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Comparison of 2 high-throughput spectral techniques to predict
differences in diet composition of grazing sheep and cattle’

J. M. Moorby,** M. D. Fraser,* I. Parveen,* M. R. F. Lee,* and J. P. Woldt

*Institute of Biological, Environmental and Rural Sciences, Gogerddan, Aberystwyth SY23 3EB,
United Kingdom; and tNofima Mat, Osloveien 1, N-1430 As, Norway

ABSTRACT: Diet composition can be estimated in
free-ranging animals by the use of n-alkane and long-
chain fatty alcohol concentrations in feces. However,
this technique involves relatively laborious and costly
analytical techniques. Two spectroscopy techniques
were investigated as a way of determining whether di-
etary differences are likely, thus indicating whether the
more expensive and labor-intensive techniques for more
detailed analysis are justified. Fourier-transform infra-
red spectroscopy (FTIR) and front-face fluorescence
emission spectroscopy (Nexcitation = 380 NM, Newission =
600 to 760 nm) were used to analyze fecal samples col-
lected from 2 different breeds of cattle and sheep (4
groups in total, n = 6 per group) grazing moorland
plants in 2 grazing sessions. These fecal samples were
also analyzed for alkane and alcohol concentrations.
Fourier-transform infrared spectra, particularly in the

Key words:

alkane regions, demonstrated clear separation between
animal species. Fluorescence emission spectra showed
similar separation; fluorophores were most likely chlo-
rophylls and their derivatives. Multivariate analysis of
all 3 data sets showed similar variation within and be-
tween groups of cattle and sheep, indicating differences
in diet selection particularly between species, but also
between breed and grazing session. Both spectroscopy
methods showed utility in suggesting differences in diet
composition that would be worth investigating using
more detailed chemical analyses. Of the 2 techniques,
the FTIR spectroscopy gave the better comparative
results, being able to detect differences in sampling
months that were detected with alkanes and alcohols
that the fluorescence emission spectroscopy did not de-
tect.

cattle, diet selection, fluorescence emission spectroscopy,

Fourier-transform infrared spectroscopy, grazing, n-alkane
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INTRODUCTION

Agricultural landscapes are increasingly regarded as
supporting a variety of environmental and social func-
tions beyond production purposes (Belenguer et al.,
2005; Gibon, 2005; Orr, 2008). This requires an under-
standing of herbivore diet selection, which may be very
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different to the composition of the grazed plant com-
munity (Fraser et al., 2006, 2009b) leading to changes
in sward structure that can affect animal productivity
and habitat value.

One way to estimate diet composition uses plant-wax
lipid compounds (including n-alkanes and long-chain
fatty alcohols, hereafter referred to as alkanes and al-
cohols) as markers (Dove and Mayes, 1996; Ali et al.,
2004; Fraser et al., 2006; Lin et al., 2009). Different
plants and plant parts have different relative propor-
tions of alkanes and alcohols, and the diet composition
of an animal can be estimated from its fecal alkane and
alcohol profile (Hameleers and Mayes, 1998; Fraser et
al., 2006). However, a drawback is the time and ex-
pense of the chemical analyses. More rapid, greater-
throughput analyses such as Fourier-transform infrared
(FTIR) spectroscopy and fluorescence spectroscopy
could potentially provide initial comparative informa-
tion about diet choices of animals (Anderson et al.,
1996; Parveen et al., 2008; Fraser et al., 2009b; Lee et
al., 2009b). This could be used to determine the value
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of carrying out more detailed sample analysis (e.g., of
alkanes and alcohols in feces and plants) to estimate
diet composition.

The objective of this study was to investigate the
use of rapid technologies to generate comparative in-
formation on diet composition. We hypothesized that
analysis of feces by FTIR and fluorescence emission
spectroscopies would separately generate comparative
data about diet selection in free-ranging ruminants. We
compared spectra with data generated after full extrac-
tion of alkanes and alcohols from feces obtained from
2 different ruminant species (cattle and sheep) and 2
breeds of each species.

MATERIALS AND METHODS

All procedures using sheep and cattle in this experi-
ment were licensed and regulated by the UK Home Of-
fice under the Animals (Scientific Procedures) Act 1986
and were authorized by the Institute of Biological, En-
vironmental and Rural Sciences’ Local Ethical Review
Committee.

Sample Collection

Fecal samples were collected as part of an experimen-
tal program investigating interactions between animal
type, sward composition, and diet selection (Fraser et
al., 2009a). This study was carried out with 2 sepa-
rate sampling sessions, one commencing at the end of
July 2005 and the other at the end of September 2005
at ADAS Pwllpeiran, Ceredigion, Wales. The experi-
mental design followed that of earlier studies of com-
parative grazing (Grant et al., 1985, 1987; Fraser and
Gordon, 1997). At the site, 2 adjacent 4-ha plots were
prepared (an adaptation plot and a measurement plot)
on an area with a sward comprising approximately 60%
heather (Calluna vulgaris).

Sampling session plots were grazed by 2 breeds of
sheep and 2 breeds of cattle. Sheep breeds were Welsh
Mountain and Scottish Blackface, and cattle breeds
were Welsh Black and a Holstein x Simmental and Hol-
stein x Belgium Blue cross. Six mature, barren females
of each breed grazed the plots (n = 24 animals in total),
and these were selected from the main flock or herd at
the start of the experiment on the basis of uniformity
of production status, BW, and BCS. All had previous
experience grazing hill areas, having been sourced from
ADAS Pwllpeiran or ADAS Redesdale (Northumber-
land, UK), and were pastured on vegetation close to
the experimental site for at least 2 wk before the start
of each experimental session.

To ensure that the presence of type of animal did not
influence the behavior of another (Arnold, 1984), the
measurement plot was divided into 4 subplots. Each
species/breed was randomly assigned to a subplot at
the beginning of each measurement week. The animals
rotationally grazed the 4 subplots, moving on to the
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next subplot each day. In this way, all 4 animal types
separately grazed the same measurement area over the
course of the measurement week. On 4 of the last 5
d of the measurement week, fecal grab samples were
collected and bulked on an individual animal basis. A
proportion (at least 1 g of fresh weight) was maintained
at —20°C, before fluorescence emission spectroscopy,
and the remainder was freeze-dried and milled through
a l-mm sieve before analysis. Although finer grinding
(e.g., by a ball mill) may have been more suitable for
analysis of the samples in the FTIR spectrometer ac-
cessory to achieve a more homogeneous material for
analysis, the aim of the study was to investigate a quick
and practical screening method that used samples pre-
pared for standard alkane and alcohol analysis. Full
details of the animal experimental protocol and associ-
ated results have been described previously (Fraser et
al.; 2009a,b).

Analysis of Alkanes and Alcohols

Quantitative analysis of alkanes and alcohols in freeze-
dried fecal samples was based on the methods of Mayes
et al. (1986) and Ali et al. (2004). Heat treatment with
ethanolic potassium hydroxide was followed by a bi-
phasic liquid:liquid extraction. A series of fractionation
and derivatization stages were then carried out, which
resulted in replicate subsamples from each fecal sample
containing the extracted hydrocarbons and fatty alco-
hols as trimethylsilyl-ether derivatives (Ali et al., 2004).
Modifications to the Ali et al. (2004) method were that
the extracted fraction containing the hydrocarbons and
alcohols was dried down at a decreased temperature
(50°C compared with 105°C), and the long-chain fatty
alcohol trimethylsilyl-ether derivatives were prepared
using decane instead of dodecane as part of the deriva-
tizing reagent. Although the alkanes and alcohols were
subsequently analyzed separately, both sample sets
were analyzed by gas chromatography using the same
chromatographic conditions. Analysis was by gas chro-
matography using a Varian CP3380 gas chromatograph
(Varian Ltd., Yarnton, Oxford, UK) fitted with WCOT
Varian FactorFour EZ-Guard VF-5ms column (30-m
column length plus a 5-m integral guard column, 0.25
mm i.d., 0.25-pm film thickness). Sample delivery was
by a Varian CP8400 autosampler, and detection was by
flame ionization. The carrier gas was helium flowing at
2 mL/min. The temperature program consisted of an
increase from 150°C at 25°C/min to 250°C followed by
an increase at 15°C/min to 340°C, then held for 5 min.
Total run time was 15 min. Quantification was enabled
by internal standard using n-tetratriacontane (Cyy; Al-
drich Chemical Co. Ltd., Gillingham, UK) and n-pen-
tacosanol (Cys-1-0l; Ultra Scientific, North Kingstown,
RI) for the alkane and alcohol analyses, respectively.

FTIR Spectrometry

A Golden Gate attenuated total reflection accessory
(Specac Ltd., Orpington, Kent, UK) with a diamond
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top plate fixed to an optical beam condensing unit
(Bruker Optics Limited, Coventry, UK) was linked to
a Bruker Equinox 55 spectrometer. Triplicate analy-
sis of each freeze-dried fecal sample (approximately
10 mg of DM per analysis) was carried out. Resultant
spectra were then averaged to produce 1 representative
spectrum per sample to minimize analytical variabil-
ity. Sample variability also was minimized by acquiring
background spectra before each sample application to
the diamond anvil of the attenuated total reflection ac-
cessory, and this was subtracted from the subsequent
sample spectrum. Spectra were acquired over the range
4,000 cm ! to 370 cm ' in 2-cm ! intervals using OPUS
version 4.2 software (Bruker Optics Limited).

Fluorescence Spectroscopy

Fluorescence emission spectra were measured direct-
ly on the fresh feces. The samples (1 g of fresh weight)
were placed into sample cuvettes, which exposed a disk
with a diameter of 5 cm for the measurements. Fluo-
rescence emission spectra were measured in the range
400 to 800 nm with excitation at 380 nm, using an
optical bench system. Wavelengths were chosen based
on the peak fluorescence responses for ruminant feces
reported by Kim et al. (2003) and Lefcourt et al. (2005)
when screening meat and fruit for fecal contamination.
Excitation light was generated by a 300 W xenon light
source (Oriel 6258, Oriel Corporation, Stratford, CT)
and passed through a 10-nm bandwidth interference
filter (Oriel 59920). The light was directed onto the
samples at an angle of 45° with an exposure time of
5 s, and the temperature of the samples was main-
tained at 4°C. The fluorescence emission spectra were
collected by an imaging spectrograph (Acton SP-150,
Acton Research Corporation, Acton, MA) connected to
a sensitive charge coupled device (CCD-camera, Roper
Scientific NTE/CCD-1340/400-EMB, Roper Scientific,
Trenton, NJ). A cut-off filter at 400 nm (Melles Gri-
ot 03FCG049) was positioned in front of the spectro-
graph slit to suppress excitation light reflected from the
samples. All the samples were measured twice and an
average was used in the analysis. The field of illumina-
tion was not perfectly homogeneous, so the samples
were rotated 90° between each measurement to even
out sample heterogeneity. To ensure stable illumina-
tion, emission intensity at 440 nm at excitation 382 nm
(generated using an Oriel 59920 interference filter) was
measured from a stable fluorescence standard of wash-
able plastic (Ciba, Basel, Switzerland) before and after
the measurements.

Data Analysis

Data were analyzed in MATLAB (The Mathworks
Inc., Cambridge, UK) and Genstat (VSN International
Ltd., Hemel Hempstead, UK). The concentrations of all
odd-chain length n-alkanes in the range C23 to C35 and
all even-chain length long-chain fatty alcohols in the

1907

range C22 to C30 were used in the data analyses. Initial
visual examination of vector-normalized FTIR spectra
revealed clear separation of samples from sheep and
cattle in 2 spectral regions (Figure 1), from approxi-
mately 2,960 to 2,800 cm ™' and from approximately
1,700 to 1,300 cm'. Data from these regions were used
in subsequent analyses. Fluorescence emission spectra
in the spectral region 600 to 760 nm showed the great-
est response within the larger examined spectral region
of 400 to 800 nm and were used in subsequent analy-
sis. The spectra contained detector artifacts in the re-
gions at approximately 645 to 646 nm and 739 to 741
nm that were removed by interpolation before analysis
(Figure 2).

Data from the selected regions of the FTIR and fluo-
rescence emission spectra were subjected to principal
components analysis (PCA) using the statistics tool-
box of MATLAB. Visual inspection of scatter plots of
principal component (PC) scores revealed similarities
in the data from different chemical analyses of the sam-
ples. Principal components analysis of the fecal alkane
and alcohol data at each of the sampling periods (July
and September), with subsequent ANOVA of the first
PC, was carried out by Fraser et al. (2009b). The same
data were reanalyzed for this study, without separat-
ing the data from the sampling sessions. The ANOVA
was also carried out on the first PC of the FTIR and
fluorescence emission spectra: samples from individual
animals were treated as replicates (n = 6 per group),
and a treatment structure of animal group x sampling
session was used with no blocking.

Procrustes analysis is a procedure that, through ro-
tation, reflection, and scaling, minimizes the sum-of-
squared differences (residuals) between 2 multivariate
data sets (Peres-Neto and Jackson, 2001). It was per-
formed in MATLAB to transform PC 1 and PC 2 of
the FTIR data and separately to transform PC 1 and
PC 3 of the fluorescence emission spectra, onto PC 1
and PC 2 of the alkanes and alcohols data. Principal
components 2 and 3 were chosen for the FTIR and
fluorescence emission data, respectively, because the
objective of the study was to investigate a practical
and rapid sample screening process and these PC were
judged to give the most distinct patterns of data on
the PC plots. The Procrustes goodness-of-fit criterion
calculated by MATLAB was used as a measure of the
dissimilarity of the transformed spectral data sets to
the (untransformed) alkanes and alcohols data set: a
smaller number represents a closer fit, with 0 being a
complete match.

RESULTS

One of the fluorescence emission spectra, for a sample
collected from a Welsh Mountain sheep during the July
sampling session, was visibly different to all the other
spectra. Initial PCA of the fluorescence emission data
set suggested this spectrum to be an outlier. Grubbs’
test for outliers (Tietjen and Moore, 1972) in the third
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Figure 1. Mean Fourier-transform infrared spectra collected from feces from cattle and sheep using an attenuated total reflectance acces-
sory.
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Figure 2. Mean fluorescence emission spectra of feces from cattle and sheep.
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Figure 3. Principal components plots of data from analysis of n-alkane and long-chain fatty alcohols (panel a), fluorescence emission (panel
b), and Fourier-transform infrared spectroscopy (panel c) of feces from 2 breeds of each of sheep (Scottish Blackface and Welsh Mountain) and
cattle (Welsh Black and Continental X) grazing moorland pasture at 2 different times during the year. Note that the direction of the y-axis of the
fluorescence data plot has been reversed to allow easier comparison with other plots.

PC of these data indicated that the data point originat-
ing from the suspect spectrum was significantly (P <
0.05) different from the others in the group, and it was
therefore removed and not used in further analysis. No
data points from the alkane and alcohol and the FTIR
data sets were determined to be significant outliers.
It was therefore assumed that there was an analytical
error during the preparation of this fluorescence emis-
sion spectrum, although lack of sample meant that this
analysis could not be repeated. Corresponding data
from the alkanes and alcohols data set also were re-
moved for the Procrustes analysis comparing them with
the fluorescence emission data set.

Plots of PC from the 3 analytical data sets all showed
similar patterns in terms of the positioning of individu-
al data points (Figure 3). Note that because of the arbi-
trary nature of PC units, the y-axis of the fluorescence
emission spectra PC plots has been reversed for com-
parative purposes. In particular, there was clear sepa-
ration between the points corresponding to groups of
sheep and cattle in each PC data plot. A significant (P
< 0.001) effect of animal group (i.e., breed/species) was
apparent after ANOVA of the FTIR and fluorescence
emission spectra data (Table 1). However, although a
significant (P < 0.005) effect of sampling month in the
first PC of alkanes and alcohols data was also found in

the first PC of the FTIR spectra, this was not found
in the fluorescence emission spectra. Interaction effects
were significant (P < 0.05) for all 3 data sets.

The Procrustes goodness-of-fit criteria between the
alkanes and alcohols PC data and the transformed
FTIR and fluorescence emission spectra PC data sets
were 0.45 and 0.62, respectively. These values represent
the dissimilarity between the 2 pairs of PC data sets
(alkanes and alcohols vs. each of FTIR and fluorescence
emission spectra) after they had been rotated, scaled,
and reflected to best match one another. Therefore, fol-
lowing Procrustes rotation, the FTIR PC data were a
better fit to the alkane and alcohol PC data than the
fluorescence emission spectra PC data. Goodness-of-fit
criterion following Procrustes analysis of the FTIR (PC
1 and 2) and fluorescence emission spectra (PC 1 and
3) was 0.38. Figure 4 shows the Procrustes superim-
position plot for the alkanes and alcohols PC scores
compared with the FTIR PC scores.

DISCUSSION

This study used samples originally collected to esti-
mate diet composition of free-ranging cattle and sheep
using n-alkane and long-chain fatty alcohol profiles of
feces, the results of which have been previously report-
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Figure 4. Procrustes superimposition plot of principal component scores for n-alkane and long-chain fatty alcohol data (markers) and Fourier-
transform infrared data (end of solid lines). The solid lines represent the Procrustes residuals of both data sets.

ed (Fraser et al., 2009b). The objective of the current
study was to determine whether other analyses, less
expensive and less labor-intensive than those for the de-
termination of alkane and long-chain fatty alcohol con-
centrations, could be used to evaluate whether the more
detailed analyses are justified. Two such methodologies
available to us were FTIR spectroscopy and front-face
fluorescence spectroscopy. Recent reviews have reported
some progress in the use of another methodology, near
infrared (NIR) spectroscopy, for analysis of feces to
determine the botanical composition of diets (Landau
et al., 2006; Dixon and Coates, 2009), although gener-
ally such diets have consisted of a very limited number
of components. The current study takes this approach
forward and demonstrates the application of spectros-

copy-based methods when animals are grazing complex
swards. An advantage of the techniques evaluated in
the current study (and also of NIR spectroscopy) is
that the assay will not destroy the samples, allowing the
material to be used for other chemical analyses. This
is an important consideration in situations in which
fecal material is difficult to collect. However, NIR spec-
troscopy generally requires a larger sample size than
either FTIR or fluorescence spectroscopy, which limits
its comparative versatility.

FTIR Spectroscopy

In the FTIR spectroscopy, 2 spectral regions (2,960
to 2,800 cm ' and 1,700 to 1,300 cmfl) separated the

Table 1. Probabilities of the effects of animal group (species and breed) and month of
sampling, and their interaction, on the first principal component scores of data generat-
ed from feces analyzed for n-alkanes and long-chain fatty alcohols, by Fourier-transform
infrared (FTIR) spectroscopy or by fluorescence emission spectroscopy

P-value
Data set Animal group Month Interaction
Alkanes and fatty alcohols' <0.001 <0.001 <0.001
FTIR spectra <0.001 0.005 0.014
Fluorescence emission spectra <0.001 0.173 0.005

"From Fraser et al. (2009b).
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spectra of sheep feces from cattle feces. The mid-infra-
red region (4,000 to 600 cm ™) can be broken down into
several fingerprint regions, where strong absorption
bands are directly related to specific components (Wil-
liams and Fleming, 1989; Harrigan and Goodacre, 2003;
Bosch et al., 2006). The spectral region 3,050 to 2,800
cm ', where fatty acids predominate and thus referred
to as the fatty acid region, is chemically characteristic
of the carbon-hydrogen bond vibrations of functional
groups and is dominated by alkanes, fatty acid hydro-
carbon chains, and fatty alcohol hydrocarbon chains.
Previous work has shown the ability of FTIR analysis
of feces to discriminate between sheep offered closely
related diets comprising a complex mixture of heath-
land plants (Parveen et al., 2008). In the current study,
the regions of the FTIR spectrum that were used for
analysis included absorption bands covering the alkanes
and alcohols that also were analyzed using standard
chemical techniques. It is, therefore, not surprising that
similar patterns in the PC plots were seen for alkane
and alcohol data and the FTIR spectral data.

All methodologies currently available for estimating
diet composition are associated with potential sources
of error. The analysis of alimentary tract contents and
feces does not take into account variations in rate of
digestion of different plant species or plant parts (Slater
and Jones, 1971) and has been found to overestimate
less digestible portions of the diet while underestimat-
ing more digestible portions (McInnis et al., 1983).
Likewise, whereas Dove and Mayes (1996) concluded
that plant alkanes are substantially indigestible, other
studies have suggested that they are differentially di-
gestible (Newman et al., 1998). Certain attributes of
the animal, such as species, sex, pregnancy status, and
parasite burden, have been shown to influence fecal
NIR spectra (Dixon and Coates, 2009) and, therefore,
may affect FTIR spectra. Such differences are likely
to be confounded with diet because they are known to
influence selectivity, and during the current study the
experimental design sought to minimize the influence of
all these factors apart from species and breed.

Fluorescence Spectroscopy

Front-face fluorescence spectroscopy was used in the
current study to investigate the fluorescence of chloro-
phylls and their associated breakdown products in fresh
fecal samples. A related methodology, laser-induced flu-
orescence spectroscopy, has previously been shown to
have potential in determining diet botanical composi-
tion in sheep (Anderson et al., 1996, 1998). They showed
characteristic peaks within chloroform-extracted feces
at 470 and 650 nm, which allowed the investigation of a
broad separation of dietary constituents. More recently
whole feces were shown to have maximum fluorescence
at 675 nm (Kim et al., 2003), which has been attributed
to chlorophyll and its metabolites (Ashby et al., 2003).
The fluorescent characteristics of chlorophyll have been
known, studied, and exploited for many decades (Gov-
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indjee, 1995). At room temperature, the emission spec-
trum of extracted chlorophyll-rich chloroplasts tends to
have a main peak at about 685 nm, with a broad shoul-
der at 720 to 740 nm (Mohanty et al., 1972). The spec-
tra collected from feces in this study are very similar to
this, with a main peak at about 677 nm and a shoulder
at about 722 nm. The PCA indicates at least 3 differ-
ent spectral components, likely to be chlorophyll a and
chlorophyll b coming from the diet as well as poten-
tially other fluorochromes, probably breakdown deriva-
tives of chlorophyll. These breakdown products, such
as phaeophorbide a and phaeophorbide b, have specific
spectral emission peaks in the same region as chloro-
phyll (Ashby et al., 2003). It is not possible to identify
these contributing compounds from our current data.
Previous studies by our group (Lee et al., 2009a) with
sheep show that a diet with increased concentration of
chlorophyll, such as fresh grass and clover, resulted in
feces with similar high chlorophyll signals as obtained
in the current study. This provides supporting evidence
that the main variation in the chlorophyll signal from
feces in the current study is connected to the diet of
the animals. However, the fluorescence emission signal
depends not only on the quantities of chlorophylls and
their breakdown products in the sample, but also on
the presence of other compounds that absorb energy in
the same part of the spectrum being measured (Cerovic
et al., 2002).

The raw fluorescence emission spectra and the PC
scores suggest that chlorophyll concentrations were gen-
erally greater in sheep feces than in cattle feces and also
that the variation in concentration within the sheep
samples was much larger than in the cattle samples.
The difference in fluorescence intensity between the 2
groups could be due to matrix effects or color effects;
dark samples could reabsorb more of the fluorescence
than lighter samples, and this would result in less emis-
sion intensity. However, the sheep feces were darker
than the cattle feces (based on observation at the time
of collection), and therefore, the results suggest that
concentrations of chlorophyll and its breakdown prod-
ucts in sheep feces were actually greater than in cattle
feces. Differences in diet selection would lead to dif-
ferences in the consumption of chlorophylls and other
UV-absorbing compounds from different plants and to
the rate and extent of chlorophyll degradation to its
derivatives depending on the digestibility of the plants
and the rate of passage through the gut of an animal.
This allows fluorescence of chlorophyll-based molecules
in feces to act as a method for detecting differences in
diet selection in free-ranging animals. This has been
demonstrated to enable the discrimination between
sheep offered closely related diets comprising a complex
mixture of heathland plants (Lee et al., 2009b). The PC
plot patterns in the current study based on fluorescence
emission spectra were similar to those based on alkane
and alcohol data (and also to those based on FTIR
spectra), with separation of animal species in particu-
lar along the first PC axis, and a greater spread of
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data, particularly from sheep, along the third (second
in FTIR data) axis. This suggests that the variations
in fecal chlorophyll and its derivatives (and possibly
of other UV-absorbing compounds) correlate well with
the variations in alkanes and alcohol data. Differences
between the fecal fluorescence emission data of sheep
and cattle are consistent with research findings that
cattle are less selective grazers than sheep (Grant et
al., 1985; Armstrong et al., 1997), leading to cattle di-
ets containing a greater proportion of dead/senescent
material, particularly when animals are selecting from
extensively grazed heterogeneous swards. Dead plant
material contains much less chlorophyll than live mate-
rial (Hortensteiner and Lee, 2007).

Technique Comparison

Results obtained demonstrate that both FTIR spec-
troscopy and fluorescence emission spectroscopy have
potential as rapid and inexpensive methodologies for
generating comparative diet composition information.
Both approaches gave initial information with regard
to the similarity in diets consumed by different types
of animal, and the degree of individual-animal varia-
tion. In situations in which quantitative data such as
proportional composition are required, the results from
an initial analysis could be used to identify appropriate
samples to undergo more detailed and labor-intensive
analyses. Thus, these novel applications of FTIR spec-
troscopy and fluorescence emission spectroscopy, when
used in conjunction with traditional methodologies,
offer researchers in the fields of grazing ecology and
animal science the potential for improving flexibility
and precision when gathering diet data. Further ad-
vantages of both spectroscopic methods are that only
comparatively small sample sizes are required, and
the analyses are nondestructive. This would also allow
data to be obtained in situations when the collection of
larger samples represents a particular challenge, such
as when studying wild, small, or juvenile animals. A
logical progression of this work would be to attempt to
produce calibration sets to predict alkane and alcohol
concentrations in feces and to use these to estimate diet
composition.

In conclusion, 2 high-throughput nondestructive tests
were shown to provide preliminary data that could be
used to make a decision on whether to carry out more
labor-intensive and expensive analyses on feces samples
as part of a research project. Of the 2 techniques, the
FTIR spectroscopy gave the better comparative results,
being able to detect differences in sampling months
that were detected with alkanes and alcohols that the
fluorescence emission spectroscopy did not detect.
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