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Classification of llex Species Based on Metabolomic
Fingerprinting Using Nuclear Magnetic Resonance and
Multivariate Data Analysis

Y ouNG HAE CHol,T SaraH SerTIC,T HYE Kyong Kim,T Erica G. WiLsoN,T
FiLippos MicHoPouLos™ ALFONS W. M. LEFeBERS CORNELIS ERKELENS,S
SERGIO D. PRAT KRICUN,* AND ROBERT VERPOORTE T

Division of Pharmacognosy, Section Metabolomics, Institute of Biology, Leiden University,
P.O. Box 9502, 2300 RA Leiden, The Netherlands; Division of NMR, Institute of Chemistry,
Gorlaeus Laboratories, P.O. Box 9502, 2300 RA Leiden, The Netherlands; and

EEA Cerro Azul INTA, Misiones, Argentina

The metabolomic analysis of 11 llex species, I. argentina, I. brasiliensis, I. brevicuspis, I. dumosa
var. dumosa, . dumosa var. guaranina, I. integerrima, |. microdonta, |. paraguariensis var.
paraguariensis, I. pseudobuxus, I. taubertiana, and I. theezans, was carried out by NMR spectroscopy
and multivariate data analysis. The analysis using principal component analysis and classification of
the *H NMR spectra showed a clear discrimination of those samples based on the metabolites present
in the organic and aqueous fractions. The major metabolites that contribute to the discrimination are
arbutin, caffeine, phenylpropanoids, and theobromine. Among those metabolites, arbutin, which has
not been reported yet as a constituent of /lex species, was found to be a biomarker for . argentina,
I. brasiliensis, |. brevicuspis, I. integerrima, I. microdonta, I. pseudobuxus, |. taubertiana, and I.
theezans. This reliable method based on the determination of a large number of metabolites makes
the chemotaxonomical analysis of /lex species possible.

KEYWORDS: Metabolomic analysis; /lex species; arbutin; phenylpropanoids; NMR; principal component
analysis; classification

INTRODUCTION content of 0.9-2.2% was determined in leaves, and this content
was found to depend on the age of the leavgs7). Clifford

The genusllex (Aquifoliaceae) comprises more than 500 d Ramirez-Marti ined fi il | f
species of dioecious trees and shrubs distributed throughoutan amiréz-Martinez examined five commercial samples o

temperate and tropical regions of the world. The main areas of two types of yerba mate of South American origin, using high-

extant diversification are East Asia and South America. Among ]Pgrformance qutl)Jidbchromaté)g;aphé/ iiztl;/C) gng ingh th(; caf?
the species, yerba mate, a tea-like infusiotief paraguariensis eine content to be between 0.89 and 1.73% and the theobromine

St-Hill., is drunk in many parts of South America @). It is content to be between 0.45 and 0.88%, with very small quantities

also consumed socially in the Middle East by the Druze of of otr_ler purines §). Howevgr, the caﬁelne_ content of com-
Lebanon, Syria, and the Golan Heights in northern Israel. An mercial samples can be variable because it depends greatly on
average of 300 000 t of mate is produced each year in Souththe industrial treatment of the raw materi@).(In plant material,

America. In addition to its standing as a popular beverage, mateR€9inatto et al. found the me_thylb xanlth|;e§ c?;tlentl.of
is used as a tonic, diuretic, and a stimulant to reduce fatigue Paraguariensis/ar. paraguariensiso be~1.8% in old leaves

and aid gastric function in herbal medicine systems throughout using HPLC analysisl0). The caffeine content was estimated

South America and other parts of the worRH-6) at ~0.65% in old leaves and at up to 1.4% in young leaves,
. . ) on (i
Studies concerning the metabolites presentl.inpara- whereas theobromine varied from 0.02% (in old leaves) to

o ; . :
guariensidiffer according to the material analyzed, that is, fresh 0'2.7/(’ N young Ieayes. Apart from Cafffeme anallogues., caffeic
plant material or mate, the commercial product. A caffeine acid, chlorogenic acid, and the three dicaffeoylquinic acids were

found in all of the species. Among the substitutes or adulterants
assayed in recent studidiex brevicuspisshowed the highest

* Author to whom correspondence should be addressed (e-mail

verpoort@chem.leidenuniv.nl; telephore1 71 527 4510; faxt-31 71 total C_affeoyl derivatives content (1.9%) followed Biex
527 4511). _ o argentina(0.73%) andllex pseudobuxu§0.67%) (L1). Other
s pvision of E,R,,a{{mﬁ‘g%ge”n"ﬁy,;ibg;gﬁ; University. chlorogenic acids that were found were ferulic agizoumaric
#EEA Cerro Azul INTA. acid, caffeoylquinic acids, feruloylquinic acigscoumaroylqui-

10.1021/jf0486141 CCC: $30.25 © 2005 American Chemical Society
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chlorogenic acid arbutin (hydroquinone-f3-glucopyranoside)
nic acids, and caffeoylferuloylquinic acids. Rutin, quercetin, and profile, it is fundamental to use a wide spectrum analytical
kaempferol were also found as the main flanovoldpseudo- technique that is rapid, reproducible, and stable over time and
buxusshowed the highest content of rutin (0.03%), which is requires only a very simple sample preparation. NMR is one of
quite below the value obtained forparaguariensig0.06%), the technigues that meets those requirements. In the past decade,

whereas similar quercitin and kaempferol contents were found a number of techniques have been devised to develop NMR
in the otherllex species 11). Ursolic acid was isolated as the spectroscopy as a fingerprinting tool for the quality assessment
main triterpene, together with amyrin. The presence of triter- of natural products such as food and medicinal plants. Multi-
penoidal saponins, such as matesaponins was repa2et3). variate or pattern recognition techniques such as the well-
|. paraguariensishas many local congeneric substitutes that described principal component analysis (PCA) are important
grow in the same habitat, the most common of whith tools for the analysis of the data obtained by NMR. Recently,

brevicuspis as I. argenting |. brasiliensis I. dumosa I. NMR in combination with PCA has been applied to the
integerrima |. microdonta |. pseudobuxyd. taubertiang and metabolomic profiling of several kinds of wineg5), coffees

I. theezansvere chosen for this study. They are often used as (16), juices (7), beers 18), and some plantslg, 20).
substitutes or adulterants bfparaguariensigyerba mate) %, In this study we report an NMR spectroscopic method,

2). Despite the extensive studies on the chemical composition coupled to PCA for the metabolomic analysis ofllek species

of llex species, previous results are limited to the differentiation including two varieties. On the basis of these data, classification

of particular metabolite analysis. For example, the main and discrimination are performed for the lléx species. This

differences reported in previous references were a higher contenteads to a clear differentiation ¢ex species based on a variety

of caffeoyl derivatives and flavonoids and the presence of of metabolites.

caffeine inl. paraguariensisand its absence, or presence in

very low amounts, in other species. However, the classification MATERIALS AND METHODS

or discrimination of eachllex species is still practically

impossible when the classical method of analyzing a single Materials. Dried plant material of 11lex species were provided

group of metabolites is applied, and no method that could by the Estacio Experimental Agraria of Cerro Azul (INTA) (Misiones,

potentially contribute to their detection in mixtures has been Argentina). The samples were harvested 2 months prior to their use,

published. For the reliable differentiation diex species, a dried for 3 min with a microwave (700 W), gr_ound, and preserved at
. . . . . . —18 °C. Voucher specimens are preserved in the EEA Cerro Azul.

systematic method involving a wide variety of metabolites

bolomi fil Id b ful ibuti Specifications of the plant materials evaluated in this study are shown
(metabolomic profiling) cou e a very useful contribution to in Table 1. First-grade chloroform and methanol were purchased from

these issues. Merck Biosolve Ltd. (Valkenswaard, The Netherlands). GI¥89.96%)

The term “metabolome” has been used to describe the and Do (99.00%) were purchased from Cambridge Isotope Labora-
observable chemical profile or fingerprint of the metabolites in tories Inc. (Miami, FL), and NaOD was from Cortec (Paris, France).
whole tissues¥4). To obtain the most complete metabolomic Arbutin was obtained from Sigma (St. Louis, MO).
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Table 1. llex Species Evaluated in This Study

species region and year of seed collection (no. of voucher specimen)

1. argentina Lillo Cerro san Javier, Tucuman, Argentina, 1991 (109)
Acheral, Tucuman, Argentina, 1991 (111)
Conception, Tucuman, Argentina, 1991 (112)
Quebrada de San Lorenzo, Salta, Argentina, 1995 (207)

I. brasiliensis (Spreng) Loes. Rio Branco do Sul, Parané, Brazil, 1990 (59)
Pto. Esperanza, Misiones, Argentina, 1990 (221)
Reserva Biologica de Limoy, Paraguay, 1997 (226)
Nueva Esperanza, Paraguay, 1997 (230)

I. brevicuspis Reissek San Pedro, Misiones, Argentina, 1987 (4)
Canoinhas, Brazil, 1989 (15)
Clevelandia, Parana, Brazil, 1991 (94)
Veranopolis, Rio Grande do Sul, Brazil, 1992 (119)

I. dumosa var. dumosa Reissek Campo Viera, Misiones, Argentina, 1989 (7)
Canoinhas, Santa Catarina, Brazil, 1989 (13)
Tijucas do Sul, Parana, Brazil, 1990 (55)
Campo Bom, Rio Grande do Sul, Brazil, 1992 (113)

I. dumosa var. guaranina Loes. Pto. Esperanza, Misiones, Argentina, 1996 (222)
Reserva Biologica de Limoy, Paraguay, 1997 (227)
Hernandarias, Paraguay, 1998 (235)
Hernandarias, Paraguay, 1998 (243)

I. integerrima (Vellozo) Reissek Tijucas do Sul, Parana, Brazil, 1990 (56)
San Mateo do sul, Parana, Brazil, 1990 (69)
Irati, Parana, Brazil, 1990 (72)
Teixeira Soares, Parana, Brazil, 1990 (73)

I. microdonta Reissek Sao Francisco de Paula, Rio Grande do Sul, Brazil, 1992 (121)
Sao Francisco de Paula, Rio Grande do Sul, Brazil, 1992 (121a)
Sao Francisco de Paula, Rio Grande do Sul, Brazil, 1992 (121b)
Parque Nacional Aparados da Serra, Rio Grande do Sul, Brazil, 1992 (126)

I. paraguariensis var. paraguariensis St.-Hill. Chapeco, Santa Catarina, Brazil, 1989 (28)
San Antonio, Misiones, Argentina, 1989 (45)
Teixeira Soares, Parana, Brazil, 1990 (74)
ljui, Rio Grande do Sul, Brazil, 1993 (133)

I. pseudobuxus Reissek Pontal do Sul, Parana, Brazil, 1990 (67)
Campo Bom, Rio Grande do Sul, Brazil, 1992 (114)
Torres, Rio Grande do Sul, Brazil, 1992 (131)
Tramandai, Rio Grande do Sul, Brazil, 1992 (132)

I taubertiana Loes. Sao Francisco de Paula, Rio Grande do Sul, Brazil, 1992
Sao Francisco de Paula, Rio Grande do Sul, Brazil, 1992
Sao Francisco de Paula, Rio Grande do Sul, Brazil, 1992
Sao Francisco de Paula, Rio Grande do Sul, Brazil, 1992

I theezans Reissek Major Viera, Rio Grande do Sul, Brazil, 1989 (16)
San Antonio, Misiones, Argentina, 1989 (46)
Tijucas do Sul, Parana, Brazil, 1990 (54)
Veranopolis, Rio Grande do Sul, Brazil, 1992 (118)

124)

124a)
124p)
124c)

— o~ —~ —

Methods. Extraction.Three hundred milligrams of ground material ~ recorded with the following parameters: 0.126 Hz/point, pulse width
was placed in a centrifuge tube. Five milliliters of a 50% water/methanol (PW) = 4.0 us (3C°), and relaxation delay (RDF 2.0 s. FIDs were
mixture and 5 mL of chloroform were added to the tube followed by Fourier transformed with LB= 0.3 Hz. For quantitative analysis, peak
vortexing for 30 s and sonication for 1 min. The tube was then area was used. The spectra were referenced to residual solveng CDCI
centrifuged at 3000 rpm for 20 min. This procedure was repeated twice. at 7.26 ppm for the organic fraction and to trimethylsilanepropionic
The organic fractions were transferred to a 25 mL round-bottom flask acid sodium salt (TSP) at 0.00 ppm for the aqueous fraction.
and taken to dryness with a rotary vacuum evaporator. The agueousHexamethyldisilane (HMDSO, 0.01%, v/v) for CDGInd TSP (0.01%,
layer was diluted 10 times with deionized water and evaporated in a w/v) for aqueous fractions were used as internal standards for scaling

SpeedVac. of all NMR signals. The regions af 4.6-5.8 in the aqueous fraction
NMR Measurement@rganic fractions were dissolved in CQC| and o 7.289 7.24 in the Ol’ganic fractions were excluded from the

Aqueous fractions were dissolved with,® to which KHPQ, was analysis because of the residual water and GHighals, respectively.

added as a buffering agent. The pH of th€ddor NMR measurements Data AnalysisTheH NMR spectra were automatically reduced to

was adjusted to 6.0 ugina 1 M NaOD solution. All spectra were ASCII files using AMIX (v. 3.7, Bruker Biospin). Spectral intensities
recorded on a Bruker AV 400 NMR spectrometer operating at a proton were scaled to HMDSO for the organic fraction and to TSP for the
NMR frequency of 400.13 MHz. For each sample, 128 scans were aqueous fraction and reduced to integrated regions of equal width (0.02
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Figure 1. 'H NMR spectra for organic fractions of /. argentina leaves (a),
I. paraguariensis leaves (b), I. pseudobuxus leaves (c), and I. tauberiana
leaves (d). Peaks: 1, H-8 of theobromine; 2, H-8 of caffeine; 3, 7-methyl
of caffeine; 4, 7-methyl of theobromine; 5, 3-methy! of caffeine; 6, 3-methyl
of theobromine; 7, 1-methyl of caffeine; S, residual solvent signal of CDCl3;
|, internal standard of HMDSO.

NUJ\J

T T T T T T T T T 1
545 540 535 530 525 520 5.15 5.10 5.05 ppm

Figure 2. 'H NMR spectra for organic fraction of /. paraguariensis leaves
in the range of ¢ 5.0-5.5. *, possible signals of H-12 protons of ursolic
acid analogues.

ppm) corresponding to the region &0.40-10.00. PCA and discrimi-

nant analysis were performed with the SIMCA-P 10.0 software

(Umetrics, Umed, Sweden).

Figure 3. H NMR spectra for aqueous fractions of /. dumosa var. dumosa
leaves (a), I. dumosa var. guaraniana leaves (b), I. paraguariensis leaves
(c), and I. pseudobuxus leaves (d). Peaks: S, residual solvent signal of
HDO:; |, internal standard of TSP.

2

1
! 719 718 717 716 715 714 713 712 7:1 7:0 6:9 618 617 516 615 514 613 612 IppmI
Figure 4. *H NMR spectra for aqueous fraction of /. paraguariensis leaves

in the range of ¢ 6.0-8.0. Peaks: 1, H-7' region of phenylpropanoids; 2,
aromatic region of phenylpropanoids; 3, H-8' region of phenylpropanoid.

HPLC AnalysisA Waters HPLC system equipped with a 626 pump,
a 2996 photodiode array detector fixed at 282 nm, and a 717 plus
autosampler (Waters, Milford, MA) was used for arbutin determination.
Twenty microliter samples were injected onto an Inertsil ODS-3 (4.6
x 250 mm,s-3 um) (GL Sciences Inc., Tokyo, Japan) column and
eluted with a linear gradient starting at a proportion of 90:10 of 1%
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Figure 5. 'H NMR spectra for aqueous fractions of /. argentina leaves
(a), I. brasiliensis leaves (b), I. brevicuspis leaves (c), and I. theezans
leaves (d). Peaks: S, residual solvent signal of HDO; I, internal standard
of TSP; 1, H-2" and H-6' of arbutin; 2, H-3' and H-5' of arbutin; 3, H-1
of arbutin.

120

100 4

yield (mg/g)

Ilex species
Figure 6. Yield (mg/g) of arbutin in llex species obtained from HPLC
analysis: 1, I. argentina; 2, I. brasiliensis; 3, I. brevicuspis; 4, I. dumosa
var. dumosa; 5, I. dumosa var. guaranina; 6, I. integerrima; 7, I. microdonta;
8, |. paraguariensis var. paraguariensis; 9, I. pseudobuxus; 10, I.
taubertiana; 11, I. theezans; *, not detected. Results are based on triplicate
analysis.

AcOH/H,0/1% AcOH/MeOH for 4.5 min and then changing to 70:30
in 26 min and to 90:10 in 20 min. The flow rate was 1.0 mL/min.
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Figure 7. Score plot of discriminating PC scores of organic fraction for
llex species with I. paraguariensis (a) and without I. paraguariensis (b)
following PCA analysis: 1, I. argentina; 2, I. brasiliensis; 3, I. brevicuspis,
4, |. dumosa var. dumosa; 5, I. dumosa var. guaranina; 6, I. integerrima;
7, I. microdonta; 8, I. paraguariensis var. paraguariensis, 9, I. pseudobuxus;
10, I. taubertiana; 11, I. theezans.

RESULTS AND DISCUSSION

Visual Inspection of 'H NMR Spectra and Assignments
of the Compounds.Among thellex species evaluated in this
study, onlyl. paraguariensisvas found to contain caffeine and
theobromine, whereas theophylline was not detected. This
finding is in accordance with reports of caffeine and theobromine
in |. paraguariensisleaves dating back to the 19th century,
whereas the presence of theophylline, reported in very small
guantities 21, 22), is a matter of controversy, as other
researchers did not detect this substar&e28, 24). Charac-
teristic signals due to one purine protonda?.51 (1H, s) and
threeN-methyls até 3.99, 3.59, and 3.41 (3H each, s) in the
IH NMR spectrum of organic fractions dfparaguariensisare
in accordance with caffeine. In addition to these caffeine signals,
0 7.53 (1H, s), 3.97 (3H, s), and 3.54 (3H, s) were assigned to
theobromine Figure 1). Theophylline was not detected In
paraguariensideaves. The main triterpenesltéx species were
found to be ursolic acid analoguek2( 13). In the region ofd
5.0-5.5, characteristic olefinic protons (H-12) of triterpenes are
detected at 5.12 (t,J = 3.3 Hz), 5.17 (tJ = 3.3 Hz), and
5.29 (t,J = 3.3 Hz) (Figure 2). Methyl signals of triterpenes
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Figure 8. Score plot of PC1, PC2, and PC3 scores of aqueous fraction for /lex species following PCA (a) and loading plots for PC2 (b) and PC3 (c):
1, I. argentina; 2, I. brasiliensis, 3, I. brevicuspis; 4, |. dumosa var. dumosa; 5, I. dumosa var. guaranina; 6, I. integerrima; 7, |. microdonta; 8, .
paraguariensis var. paraguariensis, 9, I. pseudobuxus; 10, I. taubertiana; 11, I. theezans.

in the range o 0.7—1.2 were also found to be discriminating assigned to H-2 H-3', and the anomeric proton of glucose in
IH NMR signals ofllex species. arbutin, respectively. This was confirmed by 2D-NMR spectra
The *H NMR spectra of the aqueous fractions for tiex such as'H—H COSY, HMQC, and HMBC and comparison
species are shown iRigure 3. The patterns in the aromatic  With the reference compound arbutin. There have been no
region ¢ 6.0-8.0) are quite different from each other. Previous Pprevious reports of arbutin iex species. In this study, however,
reports have shown that some phenylpropanoids such as caffeidt was found that soméex species contain arbutin as a major
acid, chlorogenic acid, 3,4-dicaffeoylquinic acid, 3,5-dicaf- metabolite. For further confirmation and quantitative analysis
feoylquinic acid, and 4,5-dicaffeoylquinic acid are the main of arbutin inllex species evaluated in this study, HPLC analysis
characteristic metabolites dfex species 11). In accordance ~ was performed. Among the species studiedpseudobuxus
with this paper, the signals of the main differentiating aromatic showed the highest content of arbutin (106.0 mgFigre 6).
compounds in the extracts were assigned to phenylpropanoids PCA. PCA is an unsupervised clustering method requiring
(Figure 3). TheH NMR spectrum of. paraguariensigFigure no knowledge of the data set and acts to reduce the dimension-
4) is in accordance with the spectrum of phenylpropanoids, ality of multivariate data while preserving most of the variance
showing the typical signals due to two trans olefinic protahs ( within it (25). The data for PCA can be scaled in different ways.

= 15-16 Hz) in the region ob 6.1-6.5 (H-8) ando 7.6-7.7 If the data are mean-centered with no scaling, then a covariance
(H-7"). The complex pattern of théd NMR spectrum inj 6.9— matrix is produced, but if the data are mean-centered and the
7.3 shows that this plant contains several phenylpropanoids suchcolumns of the data matrix are scaled to unit variance, a

as caffeic acidp-coumaric acid, and their glycosides. correlation matrix is produce®6). Both of the methods were

Intriguingly, intense signals at 7.06 (1H, d,J = 9.0 Hz), applied to the'H NMR data set oflex species, the covariance
6.88 (1H, dJ=9.0 Hz), and 4.89 (1H, dl = 7.6 Hz) appeared = method showing a better separation of the species. Application
in I. argenting I. brasiliensis I. integerrima |. microdonta . of PCA to the organic fractions, resulted in a good separation
taubertiana and . theezangFigure 5). These signals were of |. paraguariensisfrom other species by PCFigure 7a).
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Figure 9. DModX plot for llex species prediction set of organic fractions of I. paraguariensis var. paraguariensiss using the first seven PCs (a) and of
I theezans using the first five PCs (b): 1-12, I. argentina; 13—23, I. brasiliensis; 24—34, |. brevicuspis; 35—46, I. dumosa var. dumosa; 47-58, I. dumosa
var. guaranina; 59-70, I. integerrima; 71-82, I. microdonta; 83-98, I. paraguariensis var. paraguariensis; 99-110, I. pseudobuxus; 111-122, I. taubertiana;
123-134, |. theezans.

This separation is due to the signals of caffeine, theobromine, PC2 value means lower phenylpropanoids and sucrose content
and triterpenoids. For the detailed inspection of otHek (Figure 8b). PC3 was largely influenced by the quantity of
species, PCA was done for all of the species excluding phenylpropanoids, and its lower value indicated a higher amount
paraguariensisAs shown inFigure 7b, I. dumosavar. dumosa of phenylpropanoidsHigure 8c).
andl. tauberianawere clearly separated from other specles. Classification of llex Species Based on PCAPattern
dumosavar. dumosacontains more triterpenoids andtaub- recognition is often described as a procedure for formulating
erianahas a higher amount of fatty acids, as can be concludedrules of classification7). The most encountered goal of a
from the loading plot of PC2, in which a higher PC2 value pattern recognition application is classificatia®8). Using a
indicates higher signals at5.36 (olefinic) and 1.24 (methylene)  collection of knowns and a classification rule, a set of unknowns
of fatty materials and lower terpenoidal signals in the range of is classified. On the basis of given classes, each of which
0 0.5-1.2 (Figure 70). contains a number of observations mapped by a multitude of
As a next step, the focus was placed on the results obtainedvariables, guidelines and rules are developed that make it
from the aqueous fraction. For a clear separation, however, PC3possible to classify new observations as similar or dissimilar to
is needed apart from PC1 and PC2. As sedfigiure 8a, there the members of the existing class25)( Data that was observed
is a clear discrimination betwedn paraguariensisand other in a class of onélex species was classified by soft independent
llex species. Notably, aqueous fractions lofdumosavar. modeling of class analogy (SIMCAR®). Using this method,
dumosal. breviscus andl. taubertianashow unique metabo-  each class oflex species was modeled separately by disjoint
lomic fingerprints. This separation took place in the first three PC models. On the basis of the residual variation of each class,
principal components, which cumulatively accounted for 84.2% the distance to the model (DModX) of each observation was
of the variation. The separation betwdeparaguariensisand computed.
other species was easily achieved with the PC2 and PC3 values. Prior to the classification, PCA was carried out for each
I. paraguariensishas a lower PC2 and PC3. The PC2 value is species to obtain optimum PCs, which were necessary to build
affected by the amount of arbutin and sucrose, and a higherthe model of each species. After each particular model based
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Figure 10. DModX plot for llex species prediction set of agueous fractions of . paraguariensis var. paraguariensiss using the first seven PCs (a) and
of I. theezans using the first four PCs (b): 1-12, I. argentina; 13-24, I. brasiliensis; 25-36, I. brevicuspis, 37—48, I. dumosa var. dumosa; 49-58, I.
dumosa var. guaranina; 59-70, I. integerrima; 71-82, I. microdonta; 83-98, I. paraguariensis var. paraguariensis, 99-110, I. pseudobuxus; 111-122,
I. taubertiana; 123-132, I. theezans.

on optimum PCs (e.g., the first seven PCs were used for thel. taubertiang andl. theezansby multivariate analysis of their
metabolites obtained from organic fractiond.gfaraguariensiy metabolite fingerprints obtained B¥4 NMR spectra of crude
had been constructed, all species were compared using theextracts of the plant materials. The major compounds contribut-
distance to each species model. In the classification based oring to the discrimination were found to be several phenylpro-
the metabolites obtained from organic fractions, most of the panoids and arbutin. In particular, arbutin, which has not been
species do not overlap and showed unique metabolomic profilesreported yet as a componentltéx species, was found to be a
as an example of. paraguariensis(Figure 9a) with the discriminating metabolite (biomarker) for argenting |. bra-
exception ofl. pseudobuxysl. brasiliensis and . theezans siliensis I. brevicuspis I. integerrima I. microdonta I. pseudo-
(Figure 9b). In the classification of metabolites obtained from buxus I. taubertiang and|. theezansHowever, arbutin was
aqueous fractions, no species overlapped. As shown in the cas@ot present in a detectable amount in the samplésdhfmosa
of I. paraguariensisin Figure 10a even the species. var. dumosal. dumosavar. guaraning andl. paraguariensis
pseudobuxuysl. brasiliensis and |. theezansthe metabolite var. paraguariensisthat were analyzedBesides these major
profiles of which could not completely be resolved for the phenolic metabolites, a number of putative minor metabolites
organic fractions, were clearly distinguished from each other also play a role in differentiatinfex species.
with the metabolomic profile of the aqueous fractiokgy(re Alongside simple PCA used for the reduction of the NMR
10b). data set obtained from the metabolites, classification based on
This study proves that it is possible to discriminate the 11 each species model was done and obviously complements the
llex species|. argenting I. brasiliensis I. brevicuspis I. dumosa differentiation ofllex species based on the metabolite profiles.
var. dumosal. dumosavar. guaranina l. integerrima I. micro- The method usingH NMR and multivariate analysis may
dontg |. paraguariensisvar. paraguariensis|. pseudobuxus afford consistent discrimination oflex species based on
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metabolomic profiling as a tool for chemotaxonomical studies.
This method could also be useful for quality control issues,
which are critical to the yerba mate producing industry, such
as detection of adulterants, leaf/stalk content, detection of
inadequate drying or conservation of plants, and standardization
of blends among others for which there is not an adequate (17)
analytical solution at this time.
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