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Abstract

Forage from a sagebrush-dominated winter range and rumen
ingesta from mule deer wintering on this range were analyzed for
monoterpenoids. The average monoterpenoid level of the rumen
ingesta was 0.3%, compared with an average of 1.64% expected
from the proportion of monoterpenoid-containing plants in the
diet. This 80% reduction between the monoterpenoid level from
the rumen compared to the level expected from the ingested forage
was highly significant (p<<.01). The exact method in which the
monoterpenoids are lost from the ingesta was not determined, but
evidence from other studies suggests that monoterpenoids may be
lost from ingested forage as early as the mastication process. The
amount of monoterpenoids found in the rumen ingesta at the time
of sampling does not appear to be high enough to interfere with
microbial activity. This loss of monoterpenoids may explain the
conflict between in vitro evidence that big sagebrush monoterpe-
noids inhibit rumen microorganisms and digestive trials which
show that big sagebrush is a highly digestible winter forage.

In the Great Basin and Rocky Mountain regions, big sagebrush
(Artemisia tridentata) is an important winter browse species for
mule deer (Odocoileus hemionus) (Smith 1950, Plummer et al.
1968, Kufeld et al. 1973, McArthur et al. 1979, Willms et al. 1979).

Through in vitro techniques, Nagy et al. (1964) found that the
monoterpenoids from big sagebrush suppressed the growth rate of
the rumen microorganisms, decreased the rate of cellulose diges-
tion, and decreased the rate of gas and volatile fatty acid produc-
tion by the microorganisms. Others have also hypothesized that
when big sagebrush is consumed in high enough levels (15-30% of
the total diet), the monoterpenoids interfere with digestion (Nagy
and Tengerdy 1968, Dietz and Nagy 1976, Nagy and Regelin 1977,
Wallmo et al. 1977, Carpenter et al. 1979). Other wildlife species
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besides mule deer, such as pygmy rabbits (Brachylagus idahoensis)
(Wild 1978, Green and Flinders 1980, White et al. 1982), pronghorn
antelope (Antilocapra americana) (Smith et al. 1965, Sundstrom et
al. 1973), and sagegrouse (Centrocercus urophasianus) (Braun et
al. 1977), are known to consume large amounts of big sagebrush
without any known adverse effects.

Previous studies reviewed by Welch and McArthur (1979) con-
cerning the digestibility of big sagebrush lack sufficient evidence to
prove that monoterpenoids interfere with digestion (also see Ward
1971). Through in vitro means, Welch and Pederson (1981)
reported evidence that big sagebrush is a highly digestible winter
browse species for mule deer. They found no significant relation-
ship between the total monoterpenoid content of the sagebrush
accessions and digestibility. They suggested that monoterpenoids
may be lost from the forages through either mastication, eructa-
tion, absorption, or a combination of these processes and, there-
fore, may not interfere with rumen microorganisms. The purpose
of this study is to test the hypothesis that the monoterpenoid level
in the rumen ingesta is significantly less than expected from the
forage ingested.

Materials and Methods

Study Area

Mule deer rumen ingesta samples and vegetative samples of
monoterpenoid producing plants were taken off a mule deer winter
range that runs next to U.S. highway 50 from Spanish Fork, Utah,
to 10-15 miles east of Thistle, Utah. Here about 1,200 mule deer
winter within a few hundred meters of the highway. This is due to
two topographical features: high, steep mountains (80-120%
slopes) and narrow valleys. The result is that a great number of
wintering mule deer are bunched onto small areas. During our
study, the deer were confined to a vertical distance of 396 meters
(1,300 feet) —1524 meters to 1920 meters (5,000 feet to 6,300 feet).
It has been our observation for the past five winters that deer ina
given area along this highway moved less than 1207 meters (3/4 of
a mile). This condition exists elsewhere in Utah and in other states
(Dorrance 1966). Because of this congestion of deer and motorized
traffic, many road kills occur. We selected areas along U.S high-
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way 50 to collect rumen ingesta from fresh road kills. A road kill
was considered fresh if the body felt warm to the touch, was slightly
bloated on the left side, and the surface blood was uncoagulated. A
major consideration for choosing a given area was the homogene-
ous appearance of the monoterpenoid producing plants. Five road
kills were used along U.S. highway 50. Three other road kills were
used along other highways of central Utah found under the same
conditions as for U.S. highway 50. In addition, four mule deer were
shot by personnel from the Utah Division of Wildlife Resources
(DWR) on winter ranges dominated by sagebrush. These twelve
deer were sampled during a period from January 10 to February
28.

Rumen Ingesta

Rumen samples were collected by immediately taking a mixed
sample of ingesta out of the rumen and placing the sample in a
plastic bag. Next, liquid nitrogen (about 900 ml) was poured on the
sample, thus, quickly freezing the sample and preventing the loss of
monoterpenoids. Because the plastic bags often cracked from the
extreme cold of the liquid nitrogen (-196° C) (Weast 1976), the
frozen samples were placed in a second plastic bag and secured.
Rumen ingesta samples were stored in a freezer at -30° C until
needed for monoterpenoid determinations and for determining the
amount of monoterpenoid producing plants in the ingesta.

To determine the monoterpenoid levels in rumen ingesta, the
samples were first thawed, mixed and 33 g placed in a 250-ml
erlenmeyer flask. Approximately 100 mi of absolute ether was

added to each flask to extract the monoterpenoids. The flasks were
rotated at 200 rnm for R haure Then the ether wac decanted off and
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the ether extracts concentrated by vacuum to 20-30 ml. Next, | mi
of a carvone standard (31.25g/250 ml in ether) was added to the
extracts. Ether was then added to bring the volume of each sample
to 50 ml. At the same time that samples were removed from the
ingesta for monoterpenoids extraction, portions of the ingesta
were also removed and analyzed to determine the dry matter
content and the amount of monoterpenoid producing plants (sage-
brush, juniper, and rabbitbrush).

Amount of monoterpenoid-producing plants was determined by
first screening the individual ingesta samples with a 2-mm screen
using cold tap water and then separating the particles into four
categories: sagebrush, juniper, rabbitbrush, and other. Segregated
plant material was then placed in aluminum dishes and oven dried
for a minimum of 30 hoursat 100° C. From the oven-dried weights,
the percentage of the four plant categories was determined. The
percentages of sagebrush, juniper, and rabbitbrush in the various
rumen ingesta samples were used to calculate expected monoterpe-
noid levels in the ingesta.

Vegetative Sampling

Vegetative samples of monoterpenoid-producing plants were
collected a full 24 hours after taking the rumen samples from the
road-killed deer and those shot. We took the same tissue off the
plants as was eaten by the deer. Only browsed plants within 305
meters (1,000 feet) of where the deer were killed were sampled.
These samples were placed in small plastic bags and packed in
snow to prevent monoterpenoid loss. The vegetation samples were
stored in a freezer (-30° C) until needed for monoterpenoid deter-
mination. We used a method described by Welch and McArthur
(1981) to determine the concentration of monoterpenoid in the
vegetative samples. Data were expressed on a dry matter basis.

The amount of monoterpenoid in sagebrush, juniper, and rab-
bitbrush from the various collecting areas was used to calculate the
expected monoterpenoids levels in the various ingesta. Expected
values were compared to actual values by using a paired “1” test.

Results

The mean vegetative composition of the ingesta was 18.5%,
29.7%, 8.9%, and 42.8% for sagebrush, juniper, rabbitbrush, and
others, respectively (Table 1). The vegetative composition of the
ingesta samples varied greatly among the deer, with the range of
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Table 1. Amount of monoterpenoid-containing plants: big sagebrush
(Artemisia tridentata), juniper (Juniperus osteosperma), and

rabbitbrush (Chrysothamnus nouseosus) and total monoterpencid

containing plants found in the rumen ingesta of 12 wintering mule deer,
expressed as percent of dry matter.

Deer Sagebrush Juniper  Rabbitbrush Total
(%) (%) (%) (%)

1 0.39 45.54 — 4593
2 34.01 6.45 — 40.46
3 37 83.13 — 83.50
4 22.74 33.59 4.63 60.96
5 9.27 8.55 58.86 76.68
6 30.13 9.82 .55 40.50
7* .24 56.72 — 56.96
8 18.24 10.54 319 31.97
9 40.93 1.44 8.45 50.82
10 23.55 1.05 29.05 53.65
11! 7.19 56.32 2.28 65.79
12! 35.05 43.67 .31 79.03
Mean 18.51 29.74 8.94 57.19

Deer killed by personnel from the Utah Division of Wildlife Resources. Others were
highway or railroad kills.

sagebrush from 0.2% to 40.9%, and juniper 1.1% to 83.1%, and
rabbitbrush 0.0% to 58.9%. On a dry matter basis, an average
57.2% of the ingesta was composed of plants that contain high
levels of monoterpenoids.

A necropsy was performed on the four deer shot by the DWR
(numbers 2, 7, 11, and 12) to determine the health status of each;
they received ratings of 70 (good), 85 (excellent), 60 (fair), and 70
(good), respectively (Kistner et al. 1980). The percentage of plants
containing monoterpenoids found in the rumen ingesta of these
deer was 40.5%, 56.9%, 65.8%, and 79.0%, respectively, on a dry
matter basis. There appeared to be no correlation between health
condition and amount of monoterpenoid-containing plants in the
ingesta.

There was an average loss of 80% of the monoterpenoids from
the rumen (Table 2), with a range of 62% to 98%. The difference
between the observed expected levels of monoterpenoids was
highly significant (P<.01).

The mean monoterpenoid content for sagebrush, juniper, and
rabbitbrush on a dry weight basis was 2.7%, 4.2%, and 0.4%,
respectively (Table 3), which compares favorably with the findings
of other investigators (Jobman 1972, Sheehy 1975, Nagy and
Tengerdy 1968, Welch and McArthur 1981).

Discussion

The results of this study support the hypothesis that the mono-

" Table 2. Expected and observed amounts of monoterpenoids in rumen in-

gesta of 12 wintering mule deer expressed as percent of dry matter.

Deer Observed Expected  Difference  Reduction
number (%) (%) (%) (%)
1 0.03 1.78 1.75 98.3
2! A3 1.55 1.42 91.6
3 .29 3.00 2.7 90.3
4 .51 2.28 1.77 77.6
5 .18 A7 .29 61.7
6 .36 1.95 1.59 81.5
7 .19 1.08 .89 824
8 A7 .80 .63 78.8
9 27 1.37 L.10 80.3
10 .39 1.11 .72 64.9
nt .55 2.49 1.94 77.9
12! 55 L8 130 103
Mean .30 1.64 1.34 79.6

Deer killed by personnel from the Utah Division of Wildlife Resources. Others were
highway or railroad kills.
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Table 3. Amount of monoterpenoids from winter range plants collected in
the immediate vicinity from which each mule deer rumen sample was ob-
tained, expressed as percent of dry matter.

Deer Sagebrush Juniper Rabbitbrush
number (%) %) (%)
1 1.9 39 —
2 24 1.5 —
3 1.7 3.6 —
4 35 4.4 A
5 L5 4 5
6 4.6 5.7 5
7 2.2 1.9 —
8 1.8 4.3 7
9 3.1 38 5
10 4.4 4.1 .1
11 32 4.0 3
12 2.1 2.7 =
Mean 27 42 4

terpenoid level in the rumen ingesta is significantly less than
expected from the forage ingested. These results are supported by a
similar study conducted with pygmy rabbits (White et al. 1982)
which shows that about 77% of the monoterpenoids from sage-
brush is lost from the stomach of the rabbits. The loss of monoter-
penoids may be due to one or more of the following: mastication,
rumination, eructation, absorption through the rumen wall into
the cardiovascular system and excreted in the urine or metabolized
in the liver (Annison 1965, Cook et al. 1952, Welch and Pederson
1981). White et al. (1982) found evidence of the loss of monoterpe-
noides through mastication by pygmy rabbits.

Amino acids, volatile fatty acids, and other substances are
absorbed through the rumen wall into the cardiovascular system
(Annison 1965). The molecular weights of monoterpenoids
(136.24-156.27) (Weast 1976) fall within the range of the molecular
weights for amino acids (75.07-204.23), which on a size basis
suggests that monoterpendoids could be lost through absorption
as suggested by Cook et al. (1952).

Some workers have concluded from in vitro studies that diges-
tion problems could arise in mule deer when big sagebrush reaches
15 to 30% of the diet (Dietz and Nagy 1976, Wallmo et al. 1977,

Carpenter et al. 1979). Of course, these workers couldnt have :

taken into consideration in their estimates our discovery concern-
ing the large loss of monoterpenoids from ingested forages. This
would substantially raise the level of big sagebrush and other
monoterpenoid-producing plants that can be safely consumed.
Also, our data show that the rumen contents of the four healthy
mule deer shot by the DWR were composed on a dry weight basis
of 40.5 to 79.0% of plant material containing high levels of
monoterpenoids.

Since our results show significant loss of the “toxic” monoterpe-
noids from big sagebrush, juniper, and rabbitbrush occurs in the
early stages of the digestion process, the nutritional dilemma
referred to by Wallmo et al. (1977) is probably not as great as first
thought. Also, this loss of monoterpenoids helps to explain the
conflict between in vitro evidence that big sagebrush monoterpe-
noids (also juniper) inhibit rumen microorganisms and digestive
trials which show that big sagebrush is a highly digestable winter
forage.
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