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Abstract 

The in vitro dry matter digestibility (IVDMD) values of 9 for- 
ages were compared using rumen fluid collected from wild white- 
tailed deer (Odocoileus virginianus), captive white-tailed deer, and 
a Holstein cow. Five of the 9 forages analyzed displayed signifi- 
cantly different (P<O.O5) IVDMD between wild deer and captive 
deer inocula and between wild deer and cow inocula. Differences 
were attributed to the diet differences of the donor animals, which 
may have influenced the composition of microorganisms within 
the rumen. In vitro dry matter digestibility of all 5 forages consi- 
dered together decreased significantly (KO.05) when rumen 
inocula were stored at various intervals. This study indicates that 
IVDMD values obtained using inoculum from captive and domes- 
tic animals on commercial diets should only be used by researchers 
to make comparisons of forages, not to predict actual digestibility 
levels by wild animals. In addition, in vitro samples should be 
inoculated as soon after collection as possible in order to obtain 
reliable data. 

The quantity and quality of available forage is a major factor 
affecting the quality of rangelands for wildlife. Biologists have 
attempted to determine the nutritional quality of various forages 
and to evaluate digestibility by different animals. In order to 
determine how well selected wildlife species, such as ruminants, 
can utilize various forages, researchers have conducted digestibil- 
ity experiments. Traditionally, digestion trials involving the feed- 
ing of animals were used. However, researchers encountered prob- 
lems using this technique including expense, time, and difficulties 
in obtaining large amounts of forage (Palmer 1976). Because of 
such problems, in vitro procedures have been developed to esti- 
mate the degree of forage digestion by ruminants (Tilley and Terry 
1963, Pearson 1970). 

The advantage of using in vitro procedures is that they are 
relatively inexpensive and a large number of forage samples can be 
analyzed at one time using only a small amount of sample. Like 
conventional digestion methods, however, in vitro digestibility 
procedures also have their limitations in practice and application. 
Because it is often impractical to obtain inoculum from the wild 
ruminant under investigation, researchers have substituted, using 
inoculum from captive animals of the same species, or of a different 
species, in an attempt to quantify how well free ranging animals are 
using various forages (Palmer et al. 1976, Blankenship et al. 1982). 
However, because the composition of microorganisms within the 
rumen is dependent on the diet of an animal (Church 1969, May- 
nard et al. 1979), differences in diets may influence an animal’s 
ability to digest a forage. Some researchers have documented that 
the use of inoculum from different ruminant species, on various 
diets, affected the IVDMD of various forages (Robbins et al. 1975, 
Horton et al. 1980). Welch et al. (1983) however, found no signifi- 
cant difference in the IVDMD of 25 forages among 6 ruminant 
species. Conflicting results may have been caused by differences in 
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the chemical composition of test forages or in differences in labora- 
tory procedures. 

This study investigated the feasbility of using cow and/ or cap- 
tive white-tailed deer (Odocoileus virginianus) as the inoculum 
source for estimating in vitro digestion in wild white-tailed deer. In 
addition, the effect that the time interval between collection of 
rumen fluid and inoculation of samples has on in vitro dry matter 
digestibility (IVDMD) levels was also investigated. 

Methods 

To investigate the effects various inoculum sources have on 
IVDMD of selected forages, rumen fluid was collected from wild 
white-tailed deer, captive white-tailed deer, and a nonlactating 
rumen-fistulated Holstein cow. Captive deer were fed commercial 
deer pellets. The Holstein cow was maintained on a diet of good 
quality alfalfa hay. 

Three replicate trials were conducted using captive deer and cow 
inoculum and duplicate trials were run using wild deer rumen fluid. 
Rumen fluid for cow replicates was obtained from 1 animal on 3 
different days in March, 1983. To obtain inoculum from captive 
deer, three 7-8 month old, male deer were sacrificed from the 
Houghton Lake Wildlife Experiment Station, Houghton Lake 
Heights, Mich., in February, 1983. Inoculum from wild deer was 
obtained by sacrificing 2 adult does: 1 in October, 1982, from an 
aspen (Populus spp.) clearcut, where vegetation samples were col- 
lected in Montmorency County Mich., and 1 in February, 1983, 
from an agricultural area in Ingham County Mich. The food habits 
of these 2 deer were not determined but, based on studies con- 
ducted in similar areas, their diets were assumed to be fairly diverse 
(Rogers et al. 198 1). 

Rumen fluid from all 3 sources was strained through 4 layers of 
cheesecloth into an Erlenmeyer flask and placed in a waterbath 
(39°C) for transportation to the laboratory. Inoculum was kept in 
a waterbath maintained at 39” C and flushed with CO2 until inocu- 
lation. All samples, except those used in the inoculum storage test, 
were inoculated within I hr of obtaining rumen fluid. Analytical 
procedures used were described by Tilley and Terry (1963), modi- 
fied by Michigan State University, Department of Dairy Science. 
Modifications included the use of a phosphate-carbonate buffer 
solution (Table 1) and using a ratio of I2 ml of rumen fluid to 10 ml 
buffer solution. 

The plant samples used for digestion trials included orange- 
hawkweed (Hieracium aurantiacum), wild strawberry (Fragaria 
virginiana), panic grass (Panicum virgatum), and separate leaf and 
twig samples from 3 woody species: black cherry (Prunusserotina), 
trembling aspen (Populus tremuloides), and big-tooth aspen (P. 
grandidentata). Vegetation samples were collected in June, 1982, 
from a IO-year-old aspen clearcut. Tissues collected were restricted 
to the current annual growth of randomly selected individuals. 
These samples were dried at 60°C and ground in a Wiley mill to 
pass a l.O-mm screen. 
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Table 1. Composition of in vitro buffer solution. 

Ingredient g/L 

NasHPOd 8.72 
KHzPO4 4.08 
MgS04*7HzO 1.5 
KC1 0.5 
CaCl2 0.1 
Na&9Hz0 0.025 
Na2C03 solution, 15.73g/ 100 ml 20(ml/ I-1 
Urea solution, 8.Og/ 100 ml IO(ml/ L) 

Statistical analysis of the data was with analysis of variance and 
Duncan’s new multiple-range test. Barlett’s test was conducted on 
all data to test for homogeneity of variance. Data which had 
heterogeneous variances were subjected to an arc sine transforma- 
tion (Steel and Torrie 1980). 

Tests for effects of storage time of inoculum on IVDMD from 3 
captive adult male deer from the Houghton Lake Wildlife Experi- 
ment Station and the Holstein cow were conducted. In vitro diges- 
tion trials were initiated 40 minutes after rumen fluid collection, 
with subsequent samples inoculated at 7, 20-minute intervals, 
with the final inoculation at 3 hr. Vegetation samples for this phase 
of the project consisted of cherry (Prunus spp.) leaves, cherry 
twigs, sedge (Curex spp.), orange-hawkweed, and panic grass col- 
lected from a 5-year-old jack pine (Pinus banksiuna) clearcut. 
Subsamples of each of the 5 vegetation samples were used in all 8 
time periods. Vegetation was dried, separated, and ground by 
methods stated earlier. 

Regression equations were calculated to determine the relation- 
ship between IVDMD and storage time of the rumen fluid. 

Results 

Of the 6 samples from the 3 woody species analyzed, only 2 
showed significantly different digestibility levels among inoculum 
sources (Table 2). Black cherry twigs and trembling aspen leaves 
had IVDMD levels which were significantly different between wild 
deer and captive deer and between wild deer and cow. Black cherry 
leaves were the only species which displayed significantly different 
IVDMD levels among all combinations of inoculum sources. Two 
of the 3 herbaceous species analyzed show significantly different 
IVDMD values between wild deer and captive deer inoculum 
sources and between wild deer and cow (Table 2). There were no 
significant differences in IVDMD between individual wild deer 
and individual captive deer. 

Results of inoculum storage time trials showed that IVDMD of 
all species combined significantly decreased (KO.05) over 3 hr 
using both captive deer and cow inoculum (Fig. I). The IVDMD of 
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Fig. 1. Effects of time prior to inocukaiion on the in vitro dry matter 
digestibility offorages (mean values of 5 forages at each time) using cow 
and captive deer inoculum. 

individual forage species did not show a significant decline over 
time using captive deer inoculum. Using cow inoculum, however, 
cherry leaves, panic grass, and orange-hawkweed all showed a 
significant decrease in IVDMD (KO.05) (Fig. 2). 

Discussion 

Results indicate that of the forages used for the in vitro digestion 
comparison trials, 5(56%) had significantly different IVDMD 
values between wild deer and captive deer and between wild deer 
and cow. These data suggest that in vitro digestion of some forages 
by wild deer differed significantly from both captive deer and cow. 
This dissimilar capability to efficiently utilize the selected forages 
may have been caused by differences in the diet composition of the 
respective donor animals. Since the captive deer and cow were fed a 
homogeneous ration of good nutritional quality, the diversity of 
microorganisms which inhabit the rumen may have been limited. 
Robbins (1983) stated that the inoculation of bacteria into the 

Table 2. Mean IVDMD of forage species from three inoculum sources. Number of animals used for each inoculum source is indicated in parentheses. 

- 
lnnculum sources 

Wild deer 
Forage species (2) 
Fragaria virginiana (wild strawberry) 68.8al 
Hieracium aurantiacum (orange-hawkweed) 63.6 
Panicum virgatum (panic grass) 54.5a 
Prunus serofina (black cherry) leaves 34.2a 
P. serorina (black cherry) twigs 52.7a 
Populus tremuloides (trembling aspen) leaves 50.3a 
P. tremuloides (trembling aspen) twigs 47.6 
Populus grandidentata (big tooth aspen) 

leaves 41.9 
P. grandidentata (big tooth aspen) twigs 56.3 

‘Any Iwo means within a row with different letters indicate a significant difference (KO.05). 

Captive deer cow 
(3) (3) 

30.9b 45.4b 
56.3 57.8 
31.8b 38.9b 
44.5b 51.3c 
26.9b 33.lb 
26.7b 28.9b 
39.7 41.9 

47.9 49.3 
43.2 53.2 
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digestion of the cell-wall constituents to cease. Lignin content for 
. 

~ ;;: -\; 

these 3 species was below this level (only I1 to 27%), therefore 
cell-wall constituents were able to be partially digested. Cherry 
twigs and sedge did not show the significant decreases in IVDMD 
over time using cow inoculum, possibly due to the low protein and 
high fiber contents of these species. The cell-wall constituent values 
for these 2 species were 66 and 72% respectively, while crude 
protein contents for the 2 species were 9 and 12%, respectively 

no - A (Campa 1982). These cell-wall values are considerably higher than 
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crude fiber content (3 1.2%) of alfalfa hay reported by Crampton 

- 46. A ---t - _ ,a and Harris (1969) and crude protein values are considerably lower. 
Because lignin may hinder the utilization of vegetation by rumi- 
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b--4Pania Ofarr y=S83-0.033X, Ra=O.lb 0 From these results it appears that inoculum from captive deer 
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deer if animals are fed dissimilar diets. However, the relative values 
from in vitro digestibility trials using captive deer or cows as the 
inoculum source can still provide useful comparisons of the utiliza- 

Fig. 2. Effects of time prior to inoculation on the in vitro dry matter 
digestibility of 3 forages using cow inoculum. 

neonate rumen is often dependent on such factors as the feed 
handled by the mother or maternal feces touched. Therefore, if 
wild deer have the opportunity to feed on a variety of forages, it is 
more likely they are in contact with a greater diversity of microor- 
ganisms and therefore may be more capable of utilizing a greater 
diversity of forages than domestic or penned individuals (Blanken- 
ship et al. 1982). Good populations of microorganisms can also be 
influenced by the nutritional quality of the diet of an animal 
(Church 1969), so poor quality dietscould also influence IVDMD, 
regardless of the likely diversity of microorganisms present. How- 
ever, all individuals used in this study were in excellent condition 
and assumed to be on a diet of good nutritional quality. Therefore, 
differences in rumen microorganisms appear to be responsible for 
the differences in IVDMD for some forages. The forage species 
which exhibited nonsignificantly different IVDMD between inoc- 
ulum sources could be attributed to a possible dissimilarity in the 
chemical composition of these forages to the diets of one or more of 
the donor animals. 

The results from the time trials for both captive deer and cow 
inoculum paralleled the results by Schwartz and Nagy ( 1972) using 
mule deer (Odocoileus hemionus). In vitro dry matter digestibility 
significantly decreased after approximately 2 hr of storage. In 
addition, IVDMD levels became more variable at times beyond 2 
hr. 

The nonsignificant results obtained for time trials when consid- 
ering individual forage species and using captive deer inoculum 
may be attributed to the diet composition of donor animals. 
Because captive deer were fed a high protein pelleted ration, 
instead of a forage fed to the cow, appropriate microorganisms 
may not have been present to digest forages adequately enough to 
detect changes in digestibility of individual species over time, given 
the variance associated with digestion trials of one sample at each 
time. Using cow inoculum, however, significant decreases in 
IVDMD were detected with cherry leaves, panic grass, and orange- 
hawkweed. Those results may be attributed to possible similarities, 
such as nutrient content and/ or stage of maturity, between the 3 
forage species and the alfalfa hay the cow was fed. Previous analy- 
sis conducted on the 3 forage species indicated crude protein 
contents ranged from 17 to 23% while lignin content was 5.6 to 
8.5% (Campa 1982). These crude protein values are similar for the 
protein content (18.1%) of second cutting alfalfa hay reported by 
Cramptonand Harris (1969). According to Van Soest (1975) lignin 
must compose at least 40% of the total cell-wall constituents for the 

tion of forages. 
The length of storage time between collection of rumen fluid and 

the inoculation of samples is a variable researchers should consider 
before conducting any in vitro digestion trial. If laboratory facili- 
ties are not in close proximity to donor animals, one may obtain 
depressed values and variable data. Therefore, researchers should 
attempt to minimize inoculum storage time by inoculating samples 
as soon after collection as possible. 
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