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HIGHLIGHTS
e Monteverdia ilicifolia leaves show several botanical adulterations.
e FTIR spectroscopy provided analytical data about the chemical compounds from M. ilicifolia samples.

¢ FTIR spectroscopy coupled with PCA and photoacoustic spectroscopy can be used as analytical tools
for the discrimination of M. ilicifolia samples.

e Collected and commercial samples of M. ilicifolia were suitable differentiated by photoacoustic
spectroscopy.

Abstract: Monteverdia ilicifolia (Mart. ex Reissek) Biral (basionym: Maytenus ilicifolia Mart. ex Reissek)
(Celastraceae) is popularly known as holy thorn or “espinheira-santa” in Brazil. This herb is traditionally used
for gastric and digestive problems. However, similar species are often used as adulterants. Considering the
pharmacological interest and the existence of adulterants, this study was devoted to characterizing M. ilicifolia
samples by Fourier-transform infrared (FTIR) spectroscopy coupled with principal component analysis (PCA)
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and photoacoustic spectroscopy (PAS) by using Citronella gongonha (Mart.) R. A. Howard as adulterant
sample. Six commercial samples were purchased, and seven collected samples were obtained in the
Campos Gerais region. The leaves were then dehydrated and converted to powder. The FTIR spectroscopic
assay was carried out and consisted of ten different measurements for each sample with a time interval of
seven days between them. The PCA was performed from these spectra. The characterization by FTIR
demonstrated the presence of tannins and flavonoids in the studied samples. FTIR spectroscopy coupled
with PCA was able to discriminate the commercial and the collected samples of M. ilicifolia using three
principal components. The photoacoustic spectroscopy resulted in absorption bands centered at ~280, ~380,
~480, and ~630 nm. These bands presented a higher spectral resolution for the collected samples. The
commercial samples showed broadening bands, which allowed the differentiation between these two sets of
samples. FTIR spectroscopy coupled with PCA, and photoacoustic spectroscopy are alternative tools for the
differentiation of M. ilicifolia samples.

Keywords: adulterants; Citronella gongonha; Fourier-transform infrared spectroscopy; holy thorn; principal
component analysis; total tannins.

INTRODUCTION

The commercial sector of herbal supplements and medicinal plants has presented a remarkable
worldwide growth. However, these herbal medicines must show quality, efficacy, and safety for the final
consumers, and a current concern in this area is related to the presence of adulterants [1,2]. Adulteration is
defined as an intentional substitution or addition of another/ closely related plant species or foreign substance
in a genuine medicinal product, in order to increase the weight, the potency of the product, and/or to decrease
its cost [3].

In this context, the species Monteverdia ilicifolia (Mart. ex Reissek) Biral (Celastraceae), popularly known
as holy thorn, “cancerosa”, and “espinheira-santa” in Brazil, is usually confused with other species that show
similar leaves [4]. In addition, M. ilicifolia was recently renamed since it was previously classified as Maytenus
ilicifolia Mart. ex Reissek. The characteristics that separated these genera were the fruit pericarp texture and
the aril color, which is red or yellowish in the Maytenus genus and white in the Monteverdia one [5].
Furthermore, holy thorn is widely used in traditional medicine for gastrointestinal, urinary, and endocrine
diseases with an emphasis on gastritis and gastric ulcer problems [6]. Its leaves present tannins and
flavonoids as the main natural products [7].

Some species morphologically similar to M. ilicifolia and with non-related pharmacological properties
have been reported in the literature. Sorocea bonplandii (Baill.) W.C.Burger, Lanj. & Wess.Boer. (Moraceae),
Zollernia ilicifolia (Brongn.) Vogel (Fabaceae), Jodina rhombifolia (Hook. & Arn.) Reissek (Santalaceae), and
Citronella gongonha (Mart.) R.A.Howard (Cardiopteridaceae) are the main adulterants for the medicinal
products based on holy thorn [8-9]. These adulterations create a lack of quality, which strongly impacts on
the efficacy and safety of the medicinal use [10].

Among the recommended techniques for characterizing plant species, the Fourier-transform infrared
(FTIR) spectroscopy can be readily used to identify the chemical groups of herbal samples [11] and is
considered a fast, low cost, and small sampling method [12]. FTIR spectroscopy becomes a suitable strategy
for the analysis of herbal raw materials, since previous studies proved its applicability for the species
differentiation, the origin discrimination of plant samples [13], the herbal quality control [14], and the herbal
adulteration analysis [15]. In addition, FTIR spectroscopy can be coupled with multivariate analysis by
principal components (PCA) for providing a cost-effective approach in order to discriminate groups of herbal
samples and to investigate their authenticity, since chemical-based analyses are more labor- and time-
consuming [16,17]. Considering the photoacoustic spectroscopy, it is a novel and non-destructive analytical
approach for herbal products, suitable for samples with high light scattering and absorption as leaves [18].
This method can also identify different polyphenols in powder mixtures and is independent of the solvent use
[19].

Taking all these into account, the aim of this paper was to investigate the botanical authentication of
commercial and collected samples of M. ilicifolia by FTIR spectroscopy coupled with PCA and photoacoustic
spectroscopy compared to the adulterant sample of C. gongonha in order to allow their differentiation for the
quality control of holy thorn-based products.
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MATERIAL AND METHODS

Plant material

The plant material used was leaves of Monteverdia ilicifolia (Mart. ex Reissek) Biral (Celastraceae) and
Citronella gongonha (Mart.) R.A.Howard (Cardiopteridaceae). The botanical material was divided in six
commercial samples and six collected samples of holy thorn. The collected samples were obtained in the
Campos Gerais Region, Parand, Brazil. The sample of C. gongonha used as adulterant for holy thorn was
also collected in this same area. The exsiccates of M. ilicifolia were deposited and registered at the herbarium
of the State University of Ponta Grossa (HUPG) under the numbers 22,245; 22,246; 22,248; 22249; 22,151,
and 22,153. The C. gongonha sample was recognized by comparison with the specimen ICN 113,385 from
the herbarium of the Federal University of Rio Grande do Sul (ICN).

Sample preparation

The collected samples were firstly submitted to a drying process, in which the leaves were removed and
taken to the heat treatment in a lab oven (Odontobras, EI-1.6 model, Sdo Paulo, Brazil) at 40°C for 72 hours
[20]. All the samples, including the commercial ones, were converted to powder using a Willey type knife mill
with a 32-mesh circular sieve (Tecnal, Piracicaba, Brazil). Each sample was stored in hermetically sealed
polypropylene bottles and kept away from light and moisture.

Fourier Transform Infrared Spectroscopy (FTIR)

The 13 powdered samples were analyzed by FTIR spectroscopy [21] as tablets using 4 mg of each
sample and 200 mg of KBr (spectroscopic grade, Sigma Aldrich, St. Louis, MO, USA, 2%, w/w) in the
Shimadzu spectrometer (model IR Prestige-21, Kyoto, Japan) at 64 scans/min, resolution of 4 cm-1, analysis
mode of absorbance, in the range of 4000 to 400 cm-1 [22, 23]. Ten measurements were performed on each
sample with a time interval of seven days.

Principal Component Analysis (PCA)

The FTIR spectra were submitted to the multivariate analysis by principal components (PCA) [24]. For
this analysis, the region between 1800-400 cm? (fingerprint) was chosen since it represented the main
information about the natural products presented in the M. ilicifolia and C. gongonha samples. The principal
components (PCs) were obtained as a function of the absorption spectra. The differentiation of the organic
groups of the samples was performed from these PCs. The components were generated using the Principal
Component Analysis for Spectroscopy Application of the Origin Pro software (version 2020) (Origin Lab,
Northampton, MA, USA).

Photoacoustic Spectroscopy (PAS)

The photoacoustic spectroscopy (PAS) homemade setup was used for evaluating the samples. This
apparatus consisted of the 1000 W Xenon lamp (66926, Oriel Instruments, Newport Corporation, Franklin,
MA, USA) as the light source, monochromator (CornerstoneTM 260 1/4m, Oriel Instruments), mechanical
chopper (SR540, Stanford Research Systems, Sunnyvale, CA, USA), lock-in amplifier (SR830, Stanford
Research Systems), and microphone (4953, Bruel and Kjaer Instruments, Santo Amaro, Brazil) coupled to a
sealed photoacoustic cell for signal detection [25]. Higher order diffractions were eliminated by bandpass
filters. The spectral range for UV-Vis was between 225 and 700 nm. The chopper was tuned to different
frequencies to modulate the light that impinges the sample. The data acquisition was performed by a personal
computer. To correct the source emission intensity in each wavelength, all spectra were normalized with
respect to a carbon black sample signal. The data were evaluated using the Origin Pro software (version
2020) (Origin Lab, Northampton, MA, USA).

RESULTS AND DISCUSSION

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy was used for elucidation of functional groups presented in the commercial and
collected samples of Monteverdia ilicifolia (Mart. ex Reissek) Biral (Celastraceae) and Citronella gongonha
(Mart.) R.A.Howard (Cardiopteridaceae). C. gongonha was the adulterant sample. Figure 1 summarizes all
the obtained spectra in the absorbance mode. The main absorption bands were observed at 677; 1070; 1233;
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1271; 1321; 1522; 1618; and 1732 cm™. The fingerprint region between 1800 and 400 cm™ provided the
unique spectral signature of the M. ilicifolia and C. gongonha samples and was related to the organic and
inorganic compounds found on these samples based on their functional groups and structures.
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Figure 1. FTIR spectra of 12 samples of Monteverdia ilicifolia (Mart. ex Reissek) Biral and one adulterant sample of
Citronella gongonha (Mart.) R.A.Howard. The main bands were achieved at 677; 1070; 1233; 1271; 1321; 1522; 1618;
1732 cm*. Abbreviations: com — commercial samples of M. ilicifolia; col — collected samples of M. ilicifolia; CG — C.
gongonha sample.

The C=0 stretching of esters from hydrolysable tannins was assigned at 1732 cm-1, mainly those
derived from the gallic acid. This region was the principal stretching for differentiating between the condensed
and hydrolysable tannins, since the condensed tannins do not present the carboxyl group under natural
conditions [26]. Other stretching bands were corresponded to the C=C-C bond from aromatic rings at 1618-
1444 cm-1 and the C-O bond at 1368-1157 cm-1 and 1070-1023 cm-1. In contrast, condensed tannins
usually show more intense C=C-C stretching bands when compared to hydrolysable tannins at 1555-1503
cm-1 [26]. However, hydrolysable tannins exhibit more intense C-O stretching signal when compared to
condensed tannins at 1368-1157 cm-1, probably due to the presence of esters. In addition, condensed
tannins also show absorptions at 1361-1340 cm-1 and 1284-1283 cm-1, regions in which absorptions of
hydrolysable tannins are not observed. Therefore, these stretching bands were assigned to the C-O bond of
pyran rings, typically observed for flavonoids [27-33]. The region between 600-930 cm-1 was attributed to
out-of-plane C-H bending of aromatic rings. The signal between 1060-1130 cm-1 was related to in-plane C-
H bending of aromatic rings [34—41].

Considering the high number of analytical information and the differences in spectrum intensities
obtained by FTIR, we used the principal component analysis for a discriminant analysis about these spectra
at the fingerprint region between 400 and 1900 cm™ [26,42].
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Principal Component Analysis (PCA)

The principal component analysis was performed for the FTIR spectra from 1800 to 400 cm™ in order to
obtain a more accurate result about the differences among the M. ilicifolia and C. gongonha. All spectra were
normalized by the integrated area in the aforementioned region.

The analysis was firstly performed to find out which principal component should be used. The analysis
allowed that the data set was visualized concerning the various principal components. The initial set of
variables was reduced to a number of principal components, which is represented by the scree plot depicted
in Figure 2. This plot provided the inflection point related to the limit of principal components required to
represent the examined data.
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Figure 2. Scree plot showing the variance represented by each component from the source eigenvalue. The inflection
point determines the limit of components required to represent the analyzed data.

It was observed that the inflexion point was achieved from PC3. In this perspective, PC1 represented
64.3%, PC2 explained 16.1%, and PC3 characterized 6.5% of the analytical data. These values resulted in
a total of 86.9% of certainty by reducing the data to three principal components.

Figure 3 shows the PCA scores obtained from the spectra. Figure 3a represents PC1 (64.3%) x PC2
(16.1%), while Figure 3b depicts PC1 (64.3%) x PC3 (6.5%) with the 95% confidence ellipse for each set of
samples. PCA was able to provide a separation between commercial and collected samples of M. ilicifolia.
However, the sample aCG (C. gongonha) remained with the commercial samples of holy thorn. The collected
samples appeared in positive score for PC1, and positive and negative scores for PC2 and PC3. The
commercial samples showed negative score for PC1, and positive and negative scores for PC2 and PC3.
The adulterant sample aCG presented negative score for PC1 and positive scores for PC2 and PC3.

Brazilian Archives of Biology and Technology. Vol.66(spe): €23230615, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Martins, M. F.; et al. 6

4
L o Commercial samples (b)
3 | ©° Collected samples
- Citronella gongonha
2
—~ L Q) o
o\o 1F & o’ o0&
LQ 7 o0 >
(@) I . A © o
N O OO > o
(9P - o o
O 1} o 8 © 8°
D- B @] @]
-2 Og o
3
_4 I l L l L l L L l L
3
2

PC2 (16.1%)
o

-3 -2 -1 0 1 2
PC1 (64.3%)

Figure 3. PCA scores obtained from the FTIR spectra of the Monteverdia ilicifolia (Mart. ex Reissek) Biral and Citronella
gongonha (Mart.) R.A.Howard samples. The plots represent PC1xPC2 and PC1xPC3. The 95% confidence ellipses are
also shown.

In addition to the scores, the loadings provided by PCA added a substantial information. Loadings
indicated the weight of the variables (FTIR absorption bands) for each principal component. The loadings for
each principal component are summarized in Figure 4. One of the main stretching signals for PC1 analysis
was detected at 1740 cm, which can differentiate between hydrolysable and condensed tannins [26].
Considering that the M. ilicifolia commercial samples and the adulterant C. congonha presented negative
loadings, these samples revealed higher concentration of carboxyl groups from hydrolysable tannins.

The region between 1650 and 1380 cm™ had positive loadings. These signals were assigned to the C=C
bond stretching of aromatic rings from condensed tannins. These data suggests that the collected samples
presented a higher concentration of condensed tannins.

The in-plane bending signal of C-H bonds from aromatic rings, typically detected for hydrolysable
tannins, was assigned around 1100 cm as negative loadings and was mainly observed in the M. ilicifolia
commercial samples. The signals between 800-700 cm™ were assigned to out-of-plane bending of C-H bonds
from aromatic rings in condensed tannins that were mainly presented in collected samples. Therefore, the
main absorptions for separating the commercial samples (including aCG) from the collected samples were
related to the differentiation between hydrolysable and condensed tannins [26,40].
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Two regions showed negative loading at 803 and 893 cm-1 for PC2. These signals corresponded to out-
of-plane bending of C-H bonds from aromatic rings, which were naturally found in condensed tannins. In that
sense, samples alcom and a2com with negative PC2 scores had the higher concentration of this type of
metabolites [34,36]. Among the collected samples, a8col, al2col, and al3col were highlighted with higher
concentration of condensed tannins. The band at 444 cm-1 was assigned to the breathing mode from the
aromatic ring and also resulted in negative PC2 loadings [37—40] .

Negative loadings for PC3 were detected at 1741 and 1703 cm-1, which corresponded to the C=0
stretching. Hence, the samples a3com, a6com, a7col, a9col, al2col, and al3col showed the higher
concentration of hydrolysable tannins when compared to the others. The C=C-C stretching revealed positive
loadings and was observed at 1448 and 1609 cm-1. These signals were attributed to condensed tannins.
The in-plane bending signal of C-H bonds from aromatic rings was verified at 1100 cm-1 as a positive value,
which indicated the discrimination of the samples alcom, a3com, adcom, aCG, allcol, and a8col [29, 35—
37,41,43,44].

400 600 800 1000 1200 1400 1600 1800
006 ~ ' ~ T T

ot o NN
’

-0,03 |-

-0,06 |-

(% €9%9) 1LOd

-0,09 |-

0,09
0,06 _—

0,03 _—

VANV

8:22 /\ /\,J\
ww\/ wa

0,03
— 1 rr I r T r T r 1T 1 T 1

0,00
-0,03

400 600 800 1000 1200 1400 1600 1800
-1
Wavenumber (cm )

(%1'91) 20d

-0,06
-0,09

(%5°9) £0d

Figure 4. PCA loadings obtained for PC1, PC2 and PC3. The three principal components resulted in a total of 86.9%
of certainty to explain the analytical data.
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Photoacoustic Spectroscopy (PAS)

The results of photoacoustic spectroscopy are presented in Figure 5. Two bands were observed for the
commercial M. ilicifolia samples (Figure 5a). The main band was centered at ~280 nm and a broadening
signal was observed at ~360 nm. The collected M. ilicifolia samples (Figure b) presented more distinct bands
at ~280, ~380, ~480, and ~630 nm. The lack of spectral resolution for the commercial samples was also
suggestive of the presence of hydrolysable tannins [29].

Gaussian fits were then performed for the spectra of Figure 05, considering the absorption bands set at
280, 380, 480, and 630 nm. Figure 6 shows fitting examples for samples alcom (Figure 6a) and a8col (Figure
6b). In order to compare the Gaussian areas, the position and the width of each absorption center were kept
fixed.
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- a11col
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I I I I
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T
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Figure 5. Photoacoustic signal for the commercial (a) and collected (b) M. ilicifolia samples, including the adulterant
sample aCG (b).
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Figure 6. Gaussian fits for samples alcom (a) and a8col (b).

Figure 7 summarizes the behavior of the Gaussian areas for the different samples of M. ilicifolia and C.
gongonha. No significant difference was observed for the band area at ~280 nm, excepting the differences
for samples al2col, al3col, and aCG, which showed an increase in the band areas. Sample a4com had a
broader area at ~380 nm, while samples al2col, al3col, and aCG have a distinct area. The band areas at
~480 and ~630 nm are the ones that separated the commercial M. ilicifolia samples from the collected ones.
This behavior was highlighted in Figure 7 with pink ellipses. According to Valladdo and coauthors, these
regions were associated with the absorption of carotenes, chlorophylls, and other similar pigments [45].
Considering these results, different behaviors were observed for the commercial and the collected samples
of M. ilicifolia by photoacoustic spectroscopy.

This first report about the PAS analysis for the discrimination of M. ilicifolia samples paves the way for
its use as a feasible analytical tool for the quality control of herbal species. Further analytical studies are
required in order to provide a differentiation between M. ilicifolia and C. gongonha samples.
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Figure 7. Behavior of the Gaussian areas for the commercial and the collected samples of M. ilicifolia, and the adulterant
sample of C. gongonha (aCG).

CONCLUSION

In this study, the FTIR spectroscopy coupled with PCA and the photoacoustic spectroscopy were used
for the botanical authentication of commercial and collected holy thorn or “espinheira-santa” [Monteverdia
ilicifolia (Mart. ex Reissek) Biral] samples. FTIR spectra revealed the presence of hydrolysable and
condensed tannins, and flavonoids in these samples. The FTIR spectroscopy coupled with PCA was able to
provide the differentiation between the commercial and the collected samples of M. ilicifolia. The
photoacoustic spectroscopy after the Gaussian adjustment also allowed the discrimination of M. ilicifolia
samples and the adulterant C. gongonha sample. These analytical methods are feasible alternative tools for
the quality control of holy thorn, and can be used for further studies on quality control and adulteration of
herbal samples.
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