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Efficacy of Moringa oleifera Leaf Extracts against Cariogenic
Biofilm
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ABSTRACT: Moringa oleifera leaves are beneficial for human health. Dental caries is closely related with cariogenic biofilm,
which is an oral biofilm containing a high proportion of Streptococcus mutans. The purpose of this study was to investigate
the antimicrobial effects of the M. oleifera leaf extracts on S. mutans and formation of cariogenic biofilm. Extract from M.
oleifera leaves was derived using distilled water (DW) and ethyl alcohol (EtOH). S. mutans susceptibility assays were per-
formed for each extract. Cariogenic biofilm was formed with or without DW and EtOH extract, and cariogenic biofilm was
treated with both extracts. The biofilm was observed by confocal laser microscopy, and the bacteria in the biofilm were
counted. Both extracts showed antimicrobial activity against S. mutans and inhibited formation of cariogenic biofilm. The

EtOH extracts exhibited anti-biofilm activity. M. oleifera leaves may be potential candidates to prevent dental caries.
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INTRODUCTION

Moringa oleifera, known as the drumstick tree or the
horseradish tree, leaves and seeds are used as food sup-
plement because they have distinctive tastes and flavors
(Bhattacharya et al., 2018; Anwar et al., 2007). The leaves
and the seeds can be stored for many months without
any major loss of functional nutrients (Arabshahi-D et
al., 2007). M. oleifera leaves contain B-carotene, vitamin
E, and protein, and so can be used as an antioxidant, and
its seeds contain bioactive related molecules, such as fla-
vonoid, ishothocyanates, glucosinolate, and thocarbamate
(Guevara et al., 1999; Paikra et al., 2017; Amaglo et al.,
2010). Various studies have reported that the leaf con-
stituents show anti-inflammatory, antibacterial, and anti-
cancer efficacy (Siddhuraju and Becker, 2003; Sreelatha
et al., 2011; Moyo et al., 2011). Furthermore, traditional
medicines derived from plant extracts, such as moringa
leaf and seed extracts, may be effective treatments, but
may also be cheaper and less toxic than commercial drugs
(Awaad et al., 2011). Therefore, the leaf of M. oleifera
has potential to be used as a medicine as well as in food.

Dental caries is closely related with cariogenic biofilm,
an oral biofilm containing a high proportion of Streptococ-
cus mutans (Lee and Kim, 2014). Generally, oral biofilm
is structurally and functionally organized and contains a

balance of normal flora and pathogenic bacteria like S.
mutans (Marsh, 1994). The homeostasis of the bacteria
proportion can break down by environmental changes,
such as uptake sucrose and a decrease in pH, and the
number of cariogenic bacteria may increase (Marsh, 1994;
Marsh, 1991). This may cause cariogenic biofilm to be
formed by the cariogenic bacteria S. mutans, Streptococcus
sobrinus, and Lactobacillus acidophilus. Among these bacte-
ria, S. mutans is particularly associated with dental caries
because of its rapid metabolism and strong acid tolerance
(Nakano et al., 2005). S. mutans also synthesizes glucan
from sucrose by glucosyltransferases (Lee et al., 2012).
Glucan contributes to biofilm formation, is linked to bi-
ofilm proteins, and protects bacteria in the biofilm from
antimicrobial agents (Kreth et al., 2008).

The present study investigated the antimicrobial and
the antibiofilm effects of M. oleifera leaf extracts on S. mu-
tans and cariogenic biofilm.

MATERIALS AND METHODS

Extraction from leaf of M. oleifera

Ethyl alcohol (EtOH) and distilled water (DW) were used
to prepare leaf extracts. Fifty grams of the powdered
leaves were mixed with 250 mL of DW or EtOH, and the

Received 25 April 2019; Accepted 5 July 2019; Published online 30 September 2019
Correspondence to Su-Kyung Jwa, Tel: +82-52-230-0851, E-mail: skjiwa@uc.ac.kr

Author information: Su-Kyung Jwa (Professor)

Copyright © 2019 by The Korean Society of Food Science and Nutrition. All rights Reserved.
@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Preventive Effect of Moringa Extracts 309

mixture was incubated for 6 h with constant agitation.
The extracts were filtrated with Whatman filter paper
(Toyo Roshi Co., Tokyo, Japan). EtOH extract and DW
extract were cooled and frozen at —80°C, respectively.
The extracts were dried using a freeze drying machine
(IlShinBioBase, Gyeonggi, Korea) and the extracts were
weighed. EtOH and DW extracts were dissolved in di-
methyl sulfoxide and DW at a concentration of 100 ug/
mL, respectively. The extracts were filtrated with poly-
vinylidene fluoride (PVDF) filter (Merck Millipore Co.,
Darmstadt, Germany) with a pore size of 0.22 pm and
stored in 4°C until further use.

Bacterial strain and biofilm formation

S. mutans KCTC 3065 (ATCC 25175) was purchased from
Korean Collection for Type Cultures (Jeongeup, Korea)
and cultured in brain heart infusion (BHI) broth (BD
Biosciences, San Jose, CA, USA). For cariogenic biofilm
formation, unstimulated saliva was collected from 10
heathy donors, and the pooled saliva was mixed with an
equal volume of BHI broth containing 2% sucrose. The
mixture was centrifuged at 2,000 g for 10 min to remove
debris. S. mutans (1:400 ratio) were added into the saliva-
bacteria suspension. Pooled saliva (200 pL and 400 pL)
was dispensed onto 8-well glass plates (BD Biosciences)
and 12-well polystyrene plates (SPL Lifescience, Gyeong-
gi, Korea), respectively, and the plates were dried at 37°C
to coated the saliva. This procedure was repeated 10
times. The suspension was dispensed into a saliva-coated
glass plate to observe the biofilm and a saliva-coated
polystyrene 12-well plate to count bacteria in the biofilm
after adding the extracts. The plates were incubated at
37°C for 3 days to form cariogenic biofilm.

Investigation of antimicrobial activity

The S. mutans susceptibility assay was performed accord-
ing to the guidelines of the Clinical Laboratory Standard
Institute (Wayne, PA, USA). The EtOH and DW extracts
were diluted with phosphate buffered saline (PBS, pH
7.2) at a concentration of 50 pug/mL. BHI broth (180 uL)
was dispensed into a 96-well plate (SPL Lifescience), and
the extracts were added into the 12th row well containing
BHI broth. Two-fold serial dilution was performed using
a multi-channel micropipette. The number of cultured S.
mutans was counted with a bacterial counting chamber
(Paul Marienfeld GmbH & Co. KG, Lauda-K&nigshofen,
Germany) and adjusted to a concentration of 1x10’ cells
/mL with fresh BHI broth. The prepared bacterial suspen-
sion (20 pL) was inoculated into the wells. The plate was
incubated at 37°C in aerobic conditions for 24 h. The
growth of S. mutans was calculated by measuring optical
density at a wavelength of 660 nm using a spectropho-
tometer (BioTek Instruments Inc., Winooski, VT, USA).

Investigation of cariogenic biofilm

Cariogenic biofilm was formed with or without the DW
and the EtOH extracts at non-lethal concentrations for
S. mutans (3.2 ug/mL) to investigate inhibitory effects on
biofilm formation. In a separate experiment, after for-
mation of the cariogenic biofilm, the biofilm was treated
with the extracts (25 pg/mL) and 70% EtOH (positive
control) for 1 h and washed three times with PBS. BHI
broth (1 mL) was then added. The biofilm on polysty-
rene plates was disrupted with a scraper (Corning Co.,
Corning, NY, USA), transferred into a 1.5 mL tube, and
was homogenized using a vortex. The suspension was se-
rially diluted 10-fold from 10 to 10° cells with fresh BHI
broth, and the diluted bacterial suspensions were spread
on mitis salivarius-bacitracin agar plates (BD Biosciences)
and BHI agar to count S. mutans and total bacteria, re-
spectively. The agar plates were incubated at 37°C in aer-
obic conditions for 36 h, and the colonies were counted.
To observe cariogenic biofilm, the biofilm on the glass
plate was stained using a bacterial live/dead staining kit
(Invitrogen, Eugene, OR, USA) and observed using a
LSM 700 confocal laser scanning microscope (CLSM)
(Carl Zeiss Meditec AG, Oberkochen, Germany). The bi-
ofilm was analyzed by two-laser CLSM using Z-stack
scans from O to 30 um, and the 3D image of the biofilm
was visualized by the ZEN program (Carl Zeiss Meditec
AG). Green and red colors indicated live and dead bac-
teria in the biofilm, respectively.

Statistical analysis

The data were analyzed non-parametrically by using the
Kruskal-Wallis test after checking the data distribution
using the Kolmogorov-Smirnov test. Results with a P-val-
ue of less than 0.05 were considered significant differ-
ent. Post-hoc analyses to compare differences between in-
dividual groups were performed using the Mann-Whitney
test. IBM SPSS Statistics ver. 23 (IBM, Armonk, NY,
USA) was used for statistical analysis.

RESULTS AND DISCUSSION

M. oleifera leaves are beneficial for human health (Anwar
et al., 2007). Therefore, the leaf powder is directly used
as a food supplement. Various studies have reported that
moringa leaves have anti-inflammatory, antibacterial,
and anti-cancer efficacy. However, the effects of moringa
leaves on oral diseases are not well known. Thus, the
present study examined the preventive effects of the
moringa leaf on induction of biofilm caries after forming
cariogenic biofilm with salivary bacteria and S. mutans.

S. mutans is a Gram-positive and facultatively anaero-
bic bacteria, and has virulence factors such as acidogen-
icity and aciduricity (acid tolerance) (Lee et al., 2012).
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Fig. 1. The antimicrobial activity of extract from Moringa oleifera leaves. Streptococcus mutans was cultured with or without distilled
water (DW) and ethanol (EtOH) extracts, and the growth of S mutans was measured using spectrophotometer at 660 nm wavelength.
Asterisks (*) represent statistically significant differences compared with the control group (P<0.05). DW, distilled water; EtOH,

ethanol.

Therefore, S. mutans is considered to be a cariogenic bac-
teria. M. oleifera leaf extracts were prepared with EtOH
and DW, and the antimicrobial activity of the extracts
against S. mutans was investigated. When S. mutans were
cultivated in BHI broth in the presence or the absence of
EtOH and DW extracts at the various concentrations,
the EtOH extract showed stronger antimicrobial activity
against S. mutans than the DW extract. EtOH and DW
extracts significantly reduced the growth of S. mutans at
and above concentrations of 6.25 pg/mL and 25 pg/mlL,
respectively (P<0.05) (Fig. 1A). Also, heated EtOH ex-
tracts significantly inhibited growth of S. mutans at the
same concentration of the native EtOH extract (P<0.05).
However, the heated DW extract did not impact the
growth of S. mutans (Fig. 1B). Both the DW and EtOH ex-
tracts exhibited antimicrobial activity against S. mutans.
However, when comparing antimicrobial activity between
heated and unheated extracts, no difference was observed
for the EtOH extract. Whereas, the heated DW extract
did not show antimicrobial activity; therefore, a heat-un-
stable component of the DW extract may show antimi-
crobial effects.

Oral biofilm is structurally and functionally organized
by the bacteria balance (Marsh, 1994). However, when
the proportion of S. mutans is increased due to environ-
mental changes, oral biofilm becomes a cariogenic biofilm
(Marsh, 1994; Lee et al., 2012). Cariogenic biofilm is more
resistant against antibiotic agents due to an abundance
of glucan (Socransky and Haffajee, 2002), which acts as
a physical barrier. Also, an exopolymer matrix which in-
cludes glucan, has a strong negative charge and inhibits
the diffusion of antibiotic agents with positive charge in-
to biofilm (Socransky and Haffajee, 2002). For these rea-
sons, resistance between planktonic bacteria and biofilm
bacteria against antimicrobial molecules is different.
Therefore, we investigated the efficacy of our extracts

against cariogenic biofilm. In the first experiment we in-
vestigated the inhibitory effect of the extracts on the for-
mation of cariogenic biofilm by treatment at non-lethal
concentration (3.2 ug/mL) during biofilm formation. The
DW and the EtOH extracts significantly inhibited cario-
genic biofilm formation (Fig. 2A~C, 3A, and 3B). Fur-
thermore, both extracts showed slight bactericidal activ-
ity (red color in the biofilm) (Fig. 2B and 2C). In the
second experiment, we explored the effects of the ex-
tracts at concentrations of 25 ug/mL on removal of the
cariogenic biofilm after biofilm formation. The DW ex-
tract did not impact the cariogenic biofilm, whereas the
EtOH extract showed anti-biofilm activity, including bi-
ofilm removal and bactericidal activity (Fig. 2 and 4).
Considering the function of glucan, these results suggest
the DW extracts may contain charged and heat-unstable
components, and the EtOH extracts may contain heat-
stable and uncharged or negatively charged components.

M. oleifera leaves contain largely consist of protein, fol-
lowed by fatty acids and phenolic molecules (Teixeira et
al., 2014). Specifically, fatty acids and phenolic molecules
show strong antimicrobial activity. Fatty acids containing
short and long carbon chains exhibit antimicrobial activ-
ities against Gram-negative and Gram-positive bacteria,
respectively (Kabara, 1980; Knapp and Melly, 1986). Fur-
thermore, fatty acids with unsaturated carbon chain show
stronger antibacterial activity than those with saturated
carbon chains (Nieman, 1954). The EtOH extracts contain
phenol compounds (Ndhlala et al., 2014), which show
both anti-fungal and antimicrobial activities (Marrufo et
al., 2013). On the basis of these studies and the results in
the present study, EtOH extracts have stronger antibio-
film activity against cariogenic biofilm than DW extracts.

M. oleifera leaves may be able to be used for prevention
and treatment of various disease states, in addition to as a
nutritional supplement. In the present study, we showed
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Fig. 2. Effect of extract on cariogen-
ic biofilm. In the first experiment,
cariogenic biofilm was formed with
or without the Moringa oleifera leaf
extracts at non-lethal concentration
(A~C). In the second experiment,
cariogenic biofilm was treated with
extracts and 70% ethanol (D~F).
The biofilm was observed by con-
focal laser scanning microscope af-
ter treatment with the live/dead
staining kit. Green and red colors
indicate live and dead bacteria, re-
spectively. DW, distilled water; EtOH,
ethanol.

A Total bacteria B S. mutans
5.0%10° 8.0%10°
8 |
4.0x10 ) 6.0x10° 1
| 8 | - *
E 3.0x10 g .
> . S 4.0x10 7
o s o
O 2.0%x10 O *
6
1.0x10° 2.0x10
O T T O T T
Control DW extract EtOH extract Control DW extract EtOH extract

Fig. 3. Inhibition of cariogenic biofilm formation by Moringa oleifera leaf extracts. Cariogenic biofilm was formed with or without
the at a non-lethal concentration, and was disrupted with a scraper. The bacteria in the biofilm were resuspended in brain heart
infusion (BHI) broth and spread on mitis salivarius-bacitracin and BHI agar plates to count Strepfococcus mutans and total bacteria,
respectively. Asterisks (*) represent statistically significant differences compared with the control group (£<0.05). CFU, colony-form-
ing unit; DW, distilled water; EtOH, ethanol.
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Fig. 4. Anti-biofilm effects of Moringa oleifera leaf extracts on cariogenic biofilm. Cariogenic biofilm was formed and treated with
extracts for 10 min, and the biofilm was disrupted with a scraper. The bacteria in the biofilm were resuspended with brain heart
infusion (BHI) broth and spread on mitis salivarius-bacitracin and BHI agar plate to count Streptococcus mutans and total bacteria,
respectively. Asterisks (*) represent statistically significant differences compared with the control group (~<0.05). CFU, colony-form-
ing unit; DW, distilled water: EtOH, ethanol.
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that the leaf extracts have antimicrobial activities against
cariogenic bacteria and biofilm. M. oleifera EtOH extracts
may be more effective against caries-related bacteria and
biofilm compared with the DW extracts. This study was
the first to examine the antimicrobial activity of M. olei-
fera leaves against oral biofilm. These results suggest that
M. oleifera leaves may potential candidates to prevent den-
tal caries.

ACKNOWLEDGEMENTS

This work was supported by the 2019 Research Fund of
Ulsan College.

AUTHOR DISCLOSURE STATEMENT

The author declares no conflict of interest.

REFERENCES

Amaglo NK, Bennett RN, Lo Curto RB, Rosa EAS, Lo Turco V,
Giuffrida A, et al. Profiling selected phytochemicals and nutri-
ents in different tissues of the multipurpose tree Moringa
oleifera L., grown in Ghana. Food Chem. 2010. 122:1047-1054.

Anwar F, Latif S, Ashraf M, Gilani AH. Moringa oleifera: a food
plant with multiple medicinal uses. Phytother Res. 2007. 21:
17-25.

Arabshahi-D S, Devi DV, Urooj A. Evaluation of antioxidant ac-
tivity of some plant extracts and their heat, pH and storage
stability. Food Chem. 2007. 100:1100-1105.

Awaad AS, El-meligy RM, Qenawy SA, Atta AH, Soliman GA. An-
ti-inflammatory, antinociceptive and antipyretic effects of some
desert plants. J Saudi Chem Soc. 2011. 15:367-373.

Bhattacharya A, Tiwari P, Sahu PK, Kumar S. A review of the phy-
tochemical and pharmacological characteristics of Moringa
oleifera. ] Pharm Bioall Sci. 2018. 10:181-191.

Guevara AP, Vargas C, Sakurai H, Fujiwara Y, Hashimoto K,
Maoka T, et al. An antitumor promoter from Moringa oleifera
Lam. Mutat Res. 1999. 440:181-188.

Kabara JJ. Lipids as host-resistance factors of human milk. Nutr
Rev. 1980. 38:65-73.

Knapp HR, Melly MA. Bactericidal effects of polyunsaturated fat-
ty acids. J Infect Dis. 1986. 154:84-94.

Kreth J, Zhu L, Merritt J, Shi W, Qi F. Role of sucrose in the fitness
of Streptococcus mutans. Oral Microbiol Immunol. 2008. 23:213-
219.

Lee SH, Choi BK, Kim Y]J. The cariogenic characters of xylitol-re-
sistant and xylitol-sensitive Streptococcus mutans in biofilm for-
mation with salivary bacteria. Arch Oral Biol. 2012. 57:697-703.

Lee SH, Kim Y]J. A comparative study of the effect of probiotics on
cariogenic biofilm model for preventing dental caries. Arch
Microbiol. 2014. 196:601-609.

Marrufo T, Nazzaro F, Mancini E, Fratianni F, Coppola R, De
Martino L, et al. Chemical composition and biological activity
of the essential oil from leaves of Moringa oleifera Lam. culti-
vated in Mozambique. Molecules. 2013. 18:10989-11000.

Marsh PD. Microbial ecology of dental plaque and its significance
in health and disease. Adv Dent Res. 1994. 8:263-271.

Marsh PD. Sugar, fluoride, pH and microbial homeostasis in den-
tal plaque. Proc Finn Dent Soc. 1991. 87:515-525.

Moyo B, Masika PJ, Hugo A, Muchenje V. Nutritional characteri-
zation of Moringa (Moringa oleifera Lam.) leaves. Afr J Bio-
technol. 2011. 10:12925-12933.

Nakano K, Nomura R, Nakagawa I, Hamada S, Ooshima T. Role
of glucose side chains with serotype-specific polysaccharide in
the cariogenicity of Streptococcus mutans. Caries Res. 2005. 39:
262-268.

Ndhlala AR, Mulaudzi R, Ncube B, Abdelgadir HA, du Plooy CP,
Van Staden J. Antioxidant, antimicrobial and phytochemical
variations in thirteen Moringa oleifera Lam. cultivars. Molecules.
2014. 19:10480-10494.

Nieman C. Influence of trace amounts of fatty acids on the growth
of microorganisms. Bacteriol Rev. 1954. 18:147-163.

Paikra BK, Dhongade HK]J, Gidwani B. Phytochemistry and phar-
macology of Moringa oleifera Lam. ] Pharmacopuncture. 2017.
20:194-200.

Siddhuraju P, Becker K. Antioxidant properties of various solvent
extracts of total phenolic constituents from three different
agroclimatic origins of drumstick tree (Moringa oleifera Lam.)
leaves. J Agric Food Chem. 2003. 51:2144-2155.

Socransky SS, Haffajee AD. Dental biofilms: difficult therapeutic
targets. Periodontology. 2000. 2002. 28:12-55.

Sreelatha S, Jeyachitra A, Padma PR. Antiproliferation and induc-
tion of apoptosis by Moringa oleifera leaf extract on human can-
cer cells. Food Chem Toxicol. 2011. 49:1270-1275.

Teixeira EMB, Carvalho MRB, Neves VA, Silva MA, Arantes-
Pereira L. Chemical characteristics and fractionation of proteins
from Moringa oleifera Lam. leaves. Food Chem. 2014. 147:51-
54.



