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Abstract

The study investigated antibacterial activity of Morinda citrifolia L. collected in Tan Hung district, Long An Province in
Vietnam. Antimicrobial activity of Morinda citrifolia L. was evaluated based on size of antibacterial zones of ethanol leaf
and fruit extracts by agar well diffusion method. The results showed that ethanol leaf and fruit extracts produced growth
inhibition zones against tested bacteria with diameters of smaller than 9.0 mm (1.80 - 6.72 mm and 1.66 - 8.06 mm,
respectively). The lowest ethanol concentration of extracts inhibited growth of tested bacteria was 200 mg mL-1 and
their antibacterial activity increased with increase in tested concentrations. In general, antibacterial effects of fruit
extracts were higher than those of leaf extracts on bacterial growth. Antibacterial activity of ethanol extracts of Morinda
citrifolia L. leaves and fruits were evaluated at weak degrees, according to Manuanza’s rating scale of antibacterial zones.
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1. Introduction

Genera Morinda belonging to Rubiaceae with 102 species were widely distributed in tropical, sub-tropical and
temperate countries [1]. Traditionally, Morinda were applied to treat various diseases. They were used as a therapeutic
remedy to various diseases such as bacterial, helminthic infection, malaria, diabetes, hepatitis, cancer and inflammation.
The antimicrobial potential of Morinda was widely studied [1, 2]. Methanol extract from Tahitian M. citrifolia fruits was
antagonistic to Candida albican and Staphylococcus aureus [3]. Indian M. citrifolia fruit extracts by methanol, ethyl
acetate and hexane were against a wide range of bacteria including Bacillus subtilis, Staphylococcus aureus, Lactococcus
lactis, Streptococcus thermophilus, Pseudomonas aeruginosa, Salmonella typhi, Escherichia coli, Vibrio harveyi, Klebsiella
pneumonia, Shigella flexneri, Salmonella paratyphi A, Aeromonas hydrophila, Vibrio cholera, Chromobacterium violaceum
and Enterococcus faecalis. Methanol extract showed the most effects on all the tested micro-organisms, ethyl acetate
extract was effective on all the tested micro-organisms but Pseudomonas aeruginosa and Klebsiella pneumonia while
hexane extract had no effects on all tested microorganisms. The extracts by methanol and ethyl acetate of M. citrifolia
fruits also had positive effects on tested fungi. The percentage of inhibition against Trichophyton mentagrophytes of the
methanol ethyl acetate extracts were of 79.3% and 62.06%, respectively. The methanol extract presented about 50%
inhibition against Penicillium sp., Fusarium sp. and Rhizopus sp.. However, none of the extracts were against Candida
albicans and Aspergillus species [4]. Different extracts of M. tinctoria fruits exhibited their activities against microbes.
Ethanol and methanol extracts of mature fruits inhabited the growth of S. typhii and K. pneumonia. Antimicrobial activity
of M. tinctoria extracts caused by various secondary metabolites [5]. Leaf extracts by hexane, chloroform, ethyl acetate
and methanol of Morinda tinctoria Roxb were evaluated against nine human pathogens by agar well diffusion method.
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The results showed that they had positive effects on Proteus vulgaris (halo ring diameter of 24 mm), Klebsiella
pneumonia (halo ring diameter of 21 mm) and Enterococcus feacelis (halo ring diameter of 21mm) [6]. Presently,
antimicrobial activity of M. elliptica leaves was reported by using agar disk diffusion method. The research showed that
the extracts by n-hexane, dichloromethane, ethyl acetate, and methanol were inhibited against to E. coli and S. typhii and
S. aureus and inhibited the growth of fungi A. brasiliences and A. flavus [7].

Morinda were widely dispersed in Vietnam with approximately ten species, namely, Morinda officinalis, Morinda
cochinchinesis, Morinda parvifolia, Morinda umbellate, Morinda citrifolia, Morinda persicaefolia...and traditionally
applied as a therapeutic remedy to various diseases [8]. However, potential antibacterial activity of Morinda have been
limitedly studied. Therefore, to understand more about their importance in field of medicine, study was conducted. The
aims of this study were to assess antibacterial activity of ethanol extract from Morinda citrifolia L. leaves and fruits
collected in Tan Hung district, Long An province, Vietnam.

2. Material and methods

2.1. Preparation of M. citrifolia L. leaves and fruits

Leaves and fruits of M. citrifolia L. grown at Tan Hung district, Long An Province, Vietham were collected. The sample
were washed with water to remove sand and dust, left to dry at room condition for one - two days. M. citrifolia L. leaves
and fruits were oven-dried at 50 °C to constant mass. Finally, the dried leaves and fruits were separately grounded into
powder stored for further uses [9].

2.2. Preparation of ethanol extracts of M. citrifolia L. leaves and fruits

Each fifty grams of the leaf and fruit powder of M. citrifolia L. were separately immersed in 500 mL of ethanol 96° (1:10
(w/v) for 48 hours. The mixtures were then filtered through Whatman filter paper No. 4. The residues were re-exacted
two times in ethanol with the same ratio of the powder and solvent (w/v) [10]. Extracts of leaves and fruits were
evaporated at room condition, with a rotary evaporator (Rotary Evaporator RE301, Yamato Scientific) and then stored
in screw cap bottles at 4°C for further uses.

2.3. Preparation of bacterial suspension

Tested bacteria were included two groups: Gram (+) and Gram (-) bacteria. The first groups included Bacillus subtilis,
Bacillus cereus. The second group contained Pseudomonas aeruginosa. The bacteria were cultured in liquid LB media
and shook at 37 °C, 120 rpm. After 48 hours of culture, the suspension of each bacterium was determined cell density
with a spectrophotometer at 600 nm and adjusted to the McFarland standard 0.5 corresponding to 1.5 x 108 CFU mL-1
and called standard bacteria suspension used for later experiments [11].

2.4. Antibacterial activity screening

2.4.1. Antibacterial activity of ethanol leaf and fruit extracts

Agar well diffusion method was applied to determine antibacterial activity of extracts of M. citrifolia L. leaves and fruits
[12]. 10 mL of standard bacteria suspension of each strain was added to a 190 mL conical flask consisting of warm
sterilized LB medium (40 - 50 °C) and mixed well. Bacterial cell density was reduced to 5 x 106 CFU mL-1. The media
were then poured into petri dishes. Using a sterile round glass pipe (® = 6 mm) created four wells on each medium
plate. 20 pL of ethanol leaf and fruit extracts with each concentration of 200 mg mL-1, 400 mg mL-1, 600 mg mL-1, 800
mg mL!and 1000 mg mL-! were applied in well of each medium plate, respectively. Medium plates’ wells containing 20
uL of ethanol 70° were used as negative controls and medium plates’ wells containing 10 pL of aqueous 1.0 mg mL-1
solution of tetracycline or gentamicin were used as positive controls. Experimental dishes were kept at 5 °C for three
hours and inoculated at 37 °C for one - two days.

The antibacterial activity of extracts produced zones of growth inhibition against the test bacteria. The antibacterial
strength of extracts was proportional to diameter magnitude of antibacterial zones. The rating scale of Manuanza’s
antibacterial zones was used to evaluate degrees of bacterial growth inhibition of the extracts [13].

2.5. Experiment design and data analysis

Experiments were set up in RCRD type and repeated three times. Data for quantitative experiments was analyzed by
using One-way ANOVA. Comparisons of means were carried out following Duncan's test at 5% level of confidence with
the support of IBM SPSS Statistics software version 20.0.
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3. Result and discussion

3.1. Antibacterial activity of ethanol leaf extract

Results of antibacterial activity of ethanol extract of Morinda citrifolia L. leaves on three tested bacteria were presented
in Table 1 and Figure 1. Ethanol extracts showed inhibition of tested bacteria’s growth at the lowest concentration of
200 mg mL-1 (E5). When applied higher concentration, antibacterial activity increased. For Gram (+) bacteria, the lowest
concentration of the extract affected growth of B. cereus with diameter of bacterial inhibition zones about 5.06 mm.
Although at higher concentrations, the extract produced larger rings of bacterial inhibition up to 6.69 mm in diameter
at concentration of 1000 mg mL-! (E1), but the results were not statistically different. However, to B. subtilis, greater
concentration of the extract caused increases in sizes of antibacterial zones and the effects had statistical differences
among three tested extract concentration groups, 800 mg mL! (E2) - 1000 mg mL-* (E1); 400 mg mL (E4) - 600 mg
mL-1 (E3) and 200 mg mL! (E5). Antibacterial effects of the extract on B. subtilis (diameter of halo rings arranged from
1.87 to 4.99 mm) were lower than those on B. cereus (diameter of halo rings arranged from 5.06 to 6.69 mm). For Gram
(-) bacteria, P. aeruginosa, extract concentration of 200 mg mL-! created an antibacterial ring with diameter of 2.63 mm.
When higher extract concentrations (E4 - E1) were applied, larger diameter of antibacterial rings arranged from 2.63
to 6.72 mm were produced and were statistically different among tested extract concentrations. Extract effects on P.
aeruginosa’s growth inhibition was lower than those on B. cereus ‘s but higher than B. subtilis’s. Extract’s antibacterial
activity was much lower than those of positive controls (Gentamicin and Tetracycline). The ethanol leaf extract showed
inhibition against bacterial growth at all tested concentrations. In summary, antibacterial activity of the ethanol leaf
extract was just at weak level.

Table 1 Antibacterial effects of ethanol leaf extract on tested bacteria

Ethanol extract/Antibiotics | Diameter of antibacterial zones (mm)
Gram (+) bacterium Gram (-) bacterium
B. cereus B. subtilis P. aeruginosa
E1l 6.692+0.63 | 4.99c+0.43 | 6.724+0.65
E2 6.392+ 048 | 4.58c+0.27 | 5.02¢+0.37
E3 6.082+0.36 | 3.17°+0.21 | 4.16P<+ (.33
E4 5922+ 034 | 3.13b+0.18 | 3.86"+0.41
E5 5.06a+0.40 | 1.872+0.14 | 2.632+0.25
EO - - -
Gentamicin (I) 17.18>+1.70 | 23.18¢+0.34 | 16.28/+ 1.14
Tetracycline (II) 15.72b+1.30 | 17.614+1.29 | 15.17¢+ 0.57

(EO): negative control, (E1): 1000 mg mL-1; (E2): 800 mg mL-; (E3): 600 mg mL; (E4): 400 mg mL%; (E5): 200 mg mL-1, Gentamicin and
Tetracycline: positive controls; Values in the same vertical columns followed by one or more of the same letters were not significantly different at
the 0.05 significance level according to Duncan's test.

A study of evaluating antibacterial activity of Morinda citrifolia of Natheer et al., 2012 showed that ethanol extract of
Morinda citrifolia inhibited Pseudomonas fluorescens, Escherichia coli, Staphylococcus aureus, Klebsiella pneumonia,
Pseudomonas diminuta and S. aureus ATCC 6538 with antibacterial halo zone diameters of 6 mm, 7 mm, 8 mm, 6 mm,
10 mm and 13 mm, respectively [14]. According to Sunder et al., 2012, when conveyed antimicrobial activity of Morinda
citrifolia solvent extracts, average bacteria inhibition zones of ethanol extract was about 8.0 mm against B. cereus were
not found. The best activity against S. aureus ATCC6538 was obtained [15].

Manuanza’s rating scale of antibacterial zones used to evaluate the degree of bacterial inhibition of the extract.
Antibacterial activity of an extract was assessed as being strongly active if diameter of antibacterial zones was equal or
greater than 15 mm, moderately active if diameter of antibacterial zones was between 10 mm and 14 mm; and weak
activity if diameter of antibacterial zones was equal or smaller than 9 mm [13]. Thus, the ethanol leaf extract showed
inhibition against bacterial growth at all tested concentrations. However, reported antibacterial activity of the ethanol
leaf extract was at weak to moderate levels because diameters of bacterial inhibition zones at all tested extract
concentrations were smaller than 14 mm.
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(E1): 1000 mg/mL; (E2): 800 mg/mL; (E3): 600 mg/mL; (E5): 200 mg/mL; (-): negative control (I)-Gentamicin and (II)-Tetracycline.

Figure 1 Some results on the halo zones of ethanol extract of leaves

3.2. Antibacterial activity of ethanol fruit extract

Fruit extract showed positive effects on targeted bacteria at any tested concentrations (Table 2, Figure 2) but were
smaller than 50% compared with positive controls (Gentamicin and Tetracycline). The antibacterial activity of the
extract increased with increase in concentration. The lowest concentration of the extract causing antibacterial activity
was 200 mg mL! (E5). Positive Gram B. cereus was the most sensitive to the extract. E1 and E2 corresponding
concentrations of 800 - 100 mg mL-! caused the most inhibition of bacterial growth with halo zone diameters of 7.04
mm and 8.06 mm, respectively. However, there was not statistical difference between them. Positive Gram B. subtilis
was the least sensitive to the extract. The highest concentration inhibiting tested bacteria’s growth was 1000 mg mL-!
(E1) causing halo zones with average diameter of 4.86 mm and followed by 800 mg mL-! (E2) producing halo zones with
average diameter of 3.5 mm. P. aeruginosa, a negative Gram bacteria was more sensitive than B. subtilis but less sensitive
than B. cereus to the extract. Among tested concentrations, E1 (1000 mg mL-1) and E2 (800 mg mL-1) produced the
biggest antibacterial zones with diameters of 5.76 mm and 6.11 mm, respectively. However, there was not statistical
difference between E1 and E2’s antibacterial effects on P. aeruginosa. In summary, antibacterial activity of the ethanol
fruit extract was just at weak level.

Table 2 Antibacterial effects of ethanol fruit extract on tested bacteria

Ethanol extract/Antibiotics | Diameter of antibacterial zones (mm)
Gram (+) bacterium Gram (-) bacterium
B. cereus B. subtilis P. aeruginosa
E1l 8.06"+0.32 | 4.86c+0.45 | 6.11c¢+0.58
E2 7.04b+0.28 | 3.50°+0.38 | 5.76c+0.56
E3 3.202+0.18 | 2.342+0.18 | 4.27°+0.12
E4 2.892+(0.16 | 1.952+0.19 | 3.82"+0.19
E5 1.862+0.15 | 1.662+0.10 | 1.702+0.17
EO - - -
() Gentamicin 21.149+1.59 | 22.04¢+0.91 | 15.234+0.50
(INTetracycline 16.97¢+1.08 | 17.784+ 1.54 | 15.064 + 0.24

(E0): negative control, (E1): 1000 mg mL-%; (E2): 800 mg mL%; (E3): 600 mg mL%; (E4): 400 mg mL%; (E5): 200 mg mL-t, Gentamicin and

Tetracycline: positive controls; Values in the same vertical columns followed by one or more of the same letters were not significantly different at

the 0.05 significance level according to Duncan's test.
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(E1): 1000 mg/mL; (E2): 800 mg/mL; (E3): 600 mg/mL; (E5): 200 mg/mL. ; (-): negative control (I)-Gentamicin and (II)-Tetracycline.
Figure 2 Some results on the halo zones of ethanol extract of fruits

To ethanol fruit extract, antibacterial activity occurred to most tested bacteria and was higher than methanol and ethyl
acetate. Maximum average zone of bacterial growth inhibition of ethanol extract was about 7.5 mm [14]. Natheer et al,,
2012 when investigating evaluation of antibacterial activity of Morinda citrifolia by disc diffusion method, also found
that the ethanol extract of Morinda citrifolia L. fruits demonstrated antimicrobial activity inhibiting the growth of all
studied bacteria: Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus sp., Klebsiella
pneumoniae, Pseudomonas diminuta, Pseudomonas fluorescens and Enterobacter cloacae S. aureus ATCC 6538 and E. coli
ATCC 25922...[15]. Extract concentration of 1000 pg/disc produced antibacterial rings with average diameters arranged
from 6 mm to 9 mm. Another study of antimicrobial activity of ethanol extract of Morinda citrifolia fruits reportet that
itinhibited the growth of both Gram positive and Gram negative bacterial strains [16]. The highest antibacterial activity
with 12mm zone of inhibition against Klebsiella pneumonia and moderate activity with 11mm zone of inhibition against
Staphylococcus aureus and Pseudomonas aeruginosa strains were found. The least activity with antibacterial zone of 10
mm against Bacillus subtilis was recorded. Thus, the ethanol fruit extract showed inhibition against bacterial growth at
all tested concentrations. However, reported antibacterial activity of the ethanol fruit extract was evaluated at weak to
moderate level, according to Manuanza’s rating scale of antibacterial zones.

4., Conclusion

Ethanol leaf and fruit extracts of Morinda citrifolia L. collected in Tan Hung district, Long An province, Vietnam showed
antimicrobial activity against tested bacteria. The leaf and fruit extracts produced growth inhibition zones with
diameters of 1.80 - 6.72 mm and 1.66 - 8.06 mm, respectively. Both extracts revealed antibacterial potential at the lowest
concentration of 200 mg mL! and activity of inhibiting bacterial growth increased with increase in tested
concentrations. Fruit extract’s antibacterial activity was higher than that of leaf one. However, both were evaluated at
weak levels according to Manuanza’s rating scale of antibacterial zones.
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