
P1: GKW/RKP P2: GKW

Journal of Chemical Ecology [joec] PP363-365233 January 24, 2002 17:34 Style file version Nov. 19th, 1999

Journal of Chemical Ecology, Vol. 28, No. 2, February 2002 (C© 2002)

INFLUENCE OF FLAVOR ON GOAT
FEEDING PREFERENCES

G. DE ROSA,1,* L. MOIO,2 F. NAPOLITANO,3 F. GRASSO,1 L. GUBITOSI,1

and A. BORDI1

1Dipartimento di Scienze zootecniche e Ispezione degli alimenti
2Dipartimento di Scienza degli Alimenti

Universit̀a degli Studi di Napoli “Federico II”
Via Universit̀a 133, 80055 Portici (NA), Italy

3Dipartimento di Scienze delle Produzioni Animali
Universit̀a degli Studi della Basilicata
Via N. Sauro 85, 85100 Potenza, Italy

(Received May 25, 2000; accepted October 5, 2001)

Abstract—Goat feeding preferences for straw pellets flavored with ryegrass
(Lolium perenne, cv. Belida) or white clover (Trifolium repens, cv. Huia) aro-
matic extracts, obtained by means of a cold aromatic extraction method, were
assessed with cafeteria trials. Prior to the trials, odor differences between the two
plant species, the two aromatic extracts, and the straw pellets sprayed with the
two aromatic extracts were verified using sensory analysis performed by 30 hu-
man panelists. Since odor differences observed among fresh samples were still
detectable in aromatic extracts and moistened pellets, the extraction method was
considered effective in reproducing plant odors. Straw pellets sprayed with either
distilled water (W) or ryegrass (R) or clover (C) aromatic extracts were used to
assess flavor preferences of 12 female Rossa Mediterranea goats. Sprayed pellet
preference was evaluated in two sessions conducted in two consecutive weeks.
Each session consisted of three two-choice presentations performed on three
consecutive days. In both sessions, food intake, proportion of food intake, time
spent feeding, and proportion of time spent feeding were significantly affected
by pellet type (0.05> P > 0.001). In particular, straw pellets sprayed with
ryegrass extract were highly selected compared to those sprayed with clover
(0.01> P > 0.001) or water (0.01> P > 0.001). In addition, in the second
session, the clover extract was preferred to distilled water (0.05> P > 0.01).
The results of this study gave two main indications: first, goat selectivity for rye-
grass against clover was consistent even when straw pellets sprayed with odors
of these plants were offered, and secondly, the addition of aromatic extracts to
straw pellets increased the preference for pellets.
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INTRODUCTION

In temperate grassland, goats actively select grasses over legumes. This results in
increased clover content in goat-grazed pastures as compared with those grazed
by sheep (Radcliffe and Francis, 1988; Bown et al., 1989; del Pozo and Wright,
1995). Lambs grazing after goats consume diets with higher clover content and
show higher growth rates than those grazing after sheep (del Pozo and Wright,
1995). Goat selectivity for grasses as opposed to legumes is also consistent in
short-term trials (De Rosa et al., 1997). Although levels of non-structural carbo-
hydrates are equivalent between legumes and grasses, legumes contain a much
lower proportion of water-soluble carbohydrate (Smith, 1973; Osbourn, 1980).
The different dietary preferences observed in sheep and goats may be due to the
fact that goats ingest plants with high non-structural carbohydrate content (Fedele
et al., 1993), whereas plants with higher levels of secondary metabolites such as
tannins, alkaloids, terpenes, and cyanogenic glycosides (e.g., legumes) are disliked
(Narjisse, 1991; Morand-Fehr et al., 1993; Narjisse et al., 1996).

The forage preference is considered to be a function of taste, odor, texture
(forage flavor), and postingestive effects on the animal (Provenza, 1995, 1996).
Animals acquire preferences for nutritious foods and dislike foods with low nutrient
content or high toxins levels (Provenza, 1995, 1996).

Goats learn to avoid condensed tannins from the current season’s twigs of
blackbrush (Coleogyne ramosissima) by associating the flavor of foods contain-
ing condensed tannins with aversive postingestive effects (Provenza et al., 1990).
Sheep and goats appear to discriminate against monoterpenoid odor and taste,
respectively, but this possibility has not been fully ascertained (Narjisse et al.,
1996). Sheep regulate intake according to the flavor concentration of the feed,
when flavor and toxicity are strongly correlated (Launchbaugh et al., 1993). In
contrast, when they are not associated, animal intake relied on the maximum dose
of toxin they had ingested (Launchbaugh et al., 1993). Sheep also more readily eat
an unfamiliar feed associated with a familiar flavor or odor, whereas they avoid it
when presented with a novel odor (Van Tien et al., 1998). Moreover, it has been
shown that in sheep, hay palatability may be modified using different chemical
compounds. The intake of wheaten hay was increased by the addition of butyric
acid and monosodium glutamate, whereas it was reduced by MgO (Gherardi and
Black, 1991; Gherardi et al., 1991). These results indicate that the flavor of the
forage may play an important role in determining herbivore feeding preferences.

The present study aimed to evaluate the importance of flavor on feeding pref-
erences of goats. We developed a cold aromatic extraction method for ryegrass
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(Lolium perenne, cv. Belida) and white clover (Trifolium repens, cv. Huia) herbage
that was effective in reproducing the corresponding plant’s odor characteristics.
Feeding preferences can be assessed by either long-term trials, comparing the pro-
portion of a plant species in the diet as against its proportion in the sward, or cafe-
teria trials, directly testing preferences using two-choice presentations (Gordon,
1995). Goat feeding preferences for the aromatic extracts sprayed on straw pellets
were assessed using cafeteria trials. The plants were chosen according to their
different palatability as shown by Fedele et al. (1993) in field trials conducted in a
Mediterranean grazing environment and by De Rosa et al. (1997) in cafeteria trials,
who noted that ryegrass was highly selected, whereas clover was disliked by goats.

METHODS AND MATERIALS

Odor Differences between Ryegrass and White Clover.Prior to preparation
of aromatic extracts from ryegrass and white clover, odor differences between the
two plant species were verified using sensory analysis. Thirty human panelists,
(students and staff members of the Department of Animal Production, University
of Naples), were selected on the basis of their availability and motivation. Triangle
tests were performed, offering each member two sets of three samples of herbage
in the vegetative stage harvested just before use and chopped into 4- to 6-cm
pieces. The weight of each sample was 30 g. Two samples were alike and one
was different within each triangle test. Samples were presented in Teflon bags that
lay on a layer of ice placed in Pyrex beakers to avoid olfactory bias and visual
discrimination. Panel members were asked to identify the odd sample. Triangle
tests were performed in a 25-m2 room where the panel members were individually
introduced to the person conducting the test. Three sessions of the triangle test
were performed per panelist.

Preparation of Aqueous Aromatic Extracts.Samples from the two plant
species were harvested and immediately frozen in liquid nitrogen in order to mini-
mize degradation and/or transformation of odorous molecules. Frozen plants were
powdered in liquid nitrogen and added to distilled water at 50, 100, or 200 g/liter.
Powder and water were mixed for 48 hr at 4◦C. Subsequently, the aqueous solu-
tion containing volatile components was centrifuged for 10 min at 7000 rpm and
stored at−80◦C until use. A sensory test was conducted to determine the concen-
tration of the aromatic extract that most resembled the corresponding plant smell.
Extracts were thawed overnight at 4◦C and introduced in 50-ml flasks wrapped
with aluminum foil. Human panelists were asked to associate, by sniffing, a series
of different concentrations of aromatic extract (5, 10, and 20%) to the original
plant species. For each plant species, panelists received three samples of extracts
and a sample of corresponding herbage. Three sessions of this test (the similar-
ity test) were performed. The panelists chose the 10% powder concentration for
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both ryegrass and clover as most similar to the corresponding plant species (see
Results). Therefore, this concentration was used for the successive experimental
steps.

Subsequently, three triangle test sessions for aqueous aromatic extracts of
ryegrass and clover were performed as described above to test whether odor differ-
ences between the two plant species were consistent in the corresponding aromatic
aqueous solutions after the cold extraction.

Preparation of Samples Offered to Animals.Straw pellets are characterized
by a low-intensity odor that is cosidered unlikely to interfere with the volatile
components of an aqueous solution. Straw pellets are also known to be disliked
by goats, so that any increase or decrease in consumption may be attributed to the
effect of extract addition. Thus, the aromatic extracts to be offered to the goats
were incorporated into straw pellets. Three sessions of triangular tests where the
straw pellets were sprayed with ryegrass or clover aromatic extracts (50 ml of
aqueous solution for 200 g of straw pellet) were performed.

Experimental Design.Twelve female Rossa Mediterranea goats were used
in this experiment. The age and weight of the animals were 2–3 years and 35–
45 kg, respectively. The goats were not pregnant or lactating, and all had previous
experience of consuming both plant species.

The goats were equally divided into two groups and group-housed in two
straw-bedded pens (4× 2 m) with water availablead libitum. The animals were
exposed to a three-week preliminary phase, during which they were offered straw
pellets ad libitum in plastic baskets (50× 34× 15 cm) from 09:00 to 14:00 hr
and, subsequently, mixed grass hayad libitum.

In a subsequent two-week training phase, the animals were moved once a day
into individual test pens (1.2× 2 m) for 10 min where they received approximately
800 g of straw pellets in four plastic baskets placed in a wooden trough located
30 cm above floor level. An observer sat in front of each individual test pen to
acclimate the animals to human presence. The goats in the adjacent test pens could
not see each other. Thereafter, the animals were moved to the home pen wheread
libitum mixed grass hay was offered. In the last two days of the training phase,
straw pellets were sprayed with distilled water (50 ml/200 g).

Cafeteria Trials.During the preference tests, straw pellets sprayed (50 ml/
200 g) with either distilled water (W) or ryegrass (R) or clover (C) aromatic extracts
were used to assess goat flavor preference. The pellets were sprayed immediately
prior to the start of the preference tests.

For each goat, sprayed pellet preference was evaluated in two sessions per-
formed in two consecutive weeks. Each session consisted of three two-choice
presentations conducted over three consecutive days. Two-choice presentations
started at 09:00 hr and never continued past 12:00 hr. Five minutes before each
presentation, the animals were moved to the individual test pens. The animals were
offered two samples (sprayed pellets) simultaneously for 3 min in four adjacent
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baskets (200 g/basket) filling all the through front. Two consecutive baskets
contained sample 1 and two contained sample 2. On test days, each pair of samples
(ryegrass–water, clover–water, and ryegrass–clover) was offered to four animals
to avoid day effect. Three goats from the same group were simultaneously tested,
always at the same time of day, with each animal getting a different pairing. Goats
were used for only one two-choice presentation a day. Samples were assessed with
the same frequency in each spatial (left–right) and temporal position (ryegrass–
water, clover–water, ryegrass–clover), thereby minimizing the effects of position
habits and order of presentation. Samples were weighed before and after each
presentation in order to determine the total intake using an electronic digital scale.
Six control baskets (two for each sample) were used to estimate the evaporative
weight losses and the total intake was corrected accordingly. During the two-choice
presentation an observer recorded feeding time (prehension time+ mastication
time) for each sample. For each session, the preference of the animals for each
sample was determined by using the averages of time spent feeding, food intake,
proportion of time spent feeding (time spent feeding on one sample/total feeding
time), and proportion of food intake (intake from one sample/total intake) recorded
in all the two-choice presentations where the sample was present (Morand-Fehr
et al., 1987). After the two-choice presentations, the animal were moved to the
home pen and fed with mixed grass hayad libitum.

Statistical Analyses.Data were analyzed with a statistical package for social
sciences (SPSS-PC+, version 3.1) (Norusis, 1989). Data obtained from human
sensory evaluation were analyzed with theχ2 one-sample test, where the expected
frequencies of the odd samples (triangle tests) and of each concentration of aro-
matic extract (similarity tests) were 33.3%.

For the cafeteria data, the goat was used as the experimental unit. For each
session of cafeteria trial, the variables collected (time spent feeding, food intake,
proportion of time spent feeding, and proportion of food intake) were analyzed
using the Friedman two-way analysis of variance by ranks test with pellet type (R,
C, and W) as factor. When significant effects were recorded, the differences among
the means were evaluated by the Wilcoxon matched-pairs signed-ranks test. The
latter was also used to test session effect for each type of pellet.

RESULTS

Validation of Extraction Technique.Triangular tests performed on the two
plant species, their aromatic extracts, and moistened pellets showed significant
differences between clover and ryegrass odors (P < 0.001) (Table 1). Since odor
differences observed between fresh samples were still detectable in aromatic ex-
tracts and moistened pellets, the extraction method can be considered effective in
reproducing plant odors.
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TABLE 1. DEGREE OFDISCRIMINATION OBSERVEDDURING TRIANGLE TESTS OF

RYEGRASS ANDCLOVER OFFERED ASHERBAGE, AROMATIC EXTRACTS, AND SPRAYED

STRAW PELLETS TO30 PANELISTS

Proportion of correct
Sample Comparison Session responses Significancea (P)

I 0.83 <0.001
Herbage ryegrass–clover II 0.83 <0.001

III 0.87 <0.001
I 0.87 <0.001

Aromatic extract ryegrass–clover II 0.85 <0.001
III 0.73 <0.001
I 0.72 <0.001

Sprayed pellets ryegrass–clover II 0.75 <0.001
III 0.80 <0.001

aχ2 one-sample test;df= 1.

Similarity tests were conducted to evaluate the concentration of aqueous ex-
tracts that presented the odor closest to the corresponding plant (Table 2). Results
indicated that a 10% powder concentration could be considered to be the most sim-
ilar to the corresponding plant, since the choice of assessors for this concentration
over the three sessions was 55.6% and 55.7% for ryegrass and clover, respectively
(χ2 = 7.02, df = 2, P < 0.05 andχ2 = 8.6, df = 2, P < 0.05, respectively).
Therefore, this concentration was used in cafeteria trials.

Cafeteria Trials.Food intake (Figure 1) was significantly affected by pellet
type in both sessions (χ2 = 6.5, df= 2, P < 0.05 andχ2 = 13.54,df= 2, P <

0.001, respectively). In the first session, R consumption was higher than C and W

TABLE 2. SIMILARITY OBSERVED BY30 PANELISTS

BETWEENHERBAGE AND CORRESPONDINGAROMATIC

EXTRACT

Proportion of responses
per sessiona

Herbage
Concentration of

aromatic extract (%) I II III

5 0.20 0.13 0.20
Ryegrass 10 0.53 0.54 0.60

20 0.27 0.33 0.20
χ2 5.6∗ 7.2∗ 9.6∗∗

5 0.27 0.33 0.30
Clover 10 0.60 0.54 0.57

20 0.13 0.13 0.13
χ2 10.4∗∗ 7.2∗ 8.6∗

aχ2 one-sample test;df= 2; ∗P < 0.05; ∗∗P < 0.01.
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FIG. 1. Goat intake (mean+SE) of straw pellets sprayed with either distilled water or
ryegrass or clover aromatic extracts in the two session cafeteria trial. A, B: means within
sessions followed by a different letter are different atP < 0.001. a, b: means within sessions
followed by a different letter are different atP < 0.05. ∗ means between sessions are
different atP < 0.05.

(P < 0.001). There was no difference between C and W. In the second session,
goats showed a higher intake for R than for C and W (P < 0.001), as well as a
higher ingestion of C than W (P < 0.05). A comparison between the two sessions
showed higher intakes for R and C in the second trial (P < 0.05), but no differences
between trials for W. Similar results were observed for the proportion of food intake
except for the differences between trials (Figure 2).

For both sessions a significant effect of pellet type on time spent feeding
(χ2 = 6.5, df = 2, P < 0.05 andχ2 = 17.17, df = 2, P < 0.001, respectively;
Figure 3) was found. In fact, in the first session, the animals spent more time eating
R than C and W (P < 0.01). There were no differences observed between C and
W. In the second session, time spent feeding on R was higher than that spent on C
and W (P < 0.01), whereas this variable was lower for W than for C (P < 0.01).
A comparison between the two sessions showed higher levels of time spent feeding
on W in the first session (P < 0.05). Accordingly, the proportion of time spent
feeding showed a similar pattern (Figure 4).
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FIG. 2. Proportion of goat intake (mean+SE) of straw pellets sprayed with either distilled
water or ryegrass or clover aromatic extracts in the two session cafeteria trial. A, B: means
within sessions followed by a different letter are different atP < 0.001. C, D: means within
sessions followed by a different letter are different atP < 0.01.

DISCUSSION

In this study, plant physical characteristics were removed by transferring the
odorous molecules from ryegrass and clover to aqueous solutions. However, the
aroma of the original sample extract may change during the extraction process
and does not necessarily reproduce the characteristics of the original sample from
which it was obtained (Moio et al., 1995). If such an odor distortion occurs during
the preparation of extract, the aromatic aqueous phase offered to the animals may
exhibit olfactory properties different from those of the original plant. Therefore, the
first objective of this study was to develop an extraction procedure yielding extracts
with odors close to those of the original plant. The results of sensory analysis
indicate that the cold aromatic extraction technique from ryegrass and white clover
may be effective in reproducing the corresponding plant odor characteristics. The
importance of using a low temperature during the extraction process to attain a
good representation of the extracts before sensory analysis has also been reported
for wine (Moio et al., 1995), cheese, and tomato (Etievant et al., 1995).
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FIG. 3. Time spent feeding (mean+SE) by goats on pellets sprayed with either distilled
water or ryegrass or clover aromatic extracts in the two session cafeteria trial. A, B and C,
D: means within sessions followed by a different letter are different atP < 0.01. ∗ means
between sessions are different atP < 0.05.

The results obtained in the cafeteria trials with the four dependent variables
(time spent feeding, food intake, proportion of time spent feeding, and proportion
of food intake) were generally similar. This study indicates that the addition of
aromatic extract (ryegrass or clover) to straw pellets usually increased the pref-
erence for pellets. In particular, the intake of straw pellets sprayed with ryegrass
extract was higher than those sprayed with water in both sessions, whereas for the
clover extract this was observed only in the second session. These findings are
in agreement with Provenza et al. (1996), who suggested that offering lambs the
same food in different flavors influences food intake, as does offering different
foods of similar or different nutritional value.

In field experiments, it has been found that ryegrass and white clover swards
grazed by goats have more clover than those grazed by sheep (Penning et al., 1996;
del Pozo et al., 1998). In a Mediterranean grazing environment, where the vege-
tation was exclusively herbaceous, Fedele et al. (1993) found that goats preferred
grasses and had little interest in forbs and legumes. A preference for grasses over
legumes was also confirmed in short-term trials (De Rosa et al., 1997). It has been
suggested that goats prefer plants with high non-structural carbohydrate content
(Fedele et al., 1993), whereas plants with higher levels of secondary metabolites,
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FIG. 4. Proportion of time spent feeding (mean+SE) by goats on straw pellets sprayed
with either distilled water or ryegrass or clover aromatic extracts in the two session cafeteria
trial. A, B and C, D: means within sessions followed by a different letter are different at
P < 0.01. ∗ means between sessions are different atP < 0.05.

which are considered protective agents for plants against herbivores and pathogens
(Provenza et al., 1988) such as tannins, terpenes, alkaloids, cyanogenic glycosides
(e.g., legumes) are markedly disliked by goats (Narjisse, 1991; Morand–Fehr et al.,
1993). In fact, removal of surface compounds with organic solvents increased tar-
bush (Flourensia cernua) intake by sheep (Estell et al., 1994), and terpenes on the
leaf surface were related to diet preference (Estell et al., 1996). Accordingly, diet
selection of goats was inversely correlated with tannins (Provenza and Malechek,
1984; Provenza et al., 1990). Goats were also able to taste monoterpenes (Narjisse
et al., 1996) in pellets, and a positive (camphor) or negative (α-pinene, limonene)
correlation between the content of these monoterpenes with juniper ingestion has
been found (Riddle et al., 1996). Conversely, in lambs a detrimental effect of both
camphor andα-pinene concentration on pellet intake has been reported (Estell
et al., 1998). These findings are consistent with our results where the preference
was higher for ryegrass extract than for clover, although the nutritional value of
the two pellets was similar and the factor of plant physiological characteristics was
removed. Therefore, only sensory cues (odor and taste) could be used by goats for
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pellet discrimination, thus confirming that food flavor may play an important role
in affecting goat preferences.

Food preferences depend on the functional interrelationship between flavor
and postingestive effects of nutrients (Provenza et al., 1996). Animals discriminate
among foods using taste, odor, and sight, which are a source of hedonic sensa-
tions (Provenza, 1996). They acquire preference for nutrients and for high levels
of rapidly digestible nutrients and an aversion for toxins and foods deficient in
specific nutrients (Provenza, 1995, 1996). It can be argued that in the present study
goat selection was not based on postingestive effects, since short-term trials were
performed. Thus, the data may reflect only the initial response of goats to the flavors
of ryegrass and clover. The animals were exposed to these flavors after one week
and the preference for ryegrass over clover was confirmed. The animals used in this
study had experienced grazing in open rangeland, where they may have learned
to associate a particular flavor with negative (or positive) postingestive effects in
previous grazing activity. This hypothesis is supported by experimental evidence
that young mammalian herbivores can still associate, even after as long as three
years, negative (Burritt and Provenza, 1990; Distel and Provenza, 1991) or positive
associations (Squibb et al., 1990; Distel and Provenza, 1991) with specific foods.
It is likely that the goats generalized preferences and aversions to the flavored
straw pellets on the basis of their past experiences with straw, clover, and ryegrass.
Flavor generalizations have been demonstrated for food preferences (Ralphs et al.,
1995) and food aversions (Launchbaugh and Provenza, 1993). This is especially
likely to be the case given the limited amount of time the goats were tested. With
more time and greater intake of the pellets, the postingestive effects of straw would
likely have played a greater role in influencing food selection (Lawler et al., 1999;
Villalba and Provenza, 2000). In addition, during the cafeteria trials, the goats ate
limited amounts of the straw pellets, less than 50 g of each flavored pellet, and
they were offered the foods briefly (3 min) on only six occasions. Food items that
make up such a small part of the daily ration have relatively little postingestive
influence on food preference (Villalba and Provenza, 2000).

Results from this study show that goat selectivity for ryegrass as opposed
to clover is consistent, even when straw pellets sprayed with odors of these
plants are offered. Further studies using gas chromatography–sniffing and gas
chromatography–spectrometry analysis to determine the aromatic compounds re-
sponsible for grass–legume discrimination and preference are the next steps, be-
cause a better understanding of the mechanisms underlying food preferences may
lead to strategies for altering diet selection.

Acknowledgments—The authors acknowledge the assistance of G. Migliori with conducting the
experiment and M. Walters for revising the English text. We also thank two anonymous referees for
improving an early draft of the manuscript. The research was supported by Italian Ministry of University
and Scientific Research.



P1: GKW/RKP P2: GKW

Journal of Chemical Ecology [joec] PP363-365233 January 24, 2002 17:34 Style file version Nov. 19th, 1999

280 DE ROSA, MOIO, NAPOLITANO, GRASSO, GUBITOSI, AND BORDI

REFERENCES

BOWN, M. D., MCCALL , D. G., SCOTT M. L., WATSON, T. G., and DOW, B. W. 1989. The effect of
integrated grazing of goats, sheep and cattle on animal productivity and health on high-producing
hill country pastures.Proc. N. Z. Soc. Anim. Prod.49:165–169.

BURRITT, E. A. and PROVENZA, F. D. 1990. Food aversion learning in sheep: Persistence of conditioned
taste aversions to palatable shrubs (Cercocarpus montanus and Amelanchier alnifolia). J. Anim.
Sci.68:1003–1007.

DEL POZO, M. and WRIGHT, I. A. 1995. Integration of sheep and goats in grazing systems on grass/clover
swards. European Fine Fibre Network, Occasional Publication No. 3, pp. 151–160.

DEL POZO, M., OSORO, K., and CELAYA , R. 1998. Effects of complementary grazing by goats on sward
composition and on sheep performance managed during lactation in perennial ryegrass and white
clover pastures.Small Rumin. Res.29:173–184.

DE ROSA, G., FEDELE, V., NAPOLITANO, F., GUBITOSI, L., BORDI, A., and RUBINO, R. 1997. Dietary
preferences in goats with or without grazing experience.Anim. Sci.65:457–463.

DISTEL, R. A. and PROVENZA, F. D. 1991. Experience early in life affects voluntary intake of blackbrush
by goats.J. Chem. Ecol.17:431–450.

ESTELL, R. E., ANDERSON, D. M., and HAVSTAD, K. M. 1994. Effects of organic solvents on use of
tarbush by sheep.J. Chem. Ecol.20:1137–1142.

ESTELL, R. E., FREDRICKSON, M. R., ANDERSON, D. M., HAVSTAD, K. M., and REMMENGA, M. D.
1996. Tarbush leaf surface terpene profile in relation to mammalian herbivory, pp. 237–241,in J. R.
Barrow, E. D. McArthur, R. E. Sosebee, and R. J. Tausch (eds.). Proceeding Symposium. Shrubland
Ecosystem Dynamics in a Changing Climate. Gen. Tech. Rep. INT-GTR-338. Intermountain
Research Station, Forest Service, USDA, Ogden, Utah.

ESTELL, R. E., FREDRICKSON, E. L., TELLEZ, M. R., HAVSTAD, K. M., SHUPE, W. L., ANDERSON,
D. M., and REMMENGA, M. D. 1998. Effects of volatile compounds on consumption of alfalfa
pellets by sheep.J. Anim. Sci.76:228–233.

ETIEVANT, P., MOIO, L., GUICHARD, E., LANGLOIS, D., LESSCHAVE, I., SCHLICH, P., and CHAMBELLANT ,
E. 1995. Aroma extract dilution analysis and the representativeness of the odor of food extracts,
pp. 179–190, in H. Maarse and D. G. Van der Heij (eds.). Trends in Flavor Research. Elsevier
Science, Amsterdam, The Netherlands.

FEDELE, V., PIZZILLO , M., CLAPS, S., MORAND-FEHR, P., and RUBINO, R. 1993. Grazing behav-
ior and diet selection of goats on native pasture in Southern Italy.Small Rumin. Res.11:305–
322.

GHERARDI, S. G. and BLACK, J. L. 1991. Effect of palatability on voluntary feed intake by sheep.
I. Identification of chemicals that alter the palatability of a forage.Aust. J. Agric. Res.42:
571–584.

GHERARDI, S. G., BLACK, J. L., and COLEBROOK, W. F. 1991. Effect of palatability on voluntary feed
intake by sheep. II. The effect of altering the palatability of a wheaten hay on long-term intake
and preference.Aust. J. Agric. Res.42:585–598.

GORDON, I. J. 1995. Animal-based techniques for grazing ecology research.Small Rumin. Res.16:203–
214.

LAUNCHBAUGH, K. L. and PROVENZA, F. D. 1993. Can plants practice mimicry to avoid grazing by
mammalian herbivores?Oikos66:501–504.

LAUNCHBAUGH, K. L., PROVENZA, F. D., and BURRITT, E. A. 1993. How herbivores track variable
environment: Response to variability of phytotoxins.J. Chem. Ecol.19:1047–1056.

LAWLER, J. R., STAPLEY, J., FOLEY, W. J., and ESCHLER, B. M. 1999. An ecological example of
conditioned flavor aversion in plant-herbivore interactions: The effect of terpenes of Eucalyptus
leaves on feeding by common ringtail and brushtail possums.J. Chem. Ecol.25:401–415.



P1: GKW/RKP P2: GKW

Journal of Chemical Ecology [joec] PP363-365233 January 24, 2002 17:34 Style file version Nov. 19th, 1999

GOAT FEEDING PREFERENCES 281

MOIO, L., CHAMBELLANT , E., LESSCHAVE, I., ISSONCHOU, S., SCHLICH, P., and ETIEVANT, P. 1995.
Production of representative wine extracts for chemical and olfactory analysis.Ital. J. Food Sci.
3:256–278.

MORAND-FEHR, P., HERVIEU, J., LEGENDRE, D., GUTTER, A., and DEL TEDESCO, L. 1987. Rapid tests
to assess concentrate feed acceptability by goats.Ann. Zoot.36:324 (abstract).

MORAND-FEHR, P., FEDELE, V., SCHMIDELY, P. H., and RUBINO, R. 1993. Relation between chemical
composition of pasture plants and dietary preferences of goats. Proceedings of the Workshop on
Sheep and Goat Nutrition, pp. 1–5. Aristotele University, Thessaloniki, Greece, September 24–26.

NARJISSE, H. 1991. Feeding behaviour of goats on rangelands, pp. 13–24,in P. Morand-Fehr (ed.).
Goat Nutrition. Pudoc, Wageningen, The Netherlands.

NARJISSE, H., MALECHEK, J. C., and OLSEN, J. D. 1996. Influence of odor and taste of monoterpenoids
on food selection by anosmic and intact sheep and goats.Small Rumin. Res.23:109–115.

NORUSIS, M. J. 1989. SPSS User’s Guide: SPSS-PC+ Basal Manual and Advanced Statistics (Version
3.1). SPSS Inc., Chicago, Illinois.

OSBOURN, D. F. 1980. The feeding value of grass and grass products, pp. 70–124,in W. Holmes (ed.).
Grass, its Production and Utilization. Blackwell, London.

PENNING, P. D., JOHSON, R. H., and ORR, R. J. 1996. Effects of continuous stocking with sheep or
goats on sward composition and animal production from a grass and white clover pasture.Small
Rumin. Res.21:19–29.

PROVENZA, F. D. 1995. Postingestive feedback as an elementary determinant of food preference and
intake in ruminants.J. Range Manage.48:2–17.

PROVENZA, F. D. 1996. Acquired aversions as the basis for varied diets of ruminants foraging on
rangelands.J. Anim. Sci.74:2010–2020.

PROVENZA, F. D. and MALECHEK, J. C. 1984. Diet selection by domestic goats in relation to blackbrush
twig chemistry.J. Appl. Ecol.21:831–841.

PROVENZA, F. D., BALPH, D. F., OLSTEN, J. D., DWYER, D. D., RALPHS, M. H., and PFISTER, J. A. 1988.
Toward understanding the behavioral responses of livestock to poisonous plants, pp. 407–424,
in L. F. James, M. H. Ralphs, and D. B. Nielson (eds.). The Ecology and Economic Impact of
Poisonous Plants on Livestock Production. Westview Press, Boulder, Colorado.

PROVENZA, F. D., BURRITT, E. A., CLAUSEN, T. P., BRYANT, J. P., REICHARDT, P. B., and DISTEL,
R. A. 1990. Conditioned flavor aversion: A mechanism for goats to avoid condensed tannins in
blackbrush.Am. Nat.136:810–828.

PROVENZA, F. D., SCOTT, C. B., and LYNCH, J. J. 1996. Preference of sheep for foods varying in flavors
and nutrients.J. Anim. Sci.74:2355–2361.

RADCLIFFE, J. E. and FRANCIS, S. M. 1988. Goat farming practices on high producing pastures.Proc.
N. Z. Grassl. Assoc.49:29–32.

RALPHS, M. H., PROVENZA, F. D., WIEDMEIER, R. D., and BUNDERSON, F. B. 1995. Effects of energy
source and food flavor on conditioned preferences in sheep.J. Anim. Sci.73:1651–1657.

RIDDLE, R. R., TAYLOR, C. A., JR., KOTHMANN, M. M., and HUSTON, J. E. 1996. Volatile oil contents
of ashe and redberry juniper and its relationship to preference by Angora and Spanish goats.J.
Range Manage.49:35–41.

SMITH, D. 1973. The non-structural carbohydrates, pp. 106–155,in G. W. Butler and R. W. Bailey
(eds.). Chemistry and Biochemistry of Herbage, Vol. 1. Academic Press, New York.

SQUIBB, R. C., PROVENZA, F. D., and BALPH, D. F. 1990. Effect of age of exposure on consumption of
a shrub by sheep.J. Anim. Sci.68:987–997.

VAN TIEN, D., LYNCH, J. J., HINCH, G. N., and NOLAN, J. V. 1998. Grass odor and flavor overcome
feed neophobia in sheep.Small Rumin. Res.32:223–229.

VILLALBA , J. J. and PROVENZA, F. D. 2000. Discriminating among novel foods: Effects of energy
provision on preferences of lambs for poor-quality foods.Appl. Anim. Behav. Sci.66:87–106.


