
Citation: Salvo-Comino, C.;

Perez-Gonzalez, C.; Garcia-Cabezon,

C.; Rodriguez-Mendez, M.L.

Multivariate Method to Analyze

Archaeol in Cattle Feces. Eng. Proc.

2023, 48, 38. https://doi.org/

10.3390/CSAC2023-14899

Academic Editor:

Nicole Jaffrezic-Renault

Published: 25 September 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Proceeding Paper

Multivariate Method to Analyze Archaeol in Cattle Feces †

Coral Salvo-Comino 1,2,*, Clara Perez-Gonzalez 1,3, Cristina Garcia-Cabezon 2,3

and Maria Luz Rodriguez-Mendez 1,2

1 Group UVASENS, Escuela de Ingenierías Industriales, Universidad de Valladolid, Paseo del Cauce, 59,
47002 Valladolid, Spain; claraperez.biotecnologia@gmail.com (C.P.-G.); mluz@uva.es (M.L.R.-M.)

2 BioecoUVA Research Institute, Universidad de Valladolid, 47011 Valladolid, Spain; crigar@uva.es
3 Department of Materials Science, Universidad de Valladolid, Paseo del Cauce, 59, 47011 Valladolid, Spain
* Correspondence: coral.salvo@uva.es
† Presented at the 2nd International Electronic Conference on Chemical Sensors and Analytical Chemistry,

16–30 September 2023; Available online: https://csac2023.sciforum.net/.

Abstract: The analysis of archaeol is necessary in order to obtain greater knowledge about their
presence in feces. This study was conducted to explore the capability of using data obtained from
two spectroscopic methods, UV-Vis and FTIR, and from electrochemical sensors to determine the
composition of cattle feces. Principal component analysis and correlation analysis using spectral
data were used. By combining spectral and compositional data, useful calibrations were developed.
These calibrations can be used to rapidly predict the constituents of new samples. On the basis of the
results obtained here, electrochemical sensors were found to be successful in the rapid determination
of archaeol and several other parameters in feces.

Keywords: electrochemical sensor; fecal archaeol; FTIR analysis of feces

1. Introduction

Livestock methane emissions make an important contribution to human-caused green-
house gas emissions. The reduction of such emissions by means of animal breeding and
management strategies is crucial to improving the environmental footprint of livestock.
Therefore, ruminal methane production is emerging as an important parameter in cat-
tle [1]. The use of conventional detection materials and/or classical analysis techniques for
the determination of specific compounds is becoming obsolete due to the complexity of
the measurement, the cost of the equipment, the need for qualified personnel and sample
pretreatment, etc. For this reason, the food industry is immersed in the fourth industrial rev-
olution, called Industry 4.0, based on the use of intelligent systems that allow for all stages
of production to be controlled, including materials, processes, and products—controlled
that is, from raw materials to the end product, autonomously and interconnectedly. The
purpose of all this is to guarantee the quality of production, avoid fraud, and reduce the
environmental impact. This requires the combining of control systems (usually sensors)
with networked software systems [2]. At the same time, nanoscience and nanotechnology
have acquired great importance in current science due to the fact that they allow for the
obtaining of cheap sensors that are easy to install in situ. With all this, it is expected that the
scope of nanotechnological advances will be such that they will allow for the development
of completely new methods and their implementation in all types of industries [3]. It is
intended that the developed devices allow for the evaluation of parameters that determine
the emission of greenhouse gases (GHG) from livestock through portable, reusable, and
non-polluting automated systems, regardless of the need for pre-treatment of the samples
and therefore of qualified personnel, making measurements in real time and thus reducing
costs [4–7].

Electrochemical sensors present properties such as stability, precision, repeatability,
low cost, the possibility of miniaturization, and portability, among others. These properties
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are highly demanded in the food industry for quality control. In turn, the use of nano-
materials or combinations between materials (that favor synergies in their electrocatalytic
activity), applied via new preparation methodologies, will allow for the obtaining of more
effective arrays [8,9]. Methanogenic markers appear in concentrations of very low orders
of magnitude, which is why the introduction of nanomaterials is so necessary; it allows for
the detection of trace-level components. Once the optimal combination of biosensors with
the appropriate hardware and pattern recognition software has been selected, an electronic
tongue capable of meeting the required needs will be obtained. These reusable devices will
improve security and control levels at an industrial and environmental level in an afford-
able, reliable, and non-destructive way. Their function will be to evaluate the quality of the
final product in relation to the environmental impact generated by the cattle throughout
its production. For this reason, it is intended that these new, improved systems make it
possible to record reliable data, process the signals, and locate the relevant information
among large amounts of data, thus facilitating the classification and interpretation of the
information [10,11].

Nowadays, a simple, fast, and reliable method of quantifying methane production is
required to identify low- and high-emitting animals on farms. Several researchers have
pointed to the interest in finding markers present in feces that could be used as indicators for
individual methane emission. It has been reported that fecal archaeol (1,2-di-O-phytanyl-sn-
glycerol) is a potential biomarker for enteric methane production in cattle [4,12]. However,
the capability of this parameter to predict methane emissions is still to be proven, and
acquiring deeper knowledge of the causes of individual variations and the parameter’s
correlation with microbiological composition requires further study.

This work proposes the development of a simple sensor based on commercial platinum
palate to analyze different types of cattle feces. After the optimization of the measurement
conditions and the sample pretreatment, the sensor was used to analyze cattle feces samples
obtained from individual cows with different characteristics based on their diet. The
discriminatory capability of the sensor, combined with other spectroscopic techniques, was
investigated using principal component analysis (PCA).

2. Materials and Methods
2.1. Chemicals

Acetonitrile (99% purity), tetrabutylammonium toluene (TBAT), archaeol, and all the
reagents were purchased from Sigma-Aldrich (Saint Louis, MO, USA). Deionized water
from MilliQ (Millipore-Sigma Aldrich, Darmstadt, Germany) (resistivity 18.2 MΩ·cm) was
used in all experiments.

2.2. Feces Samples

Feces from 40 cows, either in early lactation (71 days in milk (DIM)) or mid lac-
tation (120 DIM), consuming a diet consisting of 30/70 grass silage/concentrates and
70/30 silage/grass concentrates (dry matter (DM) basis), were included in the study. Fresh
fecal samples were collected per rectum via manual palpation. Samples were placed in
individual containers labeled with the numeric identifier for each cow. Feces collected
in the farm were dried and frozen at −20 ◦C until analysis. Thawing was carried out
by moving the samples from −20 ◦C to +4 ◦C for 24 h. Then, samples were left at room
temperature until they were completely unfrozen. Extracts were prepared by adding 10 mL
of acetonitrile to 1 g of the corresponding sample followed by sonication during 3 min
(4 cycles of 30 s pulse of 20% frequency and 15 s of stop). The supernatant was then
collected and filtered.

2.3. Instruments

UV-Vis spectra were registered using a Shimadzu UV-2600. Fourier transform infrared
(FTIR) spectra were obtained using a FTIR 6600 Jasco spectrophotometer from 400 to
4000 cm−1 at a resolution of 4 cm−1 and 1000 scans. The feces extracts were spread on a



Eng. Proc. 2023, 48, 38 3 of 6

horizontal ATR accessory equipped with a diamond crystal heated at 80 ◦C. The spectrum
was recorded after automatic subtraction of the background spectrum before being used
for quantitative analysis.

Electrochemical experiments were conducted using a PGSTAT128 (Autolab Metrohm,
Utrecht, Netherlands) potentiostat/galvanostat with a conventional three-electrode cell.
Experiments were carried out in an organic environment using acetonitrile as the solvent
and 0.1 M tetrabutylammonium toluene (TBAT) as the electrolyte. The reference electrode
was an Ag|AgNO3/TBAT-saturated electrode, and the working and counter electrodes
were Pt plates. The working electrodes were purchased from Dropsen. Differential pulse
voltammograms (DPV) were recorded with a scan rate at 0.1 V·s−1 in the potential range of
−0.1 to +1.0 V.

2.4. Multivariate Analysis

MATLAB R2021a (The Math-works Inc., Natick, MA, USA) was used to analyze the
multivariate data. The number of variables was decreased to 10 coefficients per voltam-
mogram using a feature extraction technique based on “bell-shaped-windowing” curves
known as “kernels”. For the purpose of identifying sample patterns and differences
amongst feces samples, these factors were employed as the input variables for principal
component analysis (PCA) [13].

3. Results and Discussion
3.1. UV-VIS and FTIR Spectroscopy

Figure 1a shows the UV-Vis spectra of some extracts that are characterized by an
intense band al 420 nm (accompanied by two shoulders at 420 and 470 nm) followed by
a medium intensity band at 675 nm. Other minor bands are observed in the 500–650 nm
region. Due to the complexity of the composition of feces, it is difficult to correlate these
bands with specific components. However, important variations are observed from one
sample to another. Absorption of 420–430 nm rendered the feces yellow (i.e., flavonoid
compounds). These differences can be amplified via multivariate methods, and the results
can be used to discriminate between samples with different characteristics and to find cor-
relations between parameters related to cow feeding and “state” and chemical parameters
measured by traditional analytical techniques.

Eng. Proc. 2023, 48, x  4 of 6 
 

 

 
Figure 1. (a) UV-Vis spectra of the extracts obtained from manure. (b) FTIR spectra for a representa-
tive sample of feces in the presence of commercial archaeol (black) and in the absence of commercial 
archaeol (red). 

3.2. Electrochemical Sensor 
The first approach to electrochemical detection of archaeol in feces was to optimize 

the electrochemical signal of the samples to increase the concentration of the analyte. Fig-
ure 2 shows the differential pulse voltammetry (DPV) responses of a representative sam-
ple to increasing the concentration of archaeol in acetonitrile using 0.1.M TBAT as the 
electrolyte. As shown in Figure 2, an oxidation peak appears at about −0.2 V. A variation 
in the peak position has been observed depending on the sample; however, in all cases, 
the intensity of the peaks increases with the archaeol concentration in the range between 
which a linear relationship was found. From the regression results, the limit of detection 
(LOD) has been calculated following the 3·σ/m criterion. An LOD of around 3 × 10−7 M 
was obtained with a standard deviation of around 4% for all the samples. 

 
Figure 2. DPV response for a representative sample of feces in the presence of increased concentra-
tion of archaeol (2·10−6, 9·10−6, 2·10−5, 4·10−4, 8·10−4 M). 

3.3. Principal Component Analysis (PCA) 
PCA was performed to evaluate the discrimination ability of the multivariate system. 

Figure 3 shows the score plot of this analysis, in which the first three principal components 
jointly explained 97% of data variability (89% by PC1, 7% by PC2, and 1% by PC3). It is 
clear that the discrimination between feces samples is dominated by the type of diet of the 
cows. As is shown, the response of the signals obtained from the feces of cows fed with 
30/70 silage/grass concentrate are concentrated on the left of the diagram, denoting a clear 
differentiation between samples depending on the diet. This result implies that the 
method used is apt to discriminate between the selected samples with high precision. 

-1000 -500 0 500 1000
3

4

5

6

7

8

D
en

si
ty

 c
ur

re
nt

 (u
A·

cm
^2

)

Potential (mV)

[archaeol]

Figure 1. (a) UV-Vis spectra of the extracts obtained from manure. (b) FTIR spectra for a representative
sample of feces in the presence of commercial archaeol (black) and in the absence of commercial
archaeol (red).

The assignments of the bands were carried out based on the previous literature [14–16].
All the feces samples contained broad and intense -OH stretch bands at 3335 cm−1, orig-
inating from diverse organic macromolecules such as cellulose. The band at 3275 cm−1

can be assigned to the NH- vibration of amines. A small band at 3010 cm−1 has been
assigned to the double bound of unsaturated oils. The asymmetric and symmetric CH2
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stretching bands with maxima at 2920 cm−1 and 2850 cm−1 are produced by the backbone
of many macromolecules, such as lignin or hemicellulose. The peaks that appeared in the
1750–1600 cm−1 region (related to the C=O stretch of carboxylic groups and aldehydes or
ketones) and the peak at 1240 cm−1 (aromatic C-O-C stretch) can be associated with the
presence of carboxylic groups in proteins and to ketone and aldehyde groups in lignin, cel-
lulose, and hemicellulose. Bands in the range between 1550 and 1310 cm−1 were related to
aromatic C=C, C–H bends, and C–H deformations. The bands at 1240 cm−1 (CH- aromatic)
were from lignin [16]. Other authors have assigned more specific vibrations carotenoid
peaks at 1007, 1157, and 1524 cm−1; cellulose peaks at 890, 1090, and 1380 cm−1; and lignin
peaks at 1600 and 1675 cm−1 [17]. Bands at 1493, 1373, 1495, and 1374 cm−1 corresponded
to stretching vibrations of C–N and C-C bonds, which indicate the presence of proteins [18].
Figure 1b shows the spectrum of one sample after and before the addition of archaeol.

3.2. Electrochemical Sensor

The first approach to electrochemical detection of archaeol in feces was to optimize the
electrochemical signal of the samples to increase the concentration of the analyte. Figure 2
shows the differential pulse voltammetry (DPV) responses of a representative sample to
increasing the concentration of archaeol in acetonitrile using 0.1 M TBAT as the electrolyte.
As shown in Figure 2, an oxidation peak appears at about −0.2 V. A variation in the peak
position has been observed depending on the sample; however, in all cases, the intensity of
the peaks increases with the archaeol concentration in the range between which a linear
relationship was found. From the regression results, the limit of detection (LOD) has been
calculated following the 3·σ/m criterion. An LOD of around 3 × 10−7 M was obtained
with a standard deviation of around 4% for all the samples.

Eng. Proc. 2023, 48, x  4 of 6 
 

 

 
Figure 1. (a) UV-Vis spectra of the extracts obtained from manure. (b) FTIR spectra for a representa-
tive sample of feces in the presence of commercial archaeol (black) and in the absence of commercial 
archaeol (red). 

3.2. Electrochemical Sensor 
The first approach to electrochemical detection of archaeol in feces was to optimize 

the electrochemical signal of the samples to increase the concentration of the analyte. Fig-
ure 2 shows the differential pulse voltammetry (DPV) responses of a representative sam-
ple to increasing the concentration of archaeol in acetonitrile using 0.1.M TBAT as the 
electrolyte. As shown in Figure 2, an oxidation peak appears at about −0.2 V. A variation 
in the peak position has been observed depending on the sample; however, in all cases, 
the intensity of the peaks increases with the archaeol concentration in the range between 
which a linear relationship was found. From the regression results, the limit of detection 
(LOD) has been calculated following the 3·σ/m criterion. An LOD of around 3 × 10−7 M 
was obtained with a standard deviation of around 4% for all the samples. 

 
Figure 2. DPV response for a representative sample of feces in the presence of increased concentra-
tion of archaeol (2·10−6, 9·10−6, 2·10−5, 4·10−4, 8·10−4 M). 

3.3. Principal Component Analysis (PCA) 
PCA was performed to evaluate the discrimination ability of the multivariate system. 

Figure 3 shows the score plot of this analysis, in which the first three principal components 
jointly explained 97% of data variability (89% by PC1, 7% by PC2, and 1% by PC3). It is 
clear that the discrimination between feces samples is dominated by the type of diet of the 
cows. As is shown, the response of the signals obtained from the feces of cows fed with 
30/70 silage/grass concentrate are concentrated on the left of the diagram, denoting a clear 
differentiation between samples depending on the diet. This result implies that the 
method used is apt to discriminate between the selected samples with high precision. 

-1000 -500 0 500 1000
3

4

5

6

7

8

D
en

si
ty

 c
ur

re
nt

 (u
A·

cm
^2

)

Potential (mV)

[archaeol]

Figure 2. DPV response for a representative sample of feces in the presence of increased concentration
of archaeol (2·10−6, 9·10−6, 2·10−5, 4·10−4, 8·10−4 M).

3.3. Principal Component Analysis (PCA)

PCA was performed to evaluate the discrimination ability of the multivariate system.
Figure 3 shows the score plot of this analysis, in which the first three principal components
jointly explained 97% of data variability (89% by PC1, 7% by PC2, and 1% by PC3). It is
clear that the discrimination between feces samples is dominated by the type of diet of the
cows. As is shown, the response of the signals obtained from the feces of cows fed with
30/70 silage/grass concentrate are concentrated on the left of the diagram, denoting a clear
differentiation between samples depending on the diet. This result implies that the method
used is apt to discriminate between the selected samples with high precision.
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4. Conclusions

This project works via the application of automatic learning methods for data analysis,
with the aim of developing easily manageable analytical devices at an industrial scale.
The theoretical basis consists of designing systems (through supervised and unsupervised
methodologies) with which to identify patterns and make decisions with the capacity
to classify and discriminate data without the need for human intervention. In addition,
this project aims to achieve a large scope via the small-scale technology transfer to the
industrial level.

The advantages proposed for the future are based on the implementation of automat-
able and portable devices capable of conducting measurements in real time and without
requiring the pre-treatment of samples on farms or production plants. This is to ensure
better control and characterization of raw materials and final products depending on the
feeding of the livestock, to exhaustively control the evolution of individual methanogenic
emissions throughout the production process, to precisely control environmental contam-
ination by generating quantitative data instantly, and to reduce costs in GHG detection
systems through the application of simple and non-invasive processes.
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