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1. Introduction

The raw materials for traditional medicine are natural ingredients. This is because natural ingredients contain chemical
compounds that have medicinal properties [1]. This is one of the bases for the exploration of natural ingredients by
researchers. The more scientific information regarding the chemical components contained in natural ingredients, the more
benefits natural ingredients have as raw materials for traditional medicines. One of the natural ingredients that have the
potential as raw material for traditional medicine is the Kaembu-embu (Blumea balsamifera) plant.

The Kaembu-embu (Blumea balsamifera) is a type of herbaceous plant found in the forests of the island of Muna,
Southeast Sulawesi. Communities in Kontumere Village, Kabawo District, Muna Regency have used Kaembu-embu leaves
to cure various diseases such as menstrual pain, fever, aches, heart disease, mouth sores, and diabetes [2]. Kaembu-
embu leaf boiled water is usually used as the main raw material for medicinal herbs for mothers who give birth. In addition,
Kaembu-embu leaves are also used as medicine to treat candidiasis. Candidiasis is a disease caused by the Candida
fungus which can cause infections of the mucous membranes, subcutaneous, vaginal, oral, and oral thrush. Candidiasis
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has become an important health problem due to the increasing number of patients experiencing immunodeficiency disease
(weakened immune system). More than 150 Candida species have been identified and about 70% of candidiasis is caused
by Candida albicans [3].

Initial information regarding the content of secondary metabolites of Kaembu-embu leaves can be obtained through
phytochemical screening methods. The results of phytochemical screening show that the ethanol extract of Blumea
balsamifera leaves contains secondary metabolites of alkaloids, flavonoids, polyphenols, tannins, saponins, glycosides,
terpenoids, and quinones [4] - [6]. The n-hexane extract of Blumea balsamifera leaves contains terpenoid secondary
metabolites [7]. Ethyl acetate extract of Blumea balsamifera leaves contains secondary metabolites of flavonoids 204.58
mg Quinones Equivalent (QE)/g sample dry weight, phenol 225.33 mg Galic Acid Equivalent (GAE)/g sample dry weight,
vitamin C 451.92 mg Ascorbic Acid Equivalent (AAE)/g dry weight of the sample. GC-MS results indicate that ethyl acetate
extract is thought to contain compounds of the benzene, monoterpenes (camphor, L-Borneol), sesquiterpenes (c-guaiene,
caryophyllene, humulene), and diterpenes compounds (neophytadiene) [8].

The ethanol extract of Blumea balsamifera leaves has antioxidant activity with an ICso of 12.401 ppm [4] and 0.978
mg/mL [6]. The n-hexane extract of Blumea balsamifera leaves has antioxidant activity with an |Cso of 110.592 ppm [5]. The
ethyl acetate extract of Blumea balsamifera leaves has an antioxidant activity with an 1Cso of 37.09 ppm and an antioxidant
capacity of 501.97 mg Galic Acid Equivalent Antioxidant Capacity (GAEAC)/g sample dry weight [8]. The ethanol extract of
Blumea balsamifera leaves at a dose (of 200 mg/kg body weight) can lower blood glucose levels and improve the damaged
pancreas better than other doses [9]. The ethanol extract of Blumea balsamifera leaves has antiacne activity against
Propionibacterium acnes with the largest concentration of 75% with an inhibitory diameter of 2.26 cm [10]. The ethanol
extract of Blumea balsamifera leaves can improve the testicular histology of wistar rats induced by high fat feed [11]. The
extracts of n-hexane, ethyl acetate, and ethanol 70% of Blumea balsamifera leaves had heme polymerization inhibitory
activity at a concentration of 1 mg/mL, each of 11.28; 26.26; and 56.88% [6]. Infusum of Blumea balsamifera leaves can
inhibit the growth of Escherichia coli bacteria at a concentration of 90% of 4.2 mm [12]. The results of this study indicate
that Kaembu-embu leaves have the potential to be used as raw materials for medicine. Therefore, it is necessary to test
the antifungal activity of the ethanol extract of Kaembu-embu leaves.

2. Materials and Methods
2.1. Materials

The leaves of Kaembu-embu (Blumea balsamifera) were taken from Kabawo District, Muna Regency, Southeast
Sulawesi Province. The chemicals used are ethanol (Technical), methanol (Technical), aquabidest (Onelab), aluminum foil
(Diamond), tissue (Nice), filter paper (Whatman), H2SO4, p.a. (E. Merck), BaCl, p.a. (E. Merck), NaCl p.a. (E. Merck), cotton
(Selection), gauze (Onemed), Potato Dextrose Agar (PDA) (BAM Media M127), Potato Dextrose Broth (PDB) (Merck KGaA),
ketoconazole (Formyco) (positive control), and pure cultures of Candida albicans were obtained from the Laboratory of
Microbiology, FMIPA UHO Kendari.

2.2. Methods
2.2.1. Extraction

The leaves of Kaembu-embu (Blumea balsamifera) are rinsed with water until clean. Then the Kaembu-embu leaves
are aerated at room temperature until dry. The dried leaves of the Kaembu-embu are mashed in a blender until they form
a powder. The leaf powder of Kaembu-embu (500 g) was extracted by maceration using ethanol (1500 mL) for 1 x 24
hours. After that, the macerate is filtered until the filtrate and residue are obtained. The filtrate is collected and the residue
is macerated again with ethanol (1500 mL) for 1 x 24 hours. This maceration procedure is carried out up to 3 x 24 hours.
The filtrate was combined and concentrated with a rotary vacuum evaporator at 78 °C to obtain concentrated ethanol
extract (crude) of the leaves of Kaembu-embu (Blumea balsamifera).

2.2.2. Antifungal Activity Test

The antifungal activity of the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves tested using the liquid and
solid dilution method to determine the minimum inhibitory concentration (MIC) and the minimum killing concentration (MKC)
[4], [7], [13] - [16].

2.2.3. MIC Testing

The MIC testing of the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves was carried out using the liquid
dilution method. The inhibition process that occurs is observed through the presence of turbidity in the liquid media which
is generated during the dilution process after incubation and confirmed in the growth in solid media.
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The liquid dilution method begins by preparing 11 sterilized test tubes, PDB media, test extract, test fungus or C.
albicans culture, and control solution. The eleven test tubes were filled with PDB media, test extract, C. albicans culture,
and control solution with the volume as shown in Table 1. Then all tubes were incubated for 24 hours at 37°C. After
incubation, each tube was observed and recorded on the tube to which turbidity occurred. The cloudy tube shows the
growth of C. albicans and the clear tube shows the absence of C. albicans growth [17]. MIC and MKC values were
determined by means of a streak plate from the solid dilution antifungal test results. The test results used were all media
that provided visual clarity. MIC is the smallest concentration that can inhibit microbial growth, indicated by C. albicans can
still grow on the streak plate results. Meanwhile, MKC is the smallest concentration that can kill microbes, indicated by the
fact that C. albicans is no longer able to grow on the streak plate results. This indicates that the test microbes died because
of the test solution with this concentration [18], [19].

Table 1 The Composition of The Media in The MIC Test Using The Liquid Dilution Method

Test Tube Concentration PDB Liquid Media Ethanol Extract C. albicans culture
Number (ppm) (mL) (mL) (mL)
1 5 3,97 0,03 1
2 25 3,84 0,16 1
3 50 3,67 0,33 1
4 75 3,50 0,50 1
5 100 3,33 0,67 1
6 250 2,33 1,67 1
7 500 0,67 3,33 1
8 750 0,25 3,75 1
9 Positive control 3+1 (antibiotic) - 1
10 Media control2 4 - 1
11 Negative control3 5 - -
Information:

1 Positive control = PDB liquid media + ketocenazol (antibiotic) + test fungus
2 Control media = PDB liquid media + test fungus
3 Negative control = PDB liquid medium

2.2.4. MKC Testing

The MKC test was carried out by growing the test results on PDB liquid media into sterile PDA solid media using the
pour plate method. The solution of culture (1 mL) from the test results in PDB liquid media (Table 1) was poured into PDA
sterile solid media in a petri dish. Furthermore, PDA sterile solid media was incubated for 24 hours at 37°C. The number of
C. albicans colonies that grew on PDA sterile solid media on each plate was counted by colony counter. The lowest number
of C. albicans colonies on PDA sterile solid media on each plate was called MIC. If the number of colonies of C. albicans
growing on sterile PDA solid media on each plate < 0.1% of the total number of media control colonies, it is called MKC
[20], [21].

3. Results and Discussion
3.1. Extraction Results

The extraction method used is maceration. The green powder of the leaves of Kaembu-embu (Blumea balsamifera)
(500 g) was immersed in ethanol (1500 mL) for 3 x 24 hours. The macerate was filtered to obtain the filtrate (brownish
green) and residue (dark brown). The filtrate is evaporated with a vacuum rotary evaporator at a temperature of 78°C until
a crude (150 g) is formed with a blackish brown color. So, the percentage of maceration extraction yield is 30%.

3.2. MIC and MKC test results for the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves

MIC and MKC were determined using the liquid and solid dilution methods. The liquid dilution method is a method to
determine the minimum concentration of an antifungal that can inhibit or kill C. albicans. This method is carried out using
liquid media that has been added with the test substance or the ethanol extract of the leaves of Kaembu-embu (Blumea
balsamifera). The test substance can inhibit the growth of fungus with a certain dilution and then inoculate the fungal culture
in the same amount. The response of the test substance was characterized by clarity or turbidity in the tube after incubation
for 24 hours at 37°C.

Qualitative data of the results of the MIC and MKC tests of the ethanol extract of Kaembu-embu (Blumea balsamifera)
leaves are presented in Figure 1.
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Figure 1 The results of the MIC and MKC test results of the ethanol extract of Kaembu-embu (Blumea balsamifera)
leaves using the liquid dilution method

Figure 1 shows that the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves has begun to clear at a
concentration of 25 ppm. This shows that the MIC of the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves is
25 ppm. Figure 1 also shows that the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves changes color from
yellow (5 - 250 ppm) to clear at a concentration of 500 ppm. This indicates that there are no more C. albicans colonies
growing at a concentration of 500 ppm. So, the MKC of the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves
was 500 ppm. However, the results of this test can still change because the turbidity level of each concentration cannot be
directly observed visually properly. This is because all the colors of the tubes are cloudy when compared to the fungal
control. Therefore, the MIC and MKC test results using the tube dilution method still need to be confirmed again by observing
the growth of C. albicans on PDA solid media.

The determination of MIC and MKC using the solid dilution method was carried out by growing C. albicans on PDA
solid media. The solid dilution method is a method for determining the minimum concentration of an antifungal that can
inhibit or kill of C. albicans. The response of the test substance was characterized by no growth of C. albicans on the PDA
solid medium or C. albicans colonies growing on the PDA solid medium with less than 0.1% of the number of initial inoculum
colonies [22].

MIC and MKC were determined by observing the number of C. albicans colonies on PDA solid media that had been
suspended with 1 mL of liquid dilution of each concentration. Determination of the number of C. albicans colonies growing
on PDA solid media was calculated by colony counter. Data from the calculation of the number of colonies and the
percentage of C. albicans growth on PDA solid media are presented in Table 2.

Table 2 The Number of Colonies and The Percentage of C. Albicans on PDA Solid Media

Treatment Ethanol extract C. albicans colony  C. albicans colony  Percentage of growth C.
concentration (ppm) numbers numbers (CFU/mL) Albicans (%)
Control ()1 0 0 0 0
Media control? 0 1.875 1,875 x 105 100
5 935 9,35 x 104 50,13
25 683 6,83 x 104 63,57
50 359 3,59 x 104 80,85
Ethanol extract 75 137 1,37 x 104 92,69
100 45 4,5x103 97,60
250 0 0 0
500 0 0 0
750 0 0 0
Control (+)3 20000 43 43x108 97,71

Information:

1 Negative control = PDA solid media

2 Control media = PDA solid media + fungus test

3 Positive control = PDA solid media + ketocenazol (antibiotic) + fungus test
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The data in Table 2 shows that the inhibitory ability of the ethanol extract of Kaembu-embu (Blumea balsamifera)
leaves against the growth of C. albicans increases with increasing concentrations used. In other words, the growth of C.
albicans decreased with increasing concentration of ethanol extract used. This can be seen from the growth of C. albicans
colonies of 9.35 x 10* CFU/mL at a concentration of 5 ppm of ethanol extract decreased to 4.5 x 10% CFU/mL at a
concentration of 100 ppm of ethanol extract. This is also indicated by the absence of C. albicans colonies that grow at
concentrations of 250, 500, and 750 ppm of ethanol extract. So, the higher the ethanol extract concentration, the higher the
ability of the ethanol extract to inhibit the growth of C. albicans. This is because the higher the concentration of ethanol
extract, the more active antifungal compounds contained in it so the ability of the active compounds to inhibit the growth of
C. albicans is also higher [23].

The data in Table 2 shows that the MIC of the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves was 5
ppm with the ability to inhibit the growth of C. albicans by 50.13% from the control media. Meanwhile, the MKC of the
ethanol extract of Kaembu-embu (Blumea balsamifera) leaves was 250 ppm. This is indicated by the absence of C. albicans
colonies that are able to grow and multiply on PDA solid media during the incubation period. Desmara et.al [24] also reported
that the ethanol extract of Blumea balsamifera leaves had MIC and MKC of 25% and 50%. Meanwhile, Muchtaromah [25]
reported the MIC and MKC values of the ethanol extract of Blumea balsamifera leaves were 0.78% and 1.56%. These
results indicate that the ethanol extract of Blumea balsamifera leaves can inhibit the growth of C. albicans during the
incubation period. This is because the ethanol extract of the leaves of Kaembu-embu (Blumea balsamifera) used contains
secondary metabolites which can inhibit the growth of C. albicans.

The content of secondary metabolites found in the ethanol extract of Blumea balsamifera leaves are alkaloids,
flavonoids, terpenoids, polyphenols, tannins, and essential oils [4] - [6], [26], [27]. These secondary metabolites have
antifungal activity. The main target of these antifungal compounds is the cell wall. The cell wall of C. albicans is composed
of polysaccharides (mannan, glucans, chitin), proteins, and lipids with a cell membrane underneath that contains sterols
[28]. If the cell wall protein of C. albicans is denatured, it will cause brittleness of the fungal cell wall so that it is easily
penetrated by substances that are fungistatic [29].

One of the secondary metabolites contained in the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves is
polyphenoals. Polyphenols are phenol polymers with high molecular weight. Phenols are compounds that have a hydroxyl
group attached directly to the benzene ring. The way phenol compounds work is by causing the coagulation or clumping of
proteins. Proteins that have clotted can undergo denaturation so that the protein does not function anymore [30]. Phenol
can also cause protein denaturation by damaging the cell membrane [31]. The mechanism of action of phenol as an
antifungal is by inhibiting protein synthesis so that the protein from the cell membrane of C. albicans is denatured. The
presence of phenol OH groups from the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves can interact through
hydrogen bonds with the OH group of the side-chain of carboxylic acids from amino acid residues, so that protein synthesis
can be inhibited (Figure 2) [32]. This is what causes a toxic effect on the growth of C. albicans during the incubation period
because the nutrient transport route is cut off.

/ . /TNl e
@—Qa - :/o—c—$— NH, or ng z/o—c—cl— NH,
: H

H H H
Phenol Amino acid Phenol Amino acid
Hydrogen bond interactions Hydrogen bond interactions

Figure 2. OH group of phenol interacting by hydrogen bonding with OH group of the side chain of carboxylic acid from
amino acid residues of protein [32]

Flavonoids are compounds that have pharmacological effects as an antifungal. The effect of flavonoids on organisms
is very diverse so plants containing flavonoids are used in traditional medicine [33]. Flavonoids can form complexes with
proteins and damage cell membranes by denaturing proteins so that the cell membrane becomes lysed and flavonoids can
penetrate the cell nucleus which causes fungi to not develop [34].

Triterpenoid compounds are nonpolar, so they more easily penetrate the fungal cell walls which are composed of
lipids. Triterpenoids are included in the terpenoid class of compounds that have antifungal properties [35]. The mechanism
of action of terpenoids as an antifungal is because these terpenoid compounds dissolve in fat so that they can penetrate
the fungal cell membrane and affect its permeability and cause disruption in the structure and function of the cell membrane.
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The results of the above study indicated that the decrease in the number of colonies and even the death of C. albicans
was in line with the increase in the concentration of the ethanol extract of Blumea balsamifera leaves. This is reinforced by
the existence of research data showing that the ethanol extract of Blumea balsamifera leaves contains active ingredients
that can inhibit the growth of C. albicans. Therefore, the ethanol extract of Blumea balsamifera leaves has been shown to
act as an antifungal compound against C. albicans.

4. Conclusion

The results of testing the antifungal activity of the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves
against C. albicans growth using the liquid dilution method showed MIC values of 25 ppm and MKC of 500 ppm. Meanwhile,
the results of testing the antifungal activity of the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves against C.
albicans growth using the solid dilution method showed MIC value of 5 ppm with an inhibitory ability of 50.13% of the control
media and an MKC value of 250 ppm.

This research needs to be continued until the isolation and structure elucidation stages so that secondary metabolites
from the ethanol extract of Kaembu-embu (Blumea balsamifera) leaves which have the antifungal activity of C. albicans
can be identified.

Acknowledgements

We would like to express our gratitude to the Head of the Chemistry Laboratory and Microbiology Laboratory of FMIPA
UHO Kendari.

References

[1] Sutarjadi, Research Relationship between Natural Chemistry and Traditional Medicine, Proceedings of the National
Seminar on Natural Materials ‘9, Ul. UNESCO, pp. 11-15, July 1-3, 1999.

[2] F.Il. Windadri, M. Rahayu, T. Uji, and H. Rustiami, “Utilization of Plants as Medicinal Materials by the Local Community
of the Muna Tribe in Wakarumba District, Muna Regency, Southeast Sulawesi”, Biodiversity, vol. 7, no. 4, pp. 333-
339, October 2006. DOI: 10.13057/biodiv/d070407. [Online]. Available: https://smujo.id/biodiv/article/view/494/516.
[Accessed Dec. 19, 2020].

[3] B.Jamil, M. T. M. Bokhari, A. Saeed, M. Z. M. Bokhari, Z. Hussain, T. Khalid, H. Bokhari, M. Imran, and S. A. Abbasi,
“Candidiasis: Prevalence and resistance profiling in a tertiary care hospital of Pakistan”, Journal of the Pakistan
Medical ~ Association, vol. 67, no. 5 pp. 688697, May 2017. [Online]. Available:
https://pubmed.ncbi.nlm.nih.gov/28507352/. [Accessed Dec. 9, 2020].

[4] Asni. “Phytochemical Screening and Antioxidant Activity Test of the Ethanol Extract of Kaembu-embu (Blumea
balsamifera L.) Leaves with the DPPH Method”, Essay, FKIP UHO, Kendari, 2018.

[5] M. Maslahat and N. Yuliani, “The Influence of Lighting to The Phytochemistry, Chlorophyll and Biomass Content of
Sembung Leaves (Blumea balsamifera)’, Journal of Natural Science, University of Nusa Bangsa, vol. 4, no. 1, pp. 11-
25, January 2014. [Online]. Available: http://ejournalunb.ac.id/index.php/JSN/article/view/71. [Accessed Dec. 17,
2020].

[6] E. Septiana, A. Umaroh, E. Gangga, and P. Simanjuntak, “Haem Polymerization Inhibitory Activity of Blumea
balsamifera Leaves Extract as Antimalarial’, Bul. Litfro, vol. 28, no. 1, May 2017. DOl
http://dx.doi.org/10.21082/bullittro.v28n1.2017.29-36. [Online]. Available:
http://ejurnal.litbang.pertanian.go.id/index.php/bultro/article/view/4798. [Accessed Jan. 2, 2021].

[7] Apriani, “Antioxidant Activity Test and Phytochemical Identification of n-Hexane Fraction of Kaembu-embu (Blumea
balsamifera L.) Leaves’, Essay, FKIP UHO, Kendari, 2018.

B8] 1.G. A. W. Kusumawati, I. B. A. Yogeswara, “Antioxidant and Antibacterial Capacity of Loloh Sembung (Blumea
balsamifera) Based on Extraction Method”, Traditional Medicine Journal, vol. 21, no. 3, pp. 143-148, September-
December 2016. DOI: https://doi.org/10.22146 /tradmedj.17318. [Online]. Available: https://jurnal.ugm.ac.id
[TradMedJ/article/view/17318. [Accessed Jan. 11, 2021].

[9] A Eriadi, R. Uthia, and R. Novita, “Effect of Ethanol Extract of Sembung Leaves (Blumea balsamifera L. Against Blood
Glucose Levels and Pancreatic Histopathology of Male White Mice Alloxan Induced”, Higea Journal of Pharmacy, vol.

81



https://doi.org/10.22146/tradmedj.17318

Dali, et al. / ALCHEMY: JOURNAL OF CHEMISTRY, 10 : 2 (2022) 76-83

9, no. 2, pp. 127-139, 2017. [Online]. Available: https://www.jurnalfarmasihigea.org/index.php/higea/article/view/168.
[Accessed Nov. 2, 2020].

[10] A. A. Thamrin, U. Yuniarni, and S. Hazar, “Antibacterial Activity Test of Ethanol Extract of Sembung Leaves (Blumea
balsamifera L.) Against Acne Causing Bacteria Propionibacterium Acnes®, Pharmaceutical Proceedings, vol. 2, no. 1,
pp. 39-44, 2016. [Online]. Available: http://repository.unisba.ac.id’handle/123456789/4044. [Accessed Dec. 27, 2020].

[11] I. G. Widhiantara, A. A. A. P. Permatasari, F. M. Siswanto, N. P. E. S. Dewi, “Sembung (Blumea balsamifera) Leaf
Extract Improves Testis Histology of High-Fat Diet-Induced Rats”, Indonesian Journal of Biotechnology & Bioscience,
vol. 5, no 2, pp. 111-118, 2018. DOI: https://doi.org/10.29122/jbbi.v5i2.2868. [Online]. Available:
http://ejurnal.bppt.go.id/index. php/JBBl/article/view/2868/pdf. [Accessed Nov. 17, 2020].

[12] U.Ruhimat, "Inhibition of Sembung Leaf Infusum (Blumea balsamifera) Against the Growth of Escherichia coli Bacteria
using the Disc Diffusion Method”, Health Journal of Bakti Tunas Husada, vol. 13, no. 1, pp. 142-148, February 2015.
DOI: http://dx.doi.org/10.36465/jkbth. v13i1.26. [Online]. Available: https://ejurnal.stikes-
bth.ac.id/index.php/P3M_JKBTH/article/ view/26/26. [Accessed Dec. 21, 2020].

[13] N. Dali, and A. Dali, “Study of Antibacterial Activity of Active Compounds from Green Shells (Perna viridis) Living in
Kendari Bay Waters”, Research Report, FMIPA UHO, Kendari, 2013.

[14] Maulidiyah, Imran, M. Watu, and M. Nurdin, “Secondary Metabolites Identification From Lichen Usnea longissima
Ach.: Bioactivity Test of Antibacteria”, International Journal of Applied Chemistry, vol. 12, no. 3, pp. 347-357, 2016.
[Online]. Available: https://www.ripublication.com/ijac16/ijacv12n3_16.pdf. [Accessed Dec. 27, 2020].

[15] N. Mutammima, “Activity Test, Determination of Minimum Inhibitory Concentration (MIC) and Minimum Kill
Concentration (MKC) and TLC Bioautography of Pletekan Leaf Ethanol Extract (Ruglia tuberose L.) Against Candida
albicans”, Essay, UIN Maulana Malik |brahim, Malang, 2017.

[16] S. S. Rahardjo, Review of Sembung Plant (Blumea balsamifera L., Proceedings of the 50th National Seminar on
Indonesian Medicinal Plants, pp. 18-28, Samarinda, 20-21 April 2016. DOI: https://doi.org/10.25026/mpc.v3i2.84
[Online]. Available: https://prosiding.farmasi. unmul.ac.id/index.php/mpc/article/view/84. [Accessed Oct. 5, 2020].

[17] A.lsnawati, R. Mariana, A. Sukmayati, “Standardization of Simplicia and Ethanol Extract of Sembung Leaves (Blumea
balsamifera L.) from Three Growing Sites”, Media Litbang Kesehatan, vol. XVI, no. 2, pp. 1-6, 2006. DOI:
10.22435/mpk.v16i2 Jun.893. [Online]. Available: https://www.neliti.com/publications/156409/standarisasi-simplisia-
dan-ekstrak-etanol-daun-sembung-blumea-balsamifera-I-dari. [Accessed Dec. 19, 2020].

[18] Y.L.Huang, Z. G. Zhao, Y. X. Wen, “Determination of Total Flavonoid in Different Sections of Blumea balsamifera®,
Guihaia, vol. 26, no. 1, pp. 453-455, 2006.

[19] E. Pramono, Development and Prospects of the Indonesian Traditional Medicines Industry, Proceedings of the XXI
National Seminar on Indonesian Medicinal Plants, pp. 18-27, F. Farmasi Ubaya, Surabaya, 2005.

[20] S. M. Dzen, S. Roekistiningsih, Santoso, and S. Winarsih, Medical Bacteriology, Bayumedia Publising, Malang, 2003.

[21] H. Winarsi, Natural Antioxidants and Free Radicals: Their Potential and Application in Health, Kanisius, Yogyakarta,
2007.

[22] S. Chismirina, S. Rezeki, and Z. Rusiwan, “Minimum Inhibitory and Kill Concentrations of Jamblang Fruit Extract
(Syzygium cumini) on the Growth of C. albicans”, Cakradonya Dent J, vol. 6, no. 1, pp. 619-677, Juni 2014. [Online].
Available: https://lwww.ripublication.com/ ijac16/ijacv12n3_16.pdf. [Accessed Dec. 10, 2020].

[23] I. G. A. W. Kusumawati, |. B. A. Yogeswara, N. M. |. Sugiantari., and |. G. Ariyasa, “Identification of ¥-Aminobutyric
Acid (GABA) in Loloh Sembung (Blumea balsamifera) as a Potential Drink as Antihipertension”, Tradisional Medicine
Journal, vol. 23, no. 1, pp. 23-29, January-April 2018. DOI: 10.22146/mot.28516. [Online]. Available:
https://jurnal.ugm.ac.id/ TradMedJ/article/view/28516/20806. [Accessed Jan. 15, 2021].

[24] S. Desmara, S. Rezeki, and Sunnati, “Minimum Inhibitory Concentrations and Minimum Kill Concentrations of Basil
Leaf Extract (Ocimum Sanctum L.) Against the Growth of Candida Albicans”, Journal Caninus Denstistry, vol. 2, no.
1, pp. 31-39, February 2017. [Online]. Available: https://etd.unsyiah.ac.id/index.php?p=show_detail&id=27482.
[Accessed Jan. 5, 2021].

[25] B. Muchtaromah, “Phytochemical, Antioxidant and Antimicrobial Screening of Curcuma mango Rhizome for Female
Fertility”, Research Report, Research and Community Service Institutions, UIN Maulana Malik Ibrahim, Malang, 2014.
[Online]. Available: http://repository.uin-malang.ac.id/3886/. [Accessed Nov. 9, 2020].

82



https://doi.org/10.29122/jbbi.v5i2.2868
http://dx.doi.org/10.36465/jkbth.v13i1.26
https://doi.org/10.25026/mpc.v3i2.84
https://dx.doi.org/10.22435/mpk.v16i2%20Jun.893.
http://dx.doi.org/10.22146/mot.28516

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

Dali, et al. / ALCHEMY: JOURNAL OF CHEMISTRY, 10 : 2 (2022) 76-83

M. N. I. Bhuiyan, J. U. Chowdhury, J. Begum, “Chemical Components in Volatile Oil from Blumea balsamifera (L.)
DC”, Bangladesh Journal of Botany, vol. 38, no. 1, pp. 107-109, 2009. DOI: https://doi.org/10.3329/bjb.v38i1.5132.
[Online]. Available: https://www.banglajol. info/index.php/BJB/article/view/5132. [Accessed Nov. 25, 2020]

l. B. K. Mantra, I. N. K. Putra, and L. P. Wrasiati, “Characterization of Bioactive Compound of Sembung (Blumea
balsamifera L.) Leaf Extract From Different Solvents”, Scientific Journal of Food Technology, vol. 6, no.1, pp. 54-65,
March 2019. [Online]. Available: https://docplayer.info/177262412-Media-ilmiah-teknologi-pangan-scientific-journal-
of-food-technology.html. [Accessed Dec. 15, 2020].

D. M. H. Ali, K. C. Wong, and P. K. Lim, “Flavonoids from Blumea balsamifera”, Fitoterapia, vol. 76, no. 1, pp. 128-
130, Jan. 2005. DOI: 10.1016/).fitote.2004.10.015. [Online]. Available: https://pubmed.ncbi.nim.nih.gov/15664477].
[Accessed Dec. 15, 2020].

E. Y. Mikamo, A. Okada, Y. Semma, Otto, and I. Morimoto, “Studies on Structural Correlation Ship with Antioxidant
Activity of Flavonoids”, Journal Food Chemistry, vol. 7, no. 2, pp. 93-101, 2000.

Murniana, F. Oesman, S. Bahri, L. Septa, and N. Saidi, “Antifungal Activity From Seed of Cerbera odollam Against
Candida albicans”, Journal of Natur, vol. 11, no. 1, 2011. [Online]. Available: file:///C:/Users/ASUS-
PC/Downloads/Antifungal_Activity_from_seed_of Cerbera_ odollam_against_Candida_Albicans.pdf. [Accessed Nov.
10, 2020].

M. J. Pelezar, and E. C. S. Chan, Basics of Microbiology 2, Ul Press, Jakarta, 2008.

M. S. Matta, A. C. Wilbraham, and D. D. Staley, Infroduction to Organic and Biological Chemistry, D. C. Heath and
Company, Lexington, 1996.

D. Pujimulyani, A. Wazyka, S. Anggrahini, and U. Santoso, “Antioxidative Properties of White Saffron Extract
(Curcuma mangga Val.) in The B-Carotene Bleaching and DPPH-Radical Scavening Methods”, Indonesian Food and
Nutr. Progress, vol. 11, no. 2, pp. 35-40, 2004. DOI: https://doi.org/10.22146/jifnp.36. [Online]. Available:
https://journal.ugm.ac.id/ifnp/ article/view/15220. [Accessed Dec. 10, 2020].

D. Novianti, “Antifungi Abilities of Rimpang Extract Temulawak (Curcuma zanthorrhiza) Against Candida albicans’,
Sainmatika, vol. 13, no. 2, pp. 69-79, Desember 2016. [Online]. Available: file:///C:/Users/ASUS-PC/Downloads/1037-
1301-1-SM.pdf. [Accessed Dec. 15, 2020].

M. M. Nahak, R. Tedjasulaksana, N. N. Sumerti, “Ability Difference of Beluntas Leaf (Pluchea indica L.) Ethanol Extract
and Avocado Leaf (Persea americana Mill) Ethanol Extract in Inhibiting Caries Causing Streptococcus Mutans
Bacteria Growth”, Bali Medical Journal, vol. 6, no. 3, pp. 387-390, 2017. DOI: 10.15562/bmj.v6i3.742. [Online].
Available: https://www.balimedicaljournal.org/index.php/bmj/article/viewFile/742/1004. [Accessed Dec. 15, 2020].

83



https://doi.org/10.22146/jifnp.36
https://dx.doi.org/10.15562/bmj.v6i3.742

