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ABSTRACT

Background: Bacterial infection was a health problem thathard to overcome, due to the presence of bacterial resistance to current antibacterial drugs.
Therefore, the use of herbal antibacterials is an alternative that can be used. Mangosteen (Garciniamangostana L.) is a plant that contains xanthone
compounds and its derivatives have antimicrobial, antioxidant, cytotoxic, anti-inflammatory, and anti-HIV activity.Part of the mangosteen was used as a
medicinal plant such as bark, fruit peel, fruit, seeds, and leaves.This review aimed to determine the antibacterial effectiveness of the mangosteen and
inhibitory diameter that was resulting.

Data Collection: The author was created this article review by conducting literature studies. The works of literature were collected from national and
international journals in the last ten years (2010-2020) and pharmaceutical scientific books. The works of literature were collected from trusted online
journal sites such as the digital library, PubMed, PubChem, ScienceDirect, NCBI, Elsevier, NCBI, Researchgate, Google Scholar, Springer, and other
trusted E-resource with the keyword "mangosteen”, “Garcinia mangostana L”, “antibacterial activity”, and “inhibitor zone”.

Result: According to literature showed that the mangosteen fruit peel, bark, leaves, seeds and fruit effective as antibacterialfor several types of bacteria.

Conclusion:N-hexane that was extracted from mangosteen peel has potential as an antibacterial activity at a concentration of 15.62 mg/ml and inhibit the
growth of Staphylococcus aureus ATCC25923 with an inhibitory diameter of 17mm.
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INTRODUCTION effectiveness as  anticancer, antimicrobial, anti-

inflammatory, antioxidant, and can inhibit the growth of

acterial infection was a health problem thathard to
overcome. The main cause of infection are
microorganisms, such as bacteria, protozoa, viruses,
fungi, and others. Antibiotics are the drugs for infections
caused by microorganisms. Antibiotics obtained from
various sources such as bacteria, fungi, plants, or anything
that can inhibit growth and Kill microorganisms is called

cancer cells I

This review is expected to provide information on the
chemical content and antibacterial activity of each parts of
the mangosteen plant.

Classification of Mangosteen (Garcinia mangostana L.) .

antibiotics M Clindamycin, tetracycline, erythromycin, Kingdom : Plantae

dapsone, and benzoyl peroxide are antibiotics that against  Divisi : Spermatophyta

Propionylbacterium acne (acnecauses) ! Allergic, Sub-divisi : Angeospermae

idiosyncratic, toxic, and biological changes are side effects  Kelas : Dicotyledoneae

of antibiotics used " Anti-antibacterial could be sourced Ordo :Guttiferanales

from natural or synthetic " All parts of mangosteen plants ~ Family :Guttiferae

can be used, such as leaves, fruit peel, bark, and seeds. Genus :Garcinia

Xanthone derivatives from mangosteen have biological —Spesies : Garcinia Mangostana L.
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Figure 1. Maggosteen (Garcinia mangostana L)

Mangosteen has a height of about 15 meters, rounded
wooden, upright, has sympodial branches, and is dirty
green.Single-leaf with oval shape, tapered tip,leaf length
about 20 to 25 cm with a width of 6 to 9 cm, thick and
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flowered and androgynous, in the axilla with a length of
about 1 to 2 cm.The fruit mangosteen was a spherical
shape, 6 to 8 cm in diameter and purplish-brown in color.
The seeds are spherical in shape, yellow with a diameter of
2 cm and there are 5 to 7 seeds in one mangosteen
fruit. Taproot with a brownish-white color .

DATA COLLECTION

The author was created this article review by conducting
literature studies. The works of literature were collected
from national and international journals in the last ten years
(2010-2020) and pharmaceutical scientific books. The
works of literature were collected from trusted online
journal sites such as the digital library, PubMed, PubChem,
ScienceDirect, NCBI, Elsevier, NCBI, Researchgate,
Google Scholar, Springer, and other E-resource with the
keyword "mangosteen”, “Garcinia mangostana L”,
“antibacterial activity”, and “inhibitor zone”.

cylindrical stalks are green.Mangosteen was single-
Table 1: Phytochemical content of mangosteen (Garcinia mangostana L.)
No. Plant part | Solvent Phytochemical content Ref
Alkaloids Flavonoids | Saponins Triterpenoids Steroids | Tannins
1 Bark Ethanol - + - - - - [10]
2 Leaves Water - + + - - - [11]
Ethanol - + + - + -
Ethyl acetate - + + - + -
n-hexane - + + - + -
3 Fruit peel Ethanol + A + + - + [15]
Ethyl acetate + + + + - - [6]
Acetone + + + + + + [26]
Methanol + + + + + +
Water - + - - + - [28]
Chloroform + + - - - +
n-hexane + + - - - +
4 Fruit Methanol - + + - - - [31]
5 Seed Methanol + + + - - -

Some parts of the mangosteen plant were subjected to
phytochemical examinations, such as bark, leaves, fruit
peel, fruit, and seeds. The mangosteen plant contains
tannins, flavonoids, alkaloids, and saponins. However, not
all parts of the mangosteen plant contain steroids and
triterpenoids (1011156262831 Mangosteen fruit peel contains

the best phytochemicals because it contains more chemicals
that are found than in the bark, leaves, fruit, and seeds.This
indicates that mangosteen plants have different compound
content in each part. several types of bacteria are inhibited
by the mangosteen plant shown in Table 1.

Table: 2 Bacteria inhibited by mangosteen plants and diseases caused

No Name of bacteria Type of bacteria Habitat Role Ref
1 Bacillus subtilis Gram-positive Digestive System Causes meningitis, endocarditis, eye infections
2 Escherichia coli Gram-negative Colon Causes gastrointestinal disease (diarrhea) [10]
3 Staphylococcus Aureus Gram-positive Nose and skin Causes skin damage such as inflammation, necrosis, abscess
formation.
Sputum, urine, blood, [11]
4 Pseudomonas Gram-negative feces, ear secretions Causes infections of respiratory tract, urinary tract and eyes.
aeruginosa
5 Klebsiella pneumoniae Gram-negative respiratory system Causes respiratory infections (bronchitis) [13]
6 Enterobacter Gram-negative Termite (coptotermes | Causes urinary tract infections [14]
curvignathus)
7 Staphylococcus Gram-negative Skin  and  mucous | Cause acne [16]
Epidermidis membranes
8 Streptococcus sanguinis | Gram-positive Saliva and oral cavity Causes periodontal disease [17]
9 Streptococcus salivarius | Gram-positive Oral cavity Cause plaque in the teeth
10 Streptococcus oralis Gram-positive Oral cavity Causes dental caries
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11 Leuconostoc Gram-positive Stale food Causes infections of the urinary tract and gastrointestinal tract. [8]
mesenteroides
Lactobacillus plantarum | Gram-positive Milk Causes acidity in milk
12 Enterococcus faecalis Gram-positive Saliva Causes endodontic infections [21]
13 Propionibacterium acne | Gram-positive pilosebaceous glands | Cause acne [22]
of the skin
14 Proteus mirabilis Gram-negative Urinary system Causes a UTI (urinary tract infection) [25]
15 Streptococcus mutans Gram-positive Tooth surface Cause dental plaque and caries. [27]
16 Lactobacillus Gram-positive Digestive system Maintaining a balance of good bacteria in the digestive system
acidophilus [1]
17 Salmonella typhi Gram-negative Animal meat Causes typhus or typhoid fever
18 Porphyromonas Gram-negative Tooth root Causes dental caries and periodontal disease [27]
gingivalis
19 Streptococcus pyogenes | Gram-positive Respiratoty system Causes Pharyngitis Infection (laryngitis) and impetigo infection | [28]
(local skin infection)
20 Shigella dysenteriae Gram-negative Feces Causes dysentery, shigellosis (an infection of the gastrointestinal | [29]
system)
21 Fusobacterium Gram-negative Tooth root Causes dental caries and periodontal disease [30]
nucleatum

Table: 3 Antibacterial Activity of Mangosteen Plants (Garcinia mangostana L.)

No Plant part Method Microba Separation Solvent Concentration Inhibition Ref
Method Zone (mm)
Bacillus subtilis 5.000 bpj 13,51
10.000 bpj 14,62
1 Bark Diffusion Extraction Ethanol 80% 20.000 bpj 15,92 [10]
40.000 bpj 16,53
60.000 bpj 18,02
5.000 bpj 11,68
Escherichia coli ATCC 10.000 bpj 13,19
25922 20.000 bpj 14,25
40.000 bpj 15,17
60.000 bpj 16,65
StaphylococcusAureus 12,5 % -
25% 75
Extraction Ethanol 96% 50 % 8
Pseudomonas aeruginosa 12,5 % -
25% 7
50 % 8
2 Leaves Diffusion [11]
Staphylococcus 12,5 % 75
Aureus Fractionation Water 25% 8
50 % 10
Pseudomonas aeruginosa 12,5 % 5
25% 6
50 % 8
12,5 % -
Staphylococcus 25% 8.6
Aureus 50 % 9
Fractionation Ethyl Acetate
12,5 % -
Pseudomonas aeruginosa 25% 7
50 % 7
12,5 % 3
Staphylococcus 25% 5
Aureus 50 % 55
Fractionation n-hexane
Pseudomonas aeruginosa 125 % -
25% 4
50 % 55
10% 13.20
20% 14.00
30% 14.65
3 Leaves Diffusion Pseudomonas aeruginosa Extraction Ethanol 70% 40% 15.85 [12]
50% 16.05
60% 16.9
70% 17,55
80% 18.75
90% 19.25

ISSN: 2320-4850 [166] CODEN (USA): AJPRHS




Eriadi et al

Asian Journal of Pharmaceutical Research and Development. 2021; 9(1): 164-171

100% . 24.80
10% 11,90
Methanol 20% 14,08
Staphylococcus aureus Fractionation 30% 16,58
10% 10,75
Ethyl Acetate 20% 13,25
30% 7,43
4 Leaves Diffusion [23]
10% 7,50
N-hexane 20% 743
30% 8,45
Escherichia coli Fractionation 10% 11,80
Methanol 20% 12,41
30% 14,91
10% 14,61
Ethyl Acetate 20% 15,00
30% 17,58
10% 6,60
N-hexane 20% 6,66
30% 8,33
25% 6,66
5 Fruit peel Diffusion Klebsiella pneumonlae Extraction Ethanol 96% 50% 8,83 [13]
75% 9,16
100% 10,16
10% 4,525
15% 4,900
20% 5,025
6 Fruit peel Diffusion Enterobacter Extraction Ethanol 96% 25% 5,325
30% 5,800 [14]
35% 6,300
40% 6,805
17,6
20 % 21,4
7 Fruit peel Diffusion Escherichia coli Extraction Ethanol 96% 50% 24 [15]
75% 29,4
100%
12
8 Fruit peel Diffusion Staphylococcus Extraction Ethyl Acetate 4% 12 [167]
Epidermidis 6% 12,5
8% 13,5
10%
Streptococcus sanguis
100 mg/ml 13,6
Streptococcus salivarius
100 mg/ml 3
9 Fruit peel Diffusion Streptococcus oralis [17]
50 mg/ml 11,3
Streptococcus mutans
Extraction Chloroform 100 mg/ml 10,6
Lactobacillus
acidophillus 25 mg/ml 13,6
Lactobacillus plantarum Chloroform 5% 10,1
10 Fruit peel Diffusion Leuconostoc Fractionation Ethyl Acetate 5% 134
mesenteroides [8]
Lactobacillus plantarum Chloroform 5% 8,2
Leuconostoc Ethyl Acetate 5% 11,0
mesenteroides
10
500 mg/ml 7
Ethyl Acetate 250 mg/ml 8
125 mg/ml 7.7
Staphylococcus  aureus 62,5 mg/ml -
ATCC 25923 31,25 mg/ml 8
15,62 mg/ml
11 Fruit peel Diffusion Extraction m [18]
500 mg/ml 14,3
n-hexane 250 mg/ml 16
125 mg/ml 11,7
62,5 mg/ml 16,3
31,25 mg/ml 17
15,62 mg/ml
13,3
500 mg/ml 11,3
Pseudomonas aeroginosa Ethyl Acetate 250 mg/ml 11,3
ATCC 27853 125 mg/ml 11,3
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62,5 mg/ml 10,7
31,25 mg/ml 11
15,62 mg/ml
500 mg/ml 20
n-hexane 250 mg/ml 16,3
125 mg/ml 15,7
62,5 mg/ml 13,3
31,25 mg/ml 13,7
15,62 mg/ml 13
0,9875
12 Fruit peel Diffusion Escherichia coli Extraction Ethanol 70% 3,9% 1 [19]
4% 1,0075
4,1% 1,0575
4,2% 1,0775
4,3%
11
Staphylococcus aureus 5ul 14
10 pl 16
15 pl
13 Fruit peel Diffusion Extraction Ethanol 70% 7 [20]
Salmonella typhi 5ul 13
10 pl 16
15 pl
Escherichia coli 5ul 9
10 pl 11
15 pl 11
14 Fruit peel Diffusion Enterococcus faecalis Extraction Ethanol 70% 50 % 10,3 [21]
10,30
15 Fruit peel Diffusion Extraction Ethyl Acetate 4% 10,67 [22]
Propionibacterium acne 6% 11,167
8% 11,67
10%
15
16 Fruit peel Diffusion Escherichia coli Extraction Ethanol 70% 10% 13 [24]
5% 10,8
2.5% 8,8
1.25% 58
0.6%
Proteus mirabilis 10
17 Fruit peel Diffusion Ste_lphqucqccus Extraction Ethanol 70% 200 pg/ml 10 [25]
epidermidis
Staphylococcus aureus 14
Streptococcus mutans 10,6
Lactobacillus acidophilus | Extraction Methanol 100 pg/ml 13,6
Salmonella typhi 13
Staphylococcus aureus 10,5
Streptococcus mutans 9
18 Frui | Diffusi Lactobacillus acidophilus 11,4 X
rult pee tiusion Salmonella typhi Extraction Acetone 100 pg/ml 9.6 (1]
500 ppm 2,80
Escherichia coli 1000 ppm 5,70
10000 ppm 4,58
500 ppm -
19 Fruit peel Diffusion S. aureus Extraction Ethanol 95% 1000 ppm - [26]
10000 ppm 6,92
Streptococcus mutans 100%, 0,8
Extraction Ethanol 96% 50%, 0,7
20 Fruit peel Diffusion 25%, 1,7 [27]
12.5%, 1,6
6.25% 18
Porphyromonas 100%, 0,3
gingivalis 50%, 0,6
25%, 0,4
12.5%, 0,7
6.25% 0,9
Staphylococcus aureus 13
Streptococcus pyogenes 12
Bacilllus subtillis 13
Escherichia coli ) 400 mg/ ml 18
Pseudomonas aeruginosa | Extraction Water 16
Staphylococcus aureus 15
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Streptococcus pyogenes 18
Bacilllus subtillis 20
Extraction Methanol 400 mg/ ml
Escherichia coli 25
Pseudomonas aeruginosa 20
Staphylococcus aureus 17
Streptococcus pyogenes 31
Bacilllus subtillis 30
Escherichia coli Extraction Ethanol 70% 400 mg/ ml 25
Pseudomonas aeruginosa 20
Staphylococcus aureus 30
Streptococcus pyogenes 15
Bacilllus subtillis 17
Escherichia coli Extraction Acetone 400 mg / ml 20 28]
21 Fruit peel Diffusion Pseudomonas aeruginosa 20
Staphylococcus aureus 14
Streptococcus pyogenes 17
Bacilllus subtillis 15
Escherichia coli 20
Pseudomonas aeruginosa Extraction chloroform 400 mg/ ml 18
Staphylococcus aureus 13
Streptococcus pyogenes 14
Bacilllus subtillis 12
Escherichia coli Extraction Ethyl ether 400 mg/ ml 15
Pseudomonas aeruginosa 14
S. aureus 18,7
S. albus 18,0
B. subtilis 19,8
S. typhimurium Extraction Methanol 0.1mL 17,2
S. dysenteriae 13,4
E. coli 14,8
S. aureus 16,1
S. albus 16,2
B. subtilis 19,1
S. typhimurium Extraction Ethanol 96 % 0.1mL 14,8
S. dysenteriae 10,6
E. coli 14,5
S. aureus 15.4
S. albus 15.8 [29]
B. subtilis : 18.5
S yphimuriom Extraction Acetone 0.1 mL 1
S. dysenteriae 10.2
E. coli 13.8
S. aureus 11.2
Diffusion S. albus 11.3
B. subtilis 12.4
22 Fruit peel S. typhimurium Extraction Ethyl Acetate 0.1 mL 115
S. dysenteriae 8.6
E. coli 8.3
S. aureus 9.2
S. albus 10.5
B. subtilis 9.0
S. typhimurium Extraction n- heksan 0.1 mL R
S. dysenteriae -
E. coli -
23 Fruit peel Diffusion Fusobacterium Extraction Ethanol 96% 0.78 % 9.62 [30]
nucleatum.
Staphylococcus  aureus 20 L 1.25
24 Fruit peel Diffusion ATCC11632 Extraction Methanol 40 uL 1.94
60 pL 231 [31]
80 pL 4.50
Staphylococcus  aureus 20 L 1.25
25 Fruit Diffusion ATCC11632 Extraction Methanol 40 pL 1.94
60 pL 2.31
80 UL 450
Staphylococcus  aureus 20 pL 3.50
26 Seed Diffusion ATCC11632 Extraction Methanol 40 pL 6.50
60 pL 9.00
80 uL 12.50
DISCUSSION polyphenols, flavonoids, tannins, alkaloids, quinones,

All parts of mangosteen plants can be used, such as leaves,
fruit peel, bark, and seeds.According to literature, the
phytochemical content of each part of mangosteen, such as
leaves; flavonoids, steroids, saponins [11]. Fruit peel;
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flavonoids, saponins BY. Fruit; flavonoids and saponins Y.,
Shown in Table 1.
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The Phytochemical compound contained in mangosteen has
a different mechanism for inhibiting bacterial growth
activity. Flavonoids; act as antibacterial by binding to
bacterial proteins, thus inhibiting the enzyme activity by
interfering with the metabolic processes of bacteria. The
properties of lipophilic flavonoids can damage bacterial cell
membranes because the cell membrane contains lipids thus
allowing the compound to break the membrane B3I,
Alkaloids; affect the formation of peptidoglycan constituent
components in bacterial cells, so that it can result in
bacterial cells becoming lysis **l. Polyphenols and tannins;
an inhibitor of enzyme protease activity, inhibit enzymes in
proteins transporting bacterial cell sheaths, and destruction
or inactivation of the function of genetic material [35].
Besides, tannins can wrinkle the cell walls andinterfere
with the cell permeability of bacteria, as a result of
inhibited cell growth or then dies ®. Triterpenoids;
interfere with the constituent components of the bacterial
cell wall causing cell death %, Saponins; interfere with the
stability of bacterial cell membranes causing lysis in these
bacteria 7],

Examination of antibacterial has to be done by using the
diffusion methodbecause the process was simple and fast.
Test results are determined from the diameter of the clear

zone around the disc as the area inhibits bacterial growth
32]

According to Table 2, bacteria are divided into two groups,
namely gram-positive bacteria, and gram-negative bacteria.
It has a different response to antibacterial substances.Gram-
positive bacteria have a single-layered cell wall with lipid
content of 1-4% [38]. Therefore, these bacteria are more
easily entered by antibacterial substances, such as
flavonoids that are lipophilicity [33]. Gram-negative
bacteria have a three-layered cell wall consisting of;
lipoproteins, outer membranes of phospholipid cells, and
lipopolysaccharides. Lipid content on cell walls ranges
from 11-22%. The outer membrane of phospholipids in
gram-negative bacteria can reduce the entry of antibacterial
substances into cells ®8. Lipopolysaccharide has a selection
system for foreign substances *°!. Generally,gram-negative
bacteria have more resistance. However, gram-negative
bacteria such as Enterobacter and Flavobacterium can be
inhibited by mangosteen rind extracts at concentrations of
35% and 30% ™,

Some parts of the mangosteen plant such as bark, leaves,
fruit, fruit peel, and seeds, have antibacterial effectiveness
on some bacteria. Several kinds of solvents, concentrations,
and inhibition zones produced was shown in Table 3.

Based on the antibacterial effectiveness of some parts of the
mangosteen plant, Mangosteen fruit peel has the highest
antibacterial effect than any other part. Especially on the
extraction separation method using a solvent n-hexane &1,
N-hexanes are non-polar solvents, so the non-polar
compound group will dissolve in this solvent 8. The n-
hexane solvent can attract flavonoids, tannins, and
xanthones contained in the mangosteen fruit peel. At a
drying temperature of 80°C, indicates that both inside and
outside of mangosteen peel produces alkaloid and flavonoid
compounds %1,
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N-hexane extract of mangosteen peel contains antibacterial
compounds, namely flavonoids, tannins, and xanthones that
can inhibit the growth of Staphylococcus aureus bacteria
(18] Staphylococcus aureus bacteria are gram-positive
bacteria that have a layer cell wall composed of
peptidoglycan macromolecules and a single cell membrane
composed of proteins and lipids ™. Flavonoids inhibited
bacterial growth by passing through the cell membrane of
Staphylococcus aureus bacteria which is composed of
lipids and proteins #3#!. The properties of lipophilic made
the compound easily pass through the cell membrane of
bacteria Staphylococcus aureus which is also lipid #24%,
Bacterial proteins bound to inhibit the activity of enzymes
that interfere with bacterial metabolism . Tannins can
wrinkle the cell walls and interfere with cell permeability of
bacteria, as a result of inhibited cell growth or then dies ¢,
Xanthone contained in the mangosteen peel is a natural
chemical substance that was classified as a polyphenolic
phytonutrient compound, namely bioflavonoids.Although
in low concentrations, bioflavonoids can poison
protoplasms, destroy and penetrate cell walls, as well as
precipitate bacterial cell proteins so that they interfere with
metabolic processes 2. N-hexane extract of mangosteen
rind has the highest potential as an antibacterial activity at a
concentration of 15.62 mg/ml, which can inhibit the growth
of Staphylococcus aureus ATCC25923 with an inhibitory
diameter of 17mm.

Note: To determine theeffective concentration, should to

equating units of mg/ml, piL, bpj(ppm), mL to%. After all
units are equalized to%, the effective concentration was
15.62 mg / ml (0.015%).

CONCLUSION

The extract of mangosteen (Garcinia mangostana L.),
namely bark, leaves, fruit, fruit peel, and seeds, have
antibacterial effectiveness on some bacteria.Mangosteen
peel extract showed the highest antibacterial effectiveness,
the extraction separation method using n-hexane solvent
can attract alkaloids, flavonoids, tannins, which are
contained in it.N-hexane extract at a concentration of 15.62
mg/ml, can inhibit the growth of Staphylococcus aureus
ATCC25923 with an inhibitory diameter of 17mm.
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