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ABSTRACT

Strobilanthes belongs to the Acanthaceae family and possesses various medicinal qualities, including wound
healing, antioxidant, antibacterial, antidiabetic, anticancer, and anti-inflammatory effects. One species in this genus,
Strobilanthes auriculata var. dyeriana, is a popular ornamental plant that has long been used as a diuretic to
alleviate theumatism. While few are recognised, this species likely has many more benefits. This study examined
the phytochemical composition, phenolic content, anthocyanin content, and antibacterial and antioxidant qualities
of S. auriculata var. dyeriana leaf extract. Finding no anthocyanin, we discovered that the leaves of this species
contained phenolic compounds (82.9+0.86 pg/100pug). Furthermore, vigorous antioxidant activity (IC,; 96.17 ppm)
and growth-inhibiting action against Sa/monella typhimurium are provided by high phenolic content. According to
this study, the leaf of S. auriculata var. dyeriana may act as a potential antibacterial and antioxidant agent.
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NOMENCLATURE

€ : Molar absorptivity of cyanidin-3-glucoside
(269000 L/(mol.cm))

DF : Solubility factor

DPPH : 1,1-diphenyl-2picylhydrazyl

L : Cuvette width (1cm)

MW : The molecular weight of cyanidin-3-glucoside
(449.2 g/mol)
TPC : Total Phenol Content

1. INTRODUCTION

Strobilanthes is a genus from the Acanthaceae family
that Blume first described in 1826 from samples taken in
West Java. It is the most species-rich genus throughout
tropical Asia and Australia. Strobilanthes is a well-known
genus in Sri Lanka due to its diverse behaviours, gregarious
distribution, and gorgeous blooms. Many Strobilanthes
species have medicinal qualities. In several parts of the
world, Strobilanthes extract has been used to treat illnesses
caused by respiratory viruses, spider poisoning, snake bites,
and cerebrospinal meningitis. Furthermore, the leaves of
this plant are often used to make indigo dyes'.

Traditionally, several Strobilanthes species are also
used as medicinal plants in several parts of the world,
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particularly in the Ayurvedic medicinal system?. S.
ciliatus and S. heynianus are used as medicinal herbs
to treat several conditions such as epilepsy, paraplegia,
back pain, hemiplegia, and paralysis®3. S. heynianus also
exhibits potent antioxidant potential®.

Figure 1. Strobilanthes auriculata var. dyeriana is widely
recognized as an attractive plant in indonesia because
of its magnificent learf color.
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Strobilanthes auriculata var. dyeriana, known as sembar
lilin in Indonesia, is distinguished by its dark green leaves
with metallic-purple stripes radiating from the vein’s center?
(Fig. 1). Despite the popular use of foliar ornamentation
plants, this species is also used as an herbal treatment for
rheumatism in Indonesia. However, more information is
needed on this plant. Most information is primarily about
its propagation, but studying its potential as a therapeutic
herb still needs to be explored. As a result, several facets
of this plant, spanning from botanical features to its uses,
still need to be explored. S. auriculata var. dyeriana is
thought to have additional potential benefits that are not
commonly known, particularly in herbal medicine. This
study aimed to examine the efficacy of S. auriculata var.
dyeriana extract as a natural antioxidant and assess its
antibacterial activities.

2. MATERIAL AND METHODS

2.1 Leaves Extraction

The leaves of S. auriculata var. dyeriana used in this
study were obtained from a non-collection ornamental
plant in the Eka Karya Bali Botanic Garden area. The
leaves were cleaned, thinly cut, and air-dried for five
days. The leaf extraction was carried out using the
maceration method, slightly modified from the procedure
used by Baehaki®, et al. and Andila & Hartanto’. In 1000
mL of methanol, 100 g of dried leaves were macerated
and then incubated in the dark at 26 °C. The mixture
was filtered with filter paper after three days. The crude
extract was separated from the solvent using a vacuum
rotary evaporator. The concentrated crude extract was
then used for further analysis.

2.2 Phytochemical Screening, Total Phenol, and
Anthocyanin Content

Phytochemical contents, including saponin, phenols,
and steroids, were screened qualitatively according to
the methods carried out by Yuniati® et al., Putri® et al.,
and Hossain!® et al., respectively.

TPC was calculated using the linear regression
equation of gallic acid standards. The determined content
was expressed as equivalents of gallic acid. Total phenolic
analysis was performed using the modified method by
Ghafoor!! et al., The sample’s TPC was estimated using
the gallic acid linear regression equation.

The total anthocyanin content test was carried out
using the pH differential method. Sample solutions
were prepared from each filtrate, and each sample
was measured for its absorbance at its maximum
absorption wavelength and A700 nm (as an absorbance
correction) with pH 1.0 and pH 4.5 solutions. The
total anthocyanin content (%) was calculated using
the following formula:

% inhibition = ((A510 + A700)pH 1,0 — (A510 + A700)pH 4,5) X MW X DF oL
&

2.3 Antioxidant Activity Assay

The antioxidant activity of S. auriculata var. dyeriana
leaves was performed according to the modified method by
Wibawa'?, et al. The stock solution of plant crude extract
was diluted into numerous concentration series: 50, 100,
150, 200, 250, 300, and 350 ppm. One ml of each extract
concentration was mixed with 4 ml of DPPH (40 ppm).
The mixture was mixed and incubated in a dark room for
30 minutes. Ascorbic acid antioxidant activity was tested
in various concentrations (2, 4, 6, 8, 10, and 12 ppm) as a
comparison. Following that, the absorbance of each mixture
was measured at A 517 nm with a UV-Vis spectrophotometer.
The quantitative calculation was performed by determining
the free radical inhibitory power of the sample, which was
calculated using the following formula:

% inhibition = blankabsorbance — sample absorbance

blank absorbance X 100

2.4 Antimicrobial Activity Assay

Antimicrobial activity was assessed using the modified
Kirby-Bauer disc diffusion method!* on nutrient agar.
The microorganisms tested were those that cause human
diseases, including Candida albicans, Pseudomonas
aeruginosa, Salmonella typhimurium, Staphylococcus
aureus, and Streptococcus mutans.

The tested microorganisms were regenerated before
the antimicrobial activity using the following protocol:
one ose of the microbes tested was transferred aseptically
onto a sterile slant nutrient agar, then the bacteria were
incubated for 24 h at 37 °C.

For the antimicrobial activity assay, the fresh colonies
were transferred into a sterile saline solution, and the
turbidity was adjusted to 0.5 McFarland standards before
streaking onto the surface of nutrient agar and allowed for
15 minutes before the tested discs were placed on the surface
of the agar. The formation of the clear inhibition zone was
observed at one to three days of incubation (37 °C).

Table 1. Chemical properties contained in strobilanthes
auriculata var. dyeriana leaces extract

Chemical compoundS Presence
Phenols N

Steroid —
Triterpenoid —

Saponin —

TPC (equivalent with gallic 8204086

acid) (ug/100pg extract) = S.D.
Anthocyanin (%) —

3. RESULTS AND DISCUSSION
3.1 Phytochemical Screening, Total Phenol, and
Anthocyanin Content
The results of phytochemical screening showed that the
leaf extract of S. auriculata var. dyeriana only contained
chemical compounds belonging to the phenol group. No
detectable levels of saponin, steroid, and triterpenoid
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compounds were found through qualitative testing (Table
1). According to this result, the TPC of this extract was
further assayed. As a result, S. auriculata var. dyeriana
leaves extract showed 82.9+0.86 ng/100pg extract of TPC
(equivalent to gallic acid), with no anthocyanin detected.

Several studies reported that dark rind contains more
polyphenols (flavonoids, anthocyanins, and tannins)'* 13,
Anthocyanins are plant pigments that produce red, blue,
and purple colours in several plant parts, including leaves'®
17 Although S. auriculata var. dyeriana is commonly
known as a purple plant due to its leaf colour, our
study showed no anthocyanin compounds in the sample,
suggesting that the biosynthesis process of anthocyanin
compounds does not occur in the leaf parts of this plant.

3.2 Antioxidant Activity

The present study showed that S. auriculata var. dyeriana
had an IC, value of 96.17 ppm, while ascorbic acid had
an IC,, value of 5.02 ppm. Compared to the IC,, value
of ascorbic acid, the S. auriculata var. dyeriana extract
had lower activity but still had strong antioxidant ability.

Because of its high phenolic content, S. auriculata var.
dyeriana was assumed to have high antioxidant potential.
According to various reports, phenolic compounds exhibit
several biological functions, such as antioxidant, antimutagenic,
modified gene expression, cardiovascular protection,
antidiabetics, vision improvement, and carcinogenesis
suppression'®°. The number of -OH groups in the phenolic
compound framework can influence antioxidant activity.
Their ability as a hydrogen donor atom can neutralize
free radicals and prevent oxidation?'.

The high antioxidant activity in S. auriculata var.
dyeriana is also thought to be related to its anti-inflammatory
properties. Previous research has linked S. heyneanus’ high
amount of antioxidant activity to its action as an anti-
inflammatory medication®>. Closely related plants, both in
family and genus, tend to produce comparable metabolites,
implying that their efficiency as therapeutic components is
also likely to be similar. Previously, antiviral, anticancer,
anti-inflammatory, and anticoagulant activities have been
demonstrated from S. tonkinensis extract?®, while S. barbatus
and S. tonkinensis have also been found to be high in
antioxidants**. S. crispus leaves are frequently employed
in traditional medicine for their blood pressure-lowering,
antidiabetic, anticancer, and diuretic qualities. Scientifically,
it has been proven to have potent antioxidant activity, anti-
AIDS, and anticancer properties**. Furthermore, a study
discovered that the aqueous extract of S. crispus leaves
contains a high level of antioxidants and anticancer potential®.

3.3 Antimicrobial Activity

The plant extracts’ antimicrobial activities were
demonstrated by establishing a clear zone in the growth
media, indicating the presence of antagonistic metabolites
produced by the extracts, hence inhibiting microbial
development®®. We discovered that the extract of S.
auriculata var. dyeriana could only suppress the growth
of S. typhimurium in this investigation (Fig. 2).

Figure 2. Methanolic leaf extract of Strobilanthes auriculata
var. dyeriana formed a clear zone when challenged
with Salmonella typhimurium. The clear zone emerged
on the first day after treatment. the diameter of the
clear zone increased with each passing day. this figure
was taken on the thrid-day post -treatment.

The ability of the S. auriculata var. dyeriana leaf
extract to inhibit bacterial growth is likely due to compounds
with antibacterial properties but with a narrow or specific
spectrum. The effectiveness of the extract is probably
due to the phenolic compounds contained in the extract.
Several studies proved phenol has potent antibacterial
action against various organisms, including bacteria, yeasts,
and molds'- 2728, Phenolic compounds efficiently reduced
the growth of Bacillus subtilis, Escherichia coli, and
Pseudomonas aeruginosa®.The mechanism of antimicrobial
activity of phenolic compounds is usually caused by
hydrogen bonding from the phenolic compound, resulting
in intracellular function changes that lead to changes in
cell permeability. The increased lipophilic character of the
phenolic compound will increase antimicrobial activity by
supporting the interaction of phenolic compounds with cell
membranes, causing permanent damage to the cytoplasmic
membrane resulting in lysis®.

Several Strobilanthes species, notably S. formosanus
and S. kunthiana, have been shown to have antibacterial
activity®'*2. Additionally, S. urticifolia methanolic extract
was also found to have antibacterial activities against E.
coli, Micrococcus luteus, S. aureus, and S. typhi*®, while
dichloromethane extract of S. crispus inhibited B. subtilis
and S. aureus®. Recently, S. ciliatus was found to have
antibacterial activity against S. aureus, B. subtilis, E.coli,
P aeruginosa, Klebsiella, Cornybacterium, A. niger, C.
albicans, Trichophyton rubrum, Microsporum gupseum,
and Monascus purpureus?.

4. CONCLUSION

Phytochemical screening of S. auriculata var. dyeriana
leaf extract showed the presence of phenols. In addition,
the total phenol content is high by 82.9+0.86ug/100ug,
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but no anthocyanin was found. The leaves also showed
excellent antioxidant activity (IC,; value of 96.17 ppm)
and strongly inhibited the growth of S. typhimurium. This
study reveals that S. auriculata var. dyeriana leaves are
potent antibacterial and antioxidant agents.

REFERENCES

1.

10.

Nilanthi, R.M.R. Diversity, distribution pattern of
genus Strobilanthes Blume in Sri Lanka and their
implications for conservation planning. Wildlanka,
2019, 7(4), 145-180.

doi: 10.13140/RG.2.2.32790.98882

Nair, A.K.; Chandrasekar, M.J.N. & Shiji kumar,
P.S. Phytochemical and pharmacological aspects of
Strobilanthes ciliatus Nees (Bremek): A review. Intl.
J. Res. in Ayurveda and Pharmacy, 2016,7(4), 72-77.
doi: 10.7897/2277-4343.074137

Rahim, N.F.A.; Muhammad, N.; Abdullah, N.; Talip,
B.H.A. & Dusuki, N.J.S. Polyherbal formulations with
optimum antioxidant properties. In proceedings of the
31 international conference on applied science and
technology 2018. A.I.P. Conf. Proc., 2016, 020007.
doi: 10.1063/1.5055409

Zhu, X.L.; Xu, Y.; Sun, D.J.; Li, H. & Chen,
L.X. The genus Strobilanthes: phytochemistry and
pharmacology. T"M.R. Modern Herbal Medicine,
2022, 5(3), 15.

doi: 10.53388/MHM2022B0701001

Rana, M.; Patel, S. & Modi, N. Phytochemical analysis
and antioxidant assay of plant Strobilanthes dyeriana
Mast. Vidya — J. Gujarat University, 2023, 2(2),
228-235.

doi: 10.47413/vidya.v2i2.254

Baehaki, A.; Widiastuti, I.; Lestari, S.; Masruro, M.
& Putra, H.A. Antidiabetic and anticancer activity of
Chinese water chestnut (Eleocharis dulcis) extract with
multistage extraction. J. Advanced Pharmaceutical
Technol. Res., 2021, 12(1), 40-44.

doi: 10.4103/japtr.JAPTR 67 20

Andila, P.S. & Hartanto, L. Antibacterial and phytochemical
constituent of Etlingeraru broloba A.D. Poulsen
extract, an endemic ginger from Wallacea Region,
Indonesia. Biodiversitas, 2022, 23(7), 3646-3658.
doi: 10.13057/biodiv/d230742

Yuniati, R.; Zainuri, M. & Kusumaningru, M. Qualitative
tests of secondary metabolite compounds in ethanol
extract of Spirulina platensis from Karimun Jawa
Sea, Indonesia. Biosaintifika, 2020, 12(3), 343-349.
doi: 10.15294/biosaintifika.v12i3.23153

Putri, D.K.; Safutri, W.; Chandra, A.A.; Miftausakina,
T.; Ridwan, M. & Sutomo, A. Qualitative analysis
of phenol group compounds on antiseptic products
X and Y. J. Aisyah: Jurnalllmu Kesehatan, 2023,
8(S1), 309-314.

doi: 10.30604/jika.v8iS1.1721

Hossain, M.D.M.; Uddin, M.S.; Baral, P.K.; Ferdus,
M. & Bhowmik, S. Phytochemical screening and
antioxidant activity of Ipomoea hederifolia stems:

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. 1, JANUARY 2025

A potential medicinal plant. Asian J. Nat. Prod.
Biochem., 2022, 20(2), 41-47.

doi: 10.13057/biofar/f200201

Ghafoor, K.; Al Juhaimi, F.; Ozcan, M.M.; Uslu,
N.; Babiker, E.E. & Ahmed, [.A.M. Total phenolics,
total carotenoids, individual phenolics and antioxidant
activity of ginger (Zingiber officinale) rhizome as
affected by drying methods. J. Food Sci. Technol.,
2020, 126, 109354.

doi: 10.1016/j.1wt.2020.109354

Wibawa, [.P.A.H.; Andila, P.S.; Saraswati, V. &
Tirta, I.G. Phytochemical properties and antioxidant
activities of the leaf extracts of Boenninghausenia
albiflora (Hook.) Rchb. ex. Meisn. (Rutaceae). J.
Biol. Res., 2020, 25(2), 12-17.

doi: 10.23869/19

Siva, S.; Li, C.; Cui, H.; Meenatchi, V. & Lin,
L. Encapsulation of essential oil components with
methyl-B-cyclodextrin using ultrasonication: solubility,
characterisation, D.P.P.H. and antibacterial assay.
Ultrasonics Sonochemistry, 2020, 64, 104997.

doi: 10.1016/j.ultsonch.2020.104997

Arshiya, S. The antioxidant effect of certain fruits:
a review. J. Pharmaceutical Sci. Res., 2013, 5(12),
265.

Li’aini, A.S.; Kuswantoro, F.; Wibowo, A.R.U;
Semarayani, C.I.M. & Wardhani, P.K. The potential
of Trichosanthes tricuspidata Lour. from Bangli,
Baturiti, Bali for free radicals scavenging. J. Trop.
Biodiv.Biotechnol., 2022, 7(1), 66111.

doi: 10.22146/jtbb.66111

Bendokas, V.; Stanys, V.; Mazeikieng, I.; Trumbeckaite,
S.; Baniene, R. & Liobikas, J. Anthocyanins: from
the field to the antioxidants in the body. Antioxidants,
2020, 9(9), 819.

doi: 10.3390/antiox9090819

Nassour, R.; Ayash, A. & Al-Tameemi, K. Anthocyanin
pigments: structure and biological importance. J.
Chem. Pharm. Sci., 2020, 13, 45-57.

Shahidi, F. & Ambigaipalan, P. Phenolics and
polyphenolics in foods, beverages and spices: antioxidant
activity and health effects — A review. J. Functional
Foods, 2015, 18(Part B), 820-897. doi: 10.1016/j.
jff.2015.06.018

Mandal, S.M.; Dias, R.O. & Franco, O.L. Phenolic
compounds in antimicrobial therapy. J. Medicinal
Food, 2017, 20(10), 1031-1038.

doi: 10.1089/jmf.2017.0017

Kumar, N. & Goel, N. Phenolic acids: Natural
versatile molecules with promising therapeutic
applications. Biotechnol. Reports, 2019, 24, e00370.
doi: 10.1016/j.btre.2019.e00370

Alexandrino, T.D.; da Silva, M.G.; Ferrari, R.A.; Ruiz,
A.L.T.G.; Duarte, RM.T.; Simabuco, F.M.; Bezerra,
R.M.N. & Pacheco, M.T.B. Evaluation of some in
vitro bioactivities of sunflower phenolic compounds.
Curr. Res. Food Sci., 2021, 24(4), 662-669.

doi: 10.1016%2F;j.crfs.2021.09.007



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

WIBAWA, et al.: EVALUATION POTENTIAL OF STROBILANTHES AURICULATA VAR. DYERIANA (MAST.) J.R.I. WOOD AS AN

Arora, R.; Malhotra, P.; Sharma, A.; Haniadka, R.;
Yashawanth, H.S. & Baliga, M.S. Medicinal efficacy
of Indian herbal remedies for the treatment of
arthritis. In bioactive food as dietary interventions
for arthritis and related inflammatory diseases, edited
by R.R. Watson & V.R. Preedy. Academic Press,
2013, 601-617.

doi: 10.1016/B978-0-12-397156-2.00250-7

Chen, T.Q.; Wu, Y.B.; Wu, J.G.; Wang, H.Y.; Mao,
F.H. & Wu, J.Z. Fatty acids, essential oils and
squalene in the spore lipids of Ganoderma lucidum
by GC-MS and GC-FID. Chem. Nat. Compounds,
2013, 49, 143-144.

Yaacob, N.S.; Kamal, N.N.N.M.; Wong, K.K. &
Norazmi, M.N. Cell cycle modulation of MCF-7
and MDA-MB-231 by a sub-fraction of Strobilanthes
crispus and its combination with tamoxifen. Asian
Pacific J. Cancer Prevention, 2015, 16(18), 8135-
8140.

doi: 10.1186/1472-6882-10-42

Ghasemzadeh, A.; Jaafar, H.Z.E. & Rahma, A.
Phytochemical constituents and biological activities of
different extracts of Strobilanthes crispus (L.) Bremek
leaves grown in different locations of Malaysia.
B.M.C. Complementary and Alternative Medicine,
2015, 15, 422.

doi: 10.1186/s12906-015-0873-3

Li’aini, A.S.; Wibawa, I.P.A.H. & Rahayu, A.
In vitro antimicrobial and antioxidant activity of
Meliaceae plants collection of Eka Karya Bali Botanic
Garden. Molekul, 2022, 17(3), 40-412.

doi: 10.20884/1.jm.2022.17.3.6285

Manso, T.; Lores, M. & de Miguel, T. Antimicrobial
activity of polyphenols and natural polyphenolic
extracts on clinical isolates. Antibiotics, 2021, 11(1),
46.

doi: 10.3390/antibiotics11010046

Ecevit, K.; Barros, A.A.; Silva, J.M. & Reis, R.L.
Preventing microbial infections with natural phenolic
compounds. Future Pharmacology, 2022, 2(4), 460-
498.

doi: 10.3390/futurepharmacol2040030

Tyagi, B.; Dubey, A.; Verma, A.K. & Tiwari, S.
Antibacterial activity of phenolics compounds against
pathogenic bacteria. Int. J. Pharm. Sci. Rev. Res.,
2015, 35(1), 16-18.

Bouarab-Chibane, L.; Forquet, V.; Lantéri, P.; Clément,
Y.; Léonard-Akkari, L.; Oulahal, N.; Degraeve, P. &
Bordes, C. Antibacterial properties of polyphenols:
characterisation and qsar (quantitative structure-
activity relationship) models. Frontier Microbiol.,
2019, 10, 829.

doi: 10.3389/fmicb.2019.00829

Chiang, Y.R.; Li, A.; Leu, Y.L.; Fang, J.Y. & Lin,
Y.K. An in vitro study of the antimicrobial effects of
indigo naturalis prepared from Strobilanthes formosanus
Moore. Molecules, 2013, 18(11), 14381-14396.

doi: 10.3390/molecules181114381

32. Farid, A.; Ahmad, B.; Bashir, K.; Rehman, Y. &
Khan, S. Thrombolytic and allelopathic activities
of medicinal plant: Strobilanthes urticifolia Wall.
Ex Kuntze. Intl. J. Biosci., 2017, 11(6), 39-44.
doi: 10.12692/ijb/11.6.39-44

33. Farid, A.; Ahmad, B.; Yasin, M.; Haq, F.; Khan,
M.B. & Khan, S. Haemagglutination and Antibacterial
activities of Strobilanthes urticifolia Wall. ex Kuntze.
Intl. J. Biosci., 2017, 11(4), 35-40.
doi: 10.12692/ijb/11.4.35-40

34. Koay, Y.C.; Wong, K.C.; Osman, H.; Eldeen, I.M.S.
& Asmawi, M.Z. Chemical constituents and biological
activities of Strobilanthes crispus L. Rec. Nat. Prod.,
2013,7(1), 59-64.

CONTRIBUTORS

I Putu Agus Hendra Wibawa is a junior researcher at the
Research Center for Applied Botany, National Research and
Innovation Agency (BRIN), Indonesia. His working areas are
plant biotechnology and biochemistry, ethnobotany, and plant
protection.

He was involved in designing the research concept, helping
with the laboratory work, documentingthe antimicrobial effect of
the extract, analyzing the data, and composing the manuscript.

Arrohmatus Syafaqoh Li’aini is a junior researcher assistant
at the Research Center for Applied Botany, BRIN, Indonesia.
She works on plant biotechnology and biochemistry, plant pests
and diseases management, and biocontrol agents.

In this study, she analyzed the data, composed and revised the
manuscript, formatted it according to the journal template, and
gave the final approval for this work to be published.

Putri Sri Andila is a junior researcher assistant at the Research
Center for Applied Botany, BRIN, Indonesia. She is working
in plant genetics and biomedical science.

She contributed to laboratory work, documented the plants
used as research objects, and wrote the manuscript.

I Nyoman Lugrayasa is a senior researcher at the Research
Center for Applied Botany, BRIN, Indonesia. His work includes
ornamental plant propagation, plant breeding, and ethnobotany.
He carried out the laboratory work for this study.

Vienna Saraswaty is a senior researcher at the Research Center
for Applied Microbiology, BRIN, Indonesia. She is currently
working on functional material related tothe agroindustry’s
by-products. She supervised the design workand composed
the manuscript.

According to the contribution made in this paper, the authors
state that IPAHW and ASL are the main contributors, while
PSA, INL, and VS are the co-contributors.



