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Abstract

The flavonoid content in wungu (Graprophyllum pictum (L.) Griff.) leaves has the potential as a sunscreen.
The study aims to identity isolates of flavonoid compounds from wungu leaves and determine the SPF value. Steps
are followed by extraction, fractionation, phytochemical test, separation by chromarography, identification, and SPF
test. Extraction was carried out with methanol, followed by fractionation with n-hexane and dichloromethane.
Dichloromethane fraction was chosen to proceed to the separation step because the results of the phytochemical rest
showed a vigorous color intensity for the content of flavonoids. The isolate (3.6 mg; dark green; amorphous; mp.
132-136 °C) was identified using a UV-Vis spectrophotometer using methanol as a solvent with a shift reagent
NaOH, AICls, and a mixture of concentrated AIC; and HCI. Based on the UV-Vis spectra, the isolate was predicted
to be flavonoid compounds belonging to the catechin group, which have a hydroxyl group at positions C-3, C-7, and
do nor have an ortho-hydroxy group in ring B. The SPF value of the isolate of 2.3244 at 100 ppm was determined
in vitro and calculated by the Qian equation. Therefore isolate was categorized as sunscreens that provided minimal

protection.
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Introduction

Sunlight has many benefits for living things on
earth. However, on the other hand, sunlight also has
terrible effects on humans, one of which is the effect
of the sun on the skin. On the earth's surface,
sunlight consists of several very dangerous
spectrums. They have very high energy and are
carcinogenic, including infrared rays, visible rays,
ultraviolet rays (UV-A), UV-B rays, and UV-C rays
(Kaur & Saraf, 2010). Substances that can reduce
the adverse effects of sunlight are known as
sunscreens. The ability of sunscreen compounds to
protect the skin from ultraviolet (UV) rays is
defined as the Sun Protecting Factor (SPF) value
(Widyastuti et al., 2016).

The performance of sunscreen through various
mechanisms, one of which is photoprotective. Some
plants contain natural substances that can be
extracted and act as a potential source of sunscreen
because  they are  photoprotective. ~ The
photoprotective properties of plants can protect the
skin  from UV radiation through bioactive
compounds contained in plants, such as phenolic
compounds and other compounds that have
antioxidant activity (Prasiddha et al., 2016).

Flavonoid compounds have photoprotective
properties to absorb ultraviolet light (Whenny et al.,
2015). Flavonoid and phenolic compounds have the
potential as sunscreens. The possibility of flavonoids
as sunscreen is due to a chromophore group, a
conjugated aromatic system that can absorb intense
light in UV light wavelengths (Putri et al., 2019). In
addition, substances that have antioxidant
properties can also prevent various diseases caused
by UV radiation, including flavonoids, tannins,
anthraquinones, cinnamates, and others that can
protect against UV rays (Hogade et al., 2010).

The SPF value of a compound extract will be
different if various solvents are used. The SPF value
of the methanolic extract of moringa leaves was
higher than that of the ethanolic extract of the same
leaf. This result is because methanol is more polar
than ethanol (Ningsih & Oktadiana, 2019). Arya et
al. (2021) reported that the higher the total phenolic
and flavonoid content in the Basella alba leaf
extract, the higher the SPF value. This test was
carried out on Basella alba extract using various
solvents. Wungu (Graprophyllum pictum (L.)
Griff) leaves is a purple ornamental or medicinal
plant that is easy to find. The leaves contain
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flavonoid ~ compounds,  tannins,  alkaloids,
glycosides, and saponins.

Flavonoid compounds have been successfully
extracted based on the kinship of the same genus,
namely Graptophyllum, from the Graptophyllum
grandulosum plant. Purification of isolates from the
butanol fraction Graprophyllum grandulosum plant
produces five flavonoid glycosides (Kaur & Saraf,
2010).  Graprophyllum  glandulosum — Turrill
(Acanthaceae), a plant that grows on shrubs with
green leaves, red-purple flowers and thrives on the
African continent, contains several secondary
metabolites polyphenols, flavonoids, and glycosides
(Tagousop et al., 2018).

Antioxidant assay on the ethyl acetate fraction
of wungu (Graptophylum pictum (Linn.) leaves
Griff) obtained a relatively high value 0f 3.984 x 10°
¢ ¢ QE/g. The flavonoid content in the ethyl acetate
fraction of wungu leaves has been predicted to play
a role in these results (Aminah et al., 2016).

Determination of the SPF value of the ethanol
extract of jeruju leaves (Acanthus IHicifolius L.) at
various concentrations obtained an SPF value at 100
ppm of 1.3165 with the highest SPF value at 500
ppm of 3.8478 (Bahar et al., 2021). Jeruju leaves
and Graptophylum is in the same family,
Acanthaceae.

The published research results allow exploring
other flavonoid compounds from  other
Graptophyllum plants, namely wungu
(Graprophyllum pictcum (L.) Griff) leaves from
different solvent fractions. There has never been a
characterization of flavonoid compounds from
wungu leaves from Singkawang, Kalimantan Barat,
and a sunscreen test throughout the literature
search. In this study, the isolation of flavonoid
compounds from wungu leaves and a sunscreen test
on the isolates will be carried out. The
characterization of wungu leaves isolates was carried
out using a UV-Vis spectrophotometer.

Methods
The tools used in this study include laboratory

glassware, separating funnels, Thin Layer
Chromatography =~ (TLC), = Vacum  Liquid
Chromatography ~ (VLC),  Gravity = Column

Chromatography (GCC), analytical balance (BEL
Engineering), melting point meter (Melting Point
SMP10), UV lamp (UVGL-55 Handheld UV
Lamp), rotary evaporator (Kika-Werke HB4 basic),
and UV-Vis spectrophotometer (Genesys 10s UV-
Vis Spectrophotometer).

The materials used in this study included
samples of wungu (Graprophyllum pictum (L.)
Griff) leaves obtained from = Singkawang,
Kalimantan Barat, hydrochloric acid pa (HC),
FeCls solution, metal Mg, methanol (C;HsOH),
ethyl acetate (CsHsO,), m-hexane (CsHu),
dichloromethane (CH,Cly), sodium hydroxide
(NaOH), aluminum chloride (AlCls) and reagents
used for phytochemical tests (Dragendorf,
Wilstatter, and Lieberman-Burchard reagents).
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Sample preparation

The wungu leaves are washed thoroughly with
water and then dried without direct sunlight. The
dried leaves are cut into small pieces, then mashed
using a blender.
Extraction and fractionation

A total of 700 g of dried wungu leaves were
macerated through immersion in methanol as
solvent. The maceration process was left for 3 x 24
hours in a place protected from direct sunlight.
After three days of immersion, the sample was
filtered to obtain the filtrate and residue. The filcrate
was concentrated with a rotary vacuum evaporator
to get a thick methanol extract. The methanol
extract of wungu leaves was fractionated using
solvents with different polarity levels, namely
methanol, n-hexane, and dichloromethane. The
fractionation results were concentrated using a
rotary evaporator. Three fractions of the viscous
extract were obtained, namely the methanol

fraction, the n-hexane fraction, and the
dichloromethane fraction of wungu leaves.
Phyrochemical test

The methanol extract, methanol fraction, z-
hexane fraction, and dichloromethane fraction of
wungu leaves were tested for phytochemicals. The
tests carried out included alkaloids, flavonoids,
terpenoids, steroids, and phenolics. A positive test
for alkaloids was indicated by the appearance of an
orange precipitate when Dragendorff's reagent was
added to each extract and fraction. The Wilstatter
test proved the flavonoid content by adding 2-4
drops of HCI and Mg metal powder to the section
and a fraction of wungu leaves. A change in color to
yellowish-green, brownish-yellow, blackish-green,
yellowish-green, or light green indicates the
presence of flavonoid compounds (Harborne,
1998). The phenolic compounds were identified by
reacting the sample with a 1% FeCl; solution. A
positive reaction occurred if there was a change in
green, purple, blue, brown, and black color
Triterpenoids and steroids were tested by adding
Liebermann-Burchard reagent to the dissolved
extract and fraction of wungu leaves. A positive
result of terpenoids produces a red or purple color,
or it can also be indicated by the formation of a
brownish or violet ring on the boundary of the
solution, indicating a positive terpenoid. In
contrast, a greenish-blue circle indicates the
presence of steroids (Harborne, 1998).

Compound separation and purification

The fraction that showed positive results
containing the flavonoid compound group was
continued to the separation and purification stage.
The separation and purification process of
compounds is carried out through TLC, VLC,
GCC, preparative TLC, and one- and two-
dimensional TLC (Destria et al., 2019).
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Characterization UV-Vis
spectrophotometer

Isolate as much as 0.9 mg dissolved in
methanol. The isolate solution was added with
several shift reagents, namely 2M NaOH solution,
5% AICI; solution, and AlCl; and HCI solutions.
The isolates were characterized using a UV-Vis
spectrophotometer.

using a

Melting point test

A total of £ 0.1 mg of the isolate was put into
a capillary tube in a melting point apparatus, then
measured at 132-133 °C. The temperature was
increased gradually until the isolate melted
completely.

Sunscreen activity test

In vitro test of sunscreen was carried out based
on Dutra et al. (2004). 2.6 mg of the isolate was
placed in a 10 mL volumetric flask, then adjusted to
the 10 mL mark with methanol. The stock solution
obtained has a concentration of 260 g/mL. The
stock solution was diluted with methanol at 25, 50,
75, and 100 g/mL concentrations. The absorbance
of the solution was measured at a wavelength of
200-400 nm using a UV-Vis spectrophotometer,
and the maximum wavelength was measured at
various concentrations of the test solution. The
blank in this test used methanol as a solvent.

The SPF value was measured based on the
absorption value of the compound following the
equation of Qian et al. (2015):

=2 (1)

Where EA is the effectiveness of the CIE erythema
spectra, SA is the solar irradiance spectra, and 7A is
the transmittance spectra of the test solution.

400
200

400

EA.SA Y500 EA.SA.TA

Results and Discussion

The dichloromethane fraction (FD) was
continued to the separation and purification stage
because the results of the phytochemical test on FD
showed that it contained flavonoid compounds.
The selection of the best solvent was carried out
before VLC against FD, using various solvents with
different polarity levels. Based on the number of
spots and a good separation pattern on TLC, the
best solvent was n-hexane: ethyl acetate (6.5:3.5).

The VLC fraction obtained was 38 fractions.
TLC analysis was carried out on each fraction using
the same solvent. The fractions with the same spot
were combined so that 9 combined fractions were
obtained, which are presented in Table 1. The FD3
was continued to the GCC because it has a larger
mass, and the fraction contains flavonoids, steroids,
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alkaloids, and phenolics based on the results of
phytochemical tests.

Table 1. Combined fraction of VLC

Fraction Combined fraction Mass (g)
FD, 1-2 0.0393
FD, 34 0.0280
FDs 5-7 0.0565
FDy4 8-10 0.0140
FDs 11-13 0.1563
FDg 14-25 0.4435
EFD; 26-28 0.1563
FDg 29-31 0.1185
FDy 32-38 4.5283

*fraction continued to GCC

The subsequent separation stage is GCC. The
best solvent was also selected for GCC using TLC
to obtain the best eluent of n-hexane: ethyl acetate
(7:3). The results of separation using GCC received
174 fractions. The fraction was analyzed by TLC
using the best eluent. Fractions with the same spot
are combined, resulting in 13 combined fractions.
The results of the combined fractions of GCC are
presented in Table 2. The FD;; fraction was
continued with separation using preparative TLC
because this fraction contains flavonoid, steroid,
and phenolic compounds with few spots and large
mass.

Table 2. Combined fraction of GCC

Fraction Combined Fraction Mass (g)
FDs., 1-31 0.0068
FD;, 32-36 0.0067
FDs; 37-38 0.0016
FDs4 39-41 0.0039
FDss 42-44 0.0027
FDss 45 0.0026
FDs 7+ 46-48 0.0175
FDss 49-52 0.0133
FDs, 53-56 0.0050
FDs.10 57-68 0.0087
FDs.11 69-74 0.0017
FDs.1, 75-171 0.0181
FDs.13 172-174 0.0134

*fraction continued to preparative TLC

Preparative TLC was performed on fraction
FDs;. The best eluent used for this step is #-hexane:
ethyl acetate (5:5). The mass of the isolate after
preparative TLC was 3.6 mg. The isolate purity test
was carried out by one- and two-dimensional TLC,
relatively pure if the TLC results show a single spot.
A one-dimensional TLC test was performed using
n-hexane: ethyl acetate (5:5). The results of one-
dimensional TLC are shown in Figure 1.



Masyita et al.

Figure 1. One-dimensional TLC of FD;isolate (UV at A= 366 nm)

The purity test by two-dimensional TLC was
carried out on the FDj3; fraction using n-hexane: ethyl
acetate (5:5) followed by n-hexane: ethyl acetate (8:2)
by rotating the TLC plate 5 x 5 cm by 90°. The results
of the two-dimensional TLC are presented in Figure
2.

The TLC plate was observed under a UV lamp at
emission wavelengths of 254 nm and 366 nm to reveal
the compound as a dark or fluorescent spot (Gritter et
al.,, 1991). In one- and two-dimensional TLC, the
areas were observed under a UV lamp at a wavelength
of 366 nm, showing a bright fluorescent spot, while it
was not observed at a wavelength of 254 nm.

Figure 2. Two-dimensional TLC results of the FD; isolate (UV at A= 366 nm)

Based on the results of one- and two-dimensional
TLC, it was shown that the isolate was relatively pure,
which could be seen on a 366 nm UV lamp which
indicated the formation of a single spot on the TLC
plate. The FDi isolate was then characterized to
identify the type of compound, and the SPF value was
determined using a UV-Vis spectrophotometer.

Characterization ~ of  isolates using UV-Vis
spectrophotometer and melting point test

Isolates were characterized using a UV-Vis
spectrophotometer with a shift reagent NaOH
solution, AICl;, and AICl; solutions added with
concentrated HCI. The UV spectrum of FDs 7 isolated
in methanol solvent with a concentration of 50 ppm
without a shift reagent can be seen in Figure 3 and

Table 3.

1 9203 nm
0.8
0.6
0.4
0.2
0 - T

absorbance

Table 3. The absorbance of FD; isolate without shift

reagent

Wavelength (nm) Absorbance
203 0.871
273 0.237

Based on the spectrum in Figure 3 and Table 3,
isolate FD; has absorption at wavelengths of 203 nm (a
band II) and 273 nm (a band I). The wavelength
absorption range obtained indicates the catechin group
of flavonoid compounds. The UV-Vis spectrum of
catechin flavonoids gave a typical absorption in the
maximum wavelength range of 270-274 nm (Nur et
al., 2020).

273 nm

L

200 220

240 260 280

wavelenght (nm)

Figure 3. UV Spectrum of FD; isolate without shift reagent
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According to Tempesta (2007), catechin group
flavonoid compounds have maximum absorption of
band I at a wavelength of 275-280 nm and band II at
202-204 nm. It is also clarified by research from
Rasidah et al. (2019), where the results of UV-Vis
spectrophotometry give two absorption bands, namely
at a wavelength of 272.6 nm (a band I) and 202.2 nm
(a band II). Based on this data, the compounds are
flavonoid compounds of the catechin group.

The spectrum of isolate FD; did not show
significant absorption at a wavelength of 300-550 nm
because catechins did not have a carbonyl group
(C=0) in their basic framework. Therefore, the
absorption in this region shows the absence of an n —
electron transition for the aromatic ring system
substituted by a ketone group like most other types of
flavonoids (Rasidah et al., 2019). Catechins have

electron transitions n—n* due to a chromophore
group with a conjugated double bond. This group will
absorb electromagnetic radiation in the UV and
Visible wavelength regions (Husni & Puspitaningrum,
2017).

Based on Table 4 and Figure 4, the addition of
NaOH reagent causes a shift towards bathochromic in
band II from 203 to 212 nm. A change in band IT of 9
nm indicates a hydroxyl group at the C-7 position on
ring A. There is no shift in the band I, so it is stated
that there is no hydroxyl group at the C-4' work on
ring B (Markham, 1988). Thus, the addition of
NaOH reagent to isolate FDi resulted in a
bathochromic shift in band II which indicated the
presence of a hydroxyl group at the C-7 position on
ring A.

Table 4. The maximum wavelength shift of isolate FD; with shift reagent

Wavelength maximum ‘Wavelength shift
Solvent Amax (nm) A (nm)
Band I Band II Band I Band II
Methanol 273 203 - -
Methanol +NaOH - 212 - +9
Methanol + AICl; 275 203 +2 -
Methanol + AlCl; + HCl(conc.) 273 203 - -
3
1) 2.5 —::g:ijCl
8 2 NaOH
< e Metanol
2 1.5
2
_g 1
0.5 —_—
200 250 300

wavelenght (nm)

Figure 4. UV spectrum of isolate FD; with shift reagent

The addition AICl; reagent was carried out to
determine the presence of a hydroxyl group at C-3 with
or without C-5. The addition of the AlCl; reagent
causes a bathochromic shift of 2 nm from 273 to 275
nm in the band I which indicates the presence of a
hydroxyl group at the C-3 position on ring C. There is
no shift in band II indicating the absence of a hydroxyl
group at the C-5 position on ring A. Thus, the
addition of the AICl; reagent suggests the presence of
a hydroxyl group at the C-3 place. A shift reagent
(AICI; + concentrated HCI) was added to determine
the presence or absence of an ortho-hydroxy group in
ring B. There was no shift in either band I or band II,
indicating the absence of an ortho-hydroxy group in
ring B (Markham, 1988).

Based on the analysis, isolate FD; is predicted to
be a flavonoid compound from the catechin group.
Which has a hydroxyl group at positions C-3 and C-7,
and there is no ortho hydroxy group in ring B. Figure
5 shows the framework of flavonoid compounds and
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their numbering (Redha, 2010). Figure 6 is a
prediction of the framework of the structural formula
for the isolate FD..

Catechins are flavonoid compounds in the natural
phenolic group that have the potential as antioxidants
and have bioactivity as drugs. Catechin compounds are
natural and essential antioxidants that have a good level
of safety in scavenging free radicals (Agustin et al.,
2013). A Compound with antioxidant activity is due
to the presence of flavonoid compounds. Maharini et
al. (2019) determined the SPF value of dadap serep
(Erythrina Subumbrans (Haks.) Merr) leaf extract due
to the presence of flavonoid compounds. Therefore, it
is estimated that catechins also have a photoprotective
effect as sunscreen.

The melting point test results for isolate FDi were
in the range of 132-136 °C. According to Taha et al.
(2015), catechin compounds or 3-ol flavan derivatives
have melting points of 131-132 °C. The melting point
test results are classified as pure if the test results have
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a maximum range of 2 °C. However, the effects on
isolate FD; were obtained in the field of 4 °C,
presumably because it still contains impurities. Figure

2 shows the presence of a spot from the impurity
compound.

Figure 5. The frarr?eworﬁ of the structure of flavonoids

HO e}
L

OH

Figure 6. Prediction of the framework of the structure FD; isolate (flavan 3,7-diol)

Determination of SPF value

Determination of the SPF value on isolates FD3 7
was carried out in vitro using a UV-Vis
spectrophotometer at a 200-400 nm wavelength range.
A solution of FDi isolate was prepared in methanol
solvent with various concentrations of 25, 50, 75, and
100 g/mL. The results of determining the SPF value
can be seen in Table 5 and Figure 7.

absorbance

Table 5. Calculation of SPF value of FDi isolates
based on the concentration

Concentration (ppm) SPF value
25 1.296
50 1.626
75 1.943
100 2.253

e 25 g/ mL (SPF =1,296 )
50 pg/mL (SPF = 1,626)
75 pg/mlL (SPF = 1,943)
100 pg/mL (SPF = 2,253)

)

T 1

D

wavelenght (nm)

Figure 7. UV Spectrum of FD; isolate and SPF value

The higher the concentration, the higher the SPF
value. The higher the SPF value, the more influential
the sunscreen activity (Daud et al., 2016). It is by the
test results in Table 5 and Figure 7. The SPF value of
isolate FDi at a concentration of 100 ppm has a value
of 2.25287, so it is categorized as a sunscreen with
minimal protection.

Hashemi et al. (2019) have determined the
content of flavonoid compounds, antioxidant activity,
and sunscreen tests on leaf extracts of several plants.
Leaf extracts with high content of flavonoid
compounds tend to be directly proportional to
antioxidant activity, but the SPF value is not always
directly proportional to antioxidant activity.

The SPF test on extracts ethanol of jeruju leaves
(Acanthus Iicifolius L.) from the same family,
Acanthaceae, showed a lower SPF value than the SPF
value of isolating FD; from wungu leaves at 100 ppm.
The SPF value of extract ethanol of jeruju leaf is
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1.31650 (Bahar et al., 2021), while the FD; isolates
from wungu leaves has an SPF value of 2.25287.

Based on the Least Significant Difference (LSD)
test on statistics software against the SPF value of FDi
isolate at various concentrations, it showed a
significant increase in the SPF value with increasing
concentrations of FDi isolate. It is indicated by the
most negligible considerable difference between the
SPF FDi value isolates at concentrations of 25, 50, 75,
100 ppm were smaller than 0.05, so there was a
significant difference (Septiana, 2016). LSD test on
statistics software against the SPF value of FDi isolate
at various concentrations is presented in Table 6.

Human skin lasts for 10 minutes under sun
exposure. Sunscreen material applied to the skin causes
the skin's resistance to sun exposure to be ten times
(Yulianti et al., 2015). The SPF value of isolate FD; s
2.25287 at a concentration of 100 ppm, meaning that
the isolate can protect the skin from sun exposure for
22,587 minutes.
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Table 6. LSD test against the SPF value of FDi isolate
at different concentrations

Concentration I Concentration II Significance
(ppm) (ppm)
25 50 0.004
75 0.000
100 0.000
50 25 0.004
75 0.004
100 0.000
75 25 0.000
50 0.004
100 0.005
100 25 0.000
50 0.000
75 0.005
Conclusions
The UV-Vis spectrophotometer's

characterization results predicted that FD; isolate was a
flavonoid compound from the catechin group, namely
flavan 3,7-diol. The SPF value of isolate FDi at a
concentration of 100 ppm was 2.25287. The isolated
compound FDi was categorized as a sunscreen with
minimal protection.

Acknowledgments

A grateful thank you to the Dean of the Faculty
of Mathematics and Natural Sciences Universitas
Tanjungpura, who has supported the authors in
conducting this research.

References

Agustin, R., Oktadefitri, Y., & Lucida, H. (2013)
Formulasi krim tabir surya dari kombinasi etil p-
metoksisinamat ~ dengan  katekin.  Prosiding
Seminar Nasional Perkembangan Terkini Sains
Farmasi dan Klinik 3 (pp. 184-198). Padang:
Fakultas Farmasi Universitas Andalas.

Aminah., Muflihunna, A., & Abidin, Z. (2016). Uji
aktivitas antioksidan fraksi etil asetat daun wungu
(graptophylum pictum (linn) dengan metode frap
(ferric reducing antioxidant power). As-Syifaa,

08(10), 39-44.

Arya, H., Mohan, C., Pandey, S., Verama, M., &
Kumar, V. (2021). Phytochemical screening of
basella alba leaves extracts and evaluate its efficacy
on sun burn (sun protection factor). European
Journal of Molecular & Clinical Medicine, 8(1),
417-423.

Bahar, Y., Sani, K. F., & Lestari, U. (2021). Penentuan
nilai sun protection factor (SPF) ekstrak etanol
daun jeruju (acanthus licifolius1.) secara in vitro.
Indonesian Journal of Pharma Science, 03(2), 91-
96.

Destria, M., Widiyantoro, A., & Jayuska, A. (2019).
Senyawa flavonoid dari fraksi diklorometana buah
mangga golek (mangifera spp.)  sebagai

engompleks Fe**. Jurnal Kimia Khatulistiwa,

81), 17-25.

Dutra, E. B., e Oliveira, D. A. G. C., Kedor-
Hackmann, E. R. M., & Santoro, M. I. R. M.
(2004). Determination of sun protecting factor

37

(SPF) of sunscreen by ultraviolet
spectrophotometry.  Brazilian ~ Journal  of
Pharmaceutical Sciences, 40(3), 381-385.

Harborne, J. B. (1998). Phyrochemical methods a
guide to modern technicues of plant analysis (3
edition). London: Chapman & Hall.

Hashemi, Z., Ebrahimzadeh, M. A., & Khalili, M.
(2019). Sun protection factor, total phenol,
flavonoid content and antioxidant activity of
medicinal plants from Iran. Tropical jJournal of
Pharmaceutical Research, 18(7), 1443-1448.

Hogade, M. G., Basawaraj, S. P., & Dhumal, P.
(2010). Comparative sun protection factor
determination of fresh fruits extract of cucumber
vs marketed cosmetic formulation. Research
Journal of Pharmaceutical, Biological, and

Chemical Sciences, 1(3), 55-59.

Husni, P., & DPuspitaningrum, K. (2017).
Pengembangan formula nano-fitosom serbuk
liofilisasi seduhan teh hitam. /ndonesian Journal
of Pharmaceutical Science and Technology, 4(3),
100-111.

Kaur, C. D., & Saraf, S. (2010). /n vitro sun
protection factor determination of herbal oils used
in cosmetics. Pharmacognosy Research, 2(1), 22-

25.
Mabharini, I., Utami, T. D., & Fitrianingsih. (2019).

In vitro determination of sun protective factor
(spf) of dadap serep (erithrina subumbrans (haks.)
merr.) leaf extract using spectrophotometric
method. Journal of Chemical Natural Resources,
01(01), 64-67.

Markham, K. R., (1988). Cara mengidentifikasi
Havonoid (K. Padmawinata Trans.). Bandung:
ITB. (Original work published 1983).

Gritter, R. J., Robbit, J. M., & Schwarting, S. E.
(1991). Pengantar kromarografi (K. Padmawinata
Transl.). Bandung: ITB. (Original work published
1985).

Ningsih, V. D., & Oktadiana, 1. (2019). Pengaruh
jenis pelarut terhadap nilai sun protection factor
maserat daun kelor. Jurnal Farmasi Tinctura, 1(1),

9-13.

Nur, S., Rumpak, G., Mubarak, F., Megawati.,
Aisyah, A. N., Marwati, Sami, F. J., & Fatmawaty,
A. (2020). Identifikasi dan penentuan kadar
katekin dari seduhan dan ektrak etanol produk teh
hijau (camelia sinensis 1) komersial secara
spektrofotometri uv-visible. Majalah Farmasi dan
Farmakologi, 24(1), 1-4.

Prasiddha, 1. J., Laeliocattleya, R. A., Estiasih, T., &
Maligan, J. M. (2016). Potensi senyawa bioaktif
rambut jagung (zea mays l.) untuk tabir surya

alami. Jurnal Pangan dan Agroindustri, 41), 40-
45,

Putri, Y. D., Kartamihardja, H., & Lisna, 1. (2019).
Formulasi dan evaluasi losion tabir surya ekstrak
daun stevia (stevia rebaudiana berconi M.). Jurnal
Sains Farmasi & Klinis, 6(1), 32-36.



Masyita et al.

Whenny., Rusli, R., & Rijai, L. (2015). Aktivitas tabir
surya ckstrak daun cempedak (artocarpus

champeden spreng). Jurnal Sains dan Kesehatan.
1(4), 154-158.

Qian, Y., Qiu, X., & Zhu, S. (2015). Lignin: A nature-

inspired sun blocker for broad-spectrum
sunscreens. Green Chemistry, 17(1), 320-324.

Rasidah., Syahmani., & Iriani, R. (2019). Identifikasi
senyawa flavonoid dari kulit batang tanaman
rambai padi (sonneratia alba) dan uji aktivitasnya
sebagai antibakteri st(z}phylococcus aureus. Jurnal

Jejaring Matematika dan Sains, 1(2), 97-106.
Redha, A. (2010). Flavonoid: struktur, sifat
antioksidatif dan peranannya dalam sistem

biologis. Jurnal Belian, 92), 196-202.

Daud, N. S., Hajri, L. O. Z. A., & Ervianingsih
(2016). Formulasi lotion tabir surya ekstrak etanol

beras merah (oryza nivara). Jurnal Ilmiah Ibnu
Sina, 1(2), 143-150.

Septiana, C. W., & Ardiaria, M. (2016). Efek
pemberian seduhan kulit buah naga merah
(hylocereus  polyrhizus)  terhadap  kadar
malondialdehyde (MDA) tikus sprague dawley
dislipidemia. Journal of Nutriion College, 5(4),
344-352.

38

Taha, N., Musa, W. J., & Duengo, S. (2015). Isolasi
dan karakterisasi senyawa flavonoid daun sirih

hutan. Jurnal Saintek, 8(2), 148-149.

Tagousop, C. N., Tamokou, J., Ekom, S. E.,
Ngnokam, D., & Voutqenne-Nazabadioko, L.
(2018). Antimicrobial activities of flavonoid
glycosides from graptophyllum grandulosum and
their mechanism of antibacterial action. BMC
Complementary and Alternative Medicine, 18(1),
1-10.

Tempesta, M. S. (2007). Proanthocyanidin polymers

aving antviral activity and methods of obraining

same, (EP 0 553 253 Bl). European Patent
Specification.

Widyastuti., Kusuma, A. E., Nurlaili., & Sukmawati,
F. (2016) . Antioxidant and sunscreen activities of
ethanol extract of strawberry leaves (fragaria x
ananassa AN duchesne). Jurnal Sains Farmasi dan
Klinis, 3(1), 19-24.

Yulianti, E., Adelsa, A., & Putri, A. (2015). Penentuan
nilai spf (sun protection factor) ekstrak etanol 70
% temu mangga (curcuma mangga) dan krim
ekstrak etanol 70 % temu mangga (curcuma
mangga) secara in vitro menggunakan metode
spektrofotometri. Majalah Kesehatan Fakultas
Kedokteran Universitas Brawijaya, 2(1), 41-50.



