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ABSTRACT

Objective: The study evaluated the anti-tubercular activity of crude extracts and active compounds which was isolated, purification and
characterization from noni (Morinda citrifolia Linn) against Mycobacterium tuberculosis strains H37Rv.

Methods: The crude extract of the noni fruits was macerated using ethanol (96%). Ethanol crude extracts were qualitatively screened to identify of
the flavonoid, scopoletin, antraquinon and alkaloids using phytochemical fractionation by harborn method. The anti-tubercular activity of noni fruit
and its combination were determined by the minimum inhibitory concentration (MIC) of the bacterial growth at various doses 10 mg/ml, 20 mg/ml,
30 mg/ml, and 40 mg/ml using agar well diffusion method. Statistical analysis was performed by analysis of variance.

Results: Crude extract and active compounds of noni fruit such as flavonoid, scopoletin, antraquinon and alkaloids significantly work as anti-
tubercular against Mycobacterium tuberculosis strain H37Rv at various doses (p value=0,000). Crude extract (59.00+£60.513), alkaloids
(64.83+49.356), anthraquinones (69.50+50.396), and flavonoid (72.92+58.728) showed the highest anti-tubercular activity in inhibiting the growth
of Mycobacterium tuberculosis strain H37Rv compared to scopoletin (95.92+33.280) and the negative control (189.25+33.280). The minimum
inhibitory concentration was found at a dose of 40 mg/ml.

Conclusion: Crude extract of noni fruit was the most active anti-tubercular against Mycobacterium tuberculosis strains H37Rv. One can assume that

noni fruit can be fruther researched to be used as adjuvant therapy for anti-tuberculosis drugs.
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INTRODUCTION

Tuberculosis (TB) has been recognized as one of the major global
health problems in the world. Since 1993 TB was declared as a
global health emergency because more than half people in the world
are infected by TB [1]. By 2015, world health organization (WHO)
estimated that the incidence of new TB cases is around 10.4 million
cases worldwide, whereas 60 % of the cases are in developing
countries. South-East Asia had been noticed to have the greatest
burden of TB, while Indonesia ranked as the second highest
countries in the world with 1.02 million (395/100 000) new TB
cases [2].

The high rates of TB incidence in both morbidity and mortality
become a serious problem worldwide because the front line anti-
tuberculosis drugs have gradually become ineffective for TB therapy
[3]. Multidrug-resistant tuberculosis (MDR-TB) is multifactorial and
fuelled by improper treatment of patients, poor management of
supply and quality of drugs, and airborne transmission of bacteria in
public places. MDR-TB also caused by mutation of Mycobacterium
tuberculosis that resistant to at least two component of front line
anti-tuberculosis of the most potent drugs (rifampicin and
isoniazid). Based on the results of the drug resistance survey, the
estimated cases of MDR-TB in 2015 worldwide reached 580 000
cases, consisting of 3.9 % of new tuberculosis cases and 21% of TB
cases with previous medical history. Another enormous problem
recently discovered is a class of super bacteria known as extensively
drug-resistant tuberculosis (XDR-TB), abbreviation for strains
resistant to first and second line anti-tuberculosis drugs [4].

The treatments of infectious diseases facing serious problem
worldwide, as microorganisms become resistant to multiple
antimicrobial agents, which lead to increase TB cases incidence. Due
to the emergence of new resistant bacterial strains to the majority of
anti TB drugs, new therapeutic agents acting on novel targets,

presenting early bactericidal activity as well as a fast intracellular
sterilizing activity that could shorten current therapeutic regimens
are urgently required. In spite of the growing efforts to discover
effective anti-TB from medical approach, local plants traditionally
used in Indonesia for the treatment of TB [5].

Noni is a small evergreen tree from the Indo-Pacific region and
grows throughout the Indonesian archipelago. The plant is
frequently uses in traditional medicine. All parts of the plant have
been reported for therapeutic effects as antibacterial, antiviral,
antifungal, antitumor, anthelmintic, analgesic, hypotensive, anti-
inflammatory, and enhance the immune effects [6-7]. Previous
pharmaceutical study showed that, extract of noni fruits effectively
inhibit gram-positive and gram-negative bacteria such as
Staphylococcus  aureus, Bacillus subtilis, Proteus morgaii,
Pseudomonas, Escherichia coli [8-9] moreover, the plants also utilizes
to control the groups of pathogen bacteria, such Salmonella and
Shigella [10-12]. In addition research conducted by Saludes (2002),
reported that noni has been found to kill Mycobacterium
tuberculosis. A concentration of the ethanol extract and hexane
fraction noni leaves killed 89 % of the bacteria in a test tube, almost
as effective as a leading anti-tuberculosis drug rifampicin, which has
an inhabitation rate of 97% at the same concentration [13].

Other studies reported by Maria (2010) revealed that the ethanol
extract of noni fruits showed that Noni possessed in vitro anti-
mycobacterial effect against Mycobacterium tuberculosis bacteria at
minimum inhibitory concentrations (MIC) 5 mg/ml], and a range of
10 mg/ml against MDR-TB bacteria [14]. The anti-mycobacterial
activities of noni lead by the presence of secondary metabolites and
lectins, compounds that usually associate with the plants defense
mechanisms.

Phytochemical investigations resulted in the isolation of
approximately 200 compounds from different parts of noni [15].
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Several classes of metabolites have been described in different parts,
including acids, alcohols and phenols, anthraquinone, anthraquinone
glycosides, carotenoids, esters, flavonoids, iridoids, ketones,
lactones, lignans, nucleosides, triterpenoids, sterols and several
minor compounds. The antibacterial compounds in the noni fruit
ranged from 5.94g to 36.52g/100g of dry material [16-17]. A
number of major components have been identified in the noni plant
as an antibacterial such as scopoletin, terpenoids, alkaloids,
anthraquinones, and flavonoids [14, 17].

The mechanisms of antimicrobial action of plant secondary
metabolites are not fully understood, but several studies have been
conducted that secondary metabolites of noni is a phenolic
compound that can damage cell membranes, inactivate enzymes and
denature proteins in bacteria, therefore the bacterial cell wall will be
damaged, furthermore it can acts as an antibacterial compound in
inhibiting or even Kkill bacteria [20].

The study aimed to prove the anti-tubercular activity of extract and its
compounds of noni such flavonoid, antraquinon, scopoletin, and
alkaloids at measured doses of 10 mg/ml, 20 mg/ml, 30 mg/ml, and
40 mg/ml against Mycobacterium tuberculosis strain H37Rv.
Furthermore, this study aimed to obtain the most potential compound
and effective dose in inhibiting the growth of Mycobacterium
tuberculosis bacteria, as well as to identify the difference growth of
bacterial colonies either from variation type of compound or dose.

MATERIALS AND METHODS
Chemical and reagents

Chameical and reagent utilized in this study were, etanol, etil asetat,
n heksana, aquabidestilata, iron (II) klorida, natrium hidroksida 1 %,
(CV. Griya Sarana Meditama, Bandung, Indonesia), Dragendorff,
siliksa gel (Merck no. 60GF.254), PLAT KLT6F 254, sodium chloride
(NACL) 10%, dimethyl sulfoxide (DMSO), Ammonium sulphate, L.
glumatic acid, sodium citrate (PT. Biogen Scientific Indonesia),
Scopoletin, quercetin, alkaloid and alizarin were obtained from
Sigma-Aldrich Chemicals (PT. Eko Karsa Utama), Lowenstein Jensen
(Merck no. 105400), and glyserol (Merck cat. no. 104094).

Plant material

The plant material of the present study is fresh mature of noni fruit
that was collected during the rainy season in Cibeber, South Cimahi
(2.8 Km from Cimahi city), West Java province, Indonesia. The plant
voucher specimens of noni fruit (EN-no. 241571) were identified
and authenticated at the Biomedical Sciences Laboratory of the
School of Health Sciences Jenderal Achmad Yani Cimahi. The fresh
mature noni fruits was cleaned and sliced into small pieces, shade-
dried at 50 °C and ground to powder.

Extraction and isolation

The powdered noni fruit material (500 gr) was macerated with
500 ml ethanol (96 %) in the increasing order of polarity from
non-polar to high polar at 50 °C for 2 h. The extract was filtered
through Whatman No.1 filter paper, evaporated to dryness on a
water bath until the solvent evaporated completely and yield of
the crude extract. The crude extracts were used for preliminary
screening of phytochemicals such flavonoid (Shinoda’s test, lead
acetate test), scopoletin (HPLC analysis, silica gel), antraquinon
(HPLC analysis, LC-MS), and alkaloids (Hagers, Mayers,
Dragendorff test) using the Harbone method. The presence of
flavonoids compounds was indicated by the appearance of color
pink to red.

Antraquinon compounds were indicated by the formation of
yellow, while alkaloid was shown by the appearance of a clear
yellow color, and the presence of scopoletin was indicated by
blue [21].

Bacterial strains

The Mycobacterium tuberculosis strain H37Rv used in this study was
derived from patients with active TB which drug-susceptible
sensitive to the first-line anti-tubercular drugs at the Health
Laboratory of West Java Province Indonesia.
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Experiment protocol

The experiment were divided into 6 groups, i.e.. control group;
group I: crude extracts noni; group II: flavonoid; group III:
scopoletin; group IV: antraquinon; and group V: alkaloid. Each
groups were divided into four groups concentration of 10 mg/ml, 20
mg/ml, 30 mg/ml and 40 mg/ml. Anti-tuberculosis activity of
different solvent extracts of noni were tested against Mycobacterium
tuberculosis strain H37Rv obtained from health laboratory West Java
Province Indonesia and the strains were maintained on nutrient
broth and incubated for 7 h at 37 °C to standardize the culture to
108CFU/ml. 10 mg/ml, 20 mg/ml, 30 mg/ml and 40 mg/ml crude
extract and the compounds from noni was dissolved in 1 ml of 20%
DMSO (dimethyl sulfoxide). The respective solvent was added
aseptically to the sterile empty lowenstein-jensen (L]) broth agar
(glycerol, duck egg, L-asparagine, malachite green 2%) at
temperature 121 °C and pH 8-7. The L] agar poured into a bottle of
Mc Carteney sterile as much as 6-8 ml. After drying inoculation the
100 ml dilution 103 of bacilli Mycobacterium tuberculosis strain
H37Rv on the whole surface of the medium LJ. Incubation the
medium with the horizontal position with the slope of 300 ° in the
temperature 37 °C. All assays were run in duplicate, and
streptomycin (0.5 mg/ml), isoniazid (0.06 mg/ml) and rifampicin
(0.1 mg/ml) were utilized as positive controls.

Anti-tuberculosis activity

The anti-tuberculosis activity of each ekstrak and compound was
measure based on minimum inhibitor concentration (MIB) values
expressed as the lowest concentration inhibition growth of colonies
Mycobacterium tuberculosis, while the determination of minimum
bactericidal concentration (MBC) was indicated by clear zones
around the medium [22-23].

Statistical analysis

All data were analysis using univariate analysis of variance, and the
differences means#standard deviation between each group were
evaluated by least significant difference (LSD) and Duncan’s statistical
analysis in this study using confidence interval 95% (p<0.05).

RESULTS

Crude extract and active compounds of noni fruit such as flavonoid,
scopoletin, antraquinon, and alkaloid showed the activity of anti-
tuberculosis. The anti-tuberculosis of crude extract and active
compound of noni fruit have different mean number of growth
colonies Mycobacterium tuberculosis at various doses 10 mg/ml, 20
mg/ml, 30 mg/ml, and 40 mg/ml (fig. 1)

The number of colonies Mycobacterium tuberculosis strain H37Rv
bacteria at a dose of 10 mg/ml showed that alkaloids exhibit smaller
mean compared to other group (109.67+10.21). At a dose of 20
mg/ml], the growth of bacterial colonies of crude extract, alkaloid,
and flavonoid were a smaller than anthraquinon and scopoletin,
however, at the dose of 30 mg/ml demonstrate the least ability to
inhibit bacterial growth (6.67+11.55) compared to other
compounds. Furthermore, at a dose of 40 mg/ml, did not showed
any bacterial colonies of Mycobacterium tuberculosis strain H37Rv
on the media, one can be assumed that the crude extract, flavonoid,
antraquinon, and alkaloid had bactericidal effect against the
Mycobacterium tuberculosis bacteria (table 1).

Anti-tubercular activity of the extract and compounds of noni
showed a significant inhibition for the growth of Mycobacterium
tuberculosis strain H37Rv compared to the negative control
(p<0.01). All of the compounds of noni as well as positive control,
anti-tubercular activity against Mycobacterium tuberculosis bacteria,
and the MIC determinations showed that the crude extract of noni
fruit was the most active amongst the pure isolated compounds. The
further investigation found that crude extract, alkaloids, anthraquinone,
and flavonoids of noni fruits have higher anti-tubercular activity
compare to scopoletin and negative control (table 2).

The difference mean of the colonies of bacterial growth
Mycobacterium tuberculosis strain H37Rv with various doses in the
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treatment group indicate that the higher dose shows more effective
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in inhibiting the growth of bacterial colonies (fig. 2).
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Fig. 1: The growth of M. tuberculosis in different CE=crude extract, FI=Flavonoid, Sc= Scopoletin, An= antraquinon, Al=alkaloid at various
doses 10 mg/ml, 20 mg/ml, 30 mg/ml, and 40 mg/ml with n=86. Values represent the meanSD of the two determinants. The values

followed by different superscript differ significantly at p<0.05

Table 1: Antimicrobial activity of crude extracts and compounds of M. citrifolia Linn (noni) fruit at various doses

Sample Doses (mg/ml)

10 mg/ml 20 mg/ml 30 mg/ml 40 mg/ml
CE 135.0000+10.00 94.33+6.35 6.67+11.55 0.00£0.00
Fl 140.00+18.03 96.67+9.07 55.00+50.09 0.00£49.43
Sc 120.00+8.72 109.67+10.69 87.00.+30.51 67.00+£0.00
An 116.33+8.50 102.00+17.00 59.67+36.64 0.00£0.00
Al 109.67+10.21 93.0+13.23 56.67+50.08 0.00£0.00

CE=crude extract, FI=Flavonoid, Sc= Scopoletin, An= antraquinon, Al=alkaloid Inhibitory zones in mm, represented as mean*SD values (n=86), 0.00

=no zone. The values followed by different superscript differ significantly at p<0.05

Table 2: The difference mean anti-tuberculosis activity extract and compounds of noni fruits against Mycobacterium tuberculosis bacteria

(H37Rv)
Sample Mean SD p value
CE (59.00+60.513) Control- 189.25 +25.191 0.000*
Control+ 0.00 +00.000 0.705
Fl 72.92 +58.728 0.219
Sc 95.92 +33.280 0.002*
An 69.50 +50.396 0.353
Al 64.83 +49.356 0.605

CE=crude extract, Fl=Flavonoid, Sc= Scopoletin, An= antraquinon, Al=alkaloid Inhibitory zones in mm, represented as mean*SD values (n=86). The
values followed by different superscript differ significantly at p<0.05. The mark indicate significant differences compared with the crude extract
(LSD post hoc test; * = p<0.05; ** = p<0.01)
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Fig. 2: The different growth of M. tuberculosis in various doses 10 mg/ml, 20 mg/ml, 30 mg/ml, and 40 mg/ml with n=86. Values represent
the mean+SD of the two determinants. The values followed by different superscript differ significantly at p<0.05
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DISCUSSION

The antibacterial activity of ethanol extract and compounds from
noni fruits, as well as some other compounds in noni root and
leaves, are all proved as antibacterial agents. The results of the
present study showed the crude extract, flavonoid, scopoletin,
antraquinon, and alkaloid have a significant difference of the growth
of Mpycobacterium tuberculosis strain H37Rv. The antibacterial
activity of noni against certain infectious bacterial strains was
reported [8, 12]. Malinggas et al. (2015) reported that noni fruit
extract can inhibit zone diameter Streptococcus mutant growth in
330.66 mm? [36]. Another study of affectivity noni against E. coli,
Salmonella typhii, and Bacillus cereus, C. albicans, and S. aureus
reported by Usha (2010) [11]. Anti-tubercular effects of Saludes
research, reported that leaves form noni has been found killed 89
percent of the bacteria M. tuberculosis [13].

The activity of anti-tubercular might be influenced by the presence
of secondary metabolites as phenolic compounds. Phenolic
compounds contained in the noni fruit ranged from 5.94 to 36.52
g/100 g of dry material [24]. Solvent organic extracts contain a
mixture of secondary metabolites including alkaloids, flavonoids,
terpenoids, and other phenolic compounds; these molecules are
associated with the defense mechanisms of plants by their repellent
or attractive properties, protection against biotic and abiotic
stresses, and maintenance of structural integrity of plants [15, 28],
and the class of natural compounds possessing a wide range of
pharmacological activities [29, 30].

The mechanism of phenol compounds in their role as antibacterial is
to damage cell membranes, activate enzymes and denaturate
proteins so that cell walls are damaged by decreased permeability. It
further disrupts the transport of important organic ions into the
cells resulting in inhibition of growth even to cell lysis [28]. The
mechanisms antibacterial activity of compounds of plants extract is
different each secondary metabolites. Flavonoids may act through
inhibiting cytoplasmic membrane function as well as by inhibition of
DNA gyrase and f-hydroxyacyl-acyl carrier protein dehydratase
activities [19, 31]. Alkaloids was reported by Kishore et al. (2009),
that alkaloids have been found more effective anti-tubercular
against M. tuberculosis [30]. The mechanism of alkaloid compounds
is by disrupting the peptidoglycan component of the bacterial cell so
that the cell wall layer is not formed intact and affect the amino acids
of cell wall and bacterial DNA [6, 33]. The antibacterial mechanism
of anthraquinone and scopoletin is no different from the mechanism
of ethanol extract, flavonoids and alkaloids that activate the enzyme
and denatures the bacterial protein, so that the cell wall is damaged
[17, 34-35].

Although a number of publications have focused on the isolation and
identification of bio-active compounds, it is important to keep in
mind that a single compound may not be responsible for the
observed activity but rather a combination of compounds
interacting in an additive or synergistic manner.

CONCLUSION

The present study brought out the fact that crude extract and its
compounds from Morinda citrifolia Lin (noni) fruit such as
flavonoid, scopoletin, antraquinon, and alkaloid have anti-
tuberculosis activity against M. tuberculosis (H37RV). The crude
extracts of noni fruits was the most active compound compared the
other group against M. tuberculosis (H37RV). The minimum
inhibitory dose of noni fruit against M. tuberculosis (H37Rv) bacteria
is 40 mg/ml. Based on the results obtained, noni fruits can be a
potential source of drugs as an adjuvant therapy for anti-
tuberculosis drugs. However, further studies required to carry out in
in vivo, ex vivo and clinical trial investigations of M. citrifolia Linn for
alternative treatment of tuberculosis problems.
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