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Data shows that the success of the Directly Observed Treatment Shortcourse program(DOTS) in South
Sulawesi Province was 74.8%. Causes of failure include standard drug side effects, length of treatment
period and Mycobacterium tuberculosis (M.tb) bacterial resistance. The development of new drugs today
in addition to synthetic chemical drugs are also natural materials that have the potential as antituberculosis
with various mechanisms. The aim of the research is to prove the potential of plants used by the community
as tuberculosis drugs empirically based on phytochemical screening extracts, M.tb sensitivity to extracts
and determine the MIC (Minimum Inhibitory Concentration) and MKC (Minimum Killing Concentration)
values of M.tb. Selection of plant test materials based on survey results and Riskesdas data in 2015.
Testing the potential of plant extracts based on the sensitivity of M.tb to the test material in vitro with an
incubation period of 7 weeks. Showed 25 plants that have been used empirically as tuberculosis drugs
proved to be potential antibacterial M.tb. Phytochemical screening produces flavonoids and tannins in all
extracts. Some extracts contain alkaloids, saponins and steroids. Potential tests show that the extract
concentration that is effectively used as a tuberculosis drug is: Meniran leaves and miana 100 ppm.
Banana peel and basil leaves 125 ppm. 150 ppm bangle rhizome. Turmeric rhizome 175 ppm. Roselle
flowers, soursop leaves and lime 200 ppm. Sandalwood, bitter melon leaves and binahong 225 ppm,
Curcuma rhizome, kencur, turmeric and onion tubers, gotu kola leaves, sea lava and papaya 275 ppm.
Ginger rhizome, brotowali stem, noni leaf, cloves and mangosteen peel > 275 ppm. 90% garlic bulb
extract.
Key words: Antituberculosis, MIC, MKC, Potential, Plants.

INTRODUCTION
Tuberculosis is an infectious disease that can attack
all levels of the society. According to data and
information on Indonesia's Health Profile in 2018,
511,873 cases of tuberculosis were found with
204,394 new cases. Even though all health facilities
have implemented the DOTS (Directly Observed
Treatment Shortcourse program) strategy to
eradicate tuberculosis in the country, however the
success of this program is still 80.12%1. Therefore,
it can be stated that there are still many patients
who failed their treatment. These individuals will
continue to be a source of further infection in the
community.
Tuberculosis treatment using medicinal plants
serves as an alternative and complementary to
conventional medicine. These plants are natural
assets which are important to the society and play
a role in primary health of mankind2. Also, the
use of traditional medicinal plants in Indonesia
has been proven from old manuscripts on lontar
leaves (Java), usada (Bali), lontarak pabbura (South
Sulawesi), documents of primbon jampi fiber,
fiber concocted wu boreh; ang ndalem and reliefs
of Borobudur Temple3. In fact, the public believes
that the side effects of herbal medicines are safer
than modern drugs when used with the dose, time
and method according to accurate information.
The ingredients accuracy determines the herbal
medicine effectiveness accuracy of the ingredients
4
. However, the limitation of herbal medicine is that
the dosage is not standardized and clinical trials
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have not been carried out. Therefore, it is necessary
to correct the dosage and timing5.
Vegetable antimicrobials are an untapped source
of medicines and further exploration is currently a
necessity. Furthermore, plant-derived antimicrobials
have enormous therapeutic potential. Also, these
antimicrobials have a long history of providing much
needed new therapies 6. Research data on medicinal
plants and herbs in 2012 and 2015, recorded the use
of medicinal plants in Indonesia for various diseases
including tuberculosis. The data showed that 10
types of plants have been used7. Based on previously
conducted survey, it was found that 34 parts of 25
types of plants have been used by the community
to treat tuberculosis symptoms such as coughing
up blood. However, the empirical use of herbal
medicine in the community needs to be supported
by scientific research, especially to determine the
effective concentration for the basis for further
dosing.

MATERIALS AND METHODS
Preparation of test bacteria and test
materials
The bacteria used was M.tb H37RV obtained
from the Laboratory of Microbiology, Faculty of
Medicine, Hasanuddin University. Furthermore,
the bacteria were rejuvenated for 4 weeks until
M.tb grew to resemble cauliflower on the surface
of the LJA media. Subsequently, the bacteria were
suspended and diluted equivalent to the Mc Farland
0.5 standard turbidity.
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Preparation of test materials (plant extracts)
The plants used were 25 species determined based on the survey results
conducted on the community as well as results on medicinal plants and
herbs at the Ministry of Health in 2015. The parts and types of tested
plants were: rhizomes (turmeric, ginger, ginger, kencur, white turmeric,
bangle); tubers (garlic and onion); stems (sandalwood and brotowali);
leaves (gotu kola, bitter melon, sea lime, basil, meniran, binahong,
papaya, lime, miana, soursop, noni); flowers (cloves and rosella); fruit

skins (banana ambon and mangosteen). All simplicia were taken from
the provinces of South Sulawesi and East Nusa Tenggara. The location
selection was based on the results of previous surveys where the plants
were used by the local community empirically.
Each part of the plant was prepared into dry simplicia by chopping
to reduce the size and drying at a temperature <450C. Subsequently,
each simplicia was further extracted with 96% ethanol solvent. Also,
the extraction method was adapted to the type of simplicia, namely:

Table 1: Results of extract of phytochemical extracts and screening of test materials.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Name of test material/
extract/ juice
Turmeric Rhizome (Curcuma
longa L)
Curcuma Rhizome (Curcuma
zanthoriza Roxb)
Ginger Rhizome (Zingiber
officinale Roscoe)
Kencur Rhizome
(Kaemferia galanga L)
White Turmeric Rhizome
(Curcuma zedoaria (Christm.)
Roscoe)
Rhizome Bangle (Zingiber
casumounar Roxb.)
Garlic Bulbs (juice)
(Allium sativum L)
Shallot Bulbs (Allium cepa L.)
Sandalwood Trunk (Santalum
album L.)
Brotowali stem
(Tinospora crispa (L.) Miers
ex Hoff)
gotu kola leaf (Centella
asiatica (L) Urb)
Pare Leaves (Momordica
charantia L)
Sea Bidara leaf (Strychnos
lucida L)
Basil leave (Ocimum
citriodorum Vis.)
Meniran Leaves (Phyllanthus
urinaria L.)
Binahong Leaf (Anredera
cordifolia (Ten.) Steenis)
Papaya leaf (Carica papaya
(L))
Lime Leaves (Citrus
aurantifolia (Christa) Swingle)
Miana Leaf (Coleus
scutellarioides (L.) Benth
Soursop leaf (Annona
muricata L.)
Noni Leaf (Morinda citrifolia
L.)
Cloves (Syzygium aromaticum
(L.) Merrill & Perry)
Rosella flower (Hibiscus
sabdariffa L.)
Ambon Banana Skins (Musa
paradisiaca L.)
Mangosteen rind (Garcinia
mangostana L.)

The simplification
of fresh
ingredients (%)

Yield extract
against simplicia
(%)

Phytochemical screening results
alkaloid

flavonoid

saponin

tannin

steroid

19.6

5.3

+

Flavons

-

gallic tannin

+

25.6

5.6

+

Flavons

-

gallic tannin

+

13.3

9.2

-

Flavons

+

galic tannin

+

16.7

7.9

-

Flavons

-

-

+

22.85

7.85

+

flavons

-

galic tannin

+

10.71

6.8

+

Flavons

-

galic tannin

+

Juice 100%

Juice 100%

+

Flavons

-

galic tannin

+

7.14

3.1

-

Flavons

-

catechin tannin

+

-

24.5

+

Flavons

-

galic tannin

+

19.51

24.46

+

Flavons

+

catechin tannin

-

18

20.34

-

Flavons

+

catechin tannin

+

10.5

4.6

+

Flavons

+

catechin tannin

+

-

7.53

+

Flavanol

+

catechin tannin

+

24.34

35.06

-

Flavons

-

catechin tannin

+

42.8

20.4

-

Flavons

-

galic tannin

+

11.2

18.8

+

Flavons

+

catechin tannin

-

16.94

12.8

+

Flavons

-

catechin tannin

+

41.76

4.8

-

Flavons

-

galic tannin

+

16.67

25.56

-

Flavons

+

catechin tannin

+

45.45

10.64

-

Flavons

-

catechin tannin

-

53.3

8.98

+

Flavons

+

-

+

42.85

18.86

-

Flavons

-

galic tannin

+

15.29

18.3

-

Flavanone

-

galic tannin

+

41.9

5.53

+

Flavons

+

galic tannin

+

11

25.56

+

Flavons

-

catechin tannin

+

+ : positive containing metabolite compounds, - : negative containing metabolite compounds
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Table 2: Results of testing the potential of plant extract test material as an antituberculosis in vitro.
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Name of test material /extract / juice
Turmeric Rhizome (Curcuma longa L)
Curcuma Rhizome (Curcuma zanthoriza Roxb)
Ginger Rhizome (Zingiber officinale Roscoe)
Kencur Rhizome
(Kaemferia galanga L)
White Turmeric Rhizome (Curcuma zedoaria (Christm.) Roscoe)
Rhizome Bangle (Zingiber casumounar Roxb.)
Garlic Bulbs (juice)
(Allium sativum L)
Shallot Bulbs (Allium cepa L.)
Sandalwood Trunk (Santalum album L.)
Brotowali stem
(Tinospora crispa (L.) Miers ex Hoff)
gotu kola leaf (Centella asiatica (L) Urb)
Pare Leaves (Momordica charantia L)
Sea Bidara leaf (Strychnos lucida L)
Basil leave (Ocimum citriodorum Vis.)
Meniran Leaves (Phyllanthus urinaria L.)
Binahong Leaf (Anredera cordifolia (Ten.) Steenis)
Papaya leaf (Carica papaya (L))
Lime Leaves (Citrus aurantifolia (Christa) Swingle)
Miana Leaf (Coleus scutellarioides (L.) Benth
Soursop leaf (Annona muricata L.)
Noni Leaf (Morinda citrifolia L.)
Cloves (Syzygium aromaticum (L.) Merrill & Perry)
Rosella flower (Hibiscus sabdariffa L.)
Ambon Banana Skins (Musa paradisiaca L.)
Mangosteen rind (Garcinia mangostana L.)

MIC
50 ppm
75 ppm
50 ppm

MKC
175 ppm
275 ppm
>275 ppm

50 ppm

275 ppm

50 ppm
50 ppm

275 ppm
150 ppm

40%

90%

50 ppm
50 ppm

275 ppm
225 ppm

100 ppm

>275 ppm

50 ppm
50 ppm
50 ppm
50 ppm
50 ppm
50 ppm
100 ppm
50 ppm
50 ppm
50 ppm
50 ppm
50 ppm
50 ppm
75 ppm
75 ppm

275 ppm
225 ppm
275 ppm
125 ppm
100 ppm
225 ppm
275 ppm
200 ppm
100 ppm
200 ppm
>275 ppm
>275 ppm
200 ppm
125 ppm
>275 ppm

ppm : part per million, MIC (minimal inhibitory concentration), MKC (minimal killing concentration)

rhizomes and fruit macerated, while the stem simplicia was refluxed.
Maserat results were then evaporated to make the extract thick and
ready for use. Each extract was suspended using Na CMC to make a
series of concentrations of test materials, namely: 50 ppm, 75 ppm, 100
ppm, 125 ppm, 150 ppm, 175 ppm, 200 ppm, 225 ppm, 250 ppm and
275 ppm.

Identification of secondary metabolite extracts based
on phytochemical screening
Fresh simplicia was sorted and dried by the appropriate method for
the plant type (oven temperature 40-450C). Meanwhile, dry simplicia
was extracted using ethanol solvent based on the appropriate method
for the type of simplicia. Phytochemical screening was conducted for
thick viscous using solvents suitable for testing alkaloids, flavonoids,
saponins, tannins and steroids. Also, Identification of active substances
used standard procedures from Materia Medika Indonesia (1996)8,
Indonesian Herbal Pharmacopoeia (2011)9 and Guidelines for
Conducting Clinical Trials for Traditional Medicines (2000)10.
Alkaloid identification: ± 0.5 g extract was put into a test tube. Then 2
mL of 70% ethanol was added and shaken. Subsequently, 5 ml of 2 N
HCl was added, and heated in a water bath for 5 mins. After cooling
(filtered when necessary) a few drops of Mayer's reagent were added.
In addition, the samples were observed, whether turbid / sediment
formed, positive containing alkaloids.
Flavonoid identification: ± 0.5 g extract was put into a cup and 2 mL of
70% ethanol was added and stirred. Subsequently, 0.5 g of magnesium
powder and 3 drops of concentrated HCl were added. The formation
of orange to red indicates the presence of flavons, red to red indicates
flavanol, red to purplish red indicates flavanone.
1060

Saponin identification: ± 0.5 g extracts were put into a test tube.
Subsequently, 2 mL of 70% ethanol was added and stirred. Also, 10
mL of distilled water was added and stirred, and then allowed to stand
for 15-20 mins. The formation of foam indicates the solution contains
saponin.
Steroid identification: ± 0.5 g extract was put into a test tube.
Subsequently, 2 mL of 70% ethanol was added and stirred. Furthermore,
2 mL of chloroform was added, and 2 mL of concentrated sulfuric acid
was slowly added through the tube wall. The formation of a red ring
indicates the presence of steroids.
Tannin identification: ± 0.5 g extract was put into a test tube.
Subsequently, 2 mL of 70% ethanol was added and stirred. As much
as 3 drops of 1‰ FeCl3 was added. The appearance of a blackish blue
color indicates the presence of galic tannin compound; when the color
is dark green, it indicates the presence of catechin tannin compounds.
Testing of MIC and MKC of plant extracts on the sensitivity of M.tb
The media used was Lowenstein Jensen Agar (Merck), which was
prepared by mixing LJA with chicken eggs and repeatedly sterilizing
it at 1210C (LJA media); 850C and 370C (mixture of LJA and eggs).
Furthermore, the media were prepared in sterile screw tubes of 5 ml
each. Subsequently, Mtb suspension and extract were added (each
extract concentration in a separate tube).

RESULTS AND DISCUSSION
This study examined the potential of 25 simplicia types which are thought
to be potential antituberculosis. Determination of test material was
based on survey data in South Sulawesi, East Nusa Tenggara, Research
data on medicinal plants and herbs in 201211 and Research on medicinal
Pharmacognosy Journal, Vol 13, Issue 5, Sep-Oct, 2021
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plants and herbs in 201512. The selected plants have been empirically
used in the community in various ways. The potential antituberculosis
of each plant simplicia needs to be scientifically proven, in order to
provide scientific evidence for use in the society. This is as an effort
to develop medicinal plants in the community. Meanwhile, challenges
in the development of medicinal plants in Indonesia, among others,
is due to lack of scientific data regarding results on medicinal plants
(types of products and herbal plants). Furthermore, the mechanism of
traditional medicine is still questionable and there is lack of training on
traditional medicine. Research on scientific evidence from plants that
have been empirically used is increasingly being conducted. Also, there
is currently an increasing interest in medicinal plants investigation for
new antimicrobial discoveries, antioxidants, and other diseases 13. Even
the herbal drug Alizarin (Chinese herbal medicine) has been developed
to overcome resistant M.tb, therefore building an effective and efficient
antituberculosis therapy14.
Antituberculosis potential testing of 25 simplicia types were tested
starting from the extraction stage, phytochemical screening, as well as
MIC and MKC testing. Extraction of each simplicia was initiated by
collecting plants and then sorting into wet simplicia. The wet simplicia
was dried in an oven to become dry, and the process was adjusted to the
active ingredient. Those containing essential oils should not be dried at
high temperature or direct sun (especially for simplicia whose activity
is determined by the essential oil content). Furthermore, dry simplicia
was extracted by the method and suitable solvent. The extracted
product was then evaporated to separate the solvent, hence the extract
can no longer contain the solvent. This procedural stage is based on
the stages of preparing a good extract 15. The yield of dried simplicia
was calculated for the wet, and the yield of the thick extract obtained
was determined. Therefore, the concentration or effective dose can be
converted back into plant doses in the community.
The yield obtained from 25 simplicia tested for dry simplicia against wet
was 7.14 - 53.3%. While the yield obtained from thick extracts against
dry simplicia was 3.1% - 35.06%. The difference in dry yield from the
wet simplicia obtained can be caused by: differences in the source of
extraction, type, plant parts used, method and duration of drying, as
well as size of simplicia. In addition to where the dry and rainy seasons
grow, it also influences the chemical composition and antibacterial
activity of natural materials such as propolis 16. Also, plant parts such
as stems, roots and leaves influence the content of active substances
from plants, including the antibacterial activity produced. However,
Khanam et. al. (2015)17 found that simplicia that was often used by the
community such as Tongkat Ali wood sticks was more potential than
trying other parts of the plant. The extract yield for dried simplicia also
varies which is influenced by: differences in the type of simplicia, the
quality, the number of dissolved active substance, extraction method
and time. Some research have determined the amount of yields from
extracts. Roselle flower samples showed 12.703% ethanol extract
rendamen with a total phenolic content of 0.1853%18. Meanwhile,
many factors cause different yields even from the same simplicia. In
addition, the size factor and extraction process significantly affect the
extracts quality in terms of rendemen amount and active component
in the extract 19.
Phytochemical screening was carried out on all maceration extracts
using ethanol as a solvent. The screening results showed variations
in the chemical components of each extract. All the tested extracts
contained varied secondary metabolite, such as: flavonoids (flavones
and flavanols) and tannins (galic and catechins). Some extracts contain
alkaloids, saponins, steroids and triterpenoids. All the active substances
contained in plant extracts support the function as antibacterial,
including antituberculosis. Also, phytochemical screening is important
to identify some compounds (active plant ingredients such as alkaloids,
tannins, flavonoids, phenols, steroids, saponins and antraquinones)
Pharmacognosy Journal, Vol 13, Issue 5, Sep-Oct, 2021

that have the potential to provide pharmacological effects such as
antibacterial20,21. The antibiotic and antifungal potential of herbs is
also determined by the antibacterial properties of plant phytochemical
compounds such as alkaloids, terpenoids, polyphenols, quinones and
dissolved phytochemicals 22,23. Meanwhile, the antibacterial mechanism
provided by flavonoid compounds is counteracting hydroxyl free
radicals, super oxide anions and fat peroxy radicals. Inhibition of
nucleic acid synthesis, cytoplasmic membrane function, energy
metabolism, inhibition of attachment and formation of bio-films,
inhibition of porin in cell membranes, and changes in membrane
permeability 24. The potential of phenol compounds as antibacterial in
killing micro-organisms is denaturation of cell proteins. The formation
of hydrogen bonds between phenol compounds and proteins results
in damage to the structure of bacterial cell proteins that affect cell wall
permeability and cytoplasmic membranes. Also, disruption of cell wall
permeability and cytoplasmic membrane causes the macromolecular
and ionic components in the cell to become unbalanced, resulting in cell
lysis. The antibacterial activity of most polyphenols probably depends
on the interaction between polyphenols and bacteria cells surface 24.
Tannins are plant poly phenolic compounds that bind to proteins,
amino acids, alkaloids and precipitate them known as antimicrobial
biomolecules. Furthermore, the antimicrobial activity of plant parts
has the potential to affect some Gram positive and negative pathogenic
organisms25. Also, saponin as an antibacterial works by lowering the
surface tension of the bacterial cell wall, hence it damages the cell
membrane permeability, leading to lysis, which makes enzymes and
proteins to leave the cell. This release of cell contents leads to bacterial
cell death. The antibacterial mechanism of saponins is explained by
cell walls and membranes that damage the saponin potential, which
is determined by measuring PPA levels and dissolved protein 26,27.
Alkaloid compounds can interfere with the constituent components
of peptidoglycan in bacterial cell walls, hence they are incompletely
formed which tend to cause cell death. Furthermore, alkaloids inhibit
DNA synthesis by inhibiting the enzyme topoisomerase bacterial
cells 28,29. Alkaloids exhibit antibacterial activity as well as inhibit the
transport of ATP compounds which depend on the cell membrane.
These alkaloids can serve as potential compounds that can act as lead
compounds for the development of plant-based antibacterials and / or
their auxiliary30. Meanwhile, potential steroids as an antibacterial due
to sensitivity of cell lipid membranes to steroid components results in
liposomes leakage. Steroids are lipophilic compounds, therefore they
can interact with cell phospholipid membranes that are permeable to
lipophilic compounds. This interaction causes morphology of brittle cell
membranes and lysis 26,31. In addition, active ingredients combination
of each extract provides an antibacterial effect of tuberculosis with
various mechanisms of action.
The viscous extract obtained was subsequently prepared into a test
material. Furthermore, extract dilution was done to test the minimum
concentration of each extract that has antituberculosis potential. The
test dose provided for testing was 50 - 275 ppm, and the test dose
determination was based on several previous tests, including: Garmana
et al (2011)32, Pakadang SR (2014)33 which found that an effective dose
of ethanol extract of miana leaves as an antituberculosis in vitro was
100-200 ppm.
The results of testing antituberculosis potential of 25 types of plant
extracts showed varying results. Also, MIC observation (minimal
inhibitory concentration) was done at the 4th incubation week.
Meanwhile, the reason for establishing MKC (minimum killing
concentration) was because in these observations, the M.tb bacterium
has grown under negative control (which contains media, aqua pro
injection and culture of M.tb ). When the M.tb has grown while in
the culture of the test material and positive control does not grow, it
can be stated that there has been a bacterial growth inhibition. The
1061
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observation of each extract showed that the MIC value varies from 50
ppm, 75 ppm, 100 ppm and 125 ppm. Furthermore, MIC observations
were determined after 7 incubation weeks according to the period of
4-8 weeks M.tb growth. These observations showed that the KBM value
of the extract varied from 100 ppm to 275 ppm, and there were even 5
extract test materials set> 275 ppm. This is because at the last observation
(after weeks) at 275 ppm treatment of ginger rhizome extract, clove
flowers, brotowali stems, noni leaves and mangosteen rind found a
growth colony of M.tb (white like a cauliflower). However, the test
results showed that all extracts tested as potential antituberculosis in
vitro could at least inhibit M.tb growth. Also, the comparative (positive
control) in this study were standard antituberculosis drugs such as
izoniasid, rifampicin, streptomycin (all of which are bacteriocidal)
and ethambutol which are bacteriostatic. This study showed that the
use of streptomycin was most effective because at a dose of 50 ppm, it
was MKC (minimal kill concentration). The in vitro antituberculosis
potential test results are quite promising and in line with previous
studies. Ramadhani (2015)34 found that brotowali kills M. tb with KBM
less than 100mg / mL. Furthermore, ethanol extract of garlic has an
antibacterial effect against M.tb strain H37RV with a minimum killing
rate of 2% and an antibacterial effect against Multidrug Resistant
M.tb with a minimum killing rate of 4%35. Also, natural mangosteen
skin decoction has the potential to increase neutrophil microbicides
activity and can act as antibacterial36. The advantages of using herbs
as antituberculosis are based on the plant nature. Plants function
as antibacterial, immunostimulant, potentiation (supporting the
effectiveness of the work of standard drugs), preventing side effects of
conventional antituberculosis drugs (standard drugs). Furthermore,
it alleviates the symptoms and manifestations of tuberculosis such as
coughing. The effect of antibacterial potentiation was demonstrated by
Ramayati et al. (2013) which reported that forest kedondong extract
combined with rifampicin increased the antibacterial effectiveness of
rifampicin against M.tb isolates in vitro.
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