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This study aims to collect microalgae from high Andean areas and evaluate their potential as natural ingredients in
the cosmetics industry. The cell growth, pigment concentration, antioxidant activity, and polyphenols content of two
microalgae of the genus Pediastrum (IMP-BG288 and IMP-BG255) collected from high Andean lagoons of more
than 3,000 m.a.s.l. (Ayacucho, Peru) were evaluated. The cultures were exposed to photosynthetically active radiation
(PAR) (400-700 nm) and PAR with ultraviolet radiation A and B (PAB) (280-700 nm) in 2 | photobioreactors.
Cultures of the genus Pediastrum sp. subjected to PAB radiation showed greater growth until the sixth day, when they
reached the end of their exponential phase. The maximum concentrations of lutein and chlorophyll a and b were 6.96
+0.21, 1.64 £ 0.05, and 0.84 £+ 0.06 mg/g, respectively; total antioxidant activity and total polyphenol content were
221.7+ 11.76 pmol eq. Trolox/g and 7.36 + 0.53 mg GAE/g, respectively, after being subjected to PAR. Conclusively,
high Andean microalgae possess adaptation mechanisms that help them to cope with a high radiation flux. The high
concentrations of antioxidants and pigments in the strain taken from 4,400 m.a.s.1 (IMP-BG288) suggest its greatest

cosmetic potential.

INTRODUCTION

The study of the effect of ultraviolet radiation (UVR)
on autotrophic organisms of Andean lakes has increased in the
last few years. Studies were conducted to evaluate the adaptation
mechanisms of these organisms against light stress (Bashevkin
et al., 2019; Cartuche et al., 2019; de Oliveira et al., 2016; Rojo
et al, 2017; Roleda et al., 2012; Villafafie et al., 2017; Villafafie
et al., 2005; Williamson et al., 2019) and to search for novel
industrially relevant compounds (Ariede et al., 2017; Joshi et al.,
2018; Wang, 2015).

Generally, algae in the areas exposed to radiation
possess mechanisms, including photorepair, antioxidant system
activation, and biosynthesis of photoprotective compounds
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(Abu-Ghosh et al., 2021; Héder et al., 2007; Holzinger et al.,
2018; Ljubic et al., 2021; Rastogi et al., 2020; Singh et al,
2019; Virtanen et al., 2019). These mechanisms are employed
to maximize the light capture, limit the damage caused by
excessive amounts of solar radiation (Morgan-Kiss et al., 2006),
and optimize their photosynthetic performance against UVR
(Franklin et al., 2003).

UVR, known to produce reactive oxygen species (ROS),
is classified according to wavelengths: UVA (320-400 nm), UVB
(280-320 nm), and UVC (200-280 nm). Radiation increases by
a combination of factors, such as latitudinal location, ozone, and
altitude (Albarracin et al., 2013; Feister and Hader, 2018; Helbling
et al., 2001; Michelutti ef al., 2015; Ruescas et al., 2016; Villafane
et al.,, 1999). On evaluating the altitude effect on Lake Titicaca
(3,810 m.a.s.l.), one of the most important high Andean lakes in
Peru, an increase of 4.8% in the quantity of UVR weighted for
every 300 m altitude was recorded (Andrade ez al., 1998).

© 2022 Cecil Tenorio et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).
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The microalgae of the chlorophyte group are better
adapted to UVR since they possess highly efficient mechanisms,
such as accessory pigments, which protect the cytoplasm
and chloroplast and allow individual cells to resist extreme
conditions (Chiu et al., 2020; Holzinger and Liitz, 2006). The
pigments associated with the algal photosynthetic activity
include chlorophylls, B-carotene, astaxanthin, xanthophylls, and
phycobiliproteins. Most carotenoids have certain antioxidant
activities due to the presence of conjugated double bonds, which
eliminate UVR-induced free radicals (Huang ef al., 2018).

Generally, algae have a variety of bioactive
compounds, such as pigments, polysaccharides, polyphenols,
lipids, and proteins, as well as antioxidant, anti-inflammatory,
antipigmentation, antiaging, and anticancer properties. Therefore,
they are used as skincare alternatives as they are considered less
harmful than synthetic compounds (Morocho-Jacome et al.,
2020b; Thiyagarasaiyar ef al., 2020). In addition, other secondary
metabolites, such as flavonoids, could prevent UVR sunburn
in humans with light-sensitive skin and low melanin levels
(Morocho-Jacome et al., 2020a).
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Currently, some notable cosmetic applications of the
extracts of Spirulina sp. and Chlorella sp. include their use as
ingredients for sunscreen (Jha et al., 2017), dandruff treatment,
and hair growth stimulation (Joshi et al., 2018). Chlorogloeopsis
sp. and Nannochloropsis sp. protect keratinous tissue and prevent
UVA- and UVB-induced damage, photoaging, wrinkle formation,
and sagging skin (Ariede et al., 2017). Isochrysis sp. is applied
in sunscreen formulations containing organic and inorganic
filters with sun protection factor 15 in order to prevent UVR
transmission. Thalassiosira sp., Monodus sp., Chlorococcum sp.,
and Chaetoceros sp. are applied to prevent hair loss (Zanella et al.,
2018). Formulations with oil of Chlorella sp. make the skin and
hair softer and more flexible (Brooks and Franklin, 2013). The
hydroxy acids in Pediastrum duplex are potential skin moisturizers
(Yarkent et al., 2020).

This study aims to collect microalgae from high
Andean areas and evaluate their potential as natural ingredients
for the cosmetic industry. In this regard, microalgae of the
genus Pediastrum were collected from lagoons of altitudes
between 3,110 and 4,400 m.a.s.l. Adaptation of the microalgae to
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Figure 1. Location of the sampling areas in Ayacucho (Peru). a: Pumacocha Lake. b: Yahuirihuiri Lake.
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photosynthetically active radiation (PAR) and PAR with ultraviolet
A and B (PAB) was evaluated in the production of photoprotective
compounds, such as pigments, antioxidant activity, and total
polyphenols.

MATERIALS AND METHODS

Sampling and isolation of microalgae strains

In the Andean lagoons of Yahuirihuiri and Pumacocha,
located in the Department of Ayacucho, Peru (Fig. 1), microalgae
samples were collected with a 20 um phytoplankton network. The
samples were placed in 50 ml Falcon® tubes, stored in thermal
boxes with a gel pack, and then transferred to the Laboratory of the
Germplasm Bank of Aquatic Organisms (BGOA) of the Marine
Institute of Peru. Monoclonal strains of microalgae of the genus
Pediastrum were obtained through the cell isolation methodology
described by Andersen and Kawachi (2005) and using inverted
phase-contrast microscopy (Nikon, Eclipse TS100, Japan). For
the cultivation of Pediastrum sp, a Wright’s cryptophyte (WC)
culture medium (Andersen et al, 2005; Guillard and Lorenzen,
1972) was used in a growth chamber (Binder KBW400, Germany)
under the following conditions: 18°C + 1°C, 80 pmol. s™'. m™2,
and a 2:12 hours light:dark photoperiod. These monoclonal strains
were classified based on their morphology (Lenarczyk and Satuga,
2018; Zamaloa and Tell, 2005) and assigned codes (Table 1) to
integrate them into the BGOA collection.

Experimental design

Strains of Pediastrum were cultivated inside a culture
chamber in 2 | rectangular parallelepiped photobioreactors (26 x
15.1 x 5.1 cm) with the WC culture medium. The average initial
cell density of the cultures was 9.35 x 10° cells/ml.

For a period of 8 days, two radiation levels were
applied to the cultures. All the following cultures were carried
out in triplicate: a) PAR (80 pmol. S™' m™2) with a 12:12 hours
(light:dark) photoperiod and b) PAB with a 12:12 hours
(light:dark) photoperiod; 3 hours after starting the PAR luminous
phase (80 umol. S'm2), UV radiation (UVA + UVB, 4 mW/cm?)
was activated for 3 hours.

PAR was recorded using a quantometer (Liquor
Quantimeter), whereas UVR was recorded using a radiometer
(UVP UVX, USA). All treatments were carried out at 18°C + 1°C
and at constant aeration for 8 days. Samples (1 ml) were taken
from each experimental unit every 24 hours and were fixed with
Lugol for cell quantification.

Finally, cultures were harvested on the eighth day and
the biomass was concentrated by centrifugation (3,500 rpm for 10
minutes at 5°C) in a refrigerated centrifuge (Hettich, Germany).

The wet biomass was dried in a lyophilizer (Labconco, EEUU)
and stored at 8°C in a dark and cold environment.

Specific growth rate

The cell density of the cultures was evaluated through
the cell counting method with a Neubauer camera on a compound
microscope (Nikon, Japan). The specific growth rate (u) was
determined using the following formula:

p=(nx-Inx)/(t-1),

Where ¢, is the final time, 7 is the initial time, x, is the
initial cell density, and x, is the final cell density.

Determination of pigments

Pigments were extracted from 50 mg of the lyophilized
microalgae with 6 ml of 100% acetone as per the protocol of
Pasquet et al. (2011). Samples were filtered using a 4.5 pm
polytetrafluoroethylene syringe filter, and 20 pl of the filtrate was
used to carry out high-performance liquid chromatography (Hitachi,
Tokyo). The Merck LiChrospher® C18 250 x 4.6 mm x 5 pm
analytical column was used. The mobile phases were A = 100%
methanol, B = methanol:0.5 N ammonium acetate (80:20), and C =
tetrahydrofuran. The ramp was 0.0 min (0% A, 100% B, and 0% C),
5.0 minutes (98% A, 0% B, and 2% C), 17.2 minutes (80% A, 0% B,
and 20% C), 25.0 minutes (80% A, 0% B, and 20% C), 26.0 minutes
(98% A, 0% B, and 2% C), and 34.0 minutes (0% A, 100% B, and
0% C). The column temperature was maintained at 25°C. Spectra
at the 210 and 690 nm wavelengths were recorded. The analytical
standards (Sigma-Aldrich) of lutein, chlorophyll a, chlorophyll b,
and B-carotene were used as references to quantify the pigments.

Determination of total polyphenols

The polyphenols were extracted from 50 mg of the
lyophilized biomass using 6 ml of 100% acetone and subsequently
with 6 ml of ultrapure water. Total polyphenols in the extracts
were analyzed following the methods described by Singleton and
Rossi (1965). The calibration curve was prepared using gallic acid
at a concentration range of 100-500 pg/ml. The absorbance was
measured at 760 nm using a spectrophotometer (Varian, Australia).
The values obtained in triplicate were expressed in mg GAE/g.
The total polyphenol content was considered as the sum of the
aqueous and acetone fractions.

Determination of antioxidant activity

Overall, 50 mg of the lyophilized biomass was used
to determine the antioxidant activity and exhaustive extraction
was carried out using three solvents: hexane, acetone, and water.
The hexane and acetone extracts were evaporated by injecting

Table 1. Pediastrum strain from high Andean lakes from the Department of Ayacucho,
geographic coordination, and BGOA code.

Altitude

(m.a.s.l.) Latitude, longitude

Strain Code Lake
Pediastrum sp.  IMP-BG288
Pediastrum sp.  IMP-BG255

Yahuirihuiri Lake 4,400

Pumacocha Lake 3,311

14°37.85'S,73° 5717 W

13°35.49"S, 74° 00.76' W
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Figure 2. Effect of PAR and PAB radiations on growth of the strains IMP-BG288 (4,400 m.a.s.l) and IMP-BG255 (3,111 m.a.s.l).

nitrogen gas and resuspended in 2 ml of absolute ethanol. This
was carried out in triplicate to quantify the antioxidant activity.
The antioxidant activity of the extracts was determined using
the (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) +
(2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) radical
cation method, as described by Re et al. (1999). Absorbance was
measured at 714 nm using a spectrophotometer (Varian, Australia).
The values obtained were expressed in pmol eq. Trolox/g. The
total antioxidant activity was considered as the sum of the hexane,
acetone, and aqueous fractions.

Statistical analysis

Data obtained from the growth, antioxidant activity,
pigments, and polyphenol assays were analyzed using the analysis
of variance at a significance level of a = 0.05. Means were
compared using Tukey’s post hoc test. All statistical analyses were
carried out using the MINITAB 16 program.

RESULTS AND DISCUSSION

Growth of Pediastrum sp. after PAR and PAB radiation

The Pediastrum cultures subjected to PAB radiation
showed a short latency phase: 1 day for IMP-BG288 and 2 days
for IMP-BG255. Concurrently, the same strains subjected to PAR
radiation showed latency phases of 2 and 4 days, respectively
(Fig. 2). This indicates that the strains from these high Andean
areas are genetically conditioned to modulate UVR stress. In this
case, growth stimulation was observed. Also, UVR photostress
reduced the latency phase in Chlorella vulgaris (NIOTS India)
(Balan and Suraishkumar, 2014).

Between the third and fourth days, the cultures of
Pediastrum sp. taken from 4,400 and 3,311 m.a.s.l. and exposed
to PAB radiation (Table 2) showed the highest specific growth
rate. This is due to the adaptation ability of this strain to high
radiation (Andrade et al, 1998). The differences in the growth
rates of Pediastrum sp. strains could be as a result of an adaptive
photoprotection response that is associated with specific species
(Janknegt et al., 2009; Wong et al., 2007). In C. vulgaris, the specific
growth rate (i) was 0.39 when it was exposed to UVA+B radiation.
This was higher than the control, in which UVB radiation generated
an increase in the growth rate during the early growth phase. This is
as a result of changes in the photosystem stoichiometry and the size
of the antenna pigments (Balan and Suraishkumar, 2014).

On the sixth day, the cultures of Pediastrum sp. exposed
to PAR radiation were found in the exponential phase. However,
the cultures exposed to PAB radiation showed a delay in their
growth, entering a short period of stationary phase between days
5 and 6 (Fig. 2). It should be mentioned that similar densities
were observed on day 6 of the cultivation in the strains exposed
to PAR and PAB radiation. This short period of stationary phase
was because UVR exposure induces oxidative stress in microalgae

Table 2. Effect of PAR and PAB radiations on specific growth rate ()
in the exponential phase (third and fourth days) of Pediastrum sp.

Treatments n
PAR 0.19+£0.10°
IMP-BG288 (4,400 m.a.s.1.)
PAB 0.30 £ 0.04°
PAR 0.09 £ 0.09¢
IMP-BG255 (3,311 m.as.l)
PAB 0.26 +0.15°

Different letters mean statistically significant differences (p < 0.05, Tukey's
test).
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(Paliwal et al., 2017; Tian and Yu, 2009). This shows that the repair
mechanisms for the genes regulating photosynthesis and metabolic
stress are rapid, which activate the antioxidant systems and DNA
repair (Brosché and Strid, 2003; Buma et al, 2003; Helbling
et al., 2001; Portwich and Garcia-Pichel, 2000; Sijil et al., 2020).
Nevertheless, between days 7 and 8, the cultures of both strains
showed significant increases in their cell density. Similar specific
growth rates were observed in the cultures of IMP-BG288 (0.08
and 0.09) and IMP-BG255 (0.10 and 0.13) strains exposed to PAB
and PAR, respectively.

The adaptive response of Pediastrum sp. strains derived
from lagoons at different heights above sea level to UVR was
expressed in the growth stages. Xiong et al. (1996) evaluated the
growth of microalgae from several regions and demonstrated that
the microalgae from high altitude areas adapt to radiation. This
was because this factor induces different genes that encode for
proteins involved in the biosynthesis of photoprotective pigments,
such as those involved in the regulation of photosynthesis and
metabolic stress, as well as those involved in the stimulation of
enzyme systems, antioxidants, and DNA repair (Barrado-Moreno
et al., 2017; Brosché and Strid, 2003; Buma et al., 2003; Helbling
et al., 2001; Portwich and Garcia-Pichel, 2000).

Pigments

Chlorophyll a and b in both Pediastrum strains
decreased after PAB exposure (p < 0.05) (Fig. 3). Chlorella
vulgaris, Chlorococcum infusionum (Schrank) Meneghini, and
Chlorogonium elongatum (Dang.) showed similar results in
terms of chlorophyll concentrations when exposure to UVB was
increased (Agrawal, 1992; Ganapathy et al., 2017).

In addition, lutein was the most abundant pigment
(>5 mg/g) in the two Pediastrum strains that were subjected to
PAR and PAB radiation. The pigment content decreased in cultures
exposed to PAB radiation (p < 0.05). The concentration of lutein in

the cultures of the algae Aglaothamnion uruguayense exposed to
PAB and PAR was observed to be higher in the cultures after PAB
radiation (Ouriques et al., 2017).

The B-carotene concentrations of the two Pediastrum
strains exposed to PAR and PAB showed no significant differences
(p > 0.05). However, there were no apparent changes (p > 0.05)
in Dunaliella salina when exposed to UVR. This demonstrated
that carotenoids were more associated with antioxidants than
photosynthetic pigments (Tian and Yu, 2009). Generally, the
accumulation of pigments at high radiation and light intensity
occurs in a short period of time in some algae regulated by
photomorphogenic photoreceptors (Wang et al., 2007).

In addition, the percentages of lutein and chlorophylls
when exposed to PAB radiation decreased by 20%-24% and
45%—67%, respectively, for both strains. The concentrations
of chlorophyll a and carotenoids significantly decreased in the
cultures containing Phormidium tenuous and Nostoc muscorum by
over 70% and 80%, respectively (Agrawal and Chaudhary, 1996;
Bhandari and Sharma, 2011).

In summary, our results indicate that when microalgae
Pediastrum cultures were subjected to PAB radiation, the
concentrations of lutein, chlorophyll a, and chlorophyll b were
significantly (»p < 0.05) low on the eighth day compared with those
exposed to PAR.

In addition, algae pigments have antiaging, antioxidant,
and neuroprotective properties, which make them suitable for use
in cosmetics industries (Berthon ez al., 2017; Yarkent et al., 2020).
Also, pigments, such as chlorophyll a, chlorophyll b, B-carotene,
and lutein, can be used in the cosmetic industry as antioxidants,
anti-inflammatories, antiwrinkles products, and moisturizers, as
well as in collagen synthesis, for skin elasticity, and to prevent
premature aging (Joshi et al., 2018; Wang, 2015).

According to our results, the strain IMP-BG288 exposed
to PAR radiation can possibly have great cosmetic potential. This is

8
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Figure 3. Concentration of lutein, 3-carotene, chlorophyll a, and chlorophyll b (mg/g) in cultures of IMP-BG288 and IMP-BG255 strains of Pediastrum

sp. exposed to PAR and PAB radiation.
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Figure 4. Phenolic contents (mg GAE/g) of different fractions of Pediastrum sp.

because lutein is an intracellular algae product that has a protective
effect on the skin when combined with other antioxidants and
immunoprotective substances (Wang, 2015). It can also be applied
as a colorant in the cosmetic industry (Sathasivam ez al., 2019).

Polyphenols

Polyphenols show antioxidant properties and antiradical,
antiallergic, anti-inflammatory, and UV protective properties which
can react directly with ROS, forming less reactive products (Abu-
Ghosh et al., 2021; Berthon et al., 2017; Moskaug et al., 2005).

The aqueous fraction of both strains (IMP-BG288
and IMP-BG255) of Pediastrum recorded values between 3.0
and 6.0 mg GAE/g, respectively. These values were higher than
those reported by Li et al. (2007) for the aqueous fraction of the
Chlorella group (0.97 to 2.67 mg GAE/g) and lower than that
of Nostoc ellipsosporum CCAP 1453/17 (10.68 mg GAE/g). It
should be noted that the polyphenol concentrations of cultures of
both strains exposed to PAB radiation significantly decreased (p <
0.05) when compared with those exposed to PAR (Fig. 4).

However, the polyphenols extracted using acetone did
not show significant differences (p > 0.05) in the two Pediastrum
strains subjected to PAR and PAB radiation.

Duval et al. (2000) observed similar results when UVA
radiation was emitted in a species of Chlamydomonas nivalis
collected from 3,100 m.a.s.I. These polyphenol extracts (ethanol) did
not show significant differences with UVA exposure for up to 15 days.

In relation to total polyphenols, both strains (IMP-BG288
and IMP-BG255) of Pediastrum had values between 4.90 and 7.40
mg GAE/g. Li et al. (2007) evaluated the total polyphenols in four
different strains of N. ellipsosporum, reporting values between 7.2
and 60.4 mg GAE/g. In three strains of Chlorella pyrenoidosa, values
between 10.46 and 17.24 mg GAE/g were reported. Also, the three
strains of C. vulgaris had values between 8.6 and 15.0 mg GAE/g.

Polyphenols are necessary for the cosmetic industry due
to the essential biological properties they possess. Hence, in this

study, both Pediastrum strains have similar cosmetic potential
based on their total polyphenols content.

Antioxidant activity

In this study, for Pediastrum sp., the UVR dose of 4
mW.cm 2 acts as an inducer of the biosynthesis of photoprotective
and antioxidant compounds. This allows the species to achieve a
homeostatic balance against stress generated by exposure to UVR
(Rastogi et al., 2020). However, the response will be different,
depending on the place of origin and species. Wong et al. (2007)
observed that the sensitivity of microalgae to UVB stress varied
according to the species and geographical location. The strain
IMP-BG288 from the lagoon at 4,400 m.a.s.1. showed significantly
higher antioxidant activity (p < 0.05) than that of the strain IMP-
BG255 from 3,100 m.a.s.l. This result confirms that microalgae
species that inhabit lagoons exposed to high UVR have better
protection mechanisms, which is reflected in the outstanding
antioxidant activity of the strain IMP-BG288 (Fig. 5).

The total antioxidant activity in the cultures of the strains
of Pediastrum sp. when exposed to PAB radiation did not show any
significant differences (p > 0.05) compared with when exposed to
PAR. The IMP-BG288 Pediastrum strain recorded high values in
the acetone fraction (>149.0 pmol eq. Trolox/g) when exposed to
both PAR and PAB radiations compared to those of the water and
hexane fraction. In addition, the strain IMP-BG255 showed higher
values in the aqueous fraction (> 49.0 umol eq. Trolox/g) when
exposed to both PAR and PAB radiations (Fig. 5). This is because
the antioxidant compounds of microalgae can vary significantly in
polarity, with marked differences even within the same families and
species (Li et al., 2007).

The total antioxidant activity of the strain IMP-BG288
for both treatments had values greater than 210.0 umol eq.
Trolox/g with regard to the records of microalgae species, such
as Botryococcus braunii (53.90 umol eq. Trolox/g), Chlorella sp.
(59.57 umol eq. Trolox/g), Tetraselmis suecica (56.46 umol eq.
Trolox/g), Neochloris oleoabundans (64.30 umol eq. Trolox/g),
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Figure 5. Antioxidant activity (umol eq. Trolox/g) of different fractions in Pediastrum sp.

Anabaena cylindrica (54.81 umol eq. Trolox/g), C. vulgaris (58.24
umol eq. Trolox/g), Fischerella ambigua (74.34 umol eq. Trolox/g),
and Nostoc piscinale (65.84 umol eq. Trolox/g) (Goiris et al., 2012).
These results imply that habitat is vital for the synthesis
of antioxidants as the antioxidant content was higher in the strains
from 4,400 m.a.s.l. than those from 3,100 m.a.s.1. As a result of the
increase in the photoprotection and antioxidant capacity of the skin,
these antioxidants could be extracted from the algal biomass and
used to develop cosmetic products (Ariede et al., 2017; Mourelle
et al., 2017; Puchkova et al., 2020; Thiyagarasaiyar et al., 2020;
Wang, 2015). In addition, investigations on Pediastrum boryanum
have shown high potential in natural antioxidants, which has
other areas of application (Corréa da Silva er al, 2020; Lee
et al., 2009). It is important to note that plants from environments
exposed to UVR and only PAR do not activate their metabolic
routes (Holzinger and Liitz, 2006). However, this induces possible
side effects, such as low concentrations of the antioxidants, which
enable them to have defensive mechanisms against pathogens.

CONCLUSION

Microalgae from high Andean lagoons have adaptation
mechanisms, which enable them to cope with the high radiation
flux. The Pediastrum sp. strain from the lagoon at 4,400 m.a.s.l.
showed greater growth after PAB radiation treatment compared
with PAR. Also, the strain from the lagoon at 3,310 m.a.s.l. showed
prolonged growth in the adaptation phase.

Pediastrum strains from the high Andean lagoons
are potential natural ingredients for the cosmetic industry.
The strain from 4,400 m.a.s.l. (IMP-BG288) demonstrated the
greatest potential due to its high concentrations of antioxidants
and pigments. However, the use of UV radiation to achieve
an increase in the concentrations of these metabolites is not
recommended. Continuous investigation of the strain from
4,400 m.a.s.l. through cosmetic efficacy tests is suggested
as this will help in evaluating its application as a cosmetic
ingredient.
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