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KEY POINTS

• Plants have evolved an array of 
metabolites to face photo-oxidative 
stress and irradiation. 

• This article offers a commentary about 
how such phytoconstituents could 
support the development of effective, 
natural and sustainable sun protection.
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between the life of plants 
and skin. The present article 
looks specifically at the 
effects of light in both skin 
and plants. It also explores 
how the evolutionary 
mechanisms in plants to fight 
light-induced stress—could 
translate to sun protection 
for skin.

Effects of 
Light in Skin

Both human skin 
and plants have evolved 
mechanisms to respond to 
the consequences of light 
exposure. For example, 
studies have shown that 
keratinocytes can sense light 
and that they have their own 
tight circadian rhythm.10 
These mechanisms act by 

Similarly to plants, skin is exposed to 
light for most of the day and is at risk 
for photo-oxidative stress. While plants 
are uncontrollably exposed to most if not 
all wavelengths of solar radiation, the 
exposure of skin is instead based on an 

individual’s activities (see Figure 1).
Sunlight has a broad spectrum of wavelengths that can be 

roughly divided into visible light (including blue light, the portion 
closer to UV); UV light; and long wavelength infrared radiation. The 
longer the wavelength, the deeper it can penetrate skin. Infrared and 
visible light can reach the lower layers,1 whereas short wavelengths 
such as UV are absorbed mainly by the superficial skin layers, which 
is known to induce inflammation.2

Sun protection products often include synthetic solar filter mol-
ecules to protect skin. Although highly effective, the sustainability of 
these filters, like other cosmetic components, has been challenged 
in part due to the potential risk they pose to the environment.3-5 
This is because their biodegradability is hindered by their complex 
aromatic structure and size.3-5

As an alternative, plants could offer new strategies for sun 
protection; in fact, review articles in recent years have focused 
on natural UV filters.6-8 Previous work9 envisioned the similarities 
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absorbing damaging radiation, scattering it and/
or reflecting it, while also fighting the formation 
of free radicals that can interfere with cellular 
machineries. 

As is well-known, skin’s long-term exposure 
to sunlight results in a leathery and lax appear-
ance, with significant wrinkles, visible red 
capillaries and melanized spots.11 Photoaging is 
also characterized by the accumulation of aggre-

The flavonoids produced by plants as 
secondary metabolites are characterized by 
polyphenolic structures, which absorb UV.

The global sun care market is projected to 
expand at a CAGR of 3.5% to reach $16.84 
billion from 2019 to 2027. Demand for 
nonchemical sunscreen continues to grow.

Source: Global Cosmetic Industry  
(www.GCImagazine.com)

Table 1. Plant Extracts with Potential for Sun Protection

Plant Preparation Properties
Text 

Reference

Wormwood 
(Artemisia capillaris)

water/
propane-1,3-diol 
extract

•  ex vivo testing
•  fights the effects of blue light by decreasing the 

number of altered cells and carbonylated proteins
25

Baccharis 
antioquensis

methanolic 
extract 

•  rich in quercetin, a kaempferol glycoside and a 
derivative of caffeic acid 

•  possible SPF of 9 in formulations
•  absorbs UVA and UVB

26

Guava fruit 
(Psidium guajava) extract 

•  SPF value of 1 alone
•  doubled the photoprotective effect of 7.5% 

2-ethylhexyl methoxycinnamate in formulation
27

Marcetia taxifolia ethanolic extract
•  rich in quercitin
•  low eye irritation in vitro
•  formulations with >% extract had SPF 6

28

Chinese skullcap 
(Scutellaria 
baicalensis)

butanol extract
•  no skin irritation in vivo
•  a 5% concentration boosted the SPF of a cream 

containing 24% ZnO from 17 to 22
29

Eggplant 
(Solanum melongena) aqueous extract •  SPF of 14 measured at 25 °C and pH 7 alone 30

gated elastin fibers in the upper dermis that 
results in its lack of elasticity and resilience.11 
On a cellular level, exposure to light and high 
energy radiation such as UV leads to the produc-
tion of reactive oxygen species (ROS) that can 
react with proteins and enzymes.12

Compared with past decades, the skin is also 
now more exposed to artificial light and light 
emitted by electronic devices. The effects of 
these exposures have recently been investigated 
especially in the context of the pandemic and 
rise in the use of screens for communication 
and smart working solutions.13

The light emitted by smartphones and 
laptops is predominantly distributed between 
440 nm and 460 nm14 and has not only has been 
reported to affect sleeping quality,15 but also the 
skin; although some debate surrounds this.16 
Still, some studies have shown artificial light 
increases the production of reactive oxygen 

CT210708_Research_Faccio_irv2.indd   34CT210708_Research_Faccio_irv2.indd   34 6/16/21   11:55 AM6/16/21   11:55 AM

http://www.CosmeticsandToiletries.com
http://www.GCImagazine.com


Vol. 136, No. 7 | July/August 2021 Cosmetics & Toiletries | 35

species.17 Others indicate that blue light at 410 nm 
increases inflammatory mediators, causing DNA 
damage while altering the circadian rhythm of cells.18 

There also are microbial considerations in skin. 
In resident skin bacteria, short wavelength visible 
light such as that emitted by smartphones and tablets 
has been shown to promote the proliferation of 
Staphylococcus aureus,19, 20 although this light has 
been successfully used to fight acne-causing bacteria 
such as Propionibacterium acnes with local treatment 
and at a different intensity.20

Effects of Light in Plants— 
and Opportunities

Plants also sense blue light, which is an important 
regulator of phototropism, chloroplast movements, 
stomata opening and leaf thickness.21, 22 Blue light 
ensures the efficiency of the whole photosynthetic 
process as well.23 Studies in plants such as Dimocar-
pus longan (longan) have shown how they respond to 
blue light by synthesizing flavonoids, epicatechin and 
rutin.24 To counteract the aggression of solar radia-
tion, plants also have evolved a plethora of secondary 
metabolites that, as noted, could find roles in 
cosmetic preparations to protect skin (see Table 1Table 1). 

For example, in tea plants, exposure to intense 
blue light inhibited the expression of biosynthetic 
pathways of lipids while promoting the synthesis of 

Figure 1. Plant versus human 
exposure to solar radiation 

Turmeric-powered 
Protection

In recent years, consumers’ insistence 
on clean beauty products has intensified. Add 
to this the ongoing proliferation of sun care regulations, 
which limits permissible UV filters, and the accelerating 
popularity of mineral sunscreens, and you can understand 
Hallstar Beauty’s excitement in introducing a line of all-
natural sun care ingredients. The company will begin its 
naturals expansion in summer 2021 with the launch of 
multifunctional SolaPure™ Glo (INCI: Vegetable Oil (and) 
Simmondsia Chinensis (Jojoba) Seed Oil (and) Curcuma 
Longa (Turmeric) Root Extract).

In developing SolaPure™ Glo, Hallstar Beauty was 
inspired and guided by nature—and more specifically, 
by the inherent culinary, beauty and wellness benefits of 
turmeric. The curcuminoids found in turmeric plants boast 
anti-inflammatory, antioxidant and antimicrobial properties, 
and have even been known to reduce the ROS production 
that leads to oxidative skin damage. SolaPure™ Glo 
leverages curcumin’s benefits to improve sun protection’s 
SPF and PFA performance, control hyperpigmentation and 
promote overall skin well-being.

The new 
SolaPure™ line 
for sun care 
proudly takes its 
place next to the 
other all-natural 
ingredients in 
Hallstar Beauty’s 
portfolio. The 
functional and 
active naturals 
produced in 
the company's European laboratories can contribute 
pleasant skin-feel and emolliency to formulations, as well 
as supplemental claims such as anti-blue light protection, 
anti-redness and free radical-scavenging. Together, these 
innovative products enable the "green" and safe sun care 

solutions customers want.

Learn more about Hallstar Beauty’s full range of 

natural ingredients at www.hallstarbeauty.com.

For more information or to request  
a sample please visit:  

http://www.hallstarbeauty.com/

Sponsored by:
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some flavonoids.31 This response, however, is 
plant-specific.32 Similarly, blue light exposure 
has been reported to enhance the concentration 
of secondary metabolites such as flavonoids and 
anthocyanins in fruits.33, 34 Even common plants 
such as eggplant30 or guava fruit27 have been 
shown to absorb light.

The flavonoids produced by plants as 
secondary metabolites are characterized by 
their polyphenolic structures, which intrinsi-
cally can absorb UV radiation. They have two 
absorption maximums in the ranges 240-285 nm 
and 300-400 nm,35 which help to prevent both 
damages to DNA and protein molecules, and the 
generation of reactive oxygen species.36 These 
molecules shield the plant from excessive solar 
radiation, acting similarly to the filters used 
in sunscreens. Also, compared with synthetic 
molecules that, as noted, can bioaccumulate in 
the environment, flavonoids are easily trans-
formed by the enzymes and microbes available 
in nature.37 

Besides light absorption, the antioxidant 
molecules in plants can help to support the 
natural antioxidant mechanism in skin by 

preventing the accumulation of radicals 
in situ.38 In fact, in plants, most secondary 
metabolites whose synthesis are promoted by 
light exposure also have significant antioxidant 
activity. These include not only flavonoids but 
also, e.g., hydroxytyrosol from olives, which has 
been shown to protect protein residues from 
undergoing modification via the formation of 
abnormal L-isoaspartyl residues.39 Furthermore, 
flavonoids can be added to formulations to 
stabilize UV filters.38

Whereas many studies focus on plant 
extracts and their flavonoid-rich compositions, 
plant-derived structural molecules and isolated 
compounds also are promising ingredients with 
functionality similar to sunscreens or sunscreen 
boosters (see Table 2Table 2). For example, small 
molecules such as rutin40 and hydroxytyrosol,42 a 
strong antioxidant, have shown efficacy as sun-
screens or in support of other sunscreens. From 
a different approach, lignin is a high molecular 
weight aromatic molecule and by-product of the 
paper industry that offers a potential sustainable 
alternative to chemical light filters.41 A polymer 
such as nanocellulose also has been used to 

Table 2. Examples of Plant-derived Compounds Offering a Certain Degree of 
Sun Protection

Compound Class Plant sources Result
Suggested 
Function

Text 
Reference

Rutin flavonoid 
glycoside

buckwheat, 
asparagus, 
citrus fruits, 
berries

at a 0.1% concentration, enhanced 
the SPF value by two points of a 
formulation containing conventional 
UVA (benzophenone-3) and UVB 
(ethylhexyl methoxycinnamate) 
filters

booster 40

Lignin polymer
vascular 
plants and 
some algae

an SPF of 15 can become an SPF 
of 30 with the addition of 2% lignin 
solution

booster 41

Hydroxytyrosol phenolic 
compound

olives and 
olive leaves

in a human skin keratinocyte cell 
line, reduced the DNA strand breaks 
caused by UVB and reduced the 
formation of intracellular ROS

filter 42

Nanocellulose polymer plants and
some algae Enhanced SPF upon immoblization booster 43
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Plant-derived molecules and compounds 
are promising ingredients with functionality 

similar to sunscreens or sunscreen boosters.

immobilize synthetic light filter molecules, 
allowing for their reduced levels to achieve an 
equivalent SPF.43

Sustainability and 
Technical Considerations

As stated, using plant-derived ingredients in 
place of synthetic UV filters could circumvent 
the problem of bioaccumulation. Most of 
the plants explored for their light protection 
potential, however, are known from traditional 
medicine. As such, attention must be given to 
ensure their sustainable harvest while promot-
ing a change from wild picking, to planned 
cultivation, to in vitro production.44, 45 As an 
alternative to intensive cultivation, plants also 
could be grown in a diffused local approach, 
thus serving as a tool for social progress and 
empowering local economies.46

The potential incorporation of these ingre-
dients into formulations, however, carries with 
it some technical considerations. One aspect is 

Figure 2. Schematic summary of 
photoprotective opportunities offered by plants

Shadowing Plants
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the reported SPF values in the literature. These 
are often measured using methodologies that 
are not directly comparable, e.g., in vitro, in 
vivo or spectrophotometrically. Moreover, the 
SPF values are often calculated for extracts 
alone, not incorporated into formulations, so it 
is key to assess their efficacy under appropriate 
conditions. For instance, a value as high as SPF 
20 was reported in one case for a Rosa kordesii 
extract, whereas in a formulation, it achieved 
only an SPF of 3.47 

Another is the use of unsuitable solvents, 
such as methanol, which limits the straightfor-
ward adoption of the natural ingredient into 
the formula. And complex preparations of plant 
extracts can undergo undesired side reactions 
leading to the polymerization, degradation, pre-
cipitation, etc., of the compound of interest.48, 

49 The production and storage of polyphenolic-
rich plant extracts may therefore require 
adapted processes to ensure the maximum 
presence of bioactive compounds and preserve 
their functionality.50

Furthermore, not affecting performance but 
appearance is the intrinsic color of many plant 
extracts and their light-absorbing or antioxi-
dant molecules at an effective concentration, 
which might limit their use in a final product. 
However, their addition to confer a low SPF, for 
example in day cream, should be feasible; their 
higher potential may be found in the role of 
boosting synthetic filter molecules to lower the 
required concentrations for efficacy.

In one case, with guava fruit extract, a reduc-
tion of more than 70% in the concentration of 
total synthetic organic filters was possible while 
still achieving an SPF of 18.51 This is relevant 
for environmentally conscious development, 
considering both the production phase and the 
post-consumer phase of synthetic UV filters. The 
use of natural alternatives also helps to align 
with the 17 Sustainable Development Goals 
set forth by the UN but importantly, also can 
impact the cost of the final product especially 
in the short-term when production is not yet 
adequately planned. 

Summary
Plants can offer a helping hand to cosmetic 

developers looking for natural and sustainable 
ingredients not only for their health-promoting 
activities, but also in the field of sun protection. 
Exposure to sunlight triggers the formation of 

reactive species in both plant and human skin 
cells, and plants have evolved a wide array of 
molecules capable of absorbing this solar radia-
tion either directly or to contrast its damaging 
effects inside cells. These functional molecules 
have been studied as both plant extracts and as 
isolated molecules, and many have shown pro-
tective effects even when included in cosmetic 
formulations. 

In summary, plant-derived ingredients 
can impact cosmetic products beyond their 
envisioned function, albeit with some caveats 
(see Figure 2Figure 2). Importantly, they introduce a 
different supply chain with characteristic con-
nections to their territory usage, environmental 
impact and population, and thus provide an 
opportunity to improve the sustainability of the 
whole sector.
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