
poration, St. Joseph, MI). Solids nonfat were calculated 
as the difference of total solids and fat content. Because 
the infrared analyzer used in Exp. 2 was calibrated only 
for cow’s milk, the values analyzed were adjusted to 
sheep milk values by using the regressions of the Arbe-
itsgemeinschaft Deutscher Rinderzüchter (ADR, 2002).

Statistical Analysis

Data were statistically analyzed with SAS 9.3 (SAS 
Inst. Inc., Cary, NC) using the MIXED procedure. Exper-
imental unit was animal. All total forage intake data, total 
feeding time, and total number of eating events during 
the first 30 min of the 4 h of test feeding were statistically 
analyzed for group effects using model [1]:

Yijk = μ + Gi + Dj + (G × D)ij + εijk,   [1]

in which the response variable was Y and the fixed ef-
fects were G (experienced vs. naïve groups), D (day; 

repeated factor with the subject animal nested within 
group), and the interaction G × D.

For analyzing the effect of the test plants on intake 
within 4 h, feeding time, and number of eating events (first 
30 min of the 4 h of test feeding), model [2] was used:

Yijkl = μ  + Fi + Gj + Dk + (F × G)ij  
+ (F × D)ik + (G × D)jk  
+ (F × G × D)ijk + εijkl,    

    [2]

in which the fixed effects were F (test feed), G (group), 
D (day; repeated factor as in model [1]), and the inter-
actions among these effects. In Exp. 2, data on feeding 
time on the individual test plants were not normally 
distributed. Therefore, a logarithmic transformation 
of the data was applied before statistical analysis was 
conducted.

Nutrient intake (with and without concentrate) was 
analyzed from the DM intake and compositional data 
by using the means of the daily nutrient intakes during 
the multiple-choice period. Because of a nonnormal 
distribution, the nutrient intake data were logarithmi-
cally transformed before the statistical analysis was 
conducted with a simplified version of model [1] (mod-
el [1a]). Model [1a] did not include day as an effect but 
included animal nested within group as a random effect. 
Model [1a] was also used for analyzing nutrient intake 
on d 1 and milk data. For the latter, the model included 
data measured in samples previously collected on the 
last days of the 14-d straw feeding period as covariates.

Data obtained separately for each treatment group 
on individual days were compared as follows. The total 
forage intake data were analyzed with model [1b], a 
simplification of model [1] that included only D and 
not G. Data on intake, feeding time, and eating events 
concerning individual test plants were analyzed with 
another slightly modified model [1] to show changes 
over time separately by treatment group. This model 
(model [1c]) included F instead of G as a fixed effect. 
The results from models [1b] and [1c] were not shown 
in tables or figures.

The tables report the least square means. Multiple 
comparisons among the means of the test plants and 
days were made with Tukey’s test. A level of P < 0.05 
was considered significant. Pearson correlation coeffi-
cients between intake, feeding time, eating events, and 
the nutrient composition of individual test plants were 
calculated with the CORR procedure of SAS.
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ReSuLtS

Experimental Feeds

The test plants clearly differed in fiber content (Ta-
ble 1). Noaea mucronata and S. vermiculata were the 
most fibrous with approximately 65% NDF (DM basis). 
The other test plants contained between 40 and 50% 
NDF. Most test plants contained substantial levels of 
ADL; A. leucoclada and H. articulatum were the plants 
with the lowest ADL content. Except for N. mucronata, 
the plants contained at least 12% CP (DM basis), with 
the greatest amount measured in A. leucoclada. The test 
plants therefore contained more CP than the straw used 
in both experiments (4 to 6% CP, respectively; DM ba-
sis). Greater amounts of phenolic compounds were mea-
sured in the plants from the temperate climate (3.0 to 
5.0% TP, respectively; DM basis) than in the Mediter-
ranean plants (0.5 to 2.5%, respectively; DM basis), and 
the plants from the temperate climate contained more 
OM. Saltbush (A. leucoclada) had the greatest content 
(in percent of DM) of Na (3.0) and K (2.3) compared to 

the other Mediterranean plants (Na: from 0.7 to 1.8; K: 
from 1.3 to 2.1; data not shown).

Effect of Experience on DM Intake and Plant  
Species Intake

Experience had no significant (P ≥ 0.05) effect on 
intake in either experiment (Table 2). One exception 
was the greater total daily forage and total straw in-
take on d 1 by the experienced animals in Exp. 2 com-
pared to the naïve group (P = 0.015 and P = 0.004, 
respectively; data not shown). Forage DM intake was 
affected by day (P < 0.01 for naïve group in Exp. 1; P 
< 0.001 for both groups in Exp. 2). Additionally, there 
were day-to-day variations in straw intake (P < 0.001 
for both groups in Exp. 2) and total test plant intake (P 
< 0.001 for naïve group in Exp. 1; P < 0.001 for both 
groups in Exp. 2; data not shown). In Exp. 2 on d 2 
and 3, forage DM intake was lower (P < 0.05) in both 
groups than on d 14 and total test plant intake as well 
as intake of B. pendula was lower (P < 0.05) in both 
groups on d 2 than on d 14 (data not shown).

table 2. Effect of experience on forage DM intake (24 h), straw intake (20 h), and test plant intake (4 h) in the 
multiple-choice period1

Period:
Treatment

wk 1 to 2, g/kg BW0.75 d 1 to 3, g/kg BW0.75 d 12 to 14, g/kg BW0.75

Experienced Naïve SEM P Experienced Naïve SEM P Experienced Naïve SEM P
Experiment 1

Forage DM, 24 h 44.1 43.8 3.16 0.94 43.9 42.0 3.14 0.68 45.6 47.8 3.35 0.67
Straw, 20 h 28.0 27.0 2.43 0.76 28.7 26.2 2.65 0.51 28.5 28.6 2.23 0.98
Plants, 4 h 16.1 16.8 1.31 0.70 15.2 15.8 1.17 0.70 17.1 19.2 1.77 0.42
Artemisia herba-alba 0.1c 0.3c 2 0.1c 0.2c 3 0.3d 0.8cd 4

Atriplex leucoclada 12.1a 13.0a 10.7a 12.5a 12.9a 14.4a

Haloxylon articulatum 0.2c 0.1c 0.7c 0.1c 0.0d 0.0d

Noaea mucronata 0.0c 0.0c 0.0c 0.0c 0.0d 0.0d

Salsola vermiculata 3.6b 3.5b 3.7b 3.0b 3.8bc 3.9b

Experiment 2
Forage DM, 24 h 74.9 65.7 5.04 0.23 66.3 58.0 3.73 0.15 85.7 71.9 6.27 0.16
Straw, 20 h 41.1 32.8 4.36 0.21 40.0 30.4 3.45 0.083 45.0 36.1 4.80 0.22
Plants, 4 h 33.8 32.9 4.13 0.89 26.3 27.5 2.82 0.77 40.7 35.8 5.54 0.55
A. leucoclada 3.9bd 5.4bc 5 2.4b 4.4b 6 4.7cd 6.6c 7

Betula pendula 28.1a 25.9a 18.0a 18.1a 35.6a 28.5b

Castanea sativa 0.3e 0.6de 0.7b 1.2b 0.2cd 0.5d

H. articulatum 0.1e 0.2de 0.1b 0.3b 0.2cd 0.2d

Juglans regia 1.3ce 0.8de 5.0b 3.2b 0.1cd 0.1d

S. vermiculata 0.0e 0.1de 0.1b 0.3b 0.0cd 0.0d

a–dWithin experiment and time period, plant species means (columns) without a common superscripts differ (P < 0.05).
1Exp. 1: n = 6 experienced and n = 6 naïve animals; Exp. 2: n = 6 experienced and n = 5 naïve animals.
2,3,4P-values and SEM for treatment, plant, and interaction of treatment and of plant species (Exp. 1): P = 0.70 and SEM = 0.26, P < 0.001 and SEM = 0.24, 

and P = 0.20 and SEM = 0.33 for wk 1 and 2; P = 0.70 and SEM = 0.23, P < 0.001 and SEM = 0.32, and P = 0.061 and SEM = 0.45 for d 1 to 3; P = 0.42 and 
SEM = 0.35, P < 0.001 and SEM = 0.46, and P = 0.71 and SEM = 0.64 for d 12 to 14, respectively.

5,6,7P-values and SEM for treatment, plant, and interaction of treatment and of plant species (Exp. 2): P = 0.89 and SEM = 0.66, P < 0.001 and SEM = 0.60, 
and P = 0.039 and SEM = 0.81 for wk 1 and 2; P = 0.77 and SEM = 0.47, P < 0.001 and SEM = 0.99, and P = 0.88 and SEM = 1.40 for d 1 to 3; P = 0.55 and 
SEM = 0.92, P < 0.001 and SEM = 0.97, and P = 0.045 and SEM = 1.37 for d 12 to 14, respectively.
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Atriplex leucoclada was the most (P < 0.05) con-
sumed test plant in Exp. 1 followed by S. vermiculata 
in both groups (Table 2). The other 3 test plants were 
almost completely rejected. In Exp. 2, the most (P < 
0.05) consumed test plant in both treatments across the 
entire multiple-choice period (wk 1 and 2) was B. pen-
dula followed by A. leucoclada. The other 4 test plants 
were eaten in comparably low amounts. In both treat-
ment groups, B. pendula was the preferred (P < 0.05) 
test plant from the beginning (d 1 to 3).

Effect of Experience on Feeding Behavior

Across the entire multiple-choice period, experience 
had no significant influence (P ≥ 0.05) on total feeding 
time on the test plants in both experiments (Table 3). In 
detail, in Exp. 1 across groups and experimental weeks 
the sheep ate the longest (P < 0.05) from A. leucoclada 
(15 and 17 min for experienced and naïve groups, re-
spectively) followed by S. vermiculata (7 and 6 min for 
experienced and naïve groups, respectively). The other 
test plants were almost completely ignored (<1 min for 
both treatment groups). Feeding time did not signifi-
cantly (P ≥ 0.05) differ between days in Exp. 1 (data not 
shown). In Exp. 2, the experienced sheep fed the lon-
gest (P < 0.05) on B. pendula followed by A. leucoclada 
compared to the other test plants (Table 3). The naïve 

animals ate A. leucoclada and B. pendula for a similarly 
(P ≥ 0.05) long period (Table 3). The other test plants 
were eaten for <1 min in both groups across both experi-
mental weeks. In Exp. 2, day had an effect (P < 0.001) 
on total feeding time and feeding time on individual test 
plants (P ≤ 0.001; data not shown). On d 1 to 3 of Exp. 
2, the animals in both treatments exhibited similar (P ≥ 
0.05) feeding times for A. leucoclada, B. pendula, and J. 
regia. On d 12 to 14, sheep in both treatment groups fed 
the longest (P < 0.05) on A. leucoclada and B. pendula 
whereas the time spent feeding on the other test plants 
was <1 min (Table 3). In Exp. 2, in both groups, the total 
feeding time was shorter (P < 0.05) on d 2 and 3 than on 
d 14 and the feeding time on J. regia was longer (P < 
0.05) on d 1 than on d 14 (data not shown).

Experience also had no significant effect (P = 0.16 
and P = 0.19 for Exp. 1 and Exp. 2, respectively) on 
the number of eating events across the entire multiple-
choice period (Table 4). On d 1 to 3 (but not on d 12 
to 14) of Exp. 2, the total number of eating events was 
greater (P = 0.021) in the naïve group. In Exp. 1, the 
number of eating events was greatest (P < 0.05) for the 
most preferred test plant (A. leucoclada) followed by S. 
vermiculata for both treatment groups. In Exp. 2, most 
(P < 0.05) eating events occurred with B. pendula and 
A. leucoclada across the entire experiment and on d 12 
to 14. In both experiments, total eating events varied 

table 3. Effect of experience on feeding time (min) of the individual test plants and of all plants (total time) during 
the first 30 min of the test feeding in the multiple-choice period1

Period: 
Treatment

wk 1 to 2

P

d 1 to 3

P

d 12 to 14

PExperienced Naïve SEM Experienced Naïve SEM Experienced Naïve SEM
Experiment 1

Total time 22.7 24.2 1.73 0.56 23.1 21.4 2.30 0.63 23.2 24.6 1.83 0.59
Artemisia herba-alba 0.1c 0.7c 2 0.4c 1.6bc 3 0.1d 0.5d 4

Atriplex leucoclada 14.9a 17.3a 15.5a 15.0a 13.4ab 16.1a

Haloxylon articulatum 0.3c 0.3c 1.0c 0.6c 0.1d 0.3d

Noaea mucronata 0.2c 0.1c 0.2c 0.3c 0.0d 0.0d

Salsola vermiculata 7.2b 5.8b 5.9b 3.9bc 9.6bc 7.7c

Experiment 2
Total time 18.3 20.3 1.59 0.44 11.5 15.2 1.51 0.13 21.3 24.3 2.19 0.36
A. leucoclada 6.2b 7.9ab 5 2.6abc 2.7ab 6 7.5a 10.9a 7

Betula pendula 11.0a 10.7ab 6.2ab 7.2a 13.3a 13.0a

Castanea sativa 0.2cde 0.6c 0.4def 1.3bcde 0.2b 0.4b

H. articulatum 0.1ef 0.1cdef 0.1ef 0.3cdef 0.2b 0.0b

Juglans regia 0.7cd 0.8cde 2.0bcd 3.2abcd 0.0b 0.0b

S. vermiculata 0.1f 0.1def 0.2f 0.4cdef 0.0b 0.0b

a–fWithin experiment and time period, plant species means (columns) without a common superscript differ (P < 0.05).
1Exp. 1: n = 6 experienced and n = 6 naïve animals; Exp. 2: n = 6 experienced and n = 5 naïve animals.
2,3,4P-values and SEM for treatment, plant, and interaction of treatment and of plant species (Exp. 1): P = 0.56 and SEM = 0.345, P < 0.001 and SEM = 0.370, 

and P = 0.003 and SEM = 0.523 for wk 1 and 2; P = 0.63 and SEM = 0.459, P < 0.001 and SEM = 0.669, and P = 0.52 and SEM = 0.946 for d 1 to 3; P = 0.59 
and SEM = 0.365, P < 0.001 and SEM = 0.692, and P = 0.28 and SEM = 0.978 for d 12 to 14.

5,6,7P-values and SEM for treatment, plant, and interaction of treatment and of plant species (Exp. 2): P = 0.086 and SEM = 0.265, P < 0.001 and SEM = 
0.276, and P = 0.68 and SEM = 0.383 for wk 1 and 2; P = 0.042 and SEM = 0.234, P < 0.001 and SEM = 0.440, and P = 0.87 and SEM = 0.615 for d 1 to 3; P = 
0.96 and SEM = 0.078, P < 0.001 and SEM = 0.417, and P = 0.75 and SEM = 0.581 for d 12 to 14, respectively.
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(P < 0.05) between days (data not shown). In Exp. 1, 
total eating events were more numerous (P < 0.001) on 
d 1 and d 4 than on d 14 in both treatment groups (data 
not shown). In Exp. 2, the interaction between day and 
test plants was significant (P < 0.001) in both groups 
with more frequent (P < 0.05) eating events in J. regia 
on d 1 and less frequent (P < 0.05) eating events in A. 
leucoclada on d 2 and 3 compared to d 14 in both treat-
ment groups (data not shown).

In Exp. 1, the duration of the single eating events 
(data not shown) was similar between groups and lon-
gest (P < 0.05) for A. leucoclada (2.9 and 2.7 min per 
eating event for experienced and naïve sheep, respec-
tively) followed by S. vermiculata (1.5 and 1.0 min for 
experienced and naïve sheep, respectively). The time 
spent feeding per eating event for the other 3 plants was 
less than 0.3 min in both groups. In Exp. 2, the eating 
events were longest (P < 0.05) for B. pendula (1.4 min 
in both groups) followed by A. leucoclada (0.8 and 0.9 
min for the experienced group and the naïve group, re-
spectively). The eating events for the other plants were 
shorter (P < 0.05) with <0.2 min. In Exp. 2, the duration 
of a single eating event varied between days (P < 0.05) 
in the naïve group. In B. pendula, the feeding events 
lasted for 0.5 min on d 1 and 6, 2.3 min on d 5, and 2.0 
min on d 7 in the naïve group (data not shown).

Effect of Experience on Total Daily Nutrient Intake 
and Performance

Nutrient intakes were not significantly different (P ≥ 
0.05) between the experienced and naïve sheep (Table 
5). However, in Exp. 2 on d 1 the experienced animals 
consumed more (P < 0.05) NDF and ADF and there was 
a trend (P < 0.1) for greater ADL intake when the nutri-
ents obtained from the test plants, straw, and concentrate 
are included (data not shown). In Exp. 2, when only the 
nutrients ingested from the forages are considered, on 
d 1 the OM, NDF, ADF, and ADL intakes were greater 
(P < 0.05) and there was a trend (P < 0.1) for greater 
EE, non-NDF carbohydrates, and TP intakes in the ex-
perienced group compared to the naïve group (data not 
shown). Experience with the test plants had no system-
atic effect on milk yield and milk composition.

Correlations between Intake and Feeding Behavior 
and Nutrient Composition of Test Plants

There were close positive relationships between test 
plant intake and feeding behavior (P < 0.001; Table 6). 
The NDF, ADF, ADL, and TP content of the test plants 
was negatively (all P < 0.001) and the CP, digestible OM 
(both P < 0.001), and non-NDF carbohydrates (P < 0.01) 
content of the test plants was positively related to test plant 
intake in Exp. 1 (Table 6). In Exp. 2, a positive relationship 

table 4. Effect of experience on number of eating events on the individual test plants and on all plants (total events) 
during the first 30 min of the test feeding in the multiple-choice period1

Period:
Treatment

wk 1 to 2

P

d 1 to 3

P

d 12 to 14

PExperienced Naïve SEM Experienced Naïve SEM Experienced Naïve SEM
Experiment 1

Total events 13.1 18.2 2.32 0.16 17.4 20.1 2.90 0.52 10.6 17.9 3.04 0.12
Artemisia herba-alba 0.7d 1.6d 2 1.3d 3.6bcd 3 0.4d 1.3cd 4

Atriplex leucoclada 6.3b 8.8a 6.4ab 7.7a 5.4ab 8.6a

Haloxylon articulatum 1.3d 1.6d 2.9cd 2.7bcd 0.5d 1.1cd

Noaea mucronata 0.5d 0.8d 1.1d 1.6d 0.1d 0.2b

Salsola vermiculata 4.4c 5.3bc 5.7abc 4.6abcd 4.1bc 6.7ab

Experiment 2
Total events 18.5 21.7 1.57 0.19 16.8 25.3 2.06 0.021 23.2 22.9 2.29 0.94
A. leucoclada 7.6a 8.8a 5 4.5bcd 4.9bc 6 10.6a 11.4a 7

Betula pendula 8.5a 8.8a 5.8ab 8.4a 11.4a 10.3a

Castanea sativa 0.7b 1.5b 1.7cde 2.9bcde 0.5b 1.1b

H. articulatum 0.4b 0.6b 0.8e 1.4de 0.4b 0.1b

Juglans regia 1.2b 1.7b 3.4bcde 5.9ab 0.2b 0.1b

S. vermiculata 0.2b 0.4b 0.7e 1.7cde 0.1b 0.0b

a–eWithin experiment and time period, plant species means (columns) without a common superscripts differ (P < 0.05).
1Exp. 1: n = 6 experienced and n = 6 naïve animals; Exp. 2: n = 6 experienced and n = 5 naïve animals.
2,3,4P-values and SEM for treatment, plant, and interaction of treatment and of plant species (Exp. 1): P = 0.16 and SEM = 0.464, P < 0.001 and SEM = 0.367, 

and P = 0.001 and SEM = 0.518 for wk 1 and 2; P = 0.52 and SEM = 0.58, P < 0.001 and SEM = 0.593, and P = 0.14 and SEM = 0.839 for d 1 to 3; P = 0.12 
and SEM = 0.609, P < 0.001 and SEM = 0.531, and P = 0.011 and SEM = 0.751 for d 12 to 14.

5,6,7P-values and SEM for treatment, plant, and interaction of treatment and of plant species (Exp. 2): P = 0.18 and SEM = 0.237, P < 0.001 and SEM = 0.269, 
and P = 0.55 and SEM = 0.374 for wk 1 and 2; P = 0.021 and SEM = 0.31, P < 0.001 and SEM = 0.479, and P = 0.36 and SEM = 0.670 for d 1 to 3; P = 0.94 
and SEM = 0.384, P < 0.001 and SEM = 0.510, and P = 0.70 and SEM = 0.711 for d 12 to 14.
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between the test plant intake and the nutrient composition 
of OM, ADL (both P < 0.001), EE (P < 0.01), and non-
NDF carbohydrates (P < 0.05) was found (Table 6).

dIScuSSIon

In the present study, 2 experiments were performed 
to evaluate intake of dried woody plants in sheep un-
der different environmental, genotypic, and test feed 
conditions and whether experience is advantageous in 
a multiple-choice situation. Straw was used as the con-
trol feed in both experiments; however, the straw used in 
Exp. 1 was of clearly higher nutritional quality than that 
used in Exp. 2. The latter was a conventional straw from 
barley genotypes bred for high grain yield. The straw 
in Exp. 1 originated from ICARDA, Syria, an institute 
that selects barley cultivars not only for their grain yield 
(as is done in Europe) but also for the high quality of 
the harvest residue because in dry areas straw is typi-
cally used as a feed. This strategy dates to the 1980s 
(Capper et al., 1986). The greater straw intake in Exp. 2 
was unexpected (as was the greater intake of the woody 
forages). This finding seems to have been due to a breed 
difference. These differences between the experiments, 
however, do not interfere with the intention of the study, 
which focused on determining the effect of experi-
ence under different conditions and not on comparing 
the individual findings of the 2 experiments. Care has 
to be taken when applying the present results obtained 
with dried plant material to fresh plant material, as the 

table 5. Effect of experience on total daily nutrient intake and performance in the multiple-choice period1

Treatment

Experiment 1 Experiment 2

Experienced Naïve SEM P Experienced Naïve SEM P
Nutrient intake, g DM, kg BW–0.75·d–1

OM 79.6 (38.3)2 80.6 (37.9) 3.60 (2.75) 0.92 (0.84) 101.3 (69.5) 100.9 (60.7) 2.84 (4.62) 0.88 (0.20)
CP 11.9 (3.1) 12.2 (3.1) 0.45 (0.21) 0.68 (0.99) 16.7 (7.5) 18.6 (7.0) 0.81 (0.66) 0.13 (0.52)
Ether extract 1.1 (0.3) 1.1 (0.3) 0.04 (0.02) 0.73 (0.92) 3.5 (1.9) 3.7 (1.7) 0.16 (0.16) 0.35 (0.41)
NDF 41.8 (27.9) 41.9 (27.5) 2.31 (2.08) 0.93 (0.80) 56.3 (48.5) 51.3 (41.4) 2.77 (3.39) 0.23 (0.17)
ADF 23.1 (17.5) 23.1 (17.3) 1.37 (1.29) 0.91 (0.82) 32.5 (29.5) 28.8 (25.1) 1.86 (2.10) 0.20 (0.17)
ADL 2.9 (2.4) 3.0 (2.4) 0.18 (0.19) 0.96 (0.99) 10.5 (9.3) 9.8 (8.3) 0.61 (0.69) 0.40 (0.31)
Non-NDF carbohydrates – (6.6) – (6.7) – (0.44) – (0.97) 23.4 (10.4) 25.9 (9.4) 1.17 (0.82) 0.18 (0.40)
Digestible OM 51.3 (20.1) 52.2 (19.9) 2.06 (1.37) 0.83 (0.86) – (–) – (–) – (–) – (–)
Total phenols – (0.3) – (0.3) – (0.02) – (0.91) 1.4 (1.3) 1.3 (1.1) 0.10 (0.11) 0.57 (0.44)

Milk yield,3 g head–1·d–1 194 185 23.1 0.81 555 610 52.8 0.53
Milk composition,3 %

Fat 6.55 6.10 0.243 0.26 4.48 4.23 0.259 0.53
Protein 5.98 6.18 0.168 0.44 4.89 5.08 0.110 0.24
Lactose 4.77 4.88 0.127 0.58 5.07 5.01 0.049 0.40
Total solids 18.1 17.8 0.411 0.66 15.4 15.4 0.308 0.97
Solids nonfat 11.5 11.7 0.186 0.54 11.0 11.2 0.071 0.075
1Exp. 1: n = 6 experienced and n = 6 naïve animals; Exp. 2: n = 6 experienced and n = 5 naïve animals.
2Least square means of nutrient intake including concentrate. Values in brackets are least square means of nutrient intake from forage only. 
3Including the milk yield and composition measured at the last 3 d of the 14 d of straw feeding only as covariable in the model.

table 6. Correlation coefficients between test plant 
intake and feeding behavior as well as test plant nutrient 
content in the multiple-choice period (n = 60 and n = 72 
in Exp. 1 and Exp. 2, respectively)

Experiment

Test plant intake, 4 h

1 2

Feeding behavior1

Feeding time 0.96*** 0.86***

Eating events 0.83*** 0.74***

Nutrient contents

OM –0.73*** 0.45***

CP 0.65*** 0.12

Ether extract 0.08 0.32**

NDF –0.52*** –0.09

ADF –0.68*** –0.19

ADL –0.69*** 0.63***

Non-NDF CHO2 0.40** 0.28*

Digestible OM 0.67*** –

Total phenols –0.46*** 0.11
1Correlation coefficients between feeding time and number of eating 

events were 0.82 (P < 0.001) and 0.95 (P < 0.001) for Exp. 1 and for Exp. 2, 
respectively.

2Non-NDF CHO = non-NDF carbohydrates.
***P < 0.001; **P < 0.01; *P < 0.05
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chemical composition might have been changed by the 
drying process (Ahn et al., 1989). Other factors of influ-
ence, not accounted for, might be the type and number of 
different feeds (test feeds as well as basal diet) offered, 
the duration of test feeding, total nutrient supply, animal 
species, and animals’ age.

Importance of Experience in a Multiple-Choice 
Situation with Woody Forages

Authors of several previous studies considered ex-
perience to influence feed intake and feeding behavior 
(Flores et al., 1989; Ortega-Reyes and Provenza, 1993; 
Ganskopp and Cruz, 1999; Catanese et al., 2010), es-
pecially when forages are of low quality (Distel et al., 
1996) or are rich in plant secondary compounds (PSC) 
such as woody plants (Bryant et al., 1991). Experience 
with feeds containing PSC appears to enhance their in-
take (Villalba et al., 2004; Ben Salem et al., 2005). Ad-
ditionally, experience helps animals overcome feed 
neophobia faster (Catanese et al., 2012) and thus avoid 
reluctant ingestion of novel feeds (Forbes, 2007) and 
realize larger total intakes (Nolte and Provenza, 1992). 
However, in the 2 current experiments experience had 
no effect on intake, preference, and feeding behavior. 
Consequently, no influence of experience on milk yield 
and composition were found. Experience was expected 
to affect eating efficiency through better foraging skills 
(higher intake, intake rates, and bite rates of experienced 
animals; Flores et al., 1989; Ortega-Reyes and Provenza, 
1993) and preference pattern. However, experience did 
not lead to a change in preference ranking in the present 
study; therefore, either experience with the tested plants 
was not that important for the animals or the animals 
were able to learn and adapt to new feeds quickly. The 
latter assumption is supported by Ganskopp and Cruz’s 
(1999) findings that naïve steers expressed a similar 
preference ranking for 8 grass species compared to ex-
perienced steers after 5 min of access but that naïve ani-
mals were less efficient (fewer bites per grazing session). 
However, it has to be taken into account that in the pres-
ent study dried woody plants were used. A small but sig-
nificant initial (d 1 to 3) effect of experience occurred in 
Exp. 2 in which naïve sheep showed a greater number of 
total eating events than experienced sheep, which might 
be an example of less efficient feeding behavior at initial 
exposure to novel plants. Additionally, the experienced 
sheep’s nutrient intake (OM and fiber) and intake of total 
forage was larger on d 1. The higher number of eating 
events reported for both groups on d 1 and 4 compared 
to d 14 in Exp. 1 suggests that the animals might have 
been generally initially uncertain about the novel feeds. 
Initial differences in intake were also found by Kaitho 
et al. (1996). The smaller initial effect observed in Exp. 

1 might be explained by the sheep’s general experience 
with low-quality forages, which were not common in the 
feeding of the Swiss experimental sheep. Another expla-
nation could be that the plants tested in Exp. 2 required 
more experience to be properly ingested due to their 
greater PSC content than the plants tested in Exp. 1.

Several researchers found that the effect of experi-
ence persisted for several months after the last exposure 
to the test feeds (Distel et al., 1996; Villalba et al., 2004; 
Catanese et al., 2012). Therefore, in the present study 
the effect of experience should have persisted longer 
than from the end of the learning period to the begin-
ning of the multiple-choice period (2 wk). Even though 
most of these studies were done with lambs that had 
been weaned (Villalba et al., 2004; Catanese et al., 2012) 
and thus no longer in the sensitive period (4 to 8 wk of 
age; Oh et al., 1972), learning through feed imprinting 
(Provenza and Balph, 1988) could not have been expect-
ed in this study. However, young lambs probably depend 
more on experience than adult sheep.

Experience could also be gained through social 
learning, especially by imitating the behavior of conspe-
cifics (Provenza and Balph, 1988). However, the design 
of the present study did not allow social learning be-
cause the animals were housed individually. Therefore, 
the animals assumingly gained experience through trial 
and error (Provenza et al., 1992); that is, novel feeds 
were cautiously sampled to minimize the risk of toxicity 
(du Toit et al., 1991). This sampling behavior was as-
sumed to have occurred in the present study in the naïve 
group in Exp. 2, with greater counts of eating events in 
the naïve group compared to the experienced group on d 
1 to 3. A further indication of sampling behavior might 
be the fluctuations in the duration of the single eating 
events involving B. pendula until d 7 in the naïve group.

When offered high- and low-quality feed simultane-
ously, experienced lambs reduced their intake of the low-
quality feed more than inexperienced lambs (Catanese et 
al., 2010). Therefore, no access to the concentrate was 
provided during the 4 h daily test period in the present 
study. However, the sheep had the opportunity to cover 
their requirements for maintenance and milk production 
with concentrate during the rest of the day. As straw was 
also available for the rest of the day, the animals had also 
the possibility to balance their diet (high concentrate in-
take) with a fibrous feed. Thus, hunger did not affect the 
feed choice (Provenza et al., 2007).

Preference for Individual Test Plants

The most preferred plants in the 2 experiments 
comprised around 80% of the total test plant intake 
and 30 (Exp. 1) to 37% (Exp. 2) of the total forage in-
take. Atriplex leucoclada was the most consumed test 
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plant in Exp. 1 and the second most consumed in Exp. 
2. This plant had the greatest feeding value among the 
test plants offered (low fiber, lignin, and TP and high 
CP content). Researchers have shown that A. leucoclada 
is consumed by ruminants in rangelands (Murad, 2000). 
Abbeddou et al. (2011) observed that only a few sheep 
refused parts of a diet containing more than 70% Atri-
plex (here Atriplex halimus with an even 3 times greater 
salt content), which demonstrates the high palatability 
of several members of the Atriplex family. In cases of 
NaCl deficiency, A. leucoclada might be eaten because 
of its high NaCl content. However, this was clearly not 
the case in the present study in which the animals were 
supplemented with enough NaCl. Salsola vermiculata 
was the second most consumed test plant in Exp. 1. This 
plant has been described as highly palatable (Tadros, 
2000) and is an important fodder shrub in Syria (Murad, 
2000). Betula pendula is known to be eaten by rumi-
nants in rangelands (Shipley et al., 1998). The remain-
ing plants were eaten in low amounts when offered in a 
multiple-choice situation. Apart from considerable lig-
nin or phenol content or both, reasons for low intake 
could include an unfavorable physical structure. Noaea 
mucronata was bulky and spiny. Haloxylon articulatum 
was also bulky and had the greatest TP content among 
the test plants in Exp. 1 together with A. herba-alba. In 
addition, A. herba-alba contains high amounts of essen-
tial oils (Yashphe et al., 1987), which might be associ-
ated with low palatability. Castanea sativa and J. regia 
are rich in TP and TT, and the phenolic compounds in 
J. regia show antibacterial activity (Pereira et al., 2007), 
which might have adverse effects on ruminal digestion. 
The comparably high intake of J. regia occurring on d 1 
could therefore indirectly be the reason for the severely 
decreased intake of total forage and total test plants on d 
2. The relationship between the feeding value of the test 
plants and the individual plant intake was confirmed by 
the significant correlations found in both experiments.

Small amounts of the unpalatable plants were con-
sumed, which might be an indication for ongoing sam-
pling behavior. This included not only sampling of novel 
feeds but also reevaluating the quality of known feeds 
resulting in a comparably high number of eating events. 
Thus, only partial and no absolute choices for the pre-
ferred test feeds were observed (Ginane et al., 2002). 
The assumption that the animals in the present study ex-
pressed sampling behavior is additionally supported by 
the generally short durations of the eating events (<0.3 
min) with the less preferred test plants. In contrast, eat-
ing events on average lasted for >0.7 min for the 2 most 
consumed test plants.

In accordance with Kalio et al.’s (2006) findings, 
preference ranking based on feeding time was similar 
to that found for plant intake as correspondingly close 

correlations were found between feed intake, feeding 
time, and eating events. This suggests that feeding time 
for test plants, a variable possibly easier to observe than 
plant intake, could also be used as indicator of animal 
preference (Ginane et al., 2002). Even though the gen-
eral test feed preference ranking was the same for all 
animals, test plant intake varied considerably between 
individual animals. For instance, in Exp. 1 A. leucoclada 
was consumed in a range from 160 to 395 g DM/d, and 
similar variations were found in Exp. 2 for feed intake 
of B. pendula. Such variability in individual feed intake 
was also found by Atwood et al. (2001) under choice 
feeding conditions and could be an expression of the dif-
ferent nutritional requirements of the individual animals 
(Kyriazakis and Oldham, 1993). Despite similarities 
among the animals in terms of breed, age, BW, and per-
formance, they might have differed in morphology and 
physiology (Provenza et al., 2007).

Conclusion

Experience with dried low- to medium-quality 
woody forages did not lead to consistently larger feed or 
nutrient intake and did not change the feeding behavior 
of 2 sheep breeds that were offered partly the same and 
partly different test feeds over 2 wk. The sheep seem to 
have rapidly accepted the novel woody forages provided 
as dried supplements. Moreover, preference ranking was 
established during the first days of exposure. However, 
whether this is the case under different conditions must 
be tested. The animals in the present study were able to 
ingest sufficient energy and protein with the basal ration 
alone, which was offered during the largest part of the 
day. A choice was provided only during a restricted time 
period and the animals were never biased by hunger. 
Choice feeding studies under different conditions will 
have to show whether experience is more important for 
fresh woody forages offered on rangelands compared to 
feeding of dried forages as supplements.
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