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CHAPTER I

INTRODUCTION

This thesis is composed of 4 manuscripts formatted for
submission to selected scientific journals. Each manuscript
is complete as written and requires no additional material
for support. Manuscripts are arranged in the order of text,
literature cited, tables, and figures. Chapter II,
"Assessing quality of dietary protein through énalysis of
stomach digesta", is formattéd for submission to the Journal
of Mammology. Chapter III, "Temporal changes and
limitations in essential amino acid nutrition of cottontail
rabbit (Sylvilagqus floridanus) populations", is formatted
for submission to the journal Ecology. Chapter IV,
"Deficiencies in essential amino acids of forages in the
diet of cottontail rabbits (Sylvilaqus floridanus)", is
formatted for submission to the Journal of Mammalogy.
Chapter VvV, "Influence of spatial and temporal changes in
habitat quality on condition of cottontail rabbits

(Sylvilagus floridanus)", is formatted for submission to the

Canadian Journal of Zoology.




CHAPTER II

ASSESSING QUALITY OF DIETARY PROTEIN THROUGH

ANALYSIS OF STOMACH DIGESTA

ABSTRACT--We investigated the feasibility of using
essential amino acid (EAA) analyses of stomach digesta from

cotton rats (Sigmodon hispidus) to assess the nutritional

quality of proteins in thei; diet. Post-prandial changes (0
- 3 h) in the EAA composition of stomach digesta from
animals fed either a high (rodeﬁt chow) or low (rabbit chow)
quality diet were recorded. Concentrations of EAA in
stomach digesta reflected corresponding concentrations in
the diet; tyrosine and methionine (plus cystine) were the
only EAA that differed significantly with post-prandial time
interval. Accuracy of this technique diminished when dry
weight of stomach digesta was <0.1 g.
INTRODUCTION

The nutritional quality of diets consumed by
free-ranging small mammals is frequently determined by
analysis of forages known to occur in the diet (Choo et al.,
1981; Randolph et al., 1991). However, technical
difficulties often arise because of selective foraging by

animals, misidentification of forages consumed, temporal



changes in the quality of forages analyzed, and the
substantial botanical diversity of many diets. One proposed
solution to these difficulties is to indirectly assess the
nutritional quality of diets by analyzing the chemical
composition of digesta (Goering and Van Soest, 1970; Millar
et al., 1990; Servello et al., 1983). In particular,
considerable interest has been shown in using stomach
digesta of small mammals for indexing digestibility, energy
content, or concentrations of fiber, lignin, and protein in
diets (MacPherson et al., 1985, 1988; Millar et al., 1990;
Servello et al., 1983, 1984; Schreiber 1979).

Quality of protein in the diet is largely dependent on
the concentrations of essential amino acids (EAA) relative
to an animal’s requirement. Crude protein is often a poor
measure of the quality of dietary proteins due to
deficiencies in one or more EAA and a prominent non-protein
nitrogen component in many forages (Holt and Sosulski, 1981;
Sedinger, 1984). As a result, we examined the feasibility
of using stomach digesta to assess the protein quality or
EAA composition of diets consumed by cotton rats (Sigmodon
hispidus).

MATERIALS AND METHODS

Wild-caught cotton rats were returned to the laboratory
and acclimated to either a commercial rabbit chow (17%
protein, A and M Feeds, Stillwater Milling Company,
Stillwater, OK) or laboratory rodent chow (23% protein,

Purina Formulab Chow 5008, Purina, St. Louis, MO) diet for



1-week prior to initiating experimental feeding trials. All
animals were fasted 8 h prior to offering a meal of their
respective experimental diet for a 1-h feeding episode. The
8-h fast was utilized in an attempt to normalize the amount
of stomach-fill and endogenous nitrogen present (Armstrong
et al., 1978). After the 1-hr meal, food was removed from
the cage and four animals per diet were terminated (cervical
dislocation under ketamine hydrochloride anesthesia) at each
of four post-prandial time intervals (0, 0.5, 1.5, and

3.0 h). Stomachs were excised and digesta removed. Hair
fibers and parasites were removed from digesta before
obtaining a wet weight to the nearest 0.1 mg. Stomach
digesta and representative samples of each diet were
lyophilized to dryness, weighed and ground to a fine powder
with mortar and pestle.

Lipids were extracted from ground samples of digesta
and diets using a soxhlet apparatus and diethyl ether
solvent (Williams, 1984). Fat-extracted stomach digesta and
diets amounting to approximately 40 mg of protein were
weighed into 25 X 150-mm glass tubes with teflon caps and
hydrolyzed in 15 ml 6N HCL at 110 C for 24 hrs. One ml of
the hydrolyzed sample was filtered through a 0.45-um syringe
filter (Acrodisc CRPTF, Fisher Scientific, Plano, TX). An
internal standard (25 ul 4.0 nm methionine sulfone in 0.1 N
HCL) was added to 75 ul of the filtered hydrolosate before
derivatization. Pre-column derivatization of amino acids

was accomplished using phenylisothiocynate to produce



phenylthiocarbamyl amino acids (Pico-Tag Workstation,
Millipore Corporation, Milford, MA) and re-filtered through
a 0.45-um syringe filter. Concentrations of 10 essential
(histidine, arginine, threonine, tyrosine, valine,
methionine+cystine, isoleucine, leucine, phenylalanine, and
lysine) and six nonessential (aspartate, glutamate, serine,
glycine, alanine, and proline) amino acids were determined
in derivatized samples using high pressure liquid
chromatography (HPLC, Waters Model 820 System Controller and
Model 501 Pumps, Millipore Corporation, Milford, MA).
Tryptophan was destroyed by acid hydrolysis and therefore
not measured. Chromatographic conditions were the
following: Waters Pico-Tag Silica/C18 (15 cm X 3.9 mm)
column; column temperature of 38 C; flow rate of 1.0 ml/min
with pump back pressures of 5500 PSI; system sensitivity of
489 mv/sec (recorder) and 0.5 absorbance units full scale
(Waters Model 484 UV Detector set at 254 nm); injection
volume of 4 ul; and run time of 27.5 min. Solvents used
were Waters Eluent A and Eluent B (catalog no. 88108 and
88112, respectively) under conditions and gradients
described for separation of amino acids by Cohen et al.
(1988). A casein reference protein (from bovine milk, no.
C-0376, Sigma Chemical Co., St. Louis, MO) of known amino
acid composition was hydrolyzed and analyzed with samples
for comparison of amino acid recovery. Amino acid
concentrations were recorded as a relative percentage of the

total amino acid pool, on an air-dry weight basis (mg/g dry



weight), and as a percent recovered from stomach digesta
when compared to their respective concentrations in the
diet.

For each experimental ration, post-prandial changes (O,
0.5, 1.5, 3.0 h) in the 10 essential and six nonessential
amino acids in stomach digesta were examined separately by
one-way analysis of variance (ANOVA). The use of EAA
concentrations in stomach digesta to determine differences
in concentrations in the diet was examined by two-way ANOVA
and multivariate analysis of variance (MANOVA) with diet
(rabbit chow, rodent chow) and post-prandial time interval
as main factor effects. The Statistical Analysis System
(SAS Institute, Inc., 1982) was used for all data anlayses.

RESULTS AND DISCUSSION

Concentrations (mg/g dry weight) of amino acids were
approximately 35% greater in rodent chow than rabbit chow;
relative concentrations (percent of the total amino acid
pool) were similar for the two diets (Table 1). Overall
recoveries of digesta for both diets decreased from a mean
of 4.6722 g to 0.9448 g over the 3-h time interval due to
passage of digesta through the gut. All but one (at the 3-h
time interval) animal fed the rabbit chow diet yielded >0.1
g dry weight of stomach digesta. Passage rates were faster
for the more soluble rodent chow diet, resulting in the
recovery of only small amounts of digesta by the 3-h sample.
Samples yielding <0.1 g dry weight of digesta from the

stomach appeared to have elevated concentrations of several



amino acids, so samples of stomach digesta <0.1 g dry weight
were statistically compared (one-way ANOVA) to samples
weighing >0.1 g to evaluate the influence of stomach-fill on
concentrations of amino acids.

Cotton rats with <0.1 g dry weight of stomach digesta
were eliminated from further statistical analysis due to
significantly elevated concentrations of the amino acids
threonine (P = 0.048), lysine (P = 0.008), glycine
(P = 0.046), and serine (P = 0.024) compared to those
containing >0.1 g dry weight. Percent recoveries
(concentration in stomach relative to diet) of these four
amino acids averaged 164% in the <0.1 g group compared with
110% for samples with >0.1 g dry weight of digesta.

Dilution of the diet by addiéions of endogenous sources of
amino acids (salivary and gastric secretions) and passage of
soluble components of the diet from the stomach undoubtedly
accounted for the elevated concentrations of these four
amino acids (Zebrowska et al., 1983). Gastric and duodenal
secretions in other species have been shown to be relatively
high in concentrations of threonine, serine, and glycine
(Low, 1979; Snary and Allen, 1971).

In spite of these endogenous additions of some amino
acids, the composition of stomach digesta for each diet
after removal of animals yielding <0.1 g dry weight (most of
these animals were in the 3-h interval) was similar to that
of the diets (Table 2). Similar observations have been

documented by Low (1979) and Zebrowska et al. (1983) for



domestic monogastric animals. Tyrosine, proline, and
methionine+cystine in rabbit chow-fed animals were the only
amino acids whose concentrations differed significantly (B <
0.05) among post-prandial time intervals; temporal changes
were not significant (P > 0.05) for those fed rodent chow.
Percent recoveries of proline and methionine+cystine were
lower at the 3-h interval and tyrosine recoveries were
higher at the 1.5-h interval compared to other time
intervals. With the exception of the three amino acids
above, overall percent recovery of individual amino acids
varied from a low of 82% for histidine to a high of 119% for
threonine among those fed rodent chow and a low of 84% for
arginine and a high of 114% for serine and alanine among
those fed rabbit chow.

A partial explanation for the high recoveries of
tyrosine and methionine+cystine is that they occurred at low
concentrations in the diet but at relatively high
concentrations in proteolytic enzymes such as pepsinogen
(Arai et al., 1984). Overall mean recoveries of dietary
amino acids from stomach digesta for our feeding trials were
102.5% and 101.3% for rodent and rabbit chow diets,
respectively (Table 2), suggesting that stomach digesta
recovered between 0 and 3.0 h reflect dietary EAA intake.

Usefulness of stomach digesta for evaluating the EAA
composition of diets consumed by cotton rats was evident
with comparisons of overall concentrations (mg/g dry weight)

between a high quality (rodent chow) and low quality (rabbit



chow) diet (Table 3). Multivariate analysis of variance
indicated that overall EAA composition of stomach digesta
was strongly influenced (P = 0.006) by quality of dietary
protein. Mean concentrations of all EAA were highest in
digesta samples from those fed the high quality protein
source. Histidine was the only EAA that was not found at
significantly greater (P > 0.05) concentrations in the high
than low quality diet. Utility of this technique in the
field will be limited by residence time of digesta in the
stomach, which is dependent upon rate of passage through the
gut. However, from our results it seems reasonable to
conclude that concentrations of EAA and protein quality in
the diet of cotton rats can be measured by using only those
animals containing stomach digesta amounting to >0.1 g dry
weight (or full stomachs). Animals with considerably less
stomach-fill will not provide accurate measures of EAA
concentrations in the diet, as endogenous secretions form a
greater proportion of the amino acid pool. Phenolics and
other protein-binding constituents in plants should not
interfere with this technique.
ACKNOWLEDGMENTS

We thank S.T. McMurry, M.G. Sams and J.C. Boren for
their technical assistance during the laboratory phase of
this project. This research was supported by the National
Science Foundation (BSR-8657043), Kerr Foundation, and
Oklahoma Agricultural Experiment Station, Oklahoma State

University, Stillwater, Oklahoma.



10

LITERATURE CITED

Arai, K. A., N. Muto, S. Tani, and K. Akahane. 1984. The
N-terminal sequence of rat pepsinogen. Bichimica et
Biophysica Acta, 788:256-261.

Armstrong, S., J. Clarke, and G. Coleman. 1978. Light-dark
variation in laboratory rat stomach and small intestine
content. Physiology and Behavior, 21:785-788.

Choo, G. M., P. G. Waterman, D. B. McKey, and J. S. Gartlan.
1981. A simple enzyme assay for dry matter
digestibility and its value in studying food selection
by generalist herbivores. Oecologia, 49:170-178.

Cohen, S. A., M. Meyes, and T. L. Tarvin. 1988. The pico-
tag method: a manual of advanced techniques for amino
acid analysis. Waters Chromatography Division,
Millipore Corporation, Milford, Massachusetts, 123 pp.

Goering, H. K., and P. J. Van Soest. 1970. Forage fiber
analyses (apparatus, reagents, procedures, and some
applications). United States Department of
Agriculture, Agricultural Handbook, 379:1-20.

Holt, N. W., and F. W. Sosulski. 1981. Nonprotein nitrogen
contents of some grain legumes. Canadian Journal of
Plant Science, 61:515-523.

Low, A. G. 1979. Studies on digestion and absorption in
the intestines of growing pigs: measurements of the
flow of amino acids. The British Journal of Nutrition,

41:147-156.



11

MacPherson, S. L., F. A. Servello, and R. L. Kirkpatrick.
1985. A method of estimating diet digestibility in
wild meadow voles. Canadian Journal of Zoology,
63:1020-1022.

. 1988. Seasonal variation in diet digestibility of

pine voles. Canadian Journal of Zoology, 66:1484-1487.

Millar, J. S., X. Xia, and M. B. Norrie. 1990.
Relationship among reproductive status, nutritional
status, and food characteristics in a natural

population of Peromyscus maniculatus. Canadian Journal

of Zoology, 69:555-559.

Randolph, J. C., G. N. Cameron, and J. A. Wrazen. 1991.
Dietary choice of a generalist grassland herbivore,
Sigmodon hispidus. Journal of Mammalogy, 72:300-313.

SAS Institute, Inc. 1982. SAS user’s guide: statistics.
1982 ed. SAS Institute, Inc., Cary, North Carolina,
584 pp.

Schreiber, R. K. 1979. Coefficients of digestibility and
caloric diet of rodents in the Northern Great Basin
Desert. Journal of Mammalogy, 60:416-420.

Sedinger, J. S. 1984. Protein and amino acid composition
of tundra vegetation in relation to nutritional
requirements of geese. The Journal of Wildlife
Management, 48:1128-1136.

Servello, F. A., K. E. Webb, Jr., and R. L. Kirkpatrick.
1983. Estimation of the digestibility of diets of
small mammals in natural habitats. Journal of
Mammalogy, 64:603-609.

Servello, F. A., R. L. Kirkpatrick, K. E. Webb, Jr., and A.
R. Tipton. 1984. Pine vole diet gquality in relation



12

to apple tree root damage. The Journal of Wildlife
Management, 48:450-455.

Snary, D., and A. Allen. 1972. Studies on gastric
mucoproteins: The production of radioactive
mucoproteins by pig gastric mucosal scrapings in vitro.

Biochemistry Journal, 127:577-587.

Williams, S., editor. 1984. Official methods of analysis
of the Association of Official Analytical Chemists.
Fourteenth ed. Association of Official Analytical
Chemists, Washington, D.C., 1141 pp.

Zebrowska, T., A. G. Low, and H. Zebrowska. 1983. Studies
on gastric digestion of protein and carbohydrate,
gastric secretion and exocrine pancreatic secretion in
the growing pig. The British Journal of Nutrition,

49:401-410.



13

.
S e e S 2ol it s 2o

diets used in experimental feeding trials.

Rabbit chow Rodent chow

Relative % Relative %
mg/g dry of amino mg/g dry of amino

Amino acid weight acid pool weight acid pool
Nonessential

Aspartate (Asp) 20.1 9.7 28.2 10.2

Glutamate (Glu) 35.5 15.6 45.8 15.0

Serine (Ser) 10.4 6.4 13.7 6.3

Glycine (Gly) 9.9 8.5 13.9 8.9

Alanine (Ala) 10.4 7.5 14.7 8.0

Proline (Pro) 14.0 7.9 16.1 6.7
Essential '

Histidine (His) 5.7 2.4 7.5 2.3

Arginine (Arg) 14.9 . 5.5 19.7 5.4

Threonine (Thr) 8.4 4.6 11.1 4.5

Tyrosine (Tyr) 6.6 2.3 8.2 2.2

Valine (Val) 11.6 6.4 14.5 5.9

Methionine+cystine 2.3 1.0 4.6 1.5

(Met+Cys)

Isoleucine (Ile) 9.7 4.8 12.6

Leucine (Leu) 15.9 7.8 22.4

Phenylalanine 10.4 4.1 13.5 3.9

(Phe)

Lysine (Lys) 12.0 5.3 18.2 6.0




Table 2.--Mean percent recoverv (compared to diet composition) of amino acids in
stomach digesta of cotton rats (Sigmodon hispidus) at four post-prandial time intervals
following consumption of either rabbit (A) or rodent (B) chow diets.

Post-prandial time intervals (h)

0 0.5 1.5 3.0 Overall
Amino A B A B A B A B A B
acids® (n=4) (n=3) (n=4) (n=2) (n=4) (n=4) (n=3) (p=1) X + SE X + SE
Nonessential
Asp 86.8 96.5 91.4 104.3 97.9 90.7 85.7 70.3 90.8 + 2.8 93,1 + 5.4
Glu 92.0 92.4 92.7 96.1 92.7 86.2 69.5 56.0 87.9 + 4.1 87.0 + 6.:
Ser 108.3 115.6 116.6 135.1 126.9 112.6 100.7 91.8 114.0 + 3.9 116.0 + 6.
Gly 98.2 108.7 107.3 119.7 116.9 102.6 107.0 84.8 107.4 + 3.2 106.0 + 5.9
Ala 112.1 124.6 121.0 117.8 120.0 104.6 101.2 99.2 114.4 + 3.8 112.7 + 4.9
Pro 94.92 101.1 96.32 96.2 94.82 90.8 66.5° 60.4 89.6 + 4. 91.9 #+ 6.2
Essential
His 93.1 95.3  93.0 89.5 81.7 76.9 73.2 50.3 86.1 + 3.7 82.3 + 6.8
Arg 85.5 97.8 87.0 94.0 89.4 86.0 73.1 48.8 84.4 + 3.4 87.4 t+ 7.0
Thr 103.9 119.9 111.1 136.7 121.9 112.4 106.7 109.7 111.2 + 3.4 119.2 + 6.3
Tyr 107.0% 136.4 114.42 162.4 147.4Y 154.7 102.9% 94.5 118.9 + 5.5 144.7 * 12.9
val 88.4 103.7 88.4 105.0 86.3 88.2 93.1 89.9 88.8 + 2.7 96.4 + 5.0
Ile 86.7 100.9 85.8 103.5 84.1 85.9 94.5 84.9 87.3 + 3.0 93.8 + 5.4

¥T



Table 2.--(cont., pg 2).

Post-prandial time intervals (h)

0] 0.5 1.5 3.0 Overall

Amino A B A B A B A B A B
acids® (p=4) (D=3) (pn=4) (p=2) (p=4) (p=4) (n=3) (p=1) X * SE X * SE
Met 139.92 126.8 171.82 138.1 159.32 114.5 92.5° 77.0 144.1 % 9.7 119.1 % 7.7
+cys

Leu 101.7 105.2 105.7 102.9 99.0 84.0 90.7 70.8 99.9 + 3.1 92.8 % 5.7
Phe 95,5 106.2 101.9 106.1 102.3 94.4 88.6 72.2 97.7 + 3.5 98.0 % 6.0
Lys 84.4 99.5 92.8 118.2 114.9 96.4 105.8 76.7 99.0 + 4.6 99.7 % 5.6
Overall
means 98.7 108.2 104.8 114.1 108.5 98.8 90.7 77.3 101.3 + 4.0 102.5 + 6.5
a,P yalues in a row with different superscripts are significantly (P < 0.05)

different between time intervals.

C abbreviations defined in Table 1.
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Table 3.--Comparison of overall mean concentrations of
essential amino acids in stomach digesta of cotton rats

(Sigmodon hispidus) fed either rodent or rabbit chow diets.

Concentration (mg/g dry weight)

Rabbit chow Rodent chow Correct
Amino acids® (n=15) (n=10) rank P > F€
His 4.9 6.1 Yes 0.0529
Arg 12.6 17.2 Yes 0.0124
Thr 9.4 13.2 Yes 0.0001
Tyr 7.8 11.9 Yes 0.0024
Val 10.3 13.9 Yes 0.0003
Met+cys 3.3 5.5 Yes 0.0001
Ile 8.5 11.8 Yes 0.0003
Leu 15.9 20.8 Yes 0.0013
Phe 10.2 13.2 Yes 0.0071
Lys 11.9 18.1 Yes 0.0001

A Abbreviations defined in Table 1.

b correct rank denotes whether analysis of stomach digesta

correctly identified the higher quality diet for that

particular essential amino acid.
€ Differences between diets tested by ANOVA.



CHAPTER III

TEMPORAL CHANGES AND LIMITATIONS IN ESSENTIAL
AMINO ACID NUTRITION OF COTTONTAIL RABBIT

(Sylvilagus floridanus) POPULATIONS

ABSTRACT. Protein quantity and quality of diets may be
the most important factors influencing the dynamics of
herbivore populations. Previous studies have indicated that
cottontail rabbit (Sylvilaqus floridanus) populations
respond favorably to habitat disturbance. We explored the
hypothesis that vegetation in upland hardwood forest-
tallgrass prairie habitat 4-5 yr post-disturbance provides
higher quality protein resources, as measured by the
availability of essential amino acids, than vegetation 7-9
yr post-disturbance. Seasonal concentrations of all
essential amino acids as well as gross nutrient categories
(crude protein, fat, and non-protein nitrogen) were
determined for stomach digesta of cottontail rabbits
collected over a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>