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ABSTRACT

The phenolic composition of various plant species has been studied in order to know
quantitatively and qualitatively the compounds present in them, to be used as raw
material in the food, pharmacological and cosmetic industries, among others. In Chile
there is little information on the phenolic composition of native plant species of the
Mediterranean forest, so it is of great importance to carry out phenolic characterization
studies, in order to detect which are the major compounds for their possible extraction
or use of raw materials. The objective of this study was to characterize and quantify by
high performance liquid chromatography (HPLC-DAD) the phenolic composition of
Cryptocarya alba (Mol) Looser, in young leaves and branches, in seven locations in
central Chile and during the winter, spring and summer seasons. Total phenols (FT),
condensed tannins (TC) and low molecular weight phenols were quantified in the
different samples. In C. alba leaves, for the different seasons of the year and localities
analyzed, concentration ranges of 9.83-29.85 mgEAG g for FT and 7.06-32.00 mgEC
g for TC; while in the young branches, concentrations between 0.68-1.61 mgEAG g
for TF and 1.23-2.53 mgEC g! for TC. The low molecular weight phenolic compounds
identified in the highest concentration in C. alba were: trans-chlorogenic acid, followed
by procyanidins and flavonols. Finally, it was concluded that the composition and
concentration of phenolic compounds of C. alba changes with the locality and season of
the year.

Keywords: Phenolic compounds; Cryptocarya alba; Flavonoids; Tannins.

RESUMEN

La composicion fendlica de diversas especies vegetales se ha estudiado para conocer
cuantitativa y cualitativamente los compuestos presentes en ellas y declarar su uso como
materia prima en la industria alimentaria, farmacoldgica, y cosmética, entre otras. En
Chile hay poca informaciéon de la composicién fendlica de especies vegetales nativas del
bosque mediterraneo, por lo que es de gran importancia realizar estudios de
caracterizacion fendlica para detectar cuales son los compuestos mayoritarios, y facilitar
su posible extraccién o utilizacién de la materia prima. El objetivo de este estudio fue
caracterizar y cuantificar por cromatografia liquida de alta resolucion (HPLCDAD), la
composicion fendlica de Cryptocarya alba (Mol) Looser, en hojas y ramas jovenes, en
siete localidades de la zona central de Chile y durante las estaciones de invierno,
primavera y verano. En las distintas muestras se cuantificaron los fenoles totales (FT),
los taninos condensados (TC) y los fenoles de bajo peso molecular. En hojas de C. alba,
para las distintas estaciones del afio y localidades analizadas, se obtuvieron rangos de
concentraciones de 9,8329,85 mgEAG g! para FT y 7,0632,00 mgEC g para TC;
mientras, en las ramas jévenes, se observan concentraciones entre 0,681,61 mgEAG g-
l'de FT y 1,232,53 mgEC g! de TC. Los compuestos fendlicos de bajo peso molecular,
identificados en mayor concentracion en C. alba fueron: acido trans-clorogénico, seguido
de procianidinas y flavonoles. Se concluy6é que la composicion y la concentracién de
compuestos fendlicos de C. alba varian, con la localidad y estacion del afio.

Palabras clave: Compuestos fendlicos; Cryptocarya alba; Flavonoides; Taninos.
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RESUMO

A composicdo fenodlica de varias espécies vegetais tem sido estudada para conhecer
quantitativa e qualitativamente os compostos nelas presentes e declarar a sua utilizacao
como matéria-prima nas industrias alimentar, farmacoldgica e cosmética, entre outras.
No Chile ha pouca informagdo sobre a composicdo fendlica das espécies vegetais nativas
da floresta mediterranica, pelo que é de grande importancia realizar estudos de
caracterizacdo fendlica para identificar quais sdo os principais compostos, e facilitar a
sua possivel extracdo ou utilizacdo da matéria-prima. O objetivo deste estudo foi
caracterizar e quantificar por cromatografia liquida de alto rendimento (HPLCDAD), a
composicdo fendlica de Cryptocarya alba (Mol) Looser, em folhas e ramos jovens, em
sete localidades da zona central do Chile e durante as estacdes de Inverno, Primavera e
Verdo. Os fendis totais (TF), taninos condensados (CT) e fendis de baixo peso molecular
foram quantificados nas diferentes amostras. Em folhas de C. alba, para as diferentes
estacoes e localidades analisadas, as concentragdes variaram entre 9,8329,85 mgEAG
g-1 para TF e 7,0632,00 mgEC g-1 para TC; enquanto que, em ramos jovens, foram
observadas concentragdes entre 0,681,61 mgEAG g-1 de TF e 1,232,53 mgEC g-1 de
TC. Os compostos fendlicos de baixo peso molecular, identificados em maior
concentracdao em C. alba foram: acido trans-clorogénico, seguido de procianidinas e
flavonodis. Concluiu-se que a composicdao e concentracdo de compostos fendlicos de C.
alba variam com a localidade e estacdo do ano.

Palavras chave: Compostos fendlicos; Cryptocarya alba; Flavondides; Taninos.

INTRODUCTION

In Chile there is little information on the phenolic composition of native plant species in
the Mediterranean forest. Among the most important tree species in the Mediterranean
region, Cryptocarya alba (Mol.) Looser (peumo), a tree endemic to Chile, stands out. It
grows from the south of Limari province (30° 30' S and 71° 00' W) to Cautin province
(between 37° 35' and 39° 35'S) (Rodriguez et al., 1983). A potential use in traditional
medicine, has this species, because for the genus Cryptocarya, have been described,
approximately 40 alkaloids with antitumor properties, bactericides, antimicrobials,
fungicides, insecticides or antioxidants (Avello et al., 2012; Di Cosmo et al., 2015; Bravo
et al., 2017; Viktorova et al., 2020). Specifically, for C. alba, an alkaloid with
hepatoprotective properties has been found isolated from leaves and bark (Vogel et al.,
2008; Castro-Saavedra et al., 2016). Essential oils have also been isolated from its
leaves, including p-cymol, alpha-pinene, linalol, limonene, borneol, beta-pinene, 1-
terpinen-4-ol, betaterpinene, and eucalyptol (Vogel et al., 2008; Avello et al., 2012;
Bravo et al., 2017), and flavonoids in leaves and stems, glycosides, and chlorogenic acid
(Vogel et al., 2008; Castro-Saavedra et al., 2016). The variations that C. alba presents
during the seasons are unknown, and it is also not known if there are changes in the
concentrations of phenolic compounds depending on the location of the species.

The objective of this study was to characterize and quantify the phenolic composition of
Cryptocarya alba, in leaves and young branches, in different locations and seasons.
Knowing this answer will allow evaluating the potential of Cryptocarya alba as a source
of phenolic compounds, and generating proposals of areas and seasons of better use of
biomass extraction.

http://cfores.upr.edu.cu/index.php/cfores/article/view/659
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MATERIALS AND METHODS

The sampling was carried out in seven locations in central Chile, during the winter (July
2009), spring (October 2009) and summer (December 2009-January 2010) seasons
(Figure 1). The climatic conditions of the summer and winter period of these locations
are shown in Table 1. In these locations, adult trees were selected, similar in size and
development.

Table 1. - Average values of average temperatures and normal annual precipitation in
the studied localities, for the period 1980-2010 (Santibanez et al., 2016)

Locality Av?;asguer;fnﬁf?gacgure Aveirs%:aiﬁ?;r:ﬁﬁgture Annual rainfall (mm)
Casablanca 17,7 10,4 466
Chorombo™ 10,3 9.6 472
Til Til (alto) 19,5 8,8 408
Til Til (bajo) 20,5 9,4 338
Alhué 19,4 8,6 354
Rengo 16,7 6,0 760
Peralillo 19,9 9,4 616

* The nearest weather station was used for this study: Maria Pinto.
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Figure 1. - Collection locations in central Chile

Twigs 20 cm long, with a maximum diameter of 1.5 cm, were collected. The collection
was made in the upper middle section of the adult tree crown, in four exhibitions of the
same (North, South, East, West). These contained leaves from the current and previous
year, fully developed, alive and functional. Leaves with symptoms of senescence were
discarded. For the study of phenolic compounds (low molecular weight polyphenols), it
was used a high-performance liquid chromatography equipment (HPLC-DAD) brand

http://cfores.upr.edu.cu/index.php/cfores/article/view/659
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Agilent, model 1 200. A Nova-PaK (Waters) C-18 column (3.9 x 300 mm) was used. The
separation was performed with a gradient with 2 % acetic acid (A), acetonitrile: acetic
acid: water (20:2:78 %; B) and methanol (C). The elution program started with 100%
A (1 ml s flow) for 55 min; then, for 2 min, 20 % A and 80 % B (1.2 ml st flow); for
33 min 10 % A and 90 % B (1.2 ml st flow); finally, 100 % C for 2 min (1.2 ml s™! flow).
The detection wavelength was 280 nm, and the injection volume was 30 pl.

The standards used for the calibration curves were: caffeic, chlorogenic, ellagic, ferulic,
gallic, protocatholic, vanillinic; (+)-catechin; (-)-epicatechin; quercetin; vanillinic
aldehyde; trans-resveratrol, obtained from Sigma-Aldrich, 99.5% purity. The analyses
were carried out with three repetitions, corresponding to three trees chosen in the
sampling locations.

Sample preparation and extraction

The samples were processed by separating branches and leaves, which were dried at
room temperature and stored in paper bags in a cool place in the dark. Until the moment
of the analysis, the leaves had a moisture content between 12 and 15%. From each
sample, 5 g of dried leaves and 10 g of dried twigs were ground separately. These were
macerated in 100 ml of a solution of methanol: water 80:20 (v/v) for 2 hours.
Afterwards, the samples were centrifuged at 3 500 rpm for 30 min. and then vacuum
filtered using a 0.45 pm membrane. The extract obtained was used for all the analyses
described below:

Analysis of phenolic compounds

The analysis of total phenols was obtained by measuring the optical density at 280 nm.
The spectrophotometric readings were made in a UV-VIS PharmaSpec
spectrophotometer, model UV-1700. The average results of the readings were expressed
in mg gallic acid equivalents per gram of sample (mgEAG g!) (Zoecklein et al., 2001).

The condensed tannins were measured by means of the Bate-Smith reaction, which
consists in the transformation of proanthocyanidic tannins into anthocyanidins by
heating at 95°C for 2 hours with a 5 % solution of butanol in HCI (Bate-Smith, 1981).
The results were reported as equivalent mg of catechin per g of extract (mgEC g).

For the extraction of the low molecular weight phenols, 50 ml of the extract obtained
from each sample were taken, and then taken to a rotary evaporator at 35° C until 80%
of the volume was evaporated, in order to eliminate methanol. After completing the
volume with distilled water up to 50 ml, it was subjected to three extractions with 20 ml
ethyl acetate and then three extractions with 20 ml ethyl ether. To the organic extract
obtained, an anhydrous sodium sulfate salt was added for 30 minutes and then filtered
on paper, concentrating to dryness in a rotary evaporator at 35° C (Pefa-Neira et al.,
1999). The film obtained in the heart flask, once the sample was dried, was recovered
with 2 ml of a solution of methanol: water (50:50; v/v), for its later analysis by HPLC-
DAD, after filtration (0.45 pm).

Experimental design and statistical analysis

The design of the experiment was factorial, considering as factors the location and the
season of the year. The experimental unit corresponded, in the case of the leaves, to
100, and in the case of the branches, to 5. Analysis of Variance (ANDEVA) was carried

http://cfores.upr.edu.cu/index.php/cfores/article/view/659
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out for all the obtained variables. If there were significant differences, it was applied the
Duncan's Multiple Range Test with a confidence level of 95 %.

RESULTS

Phenolic composition in leaves: total phenols and condensed tannins

For total phenols (TF) (Figure 2a) a concentration variation of 9.83 = 0.05 mgEAG g™ to
29.85 *+ 4.39 mgEAG g! was observed between the winter and spring seasons, with the
highest contents occurring in the Til Til locality (high) in both seasons. TF concentrations
were significantly higher in winter, increasing by 40 % on average. In winter, greater
variability of TF was observed between the localities, while in spring and summer the TF
content did not present significant differences between them.

Condensed tannins (TC) (Figure 2b), in general, presented a concentration range
between 7.06 + 1.36 mgEC g* and 32.00 + 3.46 mgEC g!, showing the minimum value
in the town of Alhué (summer) and the maximum, in Casablanca (winter). For CT, the
highest concentrations were also presented in winter. The results showed that the
geographical factor or location affects the content of phenolic compounds significantly,
in the three seasons of the year.
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Figure 2. - Total phenols (a) and condensed tannins (b) present in Cryptocarya alba

leaves, according to location and season
Upper case letters indicate significant differences between seasons, and lower-case letters between locations

analyzed (n=3)
Phenolic composition in leaves: low molecular weight phenols

No flavonoids. All of these compounds increased their concentration during the spring,
and in most of these they decreased their concentration or were not identified during
the summer (Figure 3). The locations of Casablanca and Til Til (alto), on average, had
the highest concentrations of this group of compounds. For cis-chlorogenic acid,
concentrations ranging from 3.26 +£1.85 ug g! to 34.22 + 6.61 ug g'! were observed
during winter and spring, not being identified in summer (Figure 3a). For trans-
chlorogenic acid (Figure 3b) concentrations between 0.43 + 0.12 mg g*! and 13.21 +
6.23 mg g! were detected, with the highest concentration in the locality of Casablanca,
during the spring. For caffeic acid, the maximum concentration of 14.59 + 4.71 pg gt

http://cfores.upr.edu.cu/index.php/cfores/article/view/659
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was obtained in the Til Til (bajo) locality, during spring, and in this same locality, this
compound could not be detected in summer. The results show that there is an interaction
between the factors analyzed, with significant differences observed between seasons
and between locations, with spring being the time of greatest concentration (Figure 3c).
Figure 3d shows the content of ferulic acid, with concentrations similar to those observed
for caffeic acid. The highest average concentration was observed in spring compared to
winter. There is also an interaction between the factors analyzed for the concentration
of caffeic acid ester, showing significant differences between seasons and between
localities. The differences between the localities are present in spring and summer
(Figure 3e). In the case of ferulic acid ester, concentrations between 3.25 + 2.95 ug g-
land 42.76 + 13.92 ug g! were obtained between the stations and localities analyzed.

There is an interaction between the factors studied and significant differences between
the stations (Figure 3f). Protocathic acid (Figure 3g), presents concentration ranges
between 0 ug g and 9.5 pug g between the stations and locations analyzed, presenting
significantly higher concentrations in spring.
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Figure 3. - Non-flavonoid phenolic compounds (cis-chlorogenic acid (a), trans-
chlorogenic acid (b), caffeic acid (c), ferulic acid (d), caffeic acid ester (e), ferulic acid
ester (f), protocatholic acid (g)) present in Cryptocarya alba leaves, according to

location and season
Capital letters indicate significant differences between seasons and small letters between locations analyzed (n=3).
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Flavonoids. The same trend was observed as the non-flavonoid compounds, showing
higher concentrations in spring (Figure 4). Also, the localities of Casablanca and Til Til
(alto) showed the highest concentrations.
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Figure 4. - Flavonoid phenolic compounds (flavonols (a), procyanidins (b), (+)-
catechin (c), (-)-epicatechin (d)) present in leaves of Cryptocarya alba, according to

location and season
Capital letters indicate significant differences between seasons and small letters between locations analyzed (n=3).

For the flavonols (corresponding to the sum of all identified flavonols), average
concentrations were observed between 0.49 £0.05 mg g and 5.7 £0.99 mg g}, where
the minimum value corresponded to the town of Alhué in summer, while the maximum
was recorded in the town of Til Til (alto) in spring. Significantly higher concentrations
were found in the spring than in the other seasons (Figure 4a).

Procyanidins have concentrations between 0.58 + 0.06 mg g! and 4.47 + 0.88 mg g™'.
Interaction between season and location was observed, and significant differences
between seasons, since in spring, significantly higher average concentrations were
obtained (Figure 4b). Concentrations between 13.3 £ 2.6 ug g and 415 + 56.34 ug g
1 were observed for (+)-catechin, with the minimum value corresponding to Rengo
locality, in summer, and the maximum, for Til Til locality, in spring (Figure 4c). Figure
4d shows concentrations between 0 ug g* and 169.92 + 57.59 ug g! for (-)-epicatechin.
There is a relationship between the seasons of the year, the locations and the content
of (+)-catechin and (-)-epicatechin, observing significant differences between the
seasons, being in spring where the concentrations are significantly higher for both
compounds, when compared to the other seasons of the year (70 % for (+)-catechin
and 84 % for (-)-epicatechin. The summer season is the one with the lowest

http://cfores.upr.edu.cu/index.php/cfores/article/view/659
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concentration. Among the localities, there are significant differences in the three
seasons, for both compounds. In winter, it is observed that the highest average
concentrations, are present in the locality Casablanca and Til Til (alto), and in spring, in
the locality of Til Til (alto).

Phenolic composition in young branches: total phenols and condensed tannins

Concentrations between 0.68 + 0.55 mgEAG g and 1.61 + 0.6 mgEAG g! for TF were
observed in the young branches of C. alba; the minimum value corresponded to Peralillo,
in spring and the maximum to Til Til (bajo), in winter (Figure 5a). On the other hand,
concentrations between 1.23 + 0.15 mgEC g and 2.53 £+ 0.41 mgEC g'! for CT were
found. The minimum value corresponded to Rengo, in summer, and the maximum value
to Til Til (alto), in spring (Figure 5b). Significant differences were found between the
localities, for both compounds, which occurred in spring and summer, for TF, and only
in summer, for CT.
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Figure 5. - Total phenols (a) and condensed tannins (b) present in young branches of

Cryptocarya alba, according to location and season
Upper case letters indicate significant differences between seasons and lower-case letters between locations
analyzed (Mean concentrations £ standard deviation with n=3).

Phenolic composition in young branches: low molecular weight phenols

No Flavonoids. The non-flavonoid compounds identified in C. alba branches were three:
protocathic acid, caffeic acid and vanillinic acid (Figure 6). Particularly no vanillinic acid
was found in the summer period in any location. The concentration of caffeic acid tended
to increase towards summer and only in Rengo was the compound not detected in any
period.

http://cfores.upr.edu.cu/index.php/cfores/article/view/659
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Figure 6. - Non-flavonoid phenolic compounds (protocathic acid (a), caffeic acid (b),
vanillinic acid (c)) present in young branches of Cryptocarya alba, according to location

and season
Capital letters indicate significant differences between seasons and small letters between localities analyzed (n=3).

Flavonoids. The flavonoid compounds found in young branches of C. alba are the same
compounds that are present in the leaves (Figures 4 and 7), but the concentration is 90
% lower.
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Figure 7. - Flavonoid phenolic compounds (flavonols (a), procyanidins (b), (+)-
catechin (c), (-)-epicatechin (d)) present in young branches of Cryptocarya alba,
according to location and season
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Capital letters indicate significant differences between seasons, and lowercase letters, between localities analyzed
(n=3)

DISCUSSION

The composition and concentration of phenolic compounds present in C. alba leaves
varied with location and season, as reported in other plant species. In boreal forests,
Betula pubescens Ehrh leaves were observed present a wide difference in the
accumulation of phenolic compounds depending on the season, finding that
proanthocyanidin concentrations increase as the summer season progresses. However,
procyanidins attached to the cell wall, gallotannins and glycosylated flavonoids, lower
their concentration after an initial increase in young leaves (Wam et al., 2017). In the
case of Quercus robur L. leaves, a seasonal variation of phenolic compounds was also
found, in addition to total proanthocyanidins increasing throughout the summer season
and other compounds such as total hydrolyzable tannins, glycosylated flavonoids,
quercetin glycosides and kaempferol glycosides decreasing in concentration over the
same period (Salminen et al., 2004; Burlacu et al., 2020). Geographic location is also a
factor in the accumulation of phenolic compounds in plants, since climatic and nutritional
conditions affect the activity of Phenylalanine ammonia (Kovaéika et al., 2007; Sharma
et al., 2019).

Although in recent years global climate change has modified both the temperatures and
the amount of precipitation in the study area (showing a rate of increase of 0.13°C per
decade and accentuating drought episodes), these changes have affected the entire
central zone of Chile in a similar way (Villarroel et al., 2020). The confirmation of the
results presented is reinforced by the work of Giordano et al., (2019), who also indicated
that the locality of Til Til (Cuesta La Dormida) presented the highest contents of phenolic
compounds in the aerial part of C. alba.

In the case of young C. alba branches, the concentration was lower than that shown on
the leaves, but no significant differences were observed for TF and CT between seasons.
Therefore, to continue with this type of study and determine the appropriate time of
extraction of these compounds, it is better to use leaves. Species such as Vaccinium
angustifolium Aiton and Vaccinium myrtillus L. also show a higher concentration of
phenolic compounds in their leaves than in their branches, roots and fruits (Harris et al.,
2007; Witzell et al., 2003; Stefanescu et al., 2019).

It was observed a variation in the composition and concentration of non-flavonoid
phenols in leaves and branches of C. alba, and between localities and seasons. Trans-
chlorogenic acid was the majority compound identified in C. alba leaf extracts. The
maximum concentration found of trans-chlorogenic acid (13 mg g') was low compared
to other plant species, such as Ilex paraguariensis A.St.-Hil., with concentrations of 97
mg g (Marques and Farah 2009; Meinhart et al., 2019), and Coffea canephora Pierre
ex A. Froehner, with concentrations of 95 mg g (Farah and Donangelo 2006; Pérez-
Hernandez et al., 2013).

In C. alba leaves, cis-chlorogenic acid and ferulic acid totally decreased their
concentration in summer and in all localities. This suggests a behavior typical of C. alba,
associated with reduced soil moisture, high solar radiation and high temperatures. For
young branches it was also observed a behavior attributed to the species, so the
concentration of vanillinic acid was totally reduced in summer, and in all localities. A
similar behavior has been described for branches of Juglans regia L. with a decrease
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from spring to summer for non-flavonoid compounds such as chlorogenic and vanillinic
acids (Solar et al., 2006; Binbin et al., 2017). The decrease towards the end of the
growing season in the content of non-flavonoid phenolic compounds can result from
three main causes: (1) decreasing rate of their biosynthesis, (2) conversion into
insoluble components bound to the cell wall, and (3) active transformation into oligo-
and polymeric compounds, e.g., tannins or lignins. In addition, these consequences may
be due, in part, to a dilution effect by an increasing relative content of cell wall
components, in the leaf and branches such as cellulose, hemicellulose, pectin and lignin
(Nurmi et al., 1996; Vanholme et al., 2019).

One of the most documented mechanisms of adaptation to UV-B radiation is the
increased production of secondary metabolites such as phenols and flavonoids, which
accumulate in the cells of the epidermis of various plant species and because they are
compounds that absorb radiation between 280-360 nm, they reduce the deleterious
effect of UV-B light on the various cellular components (Rozema et al., 2002; Klein et
al., 2018). Flavonoids perform functions associated with the plant's response to light and
control the levels of auxins that regulate plant growth and differentiation (Martinez-
Florez et al., 2002; Saxena et al., 2012).

In branches of some walnut cultivars Solar et al., (2006) and Binbin et al., (2017)
observed for flavanols such as (+4)-catechin and flavonols such as myricetin, a higher
concentration in spring than in the other seasons of the year, which is consistent with
the differences between seasons for these groups of compounds in C. alba.

CONCLUSIONS

The composition and concentration of phenolic compounds vary with location and
season, in leaves and young branches of Cryptocarya alba. The leaves have higher
concentrations of phenolic compounds than those found in the branches. Specifically,
the maximum concentrations of phenols and total tannins, in leaves, are observed in the
winter season. In the case of the branches, the concentration remains constant. The
majority phenolic compound identified in this species was trans-chlorogenic acid,
followed by procyanidins and flavonols. Regarding the low molecular weight phenolic
compounds in Cryptocarya alba leaves, they increase their concentration in the spring
season, and most of them decrease their concentration, or are not identified, during the
summer. Therefore, it is necessary to identify the possible uses of the leaves with the
time of harvest. The best time to extract phenolic compounds from Cryptocarya alba
leaves would be the winter-spring season. The best sectors were Til Til (alto) and
Casablanca. The higher concentrations of total phenols and condensed tannins found in
Cryptocarya alba leaves allow us to assume a good potential for use in the food,
pharmaceutical and cosmetic industries.
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