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Abgtract

Arnicamontana L. (AM) isconsidered amedicinal plant, used ashay in feed ration. The aim of thisstudy isto assessthe prediction of protein content
and in vitro organic matter digestibility valuein grass mixtures containing Arnica montana L., and in asecond step to check if these values have a
positive or negative influence in the mixtures. Crude protein has been selected becauseit is one of the most important quality parameters of forages
as nutritional element used in animal feeding. The protein isrequired on adaily basis for maintenance, lactation, growth and reproduction, but is
important for agriculture too, because a high content of protein makesit an important source of feed. The digestibility is aso important, because it
refers to the extent to which a feedstuff is absorbed in the animal body as it passes through an animal’s digestive tract. In this study, the Weende
system (the Kjeldahl method) for the protein content, together with the enzymatic technique for digestibility, was applied and used in combination
with non-destructive methods, like those based on the Near Infrared Spectroscopy (NIRS) or the Near Infrared Hyperspectral Imaging. Based on NIR
imaging system data, the PLS-DA was used to discriminate between the classes with AM and classes without AM, as well asto build amodel that
could be used to predict the composition of mixtures. More than 99% correct prediction for AM was obtained. The crude protein content of the hay
determined by classical method decrease from the type of meadow Agrostis capillarisL. - Festuca rubra L. (15.22%) until to the pure sample of
Arnicamontana L. (11.19%); however, the digestibility was highest in the pure sample of Arnica montana L. (84.13%) and lowest in samplesfrom
the type of meadow AgrostiscapillarisL. - Festucarubra L. (57.18%) or in samples with the participation of Arnica montana L. This study should
lead to amore important point, which isto verify whether the medicinal properties of Arnicamontana L. can betransferred or not to milk production
through the dairy cow feed.

Keywords: NIRS, hyperspectral imaging, Arnicamontana L., crude protein, digestibility, PLS-DA.

I ntroduction

Forages contain a mixture of chemical, physical and structural

characteristics that determine the quality of a pasture and the
accessibility of nutrientsto thetarget animal. Forage quality isa
broader term that not only includes nutritive value, but also

includes forage intake. Especially because forage plant

characteristics change with maturity, regular and timely analyses
of forage are required to determine if forage meets the daily

nutritional requirements of theanimals.

The importance of forages quality is mainly for establishing
nutritionally balanced rations, devel oping and allocating forage
inventories, evaluating forage management practices (growing,
harvesting and storage), marketing and pricing forages. In 2003,
the term ‘forage nutritive value' was used to describe nutrient
concentrations, digestibility and the nature of the end products
of digestion .

Abbreviations: NIRS, Near Infrared Spectroscopy; CP, crude protein; DMO, organic matter digestibility;
PLS-DA, Partial Least Squares-Discriminant Analysis; AM, Arnica montana L.; USAMV, University of
Agriculture Science and Medicine Veterinary; GXABT, Gembloux Agro-Bio Tech, University of Liege;CRA-
W, Walloon Agricultural Research Center.
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Arnicamontana L. (AM) ispart of the European vegetation of
meadows, particularly in mountain areas. This plant belongs to
the Asteraceaefamily. Itisasmall perennial herbaceous plant not
exceeding half a metre in height, it is native of the temperate
mountain regions (between 700 and 2500 m above sealeve) of the
northern hemisphere. Arnica montana L. is considerated a
medicinal plant protected in Europe and can be used in human or
inveterinary medicine. It hasbeen used intraditional herba healing
aseither an anti-inflammatory or astimulant, but also because of
its anti-bacterial qualities. In herbal medicine, its use is
recommended for topical administration only for treatment of
distortions, rheumatic pain and to promote wound healing?. It can
be used like homeopathic veterinary medicinal products prepared
according to homeopathic pharmacopoeias, or used in veterinary
phytotherapy liketopicdly for thetreatment of acuteinflammations
of tendons. In 2008, it was proved that the collection of the Arnica
montana L. asamedicina plant, in local processing and direct
marketing, could also beakey element in preserving oligotrophic
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grassland through utilization®. In countrieslike Romaniatheforage
is composed amost of hay, which isrich in Arnica montana L.
Sheep, horses and goats eat the AM like afresh plant, but cattle
rejects it because of the odder of leaves and flowers. As part of
the hay, when itisdried, cattle would also consumeit.

Top 10 quality parameters in forages are easy destruction
(degradability), high content of non-structural carbohydrates,
palatability, high fat content, high digestibility (low lignin content),
high content of “protected” proteins, low content of anti-quality
components (e.g. alkaloids), erect growth habit, balanced mineral
content and high content in S-amino acids 4. Most of these
parameters need the use of wet chemistry methods that refer to a
number of scientific techniques involving direct analyses with
solvents, acidic or basic solutions, other chemicals and other
traditional laboratory methods used to analyze feed samples. Wet
chemistry methods arethe most accurate methodsfor determining
nutrient values of feeds or forages, they are frequently used for
quality assurance purposes or in the development of new
techniques (calculations). Moreover, wet chemistry isthe basis
for al modern, instrument-based, analytical methods and for
calibration of NIRS methods.

Laboratory analyses of the composition of feed or forage are
used to assesstheir nutritivevalue. A typical feed analysisincludes
measurements of someimportant quality attributes or parameters
(e.g., crude protein, cellulose, digestibility, etc.) used to define
nutritive value. Proteins are organic compounds composed of
building blocks called amino acids. They are amajor component
of vital organs, tissue, muscle, hair, skin, milk and enzymes>.
Undoubtedly, one of the major problems of grazed and conserved
grassand legumesisthereduced efficiency of protein utilization.
Ideally, grass should contain about 12% protein of 100%
availabhility; so, on the one hand, it should |ook like maize and on
the other hand, likered clover. However, it still remains perennial
and grazed like apasture.

In areview published in 2009, itwas related that almost each
country hasitsown feeding value system, giving riseto confusion,
although all the systems for evaluating the energy values are
based on the same notion: digestibility . The digestibility of the
organic matter of forageisone of itsmost important characteristics.
It refers to the extent to which a feedstuff is absorbed in the
animal body as it passes through an animal’s digestive tract. It
varies greatly with the type of feedstuff and type of animal
concerned. Most of the above mentioned quality parameters have
to be determined in thelaboratory by chemical destruction of the
sample. Thismeansthat the sampleisno more available after the
analysisfor apossible repetition of the same analysisor for other
chemical analyses. Itisthemerit of Norriset al. 3'who promotes
the NIRSfor routineforage analysess.

Near Infrared Spectroscopy is based on diffuse reflectance of
ground samples, it iswidely used for laboratory measurements of
the concentration of nutrients and feeding value in dried and
fresh crop material ™ 1°. The data obtained with NIR imaging
instrument agree well with those obtained by classical NIRSand
all advantages of NIRS are possessed by theimaging instrument?2.
The imaging system contains together spectral and spatial
information. In the last years, important emphasis is put on the
development of non-destructive methods for determining the
quality of feed. Thus, devel oped countries haveinitiated numerous
studies aiming at the development of non-destructive methods
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based on NIRS technology in order to evaluate opportunities to
build spectral database and perform calibration and validation of
methods. For the last 20 years, the NIRS technique is more and
more used in forage analyses techniques. Most of the NIR

instruments dedi cated to forage assessment have a spectral range
from 1000to 2500 nm.

Theimaging instruments are detecting adequate NIR data and
present afast answer and a good repeatability. For perspective,
NIR cameras and NIR spectroscopes can detect fractions of plant
speciesand propertiesof plant material 2.

Imaging spectroscopy brings the concept of NIRS one step
further, asit measuresthein situ leaf reflectance with high spectral
and high spatial resolutionin the near-infrared areaof the spectrum.
It can be of interest for the discrimination of samples, not only for
thevariety discrimination.

Theaim of thisstudy isto determineif the protein content and
thedigestibility of Arnica montana L. influencethequality of hay
produced in a certain area and if this influence is positive or
negativefor the quality of hay. The objectivesof thisstudy areto
predict samples of grass hay from A puseni mountains (Poienile
Ursului) with awell defined calibration equation for the protein
content and the digestibility. Then, the aim will be to study the
possibility of using such samplesto build adiscrimination model
for specific plants with known botanical composition based in
Arnicamontana L. Theresolution of these objectivesisimportant
inorder toimprovethe meadows culturewith Arnicamontanal .;
not only for its use as medicinal plant (flowers collections), but
also as meadow hay using their leaves in nutrition rational for
cattleand horse.

Materialsand M ethods

Thegrasseswere collected in July 2010 in Romania, Carpathians
Apuseni Mountains, Gérda Area, which is included in Apuseni

Natural Park. The research was realized in one type of meadow
Agrostis capillarisL. - Festucarubra L. For chemical analysis,
the following samples were used: Type of meadow Agrostis
capillaris L. - Festuca rubra L. without Arnica montana L.

(LD500), type of meadow AgrostiscapillarisL. - Festucarubral.
with 40% of pure species Arnicamontana L. (A1), typeof meadow
AgrostiscapillarisL. - Festucarubra L. with 30% of pure species
Arnicamontana L. (A2), type of meadow AgrostiscapillarisL. -
Festuca rubra L. with 20% of pure species Arnica montana L.

(A3), type of meadow Agrostis capillarisL. - FestucarubraL.
with 10% of pure species Arnicamontana L. (A4) and pure species
of Arnicamontana L. (sampleLD567).

To build discrimination model, adataset was collected in order
to validate the different equations and to estimate their
composition. Thisdata set consists of hay compound containing
different types of varieties with different percentages. The
contamination of the samplewas madein four different types, itis
presentedin Table 1.

Thegrasswascutintofieldin July 2010 and let onfield to dry.
First, the grass was mixed and then the samples from each plot
with one sound were taken. The pure samples were taken also
from the samefield of the Arnica montana L. and, after that, the
rest was used likefodder for animals.

The samples taken with sound were natural dried and milled
firgt (after onemonth) with Retsch Grndmx Gm 200 100-110V 50/60
HZ and after that with the Cyclotec™ 1093 Sample Mill. Themill is
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Tablel. Artificid mixtureof typeof meadow Agrostic
capillarisL. - FestucarubralL. (LD500)
of meadow hay with Arnicamontanal L.

(LD567).
Samples code LD567 (g) LD500 (g)
Al 0.6093 1.4072
A2 0.4060 1.6299
A3 0.2030 1.8307
A4 0.1009 1.9038

Sample A1: Type of meadow Agrostis capillaris L - Festuca rubra L. with 40% of
pure species Arnica montana L., SampleA2: Type of meadow Agrostis capillarisL.
- Festuca rubra L. with 30% of pure species Arnica montana L. Sample A3: Type
of meadow AgrostiscapillarisL. - Festucarubral. with 20% of pure speciesArnica
montana L. Sample A4: Type of meadow Agrostis capillarisL. - Festuca rubra L.
with 10% of pure species Arnica montana L.

based on the cyclone principlefor universal grinding applications
in the laboratory. The grinding was carried out by a high-speed
action, wherethe samplewasrolled against theinner circumference
of a durable grinding surface and passed out through a screen.
The high grinding capacity reached 4 g/s and the recovery of the
samplewas completed through al mm sieve®®, First, the samples
were scanned by FOSS NIRSystems 6500 Silver Spring MD, USA
(Fig. 1); afterwards, they were scanned by SWIR ImSpector N25E

hyperspectral imaging system (Fig. 2).

Figure 1. FOSS NIRSystems 6500 Silver Spring MD,
USA (CRA-W, 2011).

Figure 2. SWIR ImSpector N25E hyperspectral imaging system .

The samples were scanned with the conventional NIRS, FOSS
NIRSystems 6500 Silver SpringMD, USA, insmall ring cup, from
1100to 2500 nm, at 2 nmintervals. Thisnear infrared line scan or
push-broom imaging spectrometer uses a cooled, temperature
stabilized MCT (Mercury-Cadmium-Telluride) detector (Xenics),
combined withaconveyor belt (Burgermetrics). All imagesconsist
of linesof 320 pixelsthat are acquired at 209 wavelength channels:
1100-2400 nm with a spectral resolution of 6.3 nm and with 32
scans by image .

InFig. 2, itisexplained how the plane scan imaging systemis
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used. Theimages are stacked to form athree-sided matrix, where
thefirst two axes (x and y) definetheimage plane (field of view),
and the third (z axis) corresponds to the spectrum at each pixel
location. Using the line scan imaging system, the images are
stacked to form athree-sided matrix, where X define the spatial
axis for the first frame, Z the spectral axisand Y the time axis
corresponding to the spectra set for each frame (Fig. 3) .

4

Plane scan

imaging system Spectral

\\ .
\
\l p
b Spatial
Spaid H\_\H Linescan
imaging system

Figure 3. The plan scan imaging system .

The accuracy and reliability of the prediction of the protein
content of asample by this NIRS technique istotally dependent
of the accuracy and reliability of the determination of the protein
content on the classical way. In this case, one hasto rely upon a
good Kjeldahl analysisand digestibility technique.

The crude protein content of afeed sample representsthetotal
nitrogen (N) inthediet. Sampleswereanalyzed in duplicate. The
total N present in a hay sampleis first determined by Kjeldahl
method®®. Thetotal amount of proteiniscal culated by multiplying
thetotal N by afactor (foragesfactor is6.25 becauseleaf and stem
tissue).

Thedigestibility of the organic or dry matter was determined by
the enzymic pepsin/cellulase method. Thismethod, called “thein
vitro digestibility” ¢, is nowadays well known and applied all
over the world. Cellulase is used for determination of the
digestibility by the method devel oped by De Boever et al. 1627, It
is aso known in the entire world as the “in vivo digestibility”
method.

The in vivo method that was proposed by De Boever Y7, but
with ashorter heating timeat 80°C, wasfound to be more accurate
than the in vitro (inoculums) procedure for predicting the
digestibility of a diverse range of feeds; including cereals, by
products and dried forages.

Thedigestibility principle wastheincubation at 24 hourswith
the acid-pepsin at 40°C, heating the acid pepsin solution at 80°C
for 45 minto remove starch; thefina stageisthe secondincubation
with cellulase at pH 4.5 for 24 hours after removal of the acid

pepsin.

Results
Theresultsfor the calibration of the crude protein and theinvitro
digestibility arein Table 2. Most components showed awiderange
of values for both methods.

The crude protein content of the hay determined by classical
method decreasesfrom the type of meadow AgrostiscapillarisL.
- Festuca rubra L. (15.22%) until to the pure sample of Arnica
montana L. (11.19%). For the digestibility content, the highest
content was obtained in the pure sample of Arnica montana L.
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Table 2. The crude protein content and the in vitro organic matter digestibility

determined by classical and NIRS analysis.

Samples CP(%)-classic CP-NIRS(%) DMOrt(%)-classic ~ DMOrt-NIRS(%)
LD500 15.22 13.56 53.13 57.18
Al 14.49 13.26 58.74 57.77
A2 14.56 13.60 58.19 59.93
A3 14.61 13.30 58.51 61.42
A4 15.46 14.35 57.74 60.52
LD567 11.19 11.12 84.13 71.97

Sample Al: Type of meadow Agrostis capillaris L - Festuca rubra L. with 40% of pure species Arnica montana L.
Sample A2: Type of meadow Agrostis capillaris L. - Festuca rubra L. with 30% of pure species Arnica montana L.
Sample A3: Type of meadow Agrostis capillaris L. - Festuca rubra L. with 20% of pure species Arnica montana L.
Sample A4: Type of meadow Agrostis capillaris L. - Festuca rubra L. with 10% of pure species Arnica montana L.

(84.13%) and the lowest one in sampl e from the type of meadow
AgrostiscapillarisL. - FestucarubralL. (57.18%) or in samples
with the participation of Arnicamontanal.

From the results of the hyperspectral imaging system, it was
possible to distinguish between the different grass species and
concentration of species. A1, A2, A3and A4 contain AM particles
in four concentrations. That means that the clusters analyses are
based on the difference ratios of AM in mixture grasses.

Discussion
Thisstudy showsthat the differences of the protein val ues between
classical method and non-destructive method are close for the
samplesA1toA4, but for sample L D500 hay from type of meadow
AgrostiscapillarisL. - Festucarubral.isabig difference.

The samples taken from Romania, Carpathian Apuseni
Mountains, GradaArea (Poienile Ursului) were used to validate
thecalibration model from CRA-W, Gembloux. Validation requires
prediction of either an independent set of samples, i.e. from a
different population than the calibration set, with known reference
values, or removing a certain number of samples from the
calibration set and not using them in the calibration process.

The NIRS calibrations were devel oped to estimate the CP and
DMOrt from forage spectra, the NIRS modelswere set up with a
modified partial least square (PLS) procedure, with cross
validation, in WINISI® 1.50 software. The best predictive
model was obtained using the second derivative mode

spectrum. The performance of the NIRS calibration 0.

equations was expressed in terms of coefficient of
determination (R? = 0.98 for CPand R2= 0.96for DMOrt),
standard error of calibration (SEC = 0.84for CPand SEC =
3.01 for DMOrt) and standard error of cross validation
(SECV =0.84for CPand SECV =3.48for DMOrt).

Several authorsreported about protein valuesinthe early
flowering phenophases stage +1¥%, The protein value is
between 10.10-17.00% (Australia, 1990); 4.48-10.78% %,
10.21-1859%2, 6.20-24.20% (Belgium: INRA, 2008), 13.00-
15.00% (France, 2002), 7.40-22.80% (Belgium: Ghent, 1999),
15.00-20.00% (lowa, 2003), maximum 16% (lowa, 2007), 8.80-
10.40% (AlpsMountain, 2007) and 5.50-16.4% (USA, 2003); -0
for meadow plants, intermountain is give like 8.70%
(Canada, 2009), but, especially in Romania, the protein
value in the field of Carpathians Apuseni Mountains
increasesafter organic and minerd fertilization from 9.11%
t0 15.03% %. The values obtained in this study by classical
and NIR method arefrom 11.19% to 15.46% and it can be
seen that the values are ailmost same like the values of
other authors.

Regarding the digestibility, several authors relate that

Scoreson PC 5 (0.28%)
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the values of digestibility based on the De Boever method are
different: therangebetween 47.70% and 85.20% ¥, 44.60-68.50%7,
43.10-59.10% %, 57-85.20%%, 55.60-64.20%%*, 28.20-76.50%*,
64.70-92.30% 2, 64.20-86% % and 52.80-87.30% Z. Similarly,ina
review, it was reported 62.60-68.60% and 68-73% !. The

digestibility valuedetermined at Libramont |aboratory of CRA-W
for the samples from Romania are almost in the samerange like
these authors.

In Fig. 4, the score plot of PC3 versus PC5 is presented and
showed five clusters. The respective clusters in the score plot
could be associated with specific parts of the AM content in
scoreimageinteractively. Fig. 5 showsthe mean spectrafor pure
sampleof Arnicamontana L., mean spectraof mixed samplesAl,
A2, A3, A4 and mean spectraof the sample LD500 hay fromtype
of meadow AgrostiscapillarisL. - FestucarubraL. without AM.

For the spectrainterpretation of difference between crude protein
content and digestibility of theartificial mixed samples, inFig. 6it
is related spectra form. The three classes were extracted and
analyzed together. One model was build with PLS-DA from the
image of pure samples: Dark blue = FestucarubralL., yellow =
TrifoliumrepensL., green = Agrostis capillarisL., red = Arnica
montana L., dark green = HieraciumaurantiacumL., blue=small

Samples/ScoresPlot of Study 2sp

AM

*  AM-10%
AM-20%
AM-30%
AM-40%

All without AM

-0.05 0 005 01
Scoreson PC 3(0.89%)

0.15

Figure 4. Discrimination of AM concentration in mixed samples. The samples are:
All without AM, type of meadow Agrostis capillaris L. - Festuca rubra L. without
the pure species Arnica montana L.; AM-40%, type of meadow Agrostis capillaris
L. - Festuca rubra L. with 40% of pure species Arnica montana L.; AM-30%, type
of meadow Agrostis capillaris L. - Festuca rubra L. with 30% of pure species Arnica
montana L., AM-20%, type of meadow Agrostis capillaris L. - Festuca rubra L.
with 20% of pure species Arnica montana L. and AM-10%, type of meadow Agrostis
capillaris L. - Festuca rubra L. with 10% of pure species Arnica montana L.; AM

stands for pure species Arnica montana L.
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L 1 L
1200 1400 1600 1800 2000 2200 2400
Variables

AM Mean

AM-10% Mean
AM-20% Mean
AM-30% Mean
AM-40% Mean

All without AM Mean

Figure 5. Typica spectra for different AM content in mixed samples. The samples are: All without AM,
type of meadow Agrostis capillaris L. - Festuca rubra L. without the pure species Arnica montana L.;
AM-40%, type of meadow Agrostis capillaris L. - Festuca rubra L. with 40% of pure species Arnica
montana L.; AM-30%, type of meadow Agrostis capillaris L. - Festuca rubra L. with 30% of pure
species Arnica montana L., AM-20%, type of meadow Agrostis capillaris L. - Festuca rubra L. with
20% of pure species Arnica montana L. and AM-10%, type of meadow Agrostis capillaris L. - Festuca

rubra L. with 10% of pure species Arnica montana L.; AM stands for pure species Arnica montana L.

Table3. Confusion matrix for the PLS-DA model of discrimination of pure samples.

Classes AM FR HR TR BKG Support AC Total
AM 98.74 0.08 0.76 0.00 0.00 0.17 0.00 99.75
FR 0.00 76.09 0.09 0.00 0.00 0.00 21.92 98.10
HR 0.00 0.08 94.94 0.48 0.00 0.00 0.24 95.74
TR 0.00 0.00 1.31 95.56 0.00 0.00 1.22 98.09
BKG 0.00 0.00 0.04 0.00 99.72 0.25 0.00 100.00
Support 0.00 0.00 0.00 3.94 0.00 91.00 423 99.17
AC 0.00 0.00 0.00 0.00 0.00 0.00 92.92 92.92
Total 98.74 76.28 97.03 103.13 99.72 91.44 118.71 98.09

HR: HieraciumaurantiacumL.; FR: FestucarubralL.; TR: TrifoliumrepensL.; AC: Agrostis capillarisL.;
Support: Small ring cup.

ring cup and pink = background. The confusion matrix for this
model ispresented in Table 3.

Fromthedifferent pre-processeva uated, standard normal variate
(SVN) andfirst derivative 15 2 1 pointswasthe most efficient pre-
processing.

The PLS-DA was used to determinewhether it was possibleto
discriminate between the classes and to build amodel that could
be used to predict future images. The potential of using NIR
hyperspectral imaging to distinguish between pure species was
also confirmed on aline-scan system in binary and ternary mixtures

Figure 6. Cdlibration and predicted image in different binary (a) and ternary
(b) mixture samples for different pure samples.

Journal of Food, Agriculture& Environment, Vol.10 (1), January 2012

AM: Arnica montana L.; BKG: Background;

(Fig. 6a-b). It can be seen in Fig. 6a the image of pure samples
scanned with the line-scan system. The pure samples are
distinguished correctly and, from the confusion matrix, we can
see the correct predictions. Fig. 6b relates that it is possible to
distinguish pure samples of AM between other samplesand pure
samples as well as between binary and ternary mixtures of pure
samples. Morethan 99% correct prediction for AM was obtained.

Conclusions

The results of the present study show that the crude protein and
of theinvitro digestibility can be predicted by the classical NIRS.
It isnormal to find differences between the results obtained by
classical method and NIRS method because the conventional NIR
model used did not contain the pure variety Arnica montanaL.,
only hay from Apuseni Mountains. In comparison with other
authors, thefield, the soil, thefertilization and the climate are not
the same, and of coursetheregionisdifferent.

For the PLS-DA models, with the observed classes could be
use the method proposed in this paper as area potential for the
future classification of botanical composition. The advantage of
NIR hyperspectral imaging compared with the existent commercia
NIRS is speed of analysis and measurements of a line-scan of
thousand of spectra/25 s.
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