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This study aimed to evaluate the effect of green tea extract addition on the stability of
Caesalpinia sappan (sappanwood) extract under ultraviolet (UV) radiation exposure. A
completely randomized factorial design was employed using two factors: the combination
ratio of sappanwood and green tea extract (100%:0%, 85%:15%, and 70%:30%) and the
duration of UV exposure (0, 30, and 60 minutes). Parameters analysed included colour,
antioxidant activity (ICso), total anthocyanin content, and spectrophotometric absorbance.
The results demonstrated that both factors significantly affected the stability of the extract.
The addition of green tea extract, particularly at a ratio of 85% sappanwood to 15% green
tea, yielded the highest antioxidant activity (6.77 pg/mL) and anthocyanin total (4.98%),
indicating enhanced stability due to the antioxidant and photoprotective effects of
catechins. However, the longer the exposure time, the lower the antioxidant activity and
total anthocyanin. These findings highlight the potential of green tea as a natural
copigment to enhance the photostability of brazilin-containing herbal extracts, thereby
broadening their functional and pharmaceutical applications.
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active compound. It is a colorless phenolic molecule

1. INTRODUCTION

1.1.  Research Background

Indonesia, a tropical archipelago nation located between the
continents of Asia and Australia, and flanked by the Indian and
Pacific Oceans, harbours exceptional biodiversity. Its
approximately 17,500 islands and extensive coastline of 95,181
km, coupled with a warm and humid climate and consistently
high annual rainfall, create optimal ecological conditions for the
proliferation of diverse plant species. It is estimated that
Indonesia is home to around 40,000 plant species, of which
approximately 3.2% possess bioactive compounds and are
categorized as medicinal plants [1],[2],[3].

Caesalpinia sappan L., commonly known as sappanwood, is
a widely recognised medicinal plant in Indonesia that has been
traditionally used for its therapeutic properties. Its long-standing
use is attributed to the presence of diverse phytochemical and
bioactive constituents. Phytochemical investigations of C. sappan
have identified various classes of phenolic compounds, including
xanthones, coumarins, chalcones, flavones, and
homoisoflavonoids [4]. Among these, brazilin is the predominant

characterized by two aromatic rings, a pyrone moiety, and a five-
membered heterocyclic ring, which collectively contribute to its
biological activity [5].

Plant-derived phenolic compounds are well-documented for
their antioxidant activities, particularly in scavenging free
radicals and inhibiting singlet oxygen formation [6]. Previous
studies have reported the antioxidant capacity of Caesalpinia
sappan extracts using various solvents. Methanolic extract of
sappanwood exhibited an ICso value of 9.90 pg/mL, while
ethanolic extracts demonstrated values of 6.47 pug/mL [7] and
1.10 pg/mL [8]. Additionally, aqueous extract of sappanwood
showed an antioxidant activity of 88.67% [9].

A compound is classified as a very potent antioxidant if it
exhibits an ICso value below 50 pg/mL. Compounds with ICso
values ranging from 50 to 100 pg/mL are considered to possess
strong antioxidant activity. ICso values indicate moderate activity
between 100 and 150 pg/mL, while values between 150 and 200
png/mL reflect weak antioxidant potential. Compounds with ICso
values exceeding 500 pg/mL are regarded as having very low or
negligible antioxidant activity, although they may still hold
potential as antioxidants [10].
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The hydroxyl groups present in the structure of brazilin are
highly susceptible to oxidation, leading to the formation of
carbonyl groups [5]. Specifically, the cleavage of the hydroxyl
group at C13 induces a structural transformation wherein
carbonyl groups are formed at both C7 and C13. This
transformation is driven by m-electron delocalization, resulting in
an increased m-clectron density across the molecule, which
imparts a red coloration and yields brazilein as the oxidation
product [11][12]. Brazilein is inherently unstable and sensitive to
various environmental factors, including pH fluctuations, solvent
type, and light exposure. Ultraviolet (UV) radiation, in particular,
can trigger photodegradation processes [13]. To enhance the
stability of brazilein, it is recommended to maintain
environmental conditions such as low pH, low temperature,
anaerobic atmosphere, and storage in the absence of light [14].

The aforementioned approaches represent conventional
strategies to mitigate degradation processes. However, recent
advancements have introduced a variety of alternative techniques
to enhance compound stability. One such method is structural
stabilisation through copigmentation, which has emerged as an
effective strategy to enhance resistance to heat, light, and oxygen
exposure [15]. Common copigments include organic acids, amino
acids, phenolic compounds, and flavonoids.

Brazilin exhibits low stability, particularly when exposed to
light and oxygen [16]. The incorporation of additional
compounds through copigmentation has been proposed as a
promising strategy to enhance the stability of this compound. In
this study, green tea is selected as a copigment due to its
photoprotective properties, which can increase resistance to
ultraviolet-induced degradation. The antioxidant activity of green
tea catechins plays a key role in mitigating oxidative damage
caused by UV radiation [17]. Green tea contains a complex
chemical composition with more than ten groups of bioactive
compounds, notably including flavonoids particularly catechins
as major constituents [18].

This study aimed to enhance the stability of brazilin, a
primary compound derived from Caesalpinia sappan
(sappanwood), by incorporating green tea extract as the first
factor and varying the duration of ultraviolet B (UVB) light
exposure as the second factor. Preliminary experiments were
conducted to determine the optimal ratio of sappanwood to green
tea extract, resulting in the selection of three formulations:
100%:0%, 85%:15%, and 70%:30%, respectively. The addition
of green tea extract is expected to serve as an effective copigment,
contributing to the improved stability of the sappanwood extract
under UVB exposure.

1.2.  Literature Review
1.2.1. Sappanwood

The sappan plant is a type of shrub or small tree, reaching a height
of 5-10 meters, characterised by its twisted and scattered stems
and branching spines. The community often uses the reddish-
brown stem of sappan. When brewed, this stem produces a red
color that comes from active compounds such as brazilein
[19],[20]. Sappan wood is known to be rich in various chemical
compounds, including flavonoids, tannins, phenolics,
triterpenoids, steroids, alkaloids, and saponins, as well as unique
phenolic compounds such as brazilin, xanthones, coumarins,
chalcones, flavones, and homo-isoflavones [5][21].

In addition, sappan wood contains various other bioactive
compounds, including phenolic acids (such as chlorogenic acid,
caffeic acid, and gallic acid), anthraquinones (brazilin, brazilein,
and sappanone A), and triterpenoids such as lupeol, f-amyrin, and
cycloartenol [22],[23]. Other compounds, such as sappan
chalcone and sappanone B are also found, which play a role in
various biological activities. These ingredients make sappan
wood have great potential in the pharmaceutical and medicinal
fields [24].

https://doi.org/10.29165/ajarcde.v9i2.697

One of the main compounds of sappan wood is brazilin, the
red pigment that characterizes this wood. Brazilin, once oxidised,
turns into brazilein, which has a long history as a natural dye and
is used in traditional Chinese medicine to improve blood
circulation, relieve menstrual pain, and act as an anti-
inflammatory. Brazilin also exhibits antioxidant, anticancer, and
anti-inflammatory  activities. In addition, anthraquinone
compounds in sappan wood play a role in pharmacological
activities such as antimicrobial, anticancer, and have a laxative
effect due to stimulation of colon motility[5],[21],[22],[25],[26].
Sappan chalcone and sappanone B have even been linked to the
inhibition of prostate cancer cell growth and the suppression of
proinflammatory cytokine production [24].

1.2.2. Green Tea

Green tea were originated from the leaves of a plant with a variety
of shapes, such as radius, dissecting knife, or inverted ovoid. The
leaves are approximately 30 centimetres long and 2-5 centimetres
wide, with a surface that can be either downy or glossy, smooth,
with jagged edges [25]. Green tea plants are found in Japan,
China, and Taiwan, with the most popular type being Sencha. The
chemical composition of green tea is rich, comprising
polyphenols, flavonoids, phenolic acids, amino acids, proteins,
fats, various essential minerals, and carbohydrates. The non-
fermentation process makes green tea the best source of catechins
compared to other teas[26].

Catechins are the primary flavonoid compounds in green tea,
serving as antioxidants, anti-inflammatory agents, and
antimicrobial agents. Types of catechins, such as EGCG, EGC,
ECG, and EC, have important biological effects, including
protection against urinary tract infections and the neutralisation
of free radicals. Green tea also contains other compounds such as
theophylline and caffeine that contribute to its health benefits.
The polyphenol content in dried green tea can be as high as 30%,
making this beverage an excellent source of natural
antioxidants[27].

Regular consumption of green tea is known to have a positive
impact on health, including reducing levels of oxidative stress
compounds such as 8-hydroxyguanosine. Its antioxidant effects
help prevent various chronic diseases, including lung, stomach
and pancreatic cancer. Therefore, it is recommended that daily
dietary intake include catechin sources, such as green tea, to
support bodily functions, strengthen the immune system, and
maintain overall health [28].

1.3.  Research Objective

The objective of this study is to analyse the effect of green tea
extract addition on the stability of Caesalpinia sappan
(sappanwood) extract under ultraviolet (UV) radiation exposure.

2. MATERIALS AND METHODS

The research was conducted in January 2025 at the central
instrument laboratory of the Faculty of Agricultural Technology,
Universitas Andalas, in Padang city. Dried sappan wood was
sourced from the traditional market in Padang city (Barkat), and
green tea powder was purchased from an online store (Tea
LABS).

This study employed a completely randomized factorial
design, with two independent factors. The first factor was the
variation in the mixing ratio of Caesalpinia sappan (sappanwood)
extract and green tea extract, with sample code description :

Al = Sappanwood extract 100%
A2 = Sappanwood extract 85% : Green tea extract 15%
A3 = Sappanwood extract 70% : Green tea extract 30%

The second factor was the duration of ultraviolet (UV)
radiation exposure, with sample code description :
B1 = 0 minute exposure of UV
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B2 = 30 minutes exposure of UV
B3 = 60 minutes exposure of UV

2.1  Sappan Wood Extraction

The dried sappan wood was ground until it passed through a 40-
mesh sieve. 10 grams of sappan powder was dissolved in 100 ml
of distilled water. Then, the solution was ultrasonicated for 15
minutes at 15 °C. The solution was filtered until the filtrate was
obtained. Furthermore, its solvent was evaporated using a rotary
evaporator [29].

2.2 Green Tea Extraction

Green tea was ground to a fine powder that passed through an 80-
mesh sieve. Ten grams of green tea powder was dissolved in 100
ml of distilled water as the solvent. Before adding the green tea,
distilled water was heated to 70 °C, and the green tea solution was
stirred with a stirrer for 30 seconds. This was followed by
ultrasonic treatment at 70 °C for 20 minutes. Then, the filtrate is
thickened using a rotary evaporator [30].

2.3 Radiation Of Ultraviolet Lamp

A combination of sappan extract and green tea extract was
prepared on a flat surface with a marked area of 5 x 5 cm. They
were spread uniformly, then a box equipped with a UV lamp was
placed. The distance between the UV lamp and the sample was
set at 15 centimetres [31].

2.4  Color Analysis

The colour combination of sappan extract and green tea extract
was visually analysed using the classic Reichs-Ausschuss fiir
Lieferbedingungen (RAL) colour standard system by comparing
the sample with the classic RAL colour standard [32].

2.5  Antioxidant Activity

100 mg of sample was dissolved in methanol in a 100 ml
volumetric flask until it reached the mark. Furthermore, solutions
with different concentrations (14, 12, 10, 8, and 6 mg/L) were
prepared. Two millilitres of each concentration were placed in
separate test tubes, and then 1 mL of DPPH solution was added.
After that, the solution was incubated in a dark room for 15
minutes. The absorbance was measured at 517 nm.

2.6  Anthocyanin Total

Two sample solutions were prepared from each filtrate. In the first
sample, a pH 1.0 solution was added, and for the second sample,
a pH 4.5 solution was added. Then, the absorbance of each
solution was measured at 510 and 700 nm [33]. The formula
determined the absorbance of the reconstituted sample (A):

A= [(As10 - A700)pH1L0 - (A510= AT00 JpHAS. o evvvvneeerrannrnnns )

Absorbance vd 1
- _ —_— 0,
x MW x =% Tooo X 100%....... 2)

% Antosianin = L

Where :

€ = molar absorptivity of Cyanidin-3-glucoside (26,900
L-mol'-cm™)

L = cuvette path length =1 cm

MW = molecular weight of Cyanidin-3-glucoside (449.2 g/mol)
Vd = final dilution volume

Wd = weight of dry extract (g)
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3. RESULT AND DISCUSSION

3.1. Yield of sappan extract and green tea extract

After the extraction of sappan wood and green tea, sappan
wood extract and green tea extract were obtained with a yield of

Table 1. Yield of sappan extract and green tea extract

Treatment Yield (%)
Sappan extract 2.24
Green tea extract 42.53

As shown in Table 1, the yield of sappan wood extract is
2.24%. The results are similar to those of previous research, with
yields of 3.25% [29] and 3.00% [31], respectively. Various
factors can affect the yield of extract compounds obtained from
plant materials, including extraction methods, particle size, type
and concentration of solvents, storage conditions, and the
presence of interfering substances. These factors play a crucial
role in determining the efficiency of extraction and the resulting
yield. Nonetheless, extracts from plant materials generally still
contain a diverse mixture of compounds, including various
phenolic groups as well as other compounds that have solubility
in the solvent used.

Sappanwood contains water-soluble flavonoid compounds,
such as brazilin, protosappanin, and hematoxylin. The compound
bonds in the sappan wood matrix network take time to be
extracted into the solvent because breaking the bonds requires
energy. In the initial stage, the energy provided will destroy the
compound bonds in the solid matrix of sappan wood. After the
bonds are broken, the extract compounds begin to diffuse into the
solvent through the pores in the sappan wood layer, allowing for
effective extraction [31].

The green tea extract yielded 42.53%, which is higher than
the previous research result of 28.9% [32]. A high yield indicates
that more compounds are dissolved in the solvent. One of the
factors that affect the yield of an extraction is the solubility of the
solvent used. Water is classified as a solvent with a high level of
solubility, which enables the production of a high yield [32].
Green tea contains various polar compounds, including
polyphenol groups, alkaloids, and amino acids. Polyphenols in
green tea account for 20-30% of the total compound content, with
catechins being the main component. Catechins in green tea
include epicatechin (EC), epigallocatechin (EGC), epicatechin
gallate (ECG), and epigallocatechin gallate (EGCG)[33].

3.2.  Color Analysis

The color produced by sappanwood extract is influenced by the
solvent used. In the water extract of sappanwood, the color
produced is pearl ruby red, in the ethanol extract of sappanwood,
the color produced is between pearl ruby red and traffic red, and
in the propanol extract of secang wood, the color produced is
traffic red [29]. The result is shown in Table 2.

3.3.  Antioxidant Activity

The results showed that the higher concentration of green tea
extract was effective in reducing the antioxidant activity of the
combination extract. The highest antioxidant activity was
observed in the combination of sappan extract and green tea
extract with a ratio of 85%:15%, which was 6.77 pg/mL. This
result is higher compared to previous research, which reported
values of 11.46 pg/mL and 11.42 pg/mL, respectively [34][35].

https://doi.org/10.29165/ajarcde.v9i2.697
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Table 2. Color Result

Color
Combi Duration Time Factors
l;l ation 0 min 30 mins 60 mins
actors
(100% :
0%) et :
Ruby Red Pearl Ruby Pearl Ruby
Red ] Red
(85% :
15%) ;
Oxide Red
(70% :
30%) v
Purple Red Wine Red Black Red
Description : Color result base on standard color Reichs-

Ausschuss fiir Lieferbedingungen (RAL).

Table 3. The Effect of Ratio on Antioxidant Activity
Treatment

Antioxidant activity (ug/mL)

(100% : 0%) 6.88a
(85% : 15%) 6.77 a
(70% : 30%) 8.70b

*5% significance level of DNMRT

As shown in Table 3, the variation in the ratio between sappan
wood extract and green tea extract has a significant influence on
antioxidant activity (p < 0.05).

Table 4. The Effect of Duration on Antioxidant Activity
Treatment

Antioxidant activity (ng/mL)

(0 minute) 6.24a
(30 minutes) 731Db
(60 minutes) 8.80 ¢

*5% significance level of DNMRT

As presented in Table 4, ultraviolet (UV) exposure time
significantly affects antioxidant activity (p < 0.05), whereby
extended exposure durations are associated with reduced
antioxidant activity. The longer exposure time and the closer
exposure distance to UV radiation result in lower antioxidant
activity, which is similar to previous research [36].

3.4.  Anthocyanin Total

This study has an anthocyanin total average of around 4.76% to
54.85%, which is higher compared to previous research with
2.43% [37]. For the detail shown in Table 5 and Table 6.

Table 5. The Effect of Ratio on Anthocyanin Total

Treatment Anthocyanin Total (%)
(100% : 0%) 482a
(85% : 15%) 498a
(70% : 30%) 4.85b

*5% significance level of DNMRT
As presented in Table 5, variations in the ratio between
sappan wood extract and green tea extract significantly influence

total anthocyanin content (p < 0.05).

https://doi.org/10.29165/ajarcde.v9i2.697

Table 6. The Effect of Duration on Anthocyanin Total

Treatment Anthocyanin Total (%)
(0 minute) 5.02b
(30 minutes) 487 a
(60 minutes) 4.76 a

*5% significance level of DNMRT

As shown in Table 6, ultraviolet (UV) exposure time
significantly affects total anthocyanin content (p < 0.05), with
extended exposure durations resulting in a marked reduction in
anthocyanin levels.

Anthocyanins are water-soluble natural pigments that are
found in flowers, fruits, and leaves of various plants. This
pigment produces orange, red, and blue colors, depending on the
pH of the environment. Apart from providing bright colours,
anthocyanins are also known to possess antioxidant properties
that are important for health, one of which is utilised in various
cosmetic products, such as lotions and creams [38].

4. CONCLUSION

The addition of green tea extract significantly enhanced the
stability of Caesalpinia sappan (sappanwood) extract under
ultraviolet (UV) radiation exposure. This improvement is
attributed to the photoprotective and antioxidant properties of
catechins present in green tea, which helped mitigate the
degradation effects caused by UV radiation. This was evidenced
by the highest antioxidant activity observed at a mixing ratio of
85% sappanwood extract to 15% green tea extract, reaching 6.77
pg/mL and a total anthocyanin content of 4.98%. However, the
longer duration of UV exposure decreases antioxidant activity
and total anthocyanin.

REFERENCE

[1] Kusmana, Cecep, and Agus Hikmat. 2015. “The
Biodiversity of Flora in Indonesia.” Journal of Natural
Resources and Environmental Management 5(2):187-98.
doi: 10.19081/jpsl.5.2.187.

2] Fauzan, M. R., Rosniawaty, S., Maxiselly, Y., & Ariyanti,
M. 2024. Respons pertumbuhan tanaman secang (
Caesalpinia sappan L . ) terhadap dosis pupuk kandang
sapi Growth response of sappanwood plants ( Caesalpinia
sappan L .) To varying doses of cow manure.
COMPOSITE : Jurnal Ilmu Pertanian, 6(2), 120-126.
https://doi.org/https:/doi.org/10.37577/composite.v6i2.7
15

[3] Siregar, Rahmad Syukur, Ade Firmansyah Tanjung,
Aflahun Fadhly Siregar, Imam Hartono Bangun, and
Mentari Oniva Mulya. 2020. “Studi Literatur Tentang
Pemanfaatan Tanaman Obat Tradisional.” 7.

[4] Nirmal, Nilesh P., Mithun S. Rajput, Rangabhatla G. S.
V. Prasad, and Mehraj Ahmad. 2015. “Brazilin from
Caesalpinia Sappan Heartwood and Its Pharmacological
Activities: A Review.” Asian Pacific Journal of Tropical
Medicine 8(6):421-30.doi: 10.1016/j.apjtm.2015.05.014.

[5] Ngamwonglumlert, Luxsika, Sakamon Devahastin,
Naphaporn Chiewchan, and G. S. Vijay. Raghavan. 2020.
“Color and Molecular Structure Alterations of Brazilein
Extracted from Caesalpinia Sappan L. under Different PH
and Heating Conditions.” Scientific Reports 10(1):1-10.
doi: 10.1038/s41598-020-69189-3.

[6] Nirmal, N. P., & Panichayupakaranant, P. 2015. activities
of standardized brazilin-rich Caesalpinia sappan extract.
Pharmaceutical Biology, 53(9), 1339-1343.
https://doi.org/10.3109/13880209.2014.982295

Tarumiyo et al 299



[11]

[14]

[16]

[17]

[18]

[19]

A.A. TARUMIYO/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNIT

Batubara, Irmanida, Tohru Mitsunaga, and Hideo Ohashi.
2009. “Screening Antiacne Potency of Indonesian
Medicinal Plants: Antibacterial, Lipase Inhibition, and
Antioxidant Activities.” Journal of Wood Science
55(3):230-35. doi: 10.1007/s10086-008-1021-1
Sinuraya, G. N. 2021. Pengaruh Penambahan Ekstrak
Kayu Secang ( Caesalpinia Sappan , L .) Terhadap
Karakteristik Fisiko Kimia Dan Nilai Spf ( Sun Protection
Factor ) Skin Lotion Tabir Surya Berbahan Baku Vco (
Virgin Coconut Oil ). Universitas Andalas.

Pratiwi, A. ., Yusran, Islawati, & Artati. 2023. Analisis
Kadar Antioksidan pada Ekstrak Daun Binahong Hijau
Anredera cordifolia (Ten.) Steenis. Bioma: Jurnal
Biologi  Makassar,  8(August  2022), 66-74.
https://journal.unhas.ac.id/index.php/bioma

Jamaddar, S., Sarkar, C., Akter, S., Mubarak, M. S., El-
nashar, H. A. S., El-shazly, M., & Torequl, M. 2023.
South African Journal of Botany Brazilin: An updated
literature-based review on its promising therapeutic
approaches and toxicological studies. South African
Journal of Botany, 158, 118-132.
https://doi.org/https://doi.org/10.1016/j.sajb.2023.04.053
Rondao, R. J., Melo, J. S. S. De, Pina, J., Melo, M. J.,
Vitorino, T., & Parola, A. J. D. 2013. Brazilwood Reds :
The ( Photo ) chemistry of Brazilin and Brazilein
Brazilwood Reds : the ( Photo ) Chemistry of Brazilin and
Brazilein. The Journal of Physical Chemistry, 1-29.
https://doi.org/10.1021/jp404789f

Margo, P. H., Poppi, R. J., Scarminio, I. S., & Tauler, R.
2011. Investigation of the pH effect and UV radiation on
kinetic degradation of anthocyanin mixtures extracted
from Hibiscus acetosella OH HO OH OH HO. Food
Chemistry, 125, 1020-1027.
https://doi.org/10.1016/j.foodchem.2010.10.005

Cao, Y., Xia, Q., Aniya, Chen, J., & Jin, Z. (2023).
Copigmentation Effect of Flavonols on Anthocyanins in
Black Mulberry Juice and Their Interaction Mechanism
Investigation. Food Chemistry, 399.
https://doi.org/https://doi.org/10.1016/j.foodchem.2022.
133927

Cai, D., Li, X., Chen, J., Jiang, X., Ma, X., Sun, J., Tian,
L., Vidyarthi, S. K., Xu, J., Pan, Z., & Bai, W. (2022). A
comprehensive review on innovative and advanced
stabilization approaches of anthocyanins by modifying
structure and controlling environmental factors. Food
Chemistry, 366, 1-13.
https://doi.org/10.1016/j.foodchem.2021.130611
Ngamwonglumlert, Luxsika, and Sakamon Devahastin.
2023. “Brazilein as an Alternative Pigment: Isolation,
Characterization, Stability Enhancement and Food
Applications.” Food Chemistry 398(August
2022):133898. doi: 10.1016/j.foodchem.2022.133898.
Zheng, X., Zhang, X., Gao, H., Huang, L., Ye, J., Ye, J.,
Lu, J., Ma, S., & Liang, Y. (2024). Green Tea Catechins
and Skin Health. Antioxidants, 13(1506), 1-25.
https://doi.org/https:// doi.org/10.3390/antiox13121506
Musial, C., Kuban-jankowska, A., & Gorska-
ponikowska, M. 2020. Beneficial Properties of Green Tea
Catechins.

Mumtazah, edlia fadilah, Salsabila, S., Lestari, E. suci,
Rohmatin, alfin khoirul, Ismi, alif N., Rahmah, hana
aulia, Mugiarto, D., Daryanto, 1., Billah, M., Salim,
odilia stefani, & Damaris, alfin renaldi. (2020).
Pengetahuan Mengenai sunscreen dan Bahaya Paparan
Sinar Matahari serta Perilaku Mahasiswa Teknik Sipil
terhadap Penggunaan Sunscreen. Junal Farmasi
Komunitas, 7(2), 63-68.

Herbie, Tandi. 2015. Kitab Tanaman Berkhasiat Obat-
226. Yogyakarta: octopus publishing house.

300 Tarumiyo et al.

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

[33]

Y DEVELOPMENT AND EMPOWERMENT. VOL 9 (2025), No.2

Nurasiah, Lilis, Diana Hernawati, and Rinaldi Rizal
Putra. 2023. Secang: Etnobotani Dan Potensi Khasiatnya
Melalui Molecular Docking. Tasikmalaya: Universitas
Siliwangi.

Vij, Twinkle, Pawase Prashant Anil, Rafeeya Shams,
Kshirod Kumar Dash, Rhythm Kalsi, Vinay Kumar
Pandey, Endre Harsanyi, Béla Kovacs, and Ayaz
Mukarram Shaikh. 2023. “A Comprehensive Review on
Bioactive Compounds Found in Caesalpinia Sappan.”
Molecules28(17):1-22.doi:10.3390/molecules28176247.
Ahmad, Islamudin, Ayun Erwina Arifianti, Aditya Sindu
Sakti, Fadlina Chany Saputri, and Abdul Mun’im. 2020.
“Simultaneous Natural Deep Eutectic Solvent-Based
Ultrasonic-Assisted Extraction of Bioactive Compounds
of Cinnamon Bark and Sappan Wood as a Dipeptidyl
Peptidase IV Inhibitor.” Molecules 25(17). doi:
10.3390/molecules25173832

Rajput, Mithun Singh, Nilesh Prakash Nirmal, Srushti
Jagdish Nirmal, and Chalat Santivarangkna. 2022. “Bio-
Actives from Caesalpinia Sappan L.: Recent
Advancements in Phytochemistry and Pharmacology.”
South African Journal of Botany 151:60-74. doi:
10.1016/j.sajb.2021.11.021.

Tu, Wen Chao, Lin Fen Ding, Li Yan Peng, Liu Dong
Song, Xing De Wu, and Qin Shi Zhao. 2022. “Cassane
Diterpenoids from the Seeds of Caesalpinia Bonduc and
Their Nitric Oxide Production and a-Glucosidase
Inhibitory  Activities.” Phytochemistry 193. doi:
10.1016/j.phytochem.2021.112973.

Bharathi, KN, and Darsana Nair. 2022. “Evaluation of
Laxative Activity of Caesalpinia Sappan Wood Extracts
in Rats.” International Journal of Pharmaceutical
Research and  Applications  7(6):64-69.  doi:
10.35629/7781-07066469.

Khurshid, Zohaib, Muhammad S. Zafar, Sana Zohaib,
Shariq Najeeb, and Mustafa Naseem. 2016. “Green Tea (
Camellia Sinensis ): Chemistry and Oral Health.” 166—
73. doi: 10.2174/1874210601610010166.

Musial, Claudia, Alicja Kuban-jankowska, and
Magdalena Gorska-ponikowska. 2020. “Beneficial
Properties of Green Tea Catechins.”

Kurniasari, L., A. C. Kumoro, and M. Djaeni. 2024.
“Ultrasound Assisted Extraction of Sappan Wood
(Caesalpinia Sappan L.) Using Different Solvents.” Food
Research 8:23 28. doi: 10.26656/1r.2017.8(S1).4.

Ates, Emine, Cemal Kaya, Esra Esin Yiicel, and Mustafa
Bayram. 2022. “Effects of Ultrasound-Assisted
Extraction Procedure on Total Phenolics, Catechin and
Caffeine Content of Green Tea Extracts.” Emirates
Journal of Food and Agriculture 34(8):664-74. doi:
10.9755/ejfa.2022.v34.i8.2911.

Suzery, Meiny, Sri Lestari, and Bambang Cahyono. 2010.
“Penentuan Total Antosianin ( Hibiscus Sabdariffa L )
Dengan Metode Maserasi Dan Sokshletasi.” Jurnal Sains
& Matematika 1(1):1-6.

Djaeni, Mohamad, Andri Cahyo, Febiani Dwi, and Indah
Eka. 2021. “Enhancement of The Sappanwood Extract
Yield by Aqueous Ultrasound-Assisted Extraction Using
Water Solvent.” 11(4):1514-20.

Kipsura, Emily, Robert Koech, Simon Mwangi, Samson
Kamunya, Victor Ngeno, Joel Koech, and Christine Bii.
2025. Biochemical Composition of Speciality Tea
Extracts From Multistage Extractions Using Solvent
Treatments.doi:https://doi.org/10.1101/2025.01.29.6354
73.

Yulianty, Risfah, Mufidah Murdifin, and Nur Asma.
2016. “Aktivitas Antioksidan Kombinasi Ekstrak Etanol
Kayu Secang Dan Kelopak Bunga Rosella.” Prosiding
Seminar Nasional Tumbuhan Obat Indonesia Ke-50
(April):349-56.

https://doi.org/10.29165/ajarcde.v9i2.697



[35]

A.A. TARUMIYO/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMM

Muangrat, Rattana, Wachira Jirarattanarangsri, and
Piyawan Simapisan. 2022. “Response Surface
Methodology Applied to Subcritical Solvent Extraction
of Brazilin Compound from Caesalpinia Sappan L.
Heartwood.” Journal of Applied Research on Medicinal
and Aromatic Plants 31. doi:
https://doi.org/10.1016/j.jarmap.2022.100408.

Xie, Hui, Li-fen Zhang, Pei-lan Shao, Lu Li, and Ya-ting
Han. 2017. “Effect of Ultraviolet Radiation on
Antioxidant Activity of Jujube Pigment.” Science and
Technology of Food Industry 44-48.
doi:https://dx.doi.org/10.13386/j.issn10020306.2017.23.
010.

Nomer, Ni Made Gress Rakasari, Agus Selamet Duniaji,
and Komang Ayu Nocianitri. 2019. “Kandungan
Senyawa Flavonoid Dan Antosianin Ekstrak Kayu
Secang (Caesalpinia Sappan L.) Serta Aktivitas
Antibakteri Terhadap Vibrio Cholerae.” Jurnal Ilmu Dan
Teknologi  Pangan  (ITEPA) 8(2):216. doi:
10.24843/itepa.2019.v08.i102.p12.

Wulandari, Indah Sri Ayu, Rika Endara Safitri, and Reni
Evi Eka Susanti. 2020. “Pemanfaatan Pewarna Brazilin
Dari Ekstrak Kayu Secang (Caesalpinia Sappan L) Untuk
Pembuatan Hand Body.” Jurnal Crystal 2(2):41-53.
Dachriyanus. 2004. Analisis Struktur Senyawa Organik
Secara Spektroskopi. Padang: LPTIK Universitas
Andalas.

https://doi.org/10.29165/ajarcde.v9i2.697

UNITY DEVELOPMENT AND EMPOWERMENT. VOL 9 (2025), No.2

Tarumiyo et al

301



