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Abstract 

Context: The ethanolic extract of the leaves from Baccharis papillosa, a plant used in Bolivian folk medicine, presents high UVB/UVA absorption spectrum, and 

therefore, it could have photo-protective potential. 

Aims: To isolate, identify and quantify the compounds of an enriched extract in phenolic compounds obtained from the ethanolic extract of Baccharis 

papillosa in different seasons and geographical altitudes, and evaluate its photo-protective potential. 

Methods: The enriched extract in phenolic compounds was submitted to phytochemical analysis for compound isolation. The enriched extract and isolated 

compounds were identified by NMR, and monitored by HPLC and spectroscopic methods. The enriched extract with photo-protective potential was analyzed 

to determine its Spectroscopic Sun Protection Factor (SSPF), its Broad Spectrum Index (BSI) and its photo-protective activity on Escherichia coli bacteria. 

Results: Six flavonoids and two cinnamic acid derivatives were isolated and identified. Four of them are reported in B. papillosa for the first time in this study. 

The highest concentration of total flavonoids was observed in spring and at the highest altitude. The major compound, drupanin, was the main responsible of 
the high UVB (290-320 nm) absorption spectrum. The high presence of flavonoids in the extract explains the absorption spectrum in the UVA (320-400 nm) 

region.  

Conclusions: The phenolic compounds enriched extract has photo-protective properties comparable to standard commercial synthetic sunscreens and 

presents an attractive BSI.  

Keywords: Broad Spectrum Index (BSI); cinnamic acid derivative; flavonoids; photo-protective activity; Spectroscopic Sun Protection Factor (SSPF). 

 

Resumen 

Contexto: El extracto etanólico de las hojas de Baccharis papillosa, planta utilizada en la medicina popular boliviana, presenta un alto espectro de absorción 

UVB/UVA por lo que podría presentar potencial fotoprotector.  

Objetivos: Aislar, identificar y cuantificar los compuestos de un extracto enriquecido en compuestos fenólicos obtenido a partir del extracto etanólico de 

Baccharis papillosa en diferentes épocas del año y altitudes geográficas y evaluar su potencial fotoprotector. 

Métodos: El extracto enriquecido en compuestos fenólicos fue sometido a análisis fitoquímicos para aislamiento de compuestos. El extracto enriquecido y los 

compuestos aislados fueron identificados por RMN, y monitoreados por HPLC y métodos espectroscópicos. El potencial fotoprotector del extracto 

enriquecido se analizó mediante la determinación de su Factor de Protección Solar Espectroscópico (SSPF), su Índice de Amplio Espectro (BSR) y su actividad 

fotoprotectora sobre bacterias Escherichia coli. 

Resultados: Se aislaron e identificaron seis flavonoides y dos derivados del ácido cinámico, de los cuales, cuatro de ellos se reportan en este estudio por 

primera vez en esta especie. La mayor concentración de flavonoides totales se observó en primavera y a mayor altura. El compuesto mayoritario, drupanina, 

fue el principal responsable del alto espectro de absorción UVB (290-320 nm) del extracto enriquecido. La alta presencia de flavonoides en el extracto explica 

el espectro de absorción en la región UVA (320-400 nm). 

Conclusiones: El extracto enriquecido en compuestos fenólicos tiene propiedades fotoprotectoras comparables a filtros solares sintéticos comerciales 

estándar y presenta un amplio espectro de protección solar. 

Palabras Clave: derivado del ácido cinámico; factor de protección solar espectroscópico; flavonoides; fotoprotección; índice de amplio espectro. 
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INTRODUCTION 

The Baccharis genus (Asteraceae) has around 400 
species widely distributed in South America. In Boliv-
ia, there are around 30 Baccharis species, which grow 
mainly in the Andean highlands over 3000 meters 
above sea level. These plants suffer high exposure to 
different environmental stress conditions like cold 
weather, low rainfalls (arid soils) and high UV solar 
radiation (Zaratti et al., 2003). This is due to the geo-
graphical altitude and latitude at which the plants 
grow (tropic geographic conditions). Because of those 
conditions, the Bolivian highland plants developed 
diverse adaptive mechanisms; among them, photo-
protective secondary metabolites produced by some 
plants (Andersen and Markham, 2005; Grotewold, 
2006) 

The chemical research of Baccharis genus showed 
mainly cinnamic acid derivatives, flavonoids and 
diterpenes as major secondary metabolites. These 
compounds reported diverse pharmacological activi-
ties (Calle et al., 2017; Enríquez et al., 2018; Gene et al., 
1996; Nichols and Katiyar, 2010). Baccharis genus 
plants are used in folk medicine in Bolivia attracting 
the attention of our research group that studied six 
Baccharis species: Baccharis latifolia (Enríquez et al., 
2018; Loza Almanza et al., 2011),  B. papillosa (Escobar 
et al., 2009; Loza Almanza et al., 2011), B. boliviensis 
(Calle et al., 2012; 2017), B. densiflora previously identi-
fied as B. pentlandii  (Sotillo et al., 2021; Tarqui et al. 
2012), B. tola Syn B. santelices (Villagómez et al., 2006)  
and B. lepthophylla (Almanza et al., 2000; Salcedo Ortiz 
et al., 2013). In addition, some studies suggested that 
the concentration of flavonoids in these plants is 
linked to the UV-exposure (Peñaranda, 2020). B. papil-
losa, previously identified as B. obtusifolia, reported 
the presence of phenolic compounds, coumarins, 
steroids and a sesquiterpene lactones (Escobar et al., 
2009; Zdero et al., 1989). Moreover, other studies 
showed no acute toxicity for one oral dose of its etha-
nolic extract (Loza Almanza et al., 2011), as well as no 
cytotoxicity on colon cancer cells (Rodrigo et al., 
2010).  

It is well known that flavonoids and derivatives of 
cinnamic acid absorb UV radiation (Calle et al., 2012; 
Escobar et al., 2009; Nichols and Katiyar, 2010; Pe-
ñaranda et al., 2020). Several studies made in Ara-
bidopsis mutants proved that large amounts of flavo-
noids, anthocyanins and sinapic esters were found in 
A. mutants tolerant and resistant to UV radiation 
(Landry et al., 1995; Li et al., 1993). The ultraviolet 
radiation that passes through the ozone layer and 
reaches the surface of Earth is about 5% of the sun-
emitted radiation. The intensity of this radiation var-

ies depending on the altitude above sea level, the 
zenith angle and the geographic position (Zaratti et 
al., 2003). The UV radiation is composed of about 5–
10% of UVB radiation (280–320 nm) and the rest cor-
responds to UVA radiation (320–400 nm) (Fleming, 
2008). The effects of the UV radiation to human skin 
are accumulative and dose dependent. The UVB radi-
ation is responsible for producing dermal erythema, 
skin inflammation, and cell DNA damage. On the 
other hand, UVA radiation produces skin detriment, 
collagen and elastin reduction, and photoaging. Both 
UVB and UVA radiation contribute to photo-
carcinogenesis (Camacho, 2001; Rigel et al., 2006).  

Because of the ultraviolet radiation risks to skin 
damage, many different formulations of sunscreens 
have been developed. The sunscreens contain an ac-
tive substance (called filters) that may reflect, absorb, 
or refract the UV radiation preventing the skin UV 
damage. Chemical filters are molecules that absorb 
the UV radiation and re-emit it as lower energy radia-
tion (thermic, visible, or fluorescent light) by the mol-
ecule’s relaxation processes (Moreno and Moreno, 
2010; Sánchez-Saldaña et al., 2002). Those molecules 
could be natural products from plants. Depending on 
the sunscreen properties, the most common classifica-
tion for its photo-protective effectiveness is the Sun 
Protection Factor, SPF. The SPF is defined as the ratio 
between the time that a person can be exposed to the 
sun before getting a dermal erythema, with and with-
out the protection of a sunscreen (Calderón, 2001; 
Camacho, 2001; Ribeiro, 2004; Sánchez-Saldaña et al., 
2002). According to the SPF classification it is possible 
to find sunscreens with minimum SPF (2–12), moder-
ate SPF (12–30) and high SPF (>30) (Camacho, 2001). 
The SPF is commonly measured in clinical trials with 
humans. However, these trials are rather costly, time 
consuming and may be considered controversial by 
ethical reasons. Because of this, different in vitro tech-
niques for measuring the effectiveness of the sun-
screen photoprotection, like the spectroscopic sun 
protection factor, have been developed and used for 
new sunscreen formulation developments (da Silva et 
al., 2005; Garcia Forero et al., 2019; Mansur, 1986a; 
1986b). 

There is a considerable interest in the use of natu-
rally occurring plant products, including phenolic 
compounds, for the prevention of UV-induced skin 
photodamage, primarily, for preventing the risk of 
skin cancer (Nichols and Katiyar, 2010). A previous 
study on Chilean highland plants showed that B. tola 
could be a good candidate for a sunscreen photopro-
tection cream based on its SSPF as well as its antioxi-
dant properties (Gajardo et al., 2016). In this sense, the 
aim of this study was to analyze the photo-protective 

https://jppres.com/


Calle et al. Photoprotective compounds from Baccharis papillosa 

 

https://jppres.com  J Pharm Pharmacogn Res (2023) 11(1): 35 

 

activity of an extract (EPP) from B. papillosa that was 
selected on a preliminary UVA/UVB absorption spec-
tra study from five Bolivian Baccharis (B. latifolia, B. 
papillosa, B. boliviensis, B. densiflora and B. tola). For 
this, the EPP was subjected to a phytochemical analy-
sis to identify their major phenolic components. Then, 
3 of them were quantified at different altitudes and 
different seasons of the year to determine the relation 
between their concentration in the leaves and these 
abiotic factors. Finally, the following EPP photo-
protective properties were determined: its Spectro-
scopic Sun Protection Factor (SSPF), its Broad-
Spectrum Index (BSI), its Specific Extinction Coeffi-
cient compared with commercial photo-protectors 
and its photo-protective activity on Escherichia coli 
bacteria.  

MATERIAL AND METHODS 

Apparatus and chemicals 

UV absorption spectra were obtained in an 
UV/Vis spectrometer (Cecil), CE 7400, 7000 series, 
using methanol (Sigma-Aldrich) as solvent. Nuclear 
Magnetic Resonance spectra were recorded on NMR 
equipment, of 300 MHz (Bruker) using CDCl3 and 
DMSO d6 (Sigma-Aldrich) as solvents. HPLC chroma-
tograms were obtained in Agilent 1100 Series equip-
ment with a quaternary pump, a diode array detector, 
DAD, and a RP-Silica C18 250 * 4.6 mm E10174 col-
umn. All solvents used were HPLC grade and the 
ultra-pure water was obtained by an ultrafiltration 
equipment (Satoorius Stedi m brand). The extractions 
and separations were performed with commercial 
solvents previously purified by distillation. The frac-
tionations were carried out using size exclusion 
chromatography on Sephadex LH-20 and absorption 
chromatography columns on Silica gel 60 (63-200 
mesh) and Silica gel 60 G (Merck). The photo-
protective assay on bacteria was developed using a 
UVB lamp (Spectroline) at 312 nm. 

Plant material 

The aerial parts of the five Baccharis species were 
collected in the surroundings of La Paz city (Lluto 
and/or Cota Cota). B. papillosa was particularly col-
lected in Lluto at an altitude of 4182 m.a.s.l. (16°37’23” 
S, 68º01’8” W; slope 38%), 4000 m.a.s.l. (16º35’25” S, 
68º00’5” W; slope 30%), 3825 m.a.s.l. (16º35’21” S, 
68º01’10” W; slope 26%) and from Cota Cota at an 
altitude of 3600 m.a.s.l., during the years of 2013 and 
2014. The collected specimens were identified as Bac-
charis latifolia, B. papillosa subsp. papillosa, B. boliviensis, 
B. densiflora and B. tola. The specimen of B. papillosa 
subsp. papillosa was deposited in the National Herbar-

ium of Bolivia and certified by the specialist Esther 
Valenzuela.  

Extraction 

For the preliminary evaluation, the milled and dry 
plant material (100 g of each Baccharis spp. aerial 
parts) was extracted by maceration in ethanol for 15 
minutes (1:10 w/v). The plant was dried at room 
temperature, on a table in a ventilated room with no 
direct sunlight. The extracts’ solvents were evapo-
rated in a rotavapor until dryness under reduced 
pressure. Then, some small portions were dissolved 
in methanol for phytochemical and spectroscopic 
preliminary analysis.  

For isolation of compounds and the other devel-
oped analysis, 2000 g of leaves of B. papillosa were 
subjected to a similar extraction process giving a dry 
ethanolic extract. To obtain an enriched extract in 
flavonoids and derivatives of cinnamic acid, a portion 
(5 g) of ethanolic extract was fractionated on Se-
phadex LH-20 column employing ethanol as solvent. 
The fractions were controlled by TLC plates and UV 
spectroscopy. The fractions with the highest intensi-
ties in their UV absorption spectra and that showed 
yellow spots in TLC plated revealed with H2SO4 were 
selected. The last fractions were selected and grouped 
together, giving an extract enriched in flavonoids and 
cinnamic derivative compounds. The extract enriched 
in phenolic compounds with photo-protective poten-
tial (EPP) was used for the rest of the analysis. 

Isolation 

The 8 major compounds (1-8) were isolated using 
adsorption chromatographic columns (CC). Silicagel 
60 G was used for VLC fractionations, and Silicagel 60 
(63-200 mesh) was used for CC separations, employ-
ing a gradient elution with petrol ether, ethyl acetate 
and methanol. The isolated compounds were identi-
fied by comparison with inhouse standards and anal-
ysis of the 1D and 2D NMR spectra as: 5,7-dihydroxy-
3,4'-dimethoxyflavone (1); 3-prenil-4-hydroxy-
cinnamic acid (2); 5,7,3’-trihydroxy-3,4'-dimethoxy-
flavone (3); 5,7,4'-trihydroxy-3-methoxyflavone (4); 
5,7,3',4'-tetrahydroxy-3-methoxyflavone (5); 3,4-dihy-
droxycinnamic acid (6); 3,5,7-trihydroxy-4’-methoxy-
flavone (7) and 3,5,7,4’-tetrahydroxyflavone (8).  

Compound 1 (5,7-dihydroxy 3,4’-dimethoxyflavone) 

Yellow crystals, Mp. 218-221 ºC; C17H14O6 (PM 
314.3 g/mol); UV (c. 0.02 g/L. in MeOH); λmax 267.0 
(absorbance 1.25); λmax 348.0 (absorbance 1.07), 1H 

NMR (300 MHz, in CCl3D), δ 6.24 (1H, d, J = 2.0 Hz, 
H-6), 6.38 (1H, d, J = 2.0 Hz, H-8), 8.04 (2H, dd, J = 2.1, 
9.0 Hz, H-2’, H-6’), 7.0 (2H, dd, J = 2.1, 9.0 Hz, H-3’, H-
5’), 3.78 (3H, s, OCH3), 3.87 (3H, s, OCH3); 13C NMR 
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(300 MHz in CCl3D), δ 156.0 (C-2), 138.6 (C-3), 178.6 
(C-4), 156.9 (C-5), 98.8 (C-6), 164.0 (C-7), 93.8 (C-8), 
161.6 (C-9), 105.1 (C-10), 122.5 (C-1’), 129.9 (C-2’), 
113.9 (C-3’), 161.6 (C-4’), 113.9 (C-5’), 129.9 (C-6’), 59.8 
(3-OCH3), 55.1(4'-OCH3); HPLC (Rt  28,26 min, λ = 370 
nm). 

Compound 2 (3-prenyl-4-hydroxycinnamic acid), drupanin 

White crystals, Mp. 149 – 151 ºC; C14H16O3  (PM  
232.3 g/mol); UV (c. 0.02 g/L. in MeOH); λmax 236.0 
(absorbance 0.97); λmax 315.0 (absorbance 1.5); 1H 

NMR (300 MHz, in CCl3D), δ 7.16 (1H, d, J = 2.0 Hz, 
H-2), 6.69 (1H, d, J = 8.2 Hz, H-5), 7.30 (1H, dd, J = 2.0, 
8.2 Hz, H-6), 7.5 (1H, d, J = 15.9 Hz, H-1’), 6.12 (1H, d, 
J = 15.9 Hz, H-2’), 3.2 (1H, d, J = 7.2 Hz, H-1’’), 5.21 
(1H, dddd, J = 7.2, 7.2, 1.3, 1.3 Hz, H-2’’), 1.65 (1H, s, H-
4’’), 1.6 (1H, s, H-5’’); 13C NMR (300 MHz in CCl3D), 
125.8 (C-1), 129.64 (C-2), 128.58 (C-3), 157.21 (C-4), 
114.0 (C-5), 127.3 (C-6), 146.1 (C-1’), 115.0 (C-2’), 170.0 
(C-3’), 28.0 (C-1’’), 121.7 (C-2’’), 133.1 (C-3’’), 25.5 (C-
4’’), 17.5 (C-5’’); HPLC (Rt  22.91 min, λ = 315 nm). 

Compound 3 (5,7,3’-trihydroxy-3,4′-dimethoxyflavone) 

Yellow crystals, Mp. 229 – 230 ºC; C17H14O7 (PM 
330.3 g/mol); UV (c. 0.02 g/L. in MeOH); λmax 254 
(absorbance 0.85); λmax 359 (absorbance 0.78), 1H NMR 

(300 MHz, in CCl3D), δ 6.18 (1H, d, J = 2 Hz, H-8), 6.32 
(1H, d, J = 2 Hz, H-6), 7.57 (1H, d, J = 2.1 Hz, H-6’), 
6.89 (1H, d, J = 8.2 Hz, H-6’), 7.60 (1H, dd, J = 8.2, 2.1 
Hz, H-5’, H-2’), 3.71 (3H, s, OCH3), 3.88 (3H, s, OCH3); 
13C NMR (300 MHz in CCl3D), δ 159.9 (C-2), 142.7 (C-
3), 182.7 (C-4), 165.4 (C-5), 102.8 (C-6), 168.0 (C-7), 97.9 
(C-8), 160.9 (C-9), 109.0 (C-10), 127.1 (C-1’), 118.7 (C-
2’), 149.8 (C-3’), 153.6 (C-4’), 114.8 (C-5’), 125.2 (C-6’), 
64.0 (3-OCH3), 59.8 (4’-OCH3). 

Compound 4 (5,7,4’-trihydroxy-3-methoxyflavone) 

Yellow crystals, Mp. 293 – 294 ºC; C16H12O6 (PM 
300.3 g/mol); UV (c. 0.02 g/L. in MeOH); λmax 267.0 
(absorbance 1.07); λmax 359.0 (absorbance 1.00), 1H 

NMR (300 MHz, in CCl3D), δ 6.23 (1H, d, J = 2.1 Hz, 
H-6), 6.36 (1H, d, J = 2.1 Hz, H-8), 7.96 (2H, dd, J = 2.0, 
8.9 Hz, H-2’, H-6’), 6.91 (2H, dd, J = 2.0, 8.9 Hz, H-3’, 
H-5’), 3.76 (3H, s, OCH3); 13C NMR (300 MHz in 
CCl3D), 156.5 (C-2), 138.3 (C-3), 178.7 (C-4), 156.9 (C-
5), 98.8 (C-6), 163.8 (C-7), 94.0 (C-8), 159.6 (C-9), 105.1 
(C-10), 121.6 (C-1’), 130.3 (C-2’), 115.6 (C-3’), 161.4 (C-
4’), 115.6 (C-5’), 130.3 (C-6’), 60.0 (3-OCH3); HPLC (Rt  
20.53 min, λ = 370 nm). 

Compound 5 (5,7,3’,4’- tetrahydroxy-3- methoxyflavone) 

Yellow crystals, Mp. 263 – 267 ºC; C16H12O7 (PM 
316.3 g/mol); UV (c. 0.02 g/L. in MeOH); λmax 255.0 

(absorbance 1.04); λmax 360.0 (absorbance 1.01), 1H 

NMR (300 MHz, in CCl3D), δ 7.43 (1H, dd, J = 1.4, 8.4 
Hz, H-2’), 6.9 (1H, d, J = 8.4 Hz, H-3’), 7.53 (1H, d, J = 
1.43 Hz, H-6’), 6.18 (1H, d, J = 1.4 Hz, H-6), 6.4 (1H, d, 
J = 1.4 Hz, H-8), 3.77 (1H, s, OCH3), 12.7 (1H, s, OH); 
13C NMR (300 MHz in CCl3D), 156.8 (C-2), 138.1 (C-3), 
178.3 (C-4), 156.0 (C-5), 99.1 (C-6), 164.9 (C-7), 94.1 (C-
8), 161.7 (C-9), 104.5 (C-10), 121.0 (C-1’), 121.2 (C-2’), 
116.2 (C-3’), 149.2 (C-4’), 145.7 (C-5’), 115.8 (C-6’), 60.1 
(3-OCH3); HPLC (Rt  14.03 min, λ = 370 nm). 

Compound 6 (3,4-dihydroxycinnamic acid), caffeic acid 

White crystals, Mp. 211 – 213 ºC; C₉H₈O₄ (PM 180.2  
g/mol); UV (c. 0.02 g/L. in MeOH); λmax 295.0 (ab-
sorbance 0.7); λmax 327.0 (absorbance 0.91); 1H NMR 
(300 MHz, in CCl3D), δ 6.97 (1H, d, J = 1.9 Hz, H-6), 
6.73 (1H, dd, J = 8.0, 2.5 Hz, H-6, H-2), 6.86 (1H, dd, J 
= 8.0, 1.9 Hz, H-5, H-2), 7.51 (1H, d, J = 15.7 Hz, H-8), 
6.19 (1H, d, J = 15.9 Hz, H-7); 13C NMR (300 MHz in 
CCl3D),δ 128.8 (C-1), 116.3 (C-2), 147.2 (C-3), 149.8 (C-
4), 117.5 (C-5), 124.3 (C-6), 148.1 (C-7), 116.5 (C-8), 
170.0 (C-9). 

Compound 7 (3,5,7-trihydroxy-4’-methoxyflavone) 

Yellow crystals, C16H12O6  (PM  300.3 g/mol); UV 

(c. 0.04 g/L. in EtOH); λmax 265.0 (absorbance 0.75); 
λmax 366.0 (absorbance 0.88); 1H NMR (300 MHz, in 
CCl3D), shows 6 aromatic protons forming two spin 
systems: the first is a meta spin system at δH 6.37 br.s, 
H-6 and δH 6.21 br.s, H-8, coupled in ring A. Ring B 
presents a spin system ortho to δH 6.96 d (J = 8.8 Hz) 
and to δH 8.10 d (J = 8.8 Hz) corresponding to the pro-
tons H-5' and H-3' coupled to H-6' and H-2'; 13C NMR 

(300 MHz in CCl3D), 145.86 (C-2), 135.61 (C-3), 175.40 
(C-4), 156.91 (C-5), 98.58 (C-6), 163.98 (C-7), 93.99 (C-
8), 160.88 (C-9), 103.29 (C-10), 123.39 (C-1’), 129.35 (C-
2’), 113.88 (C-3’), 160.57 (C-4’), 113.88 (C-5’), 129.35 (C-
6’), 55.28 (4’-OCH3); HPLC (Rt  26.98 min, λ = 370 nm). 

Compound 8 (3,5,7,4’-tetrahydroxyflavone) 

Yellow crystals, C15H10O6 (PM  286.2 g/mol); UV 

(c. 0.04 g/L. in MeOH); λmax 265.0 (absorbance 0.80); 
λmax 366.0 (absorbance 0.98); 1H NMR (300 MHz, in 
CCl3D), shows 6 aromatic protons forming two spin 
systems: the first is a meta spin system at δH 6.21 d (J = 
2.0), H-6 and δH 6.40 d (J = 2.0), H-8, coupled in ring 
A. Ring B presents a spin system ortho to δH 6.92 d (J = 
8.9 Hz) and to δH 8.08 d (J = 8.9 Hz) corresponding to 
the protons H-5' and H-3' coupled to H-6' and H-2'; 
13C NMR (300 MHz in CCl3D), 146.72 (C-2), 135.69 (C-
3), 175.90 (C-4), 156.87 (C-5), 98.16 (C-6), 164.01 (C-7), 
164.01 (C-8), 160.92 (C-9), 103.35 (C-10), 122.41 (C-1’), 
129.43 (C-2’), 115.10 (C-3’), 158.95 (C-4’), 115.10 (C-5’), 
129.43 (C-6’); HPLC (Rt  19.49 min, λ = 370 nm). 
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Spectral evaluation of the UV absorption capacity of 
extracts and compounds 

A comparison of the areas under the absorption 
spectral curves of the ethanolic extracts of the five 
Baccharis species, and the EPP of B. papillosa, was car-
ried out using an UV/Vis spectrometer (Cecil), CE 
7400, 7000 series, and methanol (Sigma-Aldrich) as 
solvent. The area under the spectral curves was calcu-
lated as in equation [1].  

𝐴 =    𝜆𝑗 − 𝜆𝑖 ∗ ℎ𝑖  1 

 
[1] 

Where A is the area under the absorbance curve; λ is a spectrum 

wavelength; λj is the subsequent wavelength; and h is the height (Ab-

sorbance) at λi. All the UV absorption spectra of Baccharis extracts were 

obtained at 80 ppm, while the spectra of compounds were obtained at 

20 ppm. The areas underneath the curves were calculated in the follow-
ing ranges: UV (280-400 nm), UVB (280-320 nm) and UVA (320 to 400 

nm). 

Sample collection in different seasons and altitudes 

For sample collection, the Lluto region was select-
ed, Mecapaca province, department of La Paz, Boliv-
ia. The region was selected because it has a steep alti-
tudinal gradient (between 3450 and 4200 m.a.s.l.), a 
high natural production of B. papillosa, and an absence 
of urban environmental pollution. The study was 
carried out every three months around December 21st 
of 2013 (summer), March 21st of 2014 (autumn), June 
21st of 2014 (winter) and September 21st (Spring). 
Three study areas were located based on the most 
representative populations of B. papillosa (Zone 1: 
4182 m.a.s.l.; Zone 2: 4000 m.a.s.l.; Zone 3: 3825 
m.a.s.l.) where the height, slope, and coordinates 
were determined. The georeferencing of points was 
made with a GARMIN 64s GPS. The altitude was 
measured with an altimeter, model 39 (Barigo), and 
the slope was measured with a clinometer, PM5/ 
360PC (SUUNTO).  

Quantification of total flavonoids by UV 
spectroscopy method 

The method used for the determination of total 
flavonoids by UV spectrophotometry, was an adapta-
tion of the method of Rengifo-Penadillos (2013). The 
total flavonoid content was determined using an alu-
minum chloride colorimetric method with luteolin as 
standard. According to this method, 0.5 mL of etha-
nolic extract was mixed with 1.5 mL of distilled 96º 
ethanol. This was followed by the addition of 2.8 mL 
of distilled water, 0.1 mL of AlCl3 solution (10% w/v), 
and 0.1 mL of potassium acetate solution (1 M). The 
solution was left still for 30 - 40 min and then subject-
ed to spectral analysis in the range of 200 to 500 nm. 
The samples of which its absorbance turned pink, 
were measured at 406 nm. A luteolin’s calibration 
curve was made by preparing solutions at 30, 60, 90, 

120 and 150 ppm of the standard, following the same 
aluminum chloride reaction, and recording the ab-
sorbance at λmax = 406 nm, where luteolin showed 
good linearity (y = 0.0823x, r2 = 0.9988). The total fla-
vonoid content was calculated using luteolin’s cali-
bration equation. Note that all calibration curves were 

fitted to Beer-Lambert equation A = bc.   

Separation of components by HPLC 

The HPLC method used was an adaptation of the 
method of Talhaoui et al. (2014). The compounds 
separation was carried out on a HPLC equipment 
(Agilent, 1100 Series), which consists of a vacuum 
degasser, manual injector, a quaternary pump, and a 
diode array detector, DAD, with multiple wavelength 
detection. The separations were carried out on an 
Eclipse Plus (reversed phase) C18 column (ZORBAX) 
of 4.6 × 250 mm d.i., 5 μm at 25°C. The wavelengths 
used were 370.4 nm, 310.8 nm, and 280 nm. The sepa-
ration method used a gradient elution of phosphoric 
acid pH = 2 (solvent A) and acetonitrile (solvent B); 0 
min, 25% B; 5 min, 28% B; 10 min, 30% B; 17 min, 
32.5% B; 20 min, 36% B; 25 min, 42% B; 33 min, 44.8% 
B; 40 min, 53.5% B; 60 min, 100% B. The samples were 
run at a constant flow of 0.6 mL/min throughout the 
gradient. Then, 25 μL of sample was injected to the 
column. Samples were prepared by dissolving the 
extracts in 5 mL with HPLC grade methanol and fil-
tered with a 0.45 µm PTFE membrane filter. 

Quantification of compounds by HPLC 

For the quantification by HPLC using the method 
described above, three compounds (1), (2) and (8) 
were selected. These were the major compounds as 
can be assumed by the chromatograms of Fig. 3A-B. 
Calibration curves were performed by preparing solu-
tions of compound (1) at 64, 100, 150, 200 and 250 
mg/L and measuring its absorbance at λmax = 348.0 
nm obtaining the calibration equation (y = 26.469x, r2 
= 0.9945). For compound (2), solutions were prepared 
at 500, 700, 1000, 1120 and 1400 mg/L, with λmax = 
315.0 nm and calibration curve (y = 28.96x + 13915, r2 
= 0.9807). For compound (8), solutions were prepared 
at 250, 350, 450, 550, 650 and 760 mg/L, with λmax = 
366.0 nm, and calibration equation (y = 22.499x, r2 = 
0.9933). 

Spectroscopic Sun Protection Factor (SSPF) 

The SSPF of EPP was determined using Mansur 
Spectroscopic Method (Mansur, 1986a; 1986b). This 
method requires dissolving 0.2 μL of a sunscreen 
product in 1 mL of methanol. The SSPF is calculated 
using the equation [2] in the absorption spectrum of 
this solution. 
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𝑆𝑆𝑃𝐹 = 𝐶𝐹 ∗  𝐸𝐸 𝜆 ∗ 𝐼 𝜆 ∗ 𝑎𝑏𝑠 𝜆 

320

290

 1 

 
[2] 

Where CF: is the Correlation Factor (= 10) determined according to 

known sunscreens, so that a cream containing 8% homosalate gives an 

SPF = 4; EE(λ): is the solar radiation effect in the respective wavelength; 
I(λ): is the solar radiation intensity as a function of wavelength; and 

abs(λ): is the spectrophotometric absorbance of the sunscreen solution 

depending on the wavelength. 

Three methanolic solutions of EPP were prepared 
to simulate sunscreen products at 5, 10 and 15% 
(w/v) to determine their SSPF. Each concentration 
represented an independent sample. They were dilut-
ed to a concentration of 0.2 µL/mL equivalent to 10, 
20 and 30 mg/L, respectively. The spectroscopic ab-
sorbance was performed every 5 nm, from 290 nm to 
320 nm. The obtained results were summed in Man-
sur’s equation giving the SSPF in vitro using pure 
methanol as standard control.  

Broad Spectrum Index (BSI) 

To determine the BSI of the EPP, we used the 
method reported by Diffey (1994). This method re-
quires determining a critical wavelength (λc), where 
the absorption spectrum area from 290 nm to λc, is 
90% of the total absorption spectrum area between 
290 and 400 nm. That is equation [3]. 

𝑆𝐵𝑆𝑅 =  𝐴 𝜆 𝑑𝜆 =
𝜆𝐶

290

0.9  𝐴 𝜆 𝑑𝜆
400

290

 1 

 
[3] 

Where A(λ): is the sunscreen absorbance at a given wavelength, λ. 

Once the λc value is determined, the corresponding rating from 0 to 4 
stars is given by the follow classification: For λc < 325, the rating is 0 

stars; For 325 ≤ λc < 335, the rating is 1 star; For 335 ≤ λc < 350, the rating 

is 2 stars; For 350 ≤ λc < 370, the rating is 3 stars and for 370 ≤ λc, the 

number of stars is 4. More stars imply broader spectrum index. The 

spectrum of three independent methanolic solutions (10, 20 and 30 
mg/L) of EPP was used to determine the λc value. Note that the concen-

tration is not important for determining the BSI. 

Specific Extinction Coefficient (E1,1) curve 
comparison between the EPP and commercial 
sunscreen active principles 

The EPP E1,1 was calculated by equation [4].  

𝐸1,1 = 𝜀 𝐿 𝑔 · 𝑐𝑚  × 10  
𝑔

𝐿  × 1 𝑐𝑚  1 
 

[4] 

Where  [L/g· cm] is the Mass Extinction Coefficient and it is multi-

plied by the concentration of a solution of 10 g/L of analyte and an 

optical length of 1 cm. The EPP E1,1 was calculated every 5 nanometers 

from 280 nm to 400 nm. These  [L/g· cm] were calculated from calibra-

tion curves constructed for each nanometer used, varying the EPP 

concentration from 10 to 40 ppm. The slope of each curve corresponds 

to the E1,1 for that specific wavelength. The E1,1 values were graphed 
against their wavelengths, and these E1,1 curves were compared to the 

curves reported by Lim and Draelos (Lim and Draelos, 2009) for different 

commercial sunscreen active principles. The Specific Extinction Coeffi-

cient (E1,1) at the maximum wavelength and its standard error of mean 

(S.E.M.) is the result of four replicates. 

Photo-protective assay on Escherichia coli bacteria 

Bacteria 

The bacteria used for the tests was Escherichia coli 
ATCC 23922 as a 0.5 McFarland standard (Catalogue 
No. TM50-TM60, December 2002). 

Sample preparation 

Fifty milligrams of EPP was dissolved with 50 μL 
of ethanol, then homogenized with 5 mL of Muller 
Hinton broth using a vortex. Ten milligrams of the 
standards, oxybenzone or para-aminobenzoic acid 
(HMBC or PABA) were dissolved with 50 μL of 
DMSO and homogenized with 5 mL of Muller Hinton 
broth separately. The first control sample was pre-
pared mixing 50 μL of 96% ethanol with 5 mL of Mul-
ler Hinton broth while the second control sample was 
prepared mixing 50 μL of DMSO with 5 mL of the 
broth. All tubes were heated to 37°C before the test 
starts.  

Test 

The test was based on the method reported by 
Muela et al. (2000) and da Silva Fernandes et al. 
(2015). In each Muller Hinton broth, 10 μL of E. coli 
were added. Each sample was incubated for 45 min at 
37°C. Then, 5 μL of the incubated sample was plated 
in 5 × 5 cm Muller Hinton agar Petri dishes in sextup-
lets. All the Petri dishes were half capped. Each un-
capped half of the Petri dishes was irradiated with a 
UV lamp (Spectroline-B) at 312 nm for 12 seconds at 
4.2 W/m2. After irradiation, the Petri dishes were 
incubated at 37 °C for 18 hours. The number of colo-
nies that survived the effect of irradiation were count-
ed. The irradiation time was standardized with 50% 
survival in the control samples. This test was repeated 
four times to achieve 24 repetitions of each test. 

Statistical analysis 

The absorption spectra of the Baccharis species 
were recorded in triplicate. The variation of the ab-
sorbance at the maximum wavelength is expressed in 
terms of the standard deviation (S.D.). In the same 
way, the areas under the curves in the UV, UVB and 
UVA ranges are the average of three replicates. The 
variation of the areas is expressed in terms of the 
standard deviation (S.D.). ANOVA test followed by 
Tuckey’s test (p<0.05) was performed to evaluate the 
statistical differences in the areas between the Baccha-
ris species, using the software Microsoft Excel.   

For the quantification of total flavonoids and of the 
individual compounds, three independent extractions 
were performed from the collected plant material, for 
each season and for each altitude. The total flavonoid 
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content was measured from each extract. The results 
report the average contents from these three extrac-
tions with its respective standard deviation (S.D.). 
ANOVA test followed by Tukey’s test (p≤0.05) was 
performed between altitudes and between sampling 
seasons using the software SPSS v.8. 

For the quantification of the spectroscopic sun pro-
tection factor, for the broad spectrum index BSI, and 
the Specific extinction coefficient, three samples of the 
EPP extract were weighted. The absorption spectra of 
the EPP were used for measuring the three parame-
ters. The results report the average value and the 
standard deviation (S.D.). In the case of the specific 
extinction coefficient, the standard error of mean 
(S.E.M.) is presented.   

The photoprotective assay in Escherichia coli was 
performed in sextuplets, with four repetitions each. 
ANOVA test with 95% confidence followed by Tuck-
ey’s test (p<0.05) was performed between the differ-
ent photoprotection active principles and the controls. 
The statistical analysis was performed using the soft-
ware Minitab, ver. 17. 

RESULTS AND DISCUSSION 
 

Spectral evaluation of the extract 

The ethanolic extracts of five Bolivian Baccharis 
species (B. latifolia, B. papillosa, B. boliviensis, B. densi-
flora and B. tola) were submitted to a preliminary UV 
spectra analysis (Fig. 1). The results showed that all 
Baccharis presented phenolic compounds that absorb 
UVB and UVA radiation. However, the area under 
the curve of the UV spectra of the different ethanolic 
extracts at 80 ppm (Table 1) showed clearly that B. 
papillosa possess the highest absorbance area under 
the UVB and UVA region. As a result, B. papillosa was 
selected for further studies. 

The ethanolic extract of the leaves of B. papillosa 
was separated by a Sephadex chromatography col-
umn to obtain the desired enriched extract in flavo-

noids and derivatives of cinnamic acid (EPP). Fifteen 
fractions were obtained and analyzed by UV spec-
troscopy. It was observed that the last fractions had 
the highest UV absorption. Therefore, these last frac-
tions were selected and grouped to form the EPP. 

The UV spectrum of the EPP in B. papillosa showed 
that the area under the curve of the UV region (280 – 
400 nm), UVB region (280–320 nm), and UVA region 
(320–400 nm) is 3, 2.6 and 3.6 times higher than in its 
ethanolic extract, respectively (Table 1). This means 
that, effectively, the active principles of B. papillosa 
were enriched in the EPP. 

Comparing the areas of the five Baccharis, it can be 
observed that the biggest area in the UV region be-
longs to B. papillosa. This species is followed by B. 
latifolia, B. boliviensis, y B. tola that have similar areas 
with no significant differences. Then, B. densiflora has 
the smallest area among all the Baccharis species. The 
same area order among the Baccharis species is kept 
for the UVB region. Note that B. latifolia has a quite 
constant absorption band between 265 and 345 nm. In 
the UVA region, B. papillosa, B. latifolia, B. boliviensis, 
and B. tola have the same areas with no significant 
differences. B. densiflora has the lowest UV, UVB, 
UVA absorption area among the studied Baccharis 
species. The UV spectra of B. tola, B. boliviensis and B. 
densiflora are more characteristic of phenolic compo-
nents such as flavonoids. This may be assumed by the 
two characteristic absorption bands between 265–305 
nm, and between 315–365 nm. Given the higher ab-
sorption bands of B. papillosa, it was selected for fur-
ther studies. 

Identification of phenolic compounds 

The EPP was subjected to a phytochemical study 
to identify the compounds responsible of absorbing 
UVB and UVA light. Using different chromatographic 
techniques, eight compounds were isolated and iden-
tified as flavonoids and cinnamic acid derivatives. 
Their structures are shown in Fig. 2. 

 
 

 

Figure 1. UV absorption spectrum of the ethanolic 

extract solution of five Baccharis spp. at 80 mg/L.  

Average absorbance for each extract were B. papillosa (1.71 

± 0.26 at 315 nm, n = 3); B. latifolia (0.9 ± 0.1 at 323 nm, n = 

3); B. tola (0.89 ± 0.04 at 332 nm, n = 3); B. boliviensis (0.76 ± 

0.04 at 338 nm, n = 3); B. densiflora (0.4 ± 0.02 at 347 nm, n = 

3). 
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Table 1. Areas under UVA, UVB and UV absorption curves of different Baccharis ethanolic extracts, and B. papillosa EPP. 

Sample 
Area UV 

280–400 nm 

Area UVB 

280–320 nm 

Area UVA 

320–400 nm 

Concentration 

(mg/L) 
n 

B. papillosa 104.3 ± 13.2a 59 ± 8.6a  45.8 ± 5.1a 80.0 3 

B. latifolia 73.6 ± 5.1b 33.1 ± 2.7b 40.7 ± 2.6a 80.0 3 

B. boliviensis 67.5 ± 3.5b 27.8 ± 1.5b 40.4 ± 2.0a 80.0 3 

B. tola 75.5 ± 4.1b  35.3 ± 1.9b 41.1 ± 2.3a 80.0 3 

B. densiflora 36.2 ± 1.7c 12.8 ± 0.7c 23.5 ± 1.1b 80.0 3 

B. papillosa EPP 153.6 ± 6.4d 74.8 ± 3.1d 81.2 ± 3.2c 40.0 3 

The table shows mean values of three replicates ± the standard deviation (SD). Different letters mean statistical area differences by ANOVA test 

followed by Tukey’s test (p ≤ 0.05) between Baccharis species in the UV, UVB, and UVA regions, respectively. 

 

 

(1) R1= CH3; R2= CH3; R3= H 

(3) R1= CH3; R2= CH3; R3= OH 

(4) R1= CH3; R2= H; R3= H 

(5) R1= CH3; R2= H; R3= OH 

(7) R1= H; R2= CH3; R3= H 

(8) R1= H; R2= H; R3= H 

(2) 

 

(6) 

 

Figure 2. Phenolic compounds isolated from Baccharis papillosa ethanolic extract 

Compounds (1) 5,7-dihydroxy 3,4’-dimethoxyflavone; (2) 3-prenyl-4-hydroxycinnamic acid; (3) 5,7,3’-

trihydroxy-3,4′-dimethoxyflavone; (4) 5,7,4’-trihydroxy-3-methoxyflavone; (5) 5,7,3’,4’-tetrahydroxy-

3-methoxyflavone; (6) 3,4-dihydroxycinnamic acid; (7) 3,5,7-trihydroxy-4’-methoxyflavone; (8) 

3,5,7,4’-tetrahydroxyflavone.  

 
 

A B 

  

Figure 3. Chromatograms of EPP at 315 nm (A) and 370 nm (B).  

The peaks correspond to the compounds (1), (2), (4), (5), (7) and (8) were identified by their retention times of their individual 

chromatograms. The compounds retention times were: (1): Rt = 28.26 min, λ = 370 nm; (2): Rt = 22.91 min, λ = 315 nm; (4): Rt = 20.53 min, λ 

= 370 nm ; (5): Rt = 14.03 min, λ = 370 nm; (7): Rt = 26.98 min, λ = 370 nm; (8): Rt = 19.49 min, λ = 370 nm. 

 
The compounds (3), (6), (7) and (8) are reported for 

the first time for the B. papillosa species in the present 
study. For more information about compound (3) see 
reference (CAS Common Chemistry, 2021), and for (6) 
see reference (ChemSpider, 2021; Cornard and La-

pouge, 2006). The EPP and the isolated compounds 
were analyzed and monitored by HPLC at 315 nm 
(Fig. 3A), identifying the major compound as drupa-
nin (2). Also, the wavelength of 370 nm was used (Fig. 
3B) for monitoring the isolated flavonoids. The com-
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pound’s retention time was determined by their indi-
vidual chromatogram and UV spectra. The com-
pounds (3) and (6) were not identified in the HPLC 
chromatograms due to the unavailability of the pure 
compounds. 

Total flavonoid content at different seasons and 
altitudes 

The total flavonoid content in the EPP and the con-
tent of three of the major isolated compounds were 
quantified during one year in the four different sea-
sons and at three different altitudes of the Lluto re-
gion in La Paz, Bolivia. The total flavonoid contents 
were determined using the UV spectroscopic method 
by quelation with AlCl3. On the other hand, the se-
lected compounds were quantified by HPLC using a 
calibration curve using in-house prepared standards 
from the respective isolated and purified compounds. 

The analysis of total flavonoids presented in Fig. 4 
shows that the highest concentration of flavonoids in 
the leaves of B. papillosa is observed at the highest 
altitude in every season. This is in agreement with the 
photo-protective role of flavonoids in this species 
because at higher altitude the solar UV radiation is 
more intense (Lavola, 1998). In addition, the season 
which corresponds to the highest flavonoid concen-
tration is Spring. This could be explained by different 
factors. September is characterized by higher availa-
bility of water than in previous months. Then, the 
solar UV radiation is higher than in winter and the 
plant is exposed to the attack of more herbivores 
(Mazza et al., 1999). Consequently, the plant could 
produce more flavonoids to protect the leaves against 
those hazards. 

Quantification of major components 

The major flavonoids (1 and 8) and drupanin (2) 
were quantified by HPLC from the same extracts, at 
the same altitudes and in the four seasons. The results 

are observed in Fig. 5. Drupanin (2) is in the highest 
concentration in spring and at the highest altitude, 
following the same behavior as the one of the total 
flavonoid content (Fig. 5B). This may be indicative 
that the plant uses drupanin as a photo-protective 
compound against UV irradiation damage (Almeida 
et al., 2020; Silva-Carvalho et al., 2015). Flavonoid (1) 
presents the highest content in summer and at the 
highest altitude (Fig. 5A). Flavonoid (8) presents the 
highest concentration in Spring at the lowest altitude 
of 3825 m.a.l.s. (Fig. 5C). It can be observed that the 
highest amount of drupanin and flavonoid produc-
tion is during the months of highest UV radiation. 
However, the production of a higher amount of fla-
vonoid (8) at lower altitudes may have to do with 
other functions of this flavonoid in the plant (Ander-
sen and Markham, 2005; Grotewold, 2006). 

Spectroscopic Sun Protection Factor (SSPF) 

A person exposed to the sun without any protec-
tion will obtain an erythema on the skin after a certain 
period of time, depending on its skin phototype. The 
Sun Protection Factor (SPF) of a photo-protective 
preparation is a factor that indicates the number of 
times a person can be exposed to the sun without 
getting an erythema, while wearing on the exposed 
skin, a layer of sunscreen of 2 mg/cm2 (Calderón, 
2001; Ribeiro, 2004; Sánchez-Saldaña et al., 2002). The 
SSPF is the same factor but measured as a comparison 
of in vivo and spectroscopic measurements with re-
spect to a preparation of 8% homosalate (w/w) as the 
reference. The Mansur Spectroscopic Method for 
measuring the SSPF is described in the methodology 
section (Mansur, 1986 a; b). The SSPF (equation [2]) 
was obtained from the UV spectra of diluted solutions 
from initial preparations containing 5 (A), 10 (B) and 
15% (w/v) (C) of EPP in solvent as excipient. The 
preparations were diluted according to Mansur et al. 
and the spectra of the (A), (B), and (C) diluted EPP 
solutions are presented in Fig. 6. 

 

 

Figure 4. Total flavonoid content (mg/100 g dry 

weight, DW) in the ethanolic extract of the leaves of 

B. papillosa, in different seasons and at different 

altitudes.  

Altitude 4187 m.a.s.l. (16°37’23” S, 68°01’8” W; slope 38%); 

Altitude 4000 m.a.s.l. (16°35’25” S, 68°00’5” W; slope 30%); 

and Altitude 3825 m.a.s.l. (16°35’21” S, 68°01’10” W).  

Different letters mean statistical differences by ANOVA test 

followed by Tukey’s test (p≤0.05) between altitudes and 

between sampling seasons. Each bar corresponds to the 

average of 3 replicates of the total flavonoids ± Standard 

deviation (S.D.) 
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Figure 5. Contents of compounds (1), (2) and (8) (mg/100g dry weight, DW) of the ethanolic extract of the leaves of B. papillosa, in different 

seasons and at different altitudes.  

Different letters mean statistical differences by ANOVA and by Tukey’s test (p ≤ 0.05) between altitudes and between each season. DW: dry weight. The bar values 

indicate the average of three replicates of the phenolic compound content ± standard deviation (S.D.) These values are expressed for each season and all three 

different altitudes (4182, 4000, and 3825 m.a.s.l.) 

 

 

Figure 6. UV spectra of EPP solutions at 10 mg/L 

(A), 20 mg/L (B) and 30 mg/L (C) diluted according 

to Mansur et al. (1986a; 1986b) from initial 

reference solutions prepared at 5, 10 and 15% 

(w/v), respectively.  

For 4 EPP solutions at 10, 20, 30 and 40 mg/L, the 

absorptivity value at 315 nm is 0.0512 ± 0.018 mg/L of 

EPP, r2 = 0.9996. 

 
The SSPF calculated for (A), (B) and (C) prepara-

tions are SSPFA = 4, SSPFB = 9 and SSPFC = 14. These 
spectroscopic SPF values correspond to the minimum 
SPF found in sunscreens and cosmetics for UV protec-
tion. It was shown that a person may receive more 
than 25,000 minimum erythemal doses over their lives 
as a cumulative daily exposure to the sun. Thus, the 
EPP represent a good, daily, long term photoprotec-
tion of the skin to the cumulative lifetime solar UV 
radiation exposure (Nole and Johnson, 2004). Thus, 
this natural extract, EPP, could be very attractive to be 
used as an active principle in sunscreens, cosmetic 
products like make up and face creams for daily pro-
tection. Furthermore, note that the SSPF was calculat-
ed for a preparation of an active principle and a sol-
vent transparent to light as excipient. Thus, more 
sophisticated formulations are expected to present 
higher values of SPF.   

Broad Spectrum Index (BSI) 

The SPF as well as the SSPF are usually deter-
mined in the UVB region. However, both ranges of 
radiation UVB and UVA have damaging effects on 

the skin. Because it is important to protect the skin 
from both ranges of irradiation, calculating the BSI is 
a useful indication of the degree of coverage of a pho-
to-protective principle towards the UVA radiation 
range. The higher the number of stars given by the 
BSR, the higher the coverage of the range of the whole 
UV protection. The BSR for the EPP was calculated 
according to equation [3] (see Methods section). The 
critical wavelength (λc) is 365 nm. At this wavelength, 
the average area for a 20 mg/L EPP methanolic solu-
tion from A290nm – λc was 58.9 ± 1.22 and the area A290 – 

400nm was 65.9 ± 1.1. Then, at this wavelength, 90% of 
the total area of the EPP’s UV spectrum was obtained. 
Hence, according to the BSR classification, for a wave-
length of 365 nm, the corresponding EPP BSI was 
three stars. This result showed that the EPP has a 
good potential as broad spectrum photo-protective 
active principle because it will cover up to UVA II 
(320-365 nm) range. Nevertheless, it is necessary to 
compare the amplitude of the EPP UVA absorption 
spectrum with other sunscreen principles in the UVA 
range to have a better idea of its UVA photo-
protection capacity. 
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Figure 7. Specific extinction coefficient curves (E1,1) as a function of wavelength of the Baccharis papillosa (EPP) and 

commercial sunscreen active principles for UVA and UVB range (A) and broad-spectrum commercial sunscreen active 

principles (B). The maximum E1,1 and its standard error at 315 nm is 511.7 ± 6.2 for four replicates. 

Copyright (© 2009) from Clinical Guide to Sunscreens and Photoprotection by Lim H, Draelos Z. Reproduced by permission of Taylor and Francis 

Group, LLC, a division of Informa plc. (Lim and Draelos, 2009). 

The photoprotectors compared in the image are BMDBM: Avobenzone; TDSA: Terephthalylidene dicamphor sulphonic acid; DPDT: 

Dinatriumphenyldibenzimidazoltetrasulfonat; IMC: Isopentyl-4-methoxycinnamate; EHMC: Ethylhexyl methoxycinnamate; OCR: Octocrylene; 

DBT: Diethylhexyl butamido triazone; MBC: 4-Methylbenzylidene camphor; TiO2:Titanium oxide; EPP: B. papillosa extract enriched in phenolic 

compounds with photo-protective potential; EMT: Sepinov; MBBT: 2,2¢-Methylenebis[6-(2H-benzotriazol-2-yl)-4-(1,1,3,3-

tetramethylbutyl)phenol; DTS: Drometrizole trisiloxane; ZnO: Zinc oxide. 

 
Specific extinction coefficient (E1,1) curve 
comparison 

The E1,1 curves of EPP and of commercial sun-
screen active principles are shown in Fig. 7. The E1,1 of 
the commercial sunscreen active principles were ob-
tained from the curves reported by Lim and Draelos 
(2009), some of which are presented in Fig. 7. These 
curves are reproduced by permission of Taylor and 
Francis Group, LLC, a division of Informa plc. In Fig. 
7A, the comparison between E1,1 curves shows that 
the EPP’s E1,1 has higher values than the photoprotec-
tors TiO2, MBC, HMS, B-3 and B-4 through most of 
the UVB spectra (Lim and Draelos, 2009). However, 
the EPP has half of the E1,1 values of MBC, EHMC, 
IMC y DBT approximately. On the other hand, the 
EPP’s E1,1 curve in the UVA range is lower than for 
DBM, TDSA and BMDBM (Lim and Draelos, 2009), 
except for the one of MA (Fig. 7A). 

Comparing the E1,1 curve of EPP with the ones of 
Broad Spectrum Photoprotectors (Fig. 7B), we can see 
that the EPP has higher values than DTS and ZnO in 
the whole UV spectrum. The EPP has also higher 
values than MBBT until 341 nm (UVB and UVA II 
range) even though EMT has the highest values until 
370 nm. Analyzing these results, we can conclude that 
as a natural component, the EPP can be competitive 
with some of these sunscreens. Moreover, a formula-
tion including zinc oxide would be very attractive. 

Photoprotection on Escherichia coli bacteria 

The photo-protective assay on Escherichia coli 
showed that the EPP has a photo-protective effect on 

the survival of E. coli bacteria compared to the surviv-
al of the unprotected bacteria in a medium containing 
only the solvents (ethanol and DMSO) used for dis-
solving the active photoprotectors. The EPP photo-
protective effect was comparable to one of the con-
trols PABA and oxibenzone positive standards.  

E. coli bacteria grown in media with the B. papillosa 
extract (EPP), PABA and oxybenzone showed signifi-
cantly greater survival than controls without treat-
ment. This showed a photo-protection against the 
damage caused by UV-B in biological structures (Fig. 
8). 

It can be observed that there was no significant dif-
ference from the protection provided by the EPP 
compared to the commercial active principles PABA 
and oxibenzone. This supports the protective activity 
of the EPP for preventing UV photodamage. 

The Sephadex column was found to be an effective 
technique for separating the phenolic compounds, 
responsible for the EPP UV absorption spectra, from 
bigger macromolecules as chlorophyl and other com-
pounds. This allowed the enrichment of the flavo-
noids and cinnamic acid derivatives in one extract 
with photo-protective activity.  

It was reported that altitude and environmental 
conditions play an important role in the production of 
secondary metabolites (Monschein et al., 2015). How-
ever, it is very difficult to separate the effects of both 
aspects (Körner, 2007). Our studies showed that the 
higher solar radiation found at higher altitudes would 
induce a higher production of flavonoids and cinnam-
ic acid derivatives. In the same way, higher irradia-
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Figure 8. Photo-protective activity of EPP 

extract in survival of E. coli after irradiation with 

UV-B irradiation.  

Data represent mean ± SD. Means with the same letter 

are not significantly different by ANOVA followed by 

Tuckey’s test (p< 0.05). The samples presented are 

bacteria grown in media with para-Aminobenzoic acid 

(PABA), Oxibenzone (OXY), and B. papillosa extract 

(EPP). Control samples are bacteria grown in media 

with the solvent used for dissolving the photo-

protective compounds: ethanol (EtOH), Dimethyl 

sulfoxide (DMSO). Each system has n = 4 replicates 

with 6 repetitions in each replicate (n total = 24 for 

each). 
 

tion, as well as higher amounts of available water, 
would be obtained in spring and summer (Enríquez 
et al., 2018; Zaratti et al., 2003). Thus, this would in-
fluence the plant to produce higher quantities of phe-
nolic content. These findings are important to increase 
the yield of production of the desired secondary me-
tabolites, and thus decrease costs of production and 
availability of the active principles.  

Nowadays, the Federal Drug Administration of 
USA considers that an optimum SPF is around 30 
since a higher sun protection factor does not translate 
in important additional benefits. For example, an SPF 
of 30 blocks 96.7% of UV radiation, while a sunscreen 
with an SPF of 40 blocks 97.5% of the radiation 
(Camacho, 2001). Nevertheless, an SPF of 15 blocks 
93.3% of the UV radiation (Pérez, 2012). Thus, the EPP 
from B. papillosa represents a convenient active photo-
protective principle for a daily use to prevent cumula-
tive skin damage from UV radiation. Moreover, it is a 
natural product, which is desired in an increasing 
natural product market.   

All the tests performed for evaluating the photo-
protective properties of the EPP showed positive re-
sults. There are fewer compounds with broad spec-
trum protection, which is why several components 
are needed during sunscreen formulations. The SPF is 
commonly measured for the UVB range. The SSPF 
calculated for the EPP confirms it prevents skin from 
obtaining an erythema under a prolonged time of 
exposure. Flavonoids have commonly UVA absorp-
tion giving an interesting broad spectrum protection. 
Drupanin has a high UVB absorption spectrum. The 
natural combination of both types of components 
obtained from the leaves of Baccharis papillosa subsp. 
papillosa offers the broad spectrum protection. 

CONCLUSION 

An enriched extract containing flavonoids and 
cinnamic acid derivatives was obtained from the 
leaves of Baccharis papillosa. Eight compounds were 
isolated from this extract. The compounds (3) 5,7,3’-
trihydroxy-3,4′-dimethoxyflavone, (6) 3,4-dihydroxy-

cinnamic acid, (7) 3,5,7-trihydroxy-4’-methoxyflavone, 
and (8) 3,5,7,4’-tetrahydroxyflavone are reported in B. 
papillosa for the first time. The phenolic content of the 
ethanolic extract of the leaves of B. papillosa measured 
at different altitudes and seasons of one year in Lluto, 
Bolivia, was performed. It was established that higher 
altitudes as well as seasons with higher UV radiation 
as spring and summer produced higher phenolic con-
tents. 

This EPP extract has an absorption spectrum in the 
range of the UVB-UVA region. According to its spec-
troscopic properties, the extract processes broad spec-
trum protection with a BSI of three stars. This means 
that the EPP covers a high portion of the UVA range 
(From 290 to 365 nm). For a formulation containing 
15% (w/v) of EPP in solvent as an excipient, the spec-
troscopic sun protection factor, SSPF, equals to 9. This 
SSPF offers an interesting daily photo-protective ac-
tivity for its use as an active component in sunscreens, 
makeup, and creams. Comparing different commer-
cial sunscreen active principles, the EPP presents a 
competitive absorptivity along the UVB-UVA range. 
To further support the photoprotection activity found 
in the EPP, the survival of E. coli bacteria under UVB 
radiation showed that effectively, the EPP protects the 
biological tissue from photodamaging. The EPP has 
great potential as photo-protective principle and fur-
ther studies are recommended. 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

ACKNOWLEDGMENTS 

The authors are grateful for the financing granted by 
UMSA through IDH funds to the project “Influence of me-
teorological and ecological variations in the production of 
secondary metabolites with phyto-therapeutic and cos-
meceutical potential of Baccharis sp. in the Hampaturi dis-
trict of La Paz”. As well as to Swedish International Devel-
opment Agency (SIDA) for the financial support of the 
subprogram 17 “Biomolecules of medicinal and industrial 
interest”. The authors thank Noemi Quiroz for the UV spec-
tra obtained for the Baccharis species comparison. Finally, 

https://jppres.com/


Calle et al. Photoprotective compounds from Baccharis papillosa 

 

https://jppres.com  J Pharm Pharmacogn Res (2023) 11(1): 45 

 

the authors are grateful to the specialist Esther Valenzuela 
from the National Herbarium of Bolivia for the identifica-
tion of the plant material. 

REFERENCES 

Almanza G, Arduz C, Balderrama L, Ocaña L, Flores E (2000) 
Estudio fitoquímico de Baccharis leptophylla, biodirigido contra 
Neurospora crassa. Rev Bol Quim 17: 1-8.  

Almeida WA, d. S. Sousa LRD, dos Santos A, de Azevedo AS, do 
Nascimento AM, Amparo TR, Bianco de Souza GH, Henrique 
dos Santos OD, Leão Andrade  Â, Cazati T, de Abreu Vieira 
PM, Pires Bueno PC, Rebello dos Santos VM (2020) Green 
propolis: In vitro photoprotective and photostability studies of 
single and incorporated extracts in a sunscreen formulation. 
Rev Bras Farmacogn 30: 436-443. 
https://doi.org/10.1007/s43450-020-00071-z  

Andersen OM, Markham KR (2005) Flavonoids: Chemistry, 
biochemistry and applications: CRC Press, pp. 1256. 

Calderón H (2001) Fotoprotección, bases y aplicación. Rev Chil 
Reumatol 17: 54-58.  

Calle A, San Martín Á, Melgarejo M, Flores Y, Almanza G (2017) 
Evaluation of flavonoid contents and antibacterial activity of 
five bolivian Baccharis species. Rev Bol Quím 34: 112-122.  

Calle A, Yupanqui J, Flores Y, Almanza GR (2012) Flavonoides de 
Baccharis boliviensis. Rev Bol Quím 29: 158-163.  

Camacho F (2001) Antiguos y nuevos aspectos de la fotoprotección. 
Rev Int Dermatol Dermocosmét Clín 4: 441-448.  

CAS Common Chemistry (2021) CAS, a division of the American 
Chemical Society, n.d. Quercetin 3,4′-dimethyl ether. 
Retrieved from 
https://commonchemistry.cas.org/detail?cas_rn=33429-83-3 
[Consulted July, 2022] 

Catalogue No. TM50-TM60 (2002) McFarland Standard, for in vitro 
use only. Dalynn, Biologicals. 
http://www.dalynn.com/dyn/ck_assets/files/tech/TM53.p
df [Consulted July, 2022] 

ChemSpider CSID:600426 (2021) trans-caffeic acid. Retrieved from 
http://www.chemspider.com/Chemical-
Structure.600426.html [Consulted July, 2022] 

Cornard J-P, Lapouge C (2006) Absorption spectra of caffeic acid, 
caffeate and their 1: 1 complex with Al (III): density functional 
theory and time-dependent density functional theory 
investigations. J Phys Chem 110: 7159-7166. 
https://doi.org/10.1021/jp060147y  

da Silva Fernandes A, Alencar AS, Evangelista H, Mazzei JL, 
Felzenszwalb I (2015) Photoprotective and toxicological 
activities of extracts from the Antarctic moss Sanionia 
uncinata. Pharmacogn Mag 11: 38-43. 
https://doi.org/10.4103/0973-1296.149701  

da Silva VV, Ropke CD, de Almeida RL, Miranda DV, Kera CZ, 
Rivelli DP, Sawada TCH, Barros SBM (2005) Chemical stability 
and SPF determination of Pothomorphe umbellata extract gel 
and photostability of 4-nerolidylcathecol. Int J Pharm 303: 125-
131. https://doi.org/10.1016/j.ijpharm.2005.07.006  

Diffey BL (1994) A method for broad spectrum classification of 
sunscreens. Int J Cosmet Sci 16: 47-52. 
https://doi.org/10.1111/j.1467-2494.1994.tb00082.x  

Enríquez S, Quispe RE, Amurrio P, Peñaranda JC, Calle A, Orsag V, 
Almanza GR (2018) Flavonoid contents in leaves of Baccharis 
latifolia, according to the type of leaf, and its dependence on 
the physicochemical properties of soils. Rev Bol Quím 35: 146-
154.  

Escobar Z, Flores Y, Tejeda L, Alvarado JA, Sterner O, Almanza GR 
(2009) Phenolic compounds from Baccharis papillosa subsp. 
papillosa. Rev Bol Quím 26: 111-117.  

Fleming DP (2008) Quantification of the environmental solar 
ultraviolet radiation field at the human eye and the 
investigation of peripherally focused rays. (PhD thesis) 
Technological University Dublin, Dublin, Ireland. 
https://doi.org/10.21427/D7XG6P  

Gajardo S, Aguilar M, Stowhas T, Salas F, Lopez J, Quispe C, Buc-
Calderon P, Benites J (2016) Determination of sun protection 
factor and antioxidant properties of six Chilean Altiplano 
plants. Bol Latinoam Caribe Plant Med Aromat 15: 352-363. 

Garcia Forero A, Villamizar Mantilla DA, Núñez LA, Ocazionez 
RE, Stashenko EE, Fuentes JL (2019) Photoprotective and 
antigenotoxic effects of the flavonoids apigenin, naringenin 
and pinocembrin. Photochem Photobiol 95: 1010-1018. 
https://doi.org/10.1111/php.13085  

Gene RM, Cartañá C, Adzet T, Marin E, Parella T, Canigueral S 
(1996) Anti-inflammatory and analgesic activity of Baccharis 
trimera: Identification of its active constituents. Planta Med 62: 
232-235. https://doi.org/10.1055/s-2006-957866  

Grotewold E (2006) The science of flavonoids. Columbus, Ohio: 
Springer. https://doi.org/10.1007/978-0-387-28822-2  

Körner C (2007) The use of ‘altitude’ in ecological research. Trends 
Ecol Evol 22: 569-574. 
https://doi.org/10.1016/j.tree.2007.09.006  

Landry LG, Chapple CC, Last RL (1995) Arabidopsis mutants 
lacking phenolic sunscreens exhibit enhanced ultraviolet-B 
injury and oxidative damage. Plant Physiol 109: 1159-1166. 
https://doi.org/10.1104/pp.109.4.1159  

Lavola A (1998) Accumulation of flavonoids and related 
compounds in birch induced by UV-B irradiance. Tree Physiol 
18: 53-58. https://doi.org/10.1093/treephys/18.1.53  

Li J, Ou-Lee T-M, Raba R, Amundson RG, Last RL (1993) 
Arabidopsis flavonoid mutants are hypersensitive to UV-B 
irradiation. Plant Cell 5: 171-179. 
https://doi.org/10.1105/tpc.5.2.171  

Lim H, Draelos Z (2009) Clinical guide to sunscreens and 
photoprotection. New York: Informa Healthcare USA, pp. 320.  

Loza Almanza R, Neri Guarachi L, López Gavincha Y, Mamani 
Mamani M, Arias Miranda JL, Almanza Vega G, Gonzales 
Dávalos E, Bermejo Benito P (2011) Evaluación de la toxicidad 
de los extractos etanólicos de Baccharis latifolia y Baccharis 
papillosa en animales de experimentación. Biofarbo 19: 22-27.  

Mansur J, Rodrigues M, D'ascenção M, Azulay R (1986a) Correlação 
entre a determinação do fator de proteção solar em seres 
humanos e por espectrofotometria. An Bras Dermatol 61(4): 
167-172.  

Mansur J, Rodrigues M, D'ascenção M, Azulay R (1986b) 
Determinação do fator de proteção solar por 
espectrofotometria. An Bras Dermatol 61(3): 121-124.  

Mazza CA, Zavala J, Scopel, AL, Ballaré CL (1999) Perception of 
solar UVB radiation by phytophagous insects: behavioral 
responses and ecosystem implications. Proc Natl Acad Sci 
USA 96: 980-985. https://doi.org/10.1073/pnas.96.3.980  

Monschein M, Jaindl K, Buzimkić S, Bucar F (2015) Content of 
phenolic compounds in wild populations of Epilobium 
angustifolium growing at different altitudes. Pharm Biol 53: 
1576-1582. https://doi.org/10.3109/13880209.2014.993039  

Moreno MI, Moreno LH (2010) Fotoprotección. Rev Asoc Colomb 
Dermatol 18: 31-39.  

Muela A, Garcia-Bringas J, Arana I, Barcina I (2000) The effect of 
simulated solar radiation on Escherichia coli: the relative roles 
of UV-B, UV-A, and photosynthetically active radiation. 
Microb Ecol 39: 65-71. https://doi.org/10.1007/s002489900181  

Nichols JA, Katiyar SK (2010) Skin photoprotection by natural 
polyphenols: anti-inflammatory, antioxidant and DNA repair 

https://jppres.com/
https://doi.org/10.1007/s43450-020-00071-z
https://commonchemistry.cas.org/detail?cas_rn=33429-83-3
http://www.dalynn.com/dyn/ck_assets/files/tech/TM53.pdf
http://www.dalynn.com/dyn/ck_assets/files/tech/TM53.pdf
https://doi.org/10.1021/jp060147y
https://doi.org/10.4103/0973-1296.149701
https://doi.org/10.1016/j.ijpharm.2005.07.006
https://doi.org/10.1111/j.1467-2494.1994.tb00082.x
https://doi.org/10.21427/D7XG6P
https://doi.org/10.1111/php.13085
https://doi.org/10.1055/s-2006-957866
https://doi.org/10.1007/978-0-387-28822-2
https://doi.org/10.1016/j.tree.2007.09.006
https://doi.org/10.1104/pp.109.4.1159
https://doi.org/10.1093/treephys/18.1.53
https://doi.org/10.1105/tpc.5.2.171
https://doi.org/10.1073/pnas.96.3.980
https://doi.org/10.3109/13880209.2014.993039
https://doi.org/10.1007/s002489900181


Calle et al. Photoprotective compounds from Baccharis papillosa 

 

https://jppres.com  J Pharm Pharmacogn Res (2023) 11(1): 46 

 

mechanisms. Arch Dermatol Res 302: 71-83. 
https://doi.org/10.1007/s00403-009-1001-3  

Nole G, Johnson AW (2004) An analysis of cumulative lifetime 
solar ultraviolet radiation exposure and the benefits of daily 
sun protection. Dermatol Ther 17: 57-62. 
https://doi.org/10.1111/j.1396-0296.2004.04S1007.x  

Peñaranda JC, Rodrigo G, Ticona-Bustillos A, Valenzuela E, Ramos 
S, San Martin A, Ghezzi F, Almanza GR (2020) Variation in 
concentration of flavonoids and chlorophyll, and changes on 
morphology and foliar anatomy, due to visible (PAR) or 
ultraviolet (UVA, UVB) radiation in Baccharis latifolia. Rev Bol 
Quim 37: 210-222. http://doi.org/10.34098/2078-3949.37.5.1  

Pérez MT (2012) Fotoprotección: 15 consejos para un broceado 
seguro. Farm Prof 26: 46-50.  

Rengifo-Penadillos R (2013) Cuantificación de flavonoides en el 
extracto etanólico de propóleos. Pharmaciencia 1: 51-56.  

Ribeiro RP (2004) Desenvolvimento e validação da metodologia de 
análise do teor de filtros solares e determinação do FPS in vitro 
em formulações fotoprotetoras comerciais. PhD Thesis, UFRJ, 
Rio de Janeiro, Brasil.  

Rigel DS, Berson DS, Ceilley RI, Cole CA, Draelos ZD (2006) 
Photoprotection: Recent advances in sunscreen stability. Skin 
and Allergy News (suppl.): 4-11. 

Rodrigo GC, Almanza GR, Akesson B, Duan R-D (2010) 
Antiproliferative activity of extracts of some Bolivian 
medicinal plants. J Med Plant Res 4: 2204-2210.  

Salcedo Ortiz L, Flores Y, Sterner O, Almanza Vega GR (2013) ent-
kaurane diterpenoids from Baccharis leptophylla Rev Bol de 
Quím 30: 60-65.  

Sánchez-Saldaña L, Lanchipa P, Pancorbo J, Regis A, Sánchez E 
(2002) Fotoprotectores tópicos. Dermatol Peru 12(2): 156-163.  

Silva-Carvalho R, Baltazar F, Almeida-Aguiar C (2015) Propolis: A 
complex natural product with a plethora of biological 
activities that can be explored for drug development. Evid 
Based Complement Alternat Med 2015: 206439. 
https://doi.org/10.1155/2015/206439  

Sotillo WS, Tarqui S, Huang X, Almanza G, Oredsson S (2021) 
Breast cancer cell line toxicity of a flavonoid isolated from 
Baccharis densiflora. BMC Complement Med Ther 21: 188. 
https://doi.org/10.1186/s12906-021-03349-4  

Talhaoui N, Gómez-Caravaca AM, León L, De la Rosa R, Segura-
Carretero A, Fernández-Gutiérrez A (2014) Determination of 
phenolic compounds of ‘Sikitita’olive leaves by HPLC-DAD-
TOF-MS. Comparison with its parents ‘Arbequina’and 
‘Picual’olive leaves. LWT- Food Sci Technol 58: 28-34. 
https://doi.org/10.1016/j.lwt.2014.03.014  

Tarqui  S, Flores Y, Almanza  GR (2012) Polyoxygenated flavonoids 
from Baccharis pentlandii. Rev Bol Quím 29: 10-14.  

Villagómez JR, Mollinedo P, Almanza GR (2006) (E)-3-prenil-4-
hidroxicinamato de metilo de Baccharis santelices Rev Bol Quím 
23: 13-18.  

Zaratti F, Forno R, Cuarita L, Saavedra P (2003) Seis años de 
medidas de ozono y radiación ultravioleta en La Paz, Bolivia. 
Rev Bol Fis 9: 48-51.  

Zdero C, Bohlmann F, Solomon J, King R, Robinson H (1989) Ent-
clerodanes and other constituents from bolivian Baccharis 
species. Phytochemistry 28: 531-542. 
https://doi.org/10.1016/0031-9422(89)80047-0. 

_________________________________________________________________________________________________________ 

 

 
AUTHOR CONTRIBUTION:       

Contribution Calle A Curi-Borda CK Gutierrez C Salcedo L Flores Y Almanza GR 

Concepts or ideas x x x x x x 

Design x x x x x x 

Definition of intellectual content x x    x 

Literature search x x  x  x 

Experimental studies x x x x x x 

Data acquisition x x x  x x 

Data analysis x x x x x x 

Statistical analysis x x x    

Manuscript preparation x x    x 

Manuscript editing  x  x x x 

Manuscript review x x x x x x 

 

Citation Format: Calle A, Curi-Borda CK, Gutierrez C, Salcedo L, Flores Y, Almanza GR (2023) Quantification and in vitro photo-protective studies of 

phenolic compounds from Baccharis papillosa Rusby. J Pharm Pharmacogn Res 11(1): 33–46. https://doi.org/10.56499/jppres22.1477_11.1.33 

 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the 

publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed 

by the publisher. 

 

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, 

duplication, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 

Commons license and indicate if changes were made.  

https://jppres.com/
https://doi.org/10.1007/s00403-009-1001-3
https://doi.org/10.1111/j.1396-0296.2004.04S1007.x
http://doi.org/10.34098/2078-3949.37.5.1
https://doi.org/10.1155/2015/206439
https://doi.org/10.1186/s12906-021-03349-4
https://doi.org/10.1016/j.lwt.2014.03.014
https://doi.org/10.1016/0031-9422(89)80047-0
https://doi.org/10.56499/jppres22.1477_11.1.33

