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ABSTRACT

Objective: The aim of the present work is to investigate the presence of ultraviolet (UV) light absorption capacity of the selected plant extracts. 
Chemical-based sunscreens provide protection against the sun’s rays, in particular, UV radiation. Sometimes, exposure to these chemicals leads to 
allergies to the skin. The best way to protect skin from chemical and photoallergies is to use plant-based creams and lotions.

Methods: Methanol and water extracts of Datura metel leaves and flowers; Loranthus leaves and flowers; and Eucalyptus leaves were prepared and 
checked their UV absorption ability from 200 nm to 450 nm. Different concentrations of the same extracts were tested for their sun protection factor 
(SPF) using Mansur formula from 290 to 320 nm. All the extracts showed absorption at UV range.

Result: The calculated values of SPF were fallen in the range of 0.4–23.5. Among the three plants used in this study, methanol extract of Eucalyptus showed 
highest UV absorption than the other two plants. In vitro studies of a few phenolics from various plants have been found to be mutagenic. This might be the result 
of pro-oxidant than antioxidant action of these compounds. Keeping in view of human use as SPFs, it is indispensable to investigate the toxic effects of the extracts.

Conclusion: The preliminary findings of this study reveal that the methanol extract of Eucalyptus has a high sun protection effect. This extract can be 
used as additives in other sunscreen formulations to enhance their SPF.
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INTRODUCTION

Exposure to sun rays may lead to skin damages includes sunburns, 
skin cancer, oxidative damage to skin cells, and photoaging. The 
electromagnetic spectrum is divided into three regions: UV A is found 
in the region between 320 and 400  nm and is the least powerful 
wavelength band of UV radiation. It is longwave, black light, and 
not absorbed by the ozone layer. UV A acts primarily to cause the 
melanin pigments in the skin to oxidize (darken) creating the cosmetic 
tan and has limited power to cause erythema. UV B is found in the 
region between 280 and 320  nm. It comprises the wavelengths 
primarily associated with erythema (sunburn) is also necessary for 
the production of Vitamin D in the skin and is primarily responsible 
for stimulating increased melanin production. UV B wavelengths 
(at 305  nm) have 1000  times more erythemal power than UV A 
wavelengths. It is medium wave, mostly absorbed by the ozone layer. 
UV C is found in the region between approximately 200 and 280 nm 
and is called germicidal UV and shortwave completely absorbed by 
the ozone layer and the atmosphere. Even a short overexposure to UV 
C is very harmful to the eyes and causes severe erythema (sunburn). 
UV C radiation is filtered by the atmosphere before reaching the earth. 
UV B radiation is not completely filtered out by the ozone layer and is 
responsible for the damages due to sunburn. UV A radiation reaches 
the deeper layers of the epidermis and dermis and provokes the 
premature aging of the skin [1,2].

Sun protection factor is the abbreviation of SPF. This is a laboratory 
measure. This helps in grading the probable ability of a sunscreen to 
block UV B radiation. It is not a number that can be directly translated 
into an estimate of protection or safe behavior.

Chemical sunscreens, which are available in the market, are incorporated 
into moisturizers, lotions, creams, and hair tonics. Continuous 
usage of these chemical sunscreens are not safe from protection and 
unavoidable from side effects. In contrast, natural substances of plant 
origin are considered as potential sunscreen resources as they absorb 
UV radiation [3].

Oxygen free radicals induce damage to deoxyribonucleic acid; tissue 
damage leads to various diseases. The major role of antioxidants is to 
neutralize the effects of free radicals through different ways and may 
prevent the body from various diseases. Synthetic antioxidants are 
dangerous to human health. The search for effective, non-toxic natural 
compounds with antioxidant activity has been intensified in recent 
years [4]. In nature, UV light induces the accumulation of flavonoids and 
other phenolic compounds in epidermal tissues of the plant [5]. Recent 
research focuses on the use of UV light absorbing flavonoids and phenolics 
as antioxidants in sunscreens to provide protection from light. This opens 
a new area of using natural antioxidants in preventing UV-mediated 
diseases. Indian herbs have prospective antioxidant properties and the 
selected plants for the present investigation are also high in antioxidant 
activity [6-8]. In spite of having much literature on antioxidant activity 
of the selected plants, no absolute data were available on SPF. The goal 
of the present study is to evaluate the SPF and antisolar activity of water 
and methanol extracts of D. metel (leaf and flower), Loranthus longiflorus 
(parasite on Pongamia pinnata) (leaf and flower), and Eucalyptus sp. (leaf).

METHODS

Plant material and extract preparation
D. metel leaves and flowers, L. longiflorus flowers and leaves, and 
Eucalyptus leaves were collected from Kolar region, Karnataka, India. 
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The herbaria of the plants were made, identified, and authenticated 
by Madhava Shetty, Assistant Professor, Department of Botany, Sri 
Venkateswara University, Tirupati.

Extraction
After collection, the plant materials were washed twice with tap water 
and then with distilled water. The materials were chopped into small 
pieces with clean cutter, removed the moisture by blotting paper and 
shade dried for about 15 d. The dried materials were ground to fine 
powder and stored in airtight container till further use.

Hot water and methanol extraction
The extraction was performed according to the method described 
in United  Nations Industrial Development Organization and the 
International Centre for Science and High Technology, 2008 [9]. The 
crude dry powder (10 g) was boiled in 160 ml water for a defined time; 
it is then cooled, strained, and filtered using Whatman No 1 filter paper. 
The extract was then kept for drying to evaporate the water content 
in it. The dried material was scraped and used for the study. About 
10 g of dried fine powder was added to 100 ml of methanol, kept on a 
rotary shaker for 24 h. It was then filtered and centrifuged at 5000 g for 
15 min. The supernatant was collected and the solvent was evaporated 
completely. The left out material was collected and was stored at room 
temperature in airtight bottles for further studies.

UV absorption capacity or antisolar activity
The antisolar activity was performed by UV-visible 
spectrophotometry [10]. Preliminary analysis was performed with all 
the water and methanol extracts. About 1  mg/mL of the extract was 
made in respective solvents and spectrophotometric (PerkinElmer 
Lambda 35 UV-visible spectrophotometer) readings were taken from 
200 to 450 nm with 50 nm variation. All the readings were repeated 
4 times at each point.

Determination of SPF
The determination of SPF is performed according to the method 
described by More [11]. From the dried extract, 1  mg/mL stock 
solution was made and made different concentrations such as 
50  µg/ml, 100  µg/  ml, and 150  µg/ml with the respective solvents. 
Spectrophotometric readings of these solutions were taken in 
wavelength ranging from 290 to 320 at 5 nm interval and the readings 
were noted down. All the readings were taken in quadruplicate at each 
point. Mansur equation was used to determine the SPF values of the 
formulations.

SPF=CF× ×I( )×Abs( )EE( )λ λ λ

290

320

∑

Mansur et al. (1986) developed a very simple mathematical equation 
which is as follows:

In this equation, CF=10 (correction factor), EE (λ)=erythemogenic 
effect of radiation at wavelength λ, I (λ)=intensity of solar light at 
wavelength λ, and abs (λ)=absorbance of wavelength λ by a solution 
of the preparation. The obtained absorbance values were multiplied 

by the EE (λ) values; their summation was taken and multiplied by the 
correction factor 10.

RESULTS AND DISCUSSIONS

SPF assesses the quantitative effectiveness of sunscreen formulation. 
The effectiveness of any sunscreen compound that prevents sunburns 
and other skin diseases should have a wide range of absorbance 
between 209 and 400 nm. Finding out in vitro SPF is a useful tool for 
in vivo SPF measurement [12]. Sunscreens house a variety of chemicals 
that have specific absorbance in some part of the UV spectrum. There 
are a very few chemical substances that have absorbing capacity over 
the full range of UV. An initial UV absorption study was carried out by 
reading the absorbance between 200 and 450 with 50 nm interval. The 
results obtained from this selected plant extracts have shown good 
UV absorption activity. The extracts of flowers and leaves of all the 
plants exhibited maximum absorbance at 200 nm and 250 nm and the 
minimum absorbance at 400 nm and 450 nm indicates that the extracts 
have the ability to absorb UV light (Table 1). Based on this result, the 
study is taken further to perform SPF analysis.

Determination of SPF using Mansur equation
UV absorption results gave us an insight into perform SPF. SPF of 
the extracts was checked by absorption spectroscopy using Mansur 
equation method.

SPF of the extracts was determined by taking different concentrations 
of the extracts at 290–320 at 5  nm interval. It was observed that an 
increase in absorption is a concentration dependent. The calculated 
values of SPF were fallen in the range of 0.4–23.5. The leaf extracts of 
Eucalyptus in both water and methanol extracts have showed highest 
SPF activity, i.e.,  17.9 and 23.5 at 150  µg/ml concentration when 
compared to the remaining plant extracts. D. metel methanol extract 
also showed similar SPF activity as like Eucalyptus water extract, 
i.e.,17.5 at 150µg/ ml. The least activity was noticed in Loranthus leaf 
methanol extract, i.e., 0.4, and all the other concentrations of Loranthus 
are also having least SPF activity when compared with the other two 
plants. Among the three plants used in this study, methanol extract of 
Eucalyptus showed highest UV absorption than the other two plants. The 
SPF activity of the selected plants with their graphical representation is 
shown below (Table 2; Fig. 1).

The sunscreen lotion or cream makes a bulletproof vest, which stops 
the UV photons. The molecules present in these sunscreens absorb 
UV, scatter, and reflect UV. A  sunscreen product must have sufficient 
quantities of these protective agents to provide a high-level protection. 
The published literature shows that there is a strong correlation between 
SPF and phenolic compounds [13]. In general, sunscreens house variety of 
chemicals that have specific absorbance in a few parts of the UV spectrum. 
Only a few chemical substances have absorbance over the full range of UV, 
which is needed for any product to consider as wide spectrum sunscreen. 
As plants house wide range of natural compounds with a full range of UV 
absorbing capability, the study sis further progressed toward this SPF 
formulation. In vitro studies of a few phenolics from various plants have 
been found to be mutagenic. This might be the result of pro-oxidant than 
antioxidant action of these compounds. Keeping in view of human use as 
SPFs, it is indispensable to investigate the toxic effects of the extracts.

Table 1: Initial screening of UV absorption of selected plant parts from 200 nm to 450 nm with 50 nm interval

UV (nm) D flower D leaf L flower L leaf E leaf

M W M W M W M W M W
200 5.4 5.2 0.43 2.7 7.5 8.9 2.8 8.7 7.8 7.5
250 7.7 7.5 0.69 7.5 7.5 8.47 2.9 10 7.7 7.6
300 1.6 0.72 1.07 1.2 1.5 0.66 0.97 1.17 3.4 2.2
350 0.96 0.5 0.68 0.87 1.7 0.4 0.44 0.73 1.07 1.83
400 0.5 0.5 0.52 0.5 0.41 0.16 0.42 0.28 0.18 0.87
450 0.11 0.2 0.13 0.44 0.04 0.1 0.13 0.18 0.13 0.31
M: Methanol, W: Water, D: Datura, L: Loranthus, E: Eucalyptus. UV: Ultraviolet
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All the three plants have phenolic compounds and our present study 
has shown the extracts absorbed UV radiation [14]. UV radiation is 
highly genotoxic and this is the first stage of skin cancer. To protect from 
UV radiation, antimutagens having the potentials against UV are to be 

considered, in particular from plant source. The SPF is the quantitative 
measurement of the effectiveness of any sunscreen formulation. It is 
effective in treating sunburn and various skin damage conditions [15]. 
Although there is availability of various synthetic sunscreens, their 

Table 2: SPF values of the selected plant extracts at different concentrations at UV absorption between 290 nm and 320 nm 
with 5nm difference based on Mansur equation

nm EE*I (Normalized) D. metel (leaf)

water methanol

50 µg/mL 100 µg/mL 150µg/mL 50 µg/mL 100µg/mL 150 µg/mL
290 0.01 0.020 0.02 0.05 0.04 0.07 0.12
295 0.08 0.12 0.11 0.27 0.23 0.40 0.62
300 0.28 0.36 0.37 0.89 0.77 1.39 2.12
305 0.32 0.39 0.40 0.97 0.86 1.54 2.38
310 0.18 0.21 0.21 0.52 0.44 0.91 1.35
315 0.08 0.09 0.09 0.22 0.22 0.40 0.61
320 0.01 0.02 0.02 0.04 0.04 0.08 0.13
SPF 1 3.21±1.85 3.028±1.85 7.16±1.85 6.33±5.08 6.70±5.08 17.50±5.08

nm EE*I (Normalized) D. metel (flower)

water methanol

50 µg/mL 100 µg/mL 150µg/mL 50 µg/mL 100µg/mL 150 µg/mL
290 0.01 0.01 0.01 0.03 0.02 0.04 0.00
295 0.08 0.07 0.13 0.20 0.09 0.20 0.30
300 0.28 0.31 0.54 0.73 0.31 0.65 0.96
305 0.32 0.35 0.60 0.82 0.36 0.72 1.05
310 0.18 0.20 0.33 0.45 0.19 0.40 0.60
315 0.08 0.08 0.15 0.19 0.08 0.18 0.27
320 0.01 0.01 0.03 0.04 0.01 0.00 0.05
SPF 1 6.37±0.59 4.42±0.59 5.99±0.59 4.64±1.54 5.3±1.54 7.83±1.54

nm EE*I (Normalized) L. longiflorus (flower)

water methanol

50 µg/mL 100 µg/mL 150 µg/mL 50 µg/mL 100 µg/mL 150 µg/mL
290 0.01 0.00 0.01 0.02 0.00 0.01 0.01
295 0.08 0.07 0.11 0.15 0.04 0.09 0.18
300 0.28 0.32 0.43 0.59 0.17 0.33 0.41
305 0.32 0.37 0.49 0.65 0.19 0.37 0.47
310 0.18 0.21 0.26 0.35 0.10 0.20 0.26
315 0.08 0.09 0.11 0.15 0.04 0.09 0.12
320 0.01 0.01 0.01 0.03 0.01 0.02 0.02
SPF 1 2.7±0.64 3.5±0.64 4.8±0.64 1.4±0.58 2.7±0.58 3.4±0.58

nm EE*I (Normalized) L. longiflorus (flower)

Water methanol

50 µg/mL 100 µg/mL 150 µg/mL 50 µg/mL 100 µg/mL 150 µg/mL
290 0.01 0.01 0.03 0.05 0.00 0.01 0.01
295 0.08 0.10 0.18 0.31 0.02 0.05 0.05
300 0.28 0.41 0.66 1.12 0.05 0.16 0.15
305 0.32 0.47 0.73 1.25 0.06 0.17 0.16
310 0.18 0.26 0.39 0.69 0.03 0.09 0.08
315 0.08 0.11 0.17 0.30 0.01 0.04 0.03
320 0.01 0.02 0.03 0.06 0.00 0.00 0.00
SPF 1 3.4±2.29 5.3±2.29 9.1±2.29 0.4±0.17 1.3±0.17 1.2±o.17

nm EE*I (Normalized) Eucalyptus

water methanol

50 µg/mL 100 µg/mL 150 µg/mL 50 µg/mL 100 µg/mL 150 µg/mL
290 0.01 0.03 0.07 0.09 0.02 0.04 0.11
295 0.08 0.23 0.51 0.75 0.22 0.44 0.72
300 0.28 0.75 1.67 2.46 0.78 1.61 2.44
305 0.32 0.73 1.64 2.39 0.82 1.71 2.58
310 0.18 0.34 0.77 1.11 0.43 0.90 1.36
315 0.08 0.13 0.29 0.42 0.18 0.38 5.76
320 0.01 0.02 0.05 0.07 0.03 0.06 0.11
SPF 1 5.5±4.3 12.3±4.3 17.9±4.3 6.1±9.58 12.6±9.58 23.5±9.58
mean±SD, n=4. SPF: Sun protection factor, L. longiflorus: Loranthus longiflorus, D. metel: Datura metel
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application is limited because of their harmful effects on the skin. 
Consumer acceptance is more when the sunscreens are prepared with 
plant extracts. Apart from filtering UV radiation, herbal combinations 
have several beneficial effects to the skin [16]. A  study conducted by 
Silva and his coworkers showed the SPF activity of the crude extract of 
Pothomorphe umbellate root and found that the SPF value to be 21.53 
which is similar to the result obtained from our study [17]. Another 
study states that due to the presence of high amounts of flavonoids 
and phenolics there is an increase in the SPF value in the plant extracts 
such as D. moldavica and V. tricolor with SPF activity of 24.79 and 
25.69 [18]. Another study conducted by Mishra and his coworkers has 
stated that flavonoids and phenolics have excellent antioxidant and 
photoprotective properties [19]. Therefore, it is necessary to screen for 
the phenolics and flavonoids of the selected plant species to prepare 
topical sunscreen formulations from these extracts.

Recent research focuses on the use of antioxidants in sunscreens to provide 
photoprotection. Plants with antioxidants are the new possible source 
for the treatment and prevention of UV-mediated allergies, tan, etc. D. 
metel plant contains phenolic and flavonoids with free radical scavenging 
activity, which correlates the antioxidant property [20]. Experiments on 
Loranthus begwensis showed the presence of phenolic compounds and 
these compounds have to be reported to have antioxidant properties. Since 
Loranthus is a parasite, the presence and percentage of metabolites vary 
from plant to plant based on its host plant [21]. Phytochemical screening 
of the plants showed the presence of flavonoids, terpenoids, saponins, and 
reducing sugars. In addition to other antioxidant constituents, Eucalyptus 
has essential oils in leaves which make the extract to absorb more UV light 
than the other two plants studied [22].

CONCLUSIONS

The preliminary findings of this study reveal that the methanol extract 
of Eucalyptus has a high sun protection effect. This extract can be used 
as additives in other sunscreen formulations to enhance their SPF. 
A good correlation might exist between the phenolic components of the 
selected plants and the SPF activity, according to the obtained literature 
and this would offer an exciting avenue for further research toward the 
development of herbal cosmetics.
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