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Abstract Objective Utilization of liquid smoke rice husk can be used as an alternative
treatment because of the antimicrobial properties. Advances in drug delivery systems
are increasingly developing to increase the bioavailability of drugs and reduce the side
effects of these drugs, namely nanoparticles. In this study, nanoparticles of liquid
smoke rice husk (nLSRH) were tested the antimicrobial against Porphyromonas
gingivalis.
Materials and Method This type of research is an experimental in vitro laboratory
using Porphyromonas gingivalis culture. nLSRH contained liquid smoke rice husk
concentration of 1, 2.5, 5, 7.5, 10, 12.5, 15, and 17.5%. The antibacterial was
performed using the dilution methods.
Results The nLRSH concentration of 1% showed clearest medium. The highest
number of colonies Porphyromonas gingivalis was observed at nLSRH concentration
of 1% (40.3 colony-forming unit [CFU]) and decreased at a concentration of 2.5% (11.3
CFU); other concentration or no bacterial colony growth was found. The nLSRH
concentration of 2.5% can be determined as the minimum inhibitory concentration
and nLSRH concentration of 5% can be determined as the minimum bactericidal
concentration.
Conclusion nLSRH have antimicrobial activity against Porphyromonas gingivalis. This
finding able to drive the next research to develop nLSRH as gingival and periodontitis
disease is caused by Porphyromonas gingivalis.
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Introduction

Periodontitis is an inflammation of the periodontal tissue
that results in damage to the alveolar bone, besides that there
is pocket formation indicating that there is a pathological
deepening of the gingival sulcus. This causes the loss of an
attachment loss and tooth loss in adults.1 Periodontitis that
often occurs is chronic periodontitis, often due to coloniza-
tion by Porphyromonas gingivalis with a prevalence rate of
�80.5% cases.2 Periodontitis treatment performed includes
controlling the accumulation of plaque in the oral cavity and
also root canal treatment to eliminate bacteria that cause
infection3 Administration of antibiotics is used as a support
in reducing the number of colonies of Porphyromonas gingi-
valis, but it should be noted that antibiotics can cause side
effects that can reduce drug concentrations in target cells and
a resistance to bacteria due to improper use and not as
recommended, it will cause bacteria to grow, easily adapt-
able and immune to antibiotics.4

The latest research is growing related to the processing of
natural ingredients as a suitable alternative as an antimicro-
bial that is safer for consumption in the long term.5One of the
developments of liquid smoke rice husks the health sector is
as an antimicrobial agent; this is supported by the stimula-
tion of a healing process in the oral mucosa against several
bacteria.6,7 The active content of liquid smoke rice husks
forms origin of cellulose, hemicellulose, and lignin. This
component through the pyrolysis process produces chemical
compounds such as phenol, guaiacol, and acetic acid.7 The
content of phenolic compounds in liquid smoke rice husks
can work more effectively toward more specific target cells
from a pharmacological aspect developed through the latest
novel drug delivery system advancements. A oral drug deliv-
ery system that is able to regulate pharmacokinetic capabili-
ties by reducing the toxicity of a drug and increasing drug
effectiveness on target cells.8 It has a nanometer size, which
is around 1 to 100 nm, in the form of particles that are
dispersed and encapsulated with polymers to form a nano-
particle matrix.9–11 By that reasons, the widespread disad-
vantages of using antibiotics and the development of
advances in drug delivery systems are the driving factors
for determining the antimicrobial activity of nanoparticles
liquid smoke ricehusks (nLSRH) to Porphyromonas gingivalis.

Materials and Methods

Liquid Smoke Rice Husks
The liquid smoke of rice husk used in this study was obtained
with pyrolysis process from 1,760g of rice hull that was air-
dried at room temperature as previous study.12 Liquid smoke
of ricehuskwasdiluted by sterilewater tomake concentration
of 1, 2.5, 5, 7.5, 10, 12.5, 15, and 17.5%.

Nanoparticles of Liquid Smoke Rice Husks
Each concentration of liquid smoke rice husk (1, 2.5, 5, 7.5, 10,
12.5, 15, and 17.5%) was made as nanoparticles with chitosan
(Bio-chitosan, Indonesia) and maltodextrin (Qing Huadong
Lihua Starch, China). Chitosan (1.5% w/v) and maltodextrin

(8.5% w/v) are dispersed in a solution of glacial acetic acid
water (1.0% v/v). The chitosan–maltodextrin nanoparticles are
madeby complexation of chitosan polyelectrolytewithmalto-
dextrin and additional chitosan ionic glass with sodium
tripolyphosphate anion. Chitosan and maltodextrin are
dissolved in liquid smoke ricehusks. Sodium tripolyphosphate
(1.0mg/mL) is added to the mixture and stirred using a
magnetic stirrer at 200 rpm for 30minutes at room tempera-
ture. The nanoparticles are isolated by centrifugation at a
speed of 3,000 rpm in a 50mL cone tube for 30minutes at
room temperature. Supernatants is discarded and nanopar-
ticles are filtered in a vacuum using Whatman #2. The nano-
particle solution is heated at 50°C into a water bath for
15minutes and homogenized using a speed rotor-stator
homogenizer at 5,200 rpm for 2.5minutes.13

Characterization of nLSRH
The characterization process was performed based on the
Malvern method to determine the particle size (nm) mea-
sured using the Zetasizer Nano ZS (Malvern Instrument Ltd,
UK) on the sample. Measurement of particle size using
dynamic light scattering.

Preparation of Porphyromonas gingivalis
Bacterial stock using Porphyromonas gingivalis ATCC 33277
was obtained from the Research Center of the Faculty of
Dentistry, Universitas Airlangga, Surabaya.

Antimicrobial Test
The test was performed using the dilution and diffusion
method andanalyzedby visualization. Research is a laboratory
experiment with eight treatments given at different concen-
trations with two control groups and repeated three times. In
the positive control tube, 0.1mL of bacteria will be given
Porphyromonas gingivalis in brain heart infusion broth
(BHIB) media. The negative control was 0.1mL of nLSRH.
The treatment group was divided into eight test tubes
containing 0.1mL of bacteria Porphyromonas gingivalis Mc.
Farland (1.5�108CFU/mL) inBHIBmedia andnLSRH that have
been diluted with various concentrations.7 Measurement of
the value of the minimum inhibitory concentration (MIC) can
be done visually by analyzed the turbidity of the media and
spectrophotometry.14

Thediffusionmethodswereused to calculatethenumberof
colonies Porphyromonas gingivalis on a Mueller Hinton agar
using a colony counter. The lowest colonies were assumed as
the minimum bactericidal concentration (MBC).15

Results

Characteristics of nLSRH
The characteristic of nLSRH has a lower pH as 3.41. The color
bright yellow with average of nanoparticles as 33 days.nm.

Antimicrobial Test nLSRH to Porphyromonas gingivalis
The nLSRH concentration of 1%, liquid media looked clear
compared with the control positive media (►Fig. 1). The
highest number of colonies Porphyromonas gingivalis was
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observed at nLSRH concentration of 1% (40.3 CFU) and
decreased at a concentration of 2.5% (11.3 CFU)
(►Table 1); other concentration or no bacterial colony
growth was found (►Fig. 2). The nLSRH concentration of
2.5% can be determined as the MIC and nLSRH concentration
of 5% can be determined as the MBC.

Discussion

This research was conducted to predict the antimicrobial
activity of nLSRH to Porphyromonas gingivalis. The test was
performed by determining the MIC andMBC of each concen-
tration of nLSRH. The Porphyromonas gingivalis in this study
due to its colonization in the oral cavity can cause a peri-
odontitis that can result in conditions such as inside pockets
in the gingival sulcus, periodontal tissue inflammation to the
damage, and tooth loss in adult cases.1

The nLSRH concentration of 2.5% was determined as MIC
and nLSRH concentration of 5% was determined as MBC. The
nLSRH showed better antimicrobial activity compared liquid
smoke rice hush in the previous study.7 The liquid smoke rice
husk showed theMIC at the concentration of 10% andMBC at
concentration of 12.5% to Porphyromonas gingivalis.7,16 The
large decrease in the number of colonies occurred due to the
phenolic compounds carried by the nanoparticles working
effectively on the target cells. The content of phenolic com-
pounds in nLSRH indicates the presence ofmolecular activity
in it in the form of proton distribution assisted by proto-
nophores across the hydrophobic core of the membrane.
When protons enter the membrane, there is an increase in
conductance in the phospholipid layer that results in a
decreased membrane permeability function.17 The polar
form of protons interacts with phenol to form a weak

Table 1 The calculation of Porphyromonas gingivalis colonies
on Mueller Hinton agar

Media Colonies (CFU)

Control (�) –

Control (þ) 157.7

nLSRH 1% 40.3

nLSRH 2.5% 11.3

nLSRH 5% –

nLSRH 7.5% –

nLSRH 10% –

nLSRH 12.5% –

nLSRH 15% –

nLSRH 17.5% –

Abbreviations: CFU, colony-forming unit; nLSRH, nanoparticles of liquid
smoke rice husk.

Fig. 1 Colony growth of Porphyromonas gingivalis on brain heart infusion broth.
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hydrogen bond that can cause changes in protein structure
that have a role in the process of cell metabolism with
enzymes in the catalytic process in bacteria and cause an
imbalance in the formation of proteins in cells so that
bacteria will die slowly.2,18–20

In some antimicrobials that enter the body will be inhib-
ited by the activity of bacterial enzymes andmembranes that
are difficult to penetrate, such as Porphyromonas gingivalis
that is a gram-negative bacterium.21 In nLSRHwhich contain
phenolic compounds that can overcome antimicrobial resis-
tance by interfering with bacterial metabolism through
deactivating enzymes due to interactions with protease
and pectatelyase enzymes so that enzymatic protein deposi-
tion occurs.22 In addition, the inhibition of the availability of
metal ions can have an effect as an indication of damage to
the permeability of the bacterial cell membranewith leakage
of the cytoplasmic membrane due to an increase in Kþ ions
outside the cell. Because these ions have an important role in
enzymatic activity, ribosome unity, and stabilization of
bacterial RNA, so that excessive ionic activity outside the
cell makes the bacteriaweaker and antibacterial activity will
enter and cause the bacterial lysis process to accelerate.23,24

When nanoparticles begin to enter the body, they interact
with gram-negative bacteria, especially in the lipopolysaccha-
ride portion of the bacteria; this interaction will disrupt the
activity of the bacterial cell membrane, thereby accelerating
thepenetrationofcompoundscarriedbynanoparticles to their

target cells.25 Selection of nanoparticle components can in-
crease their biocompatibility as is the case with chitosan as a
polymer. The negative charge of the bacterial membrane will
attract each other due to the electrostatic bonds possessed by
chitosan so that it can interferewith the activity of enzymes in
bacterial cells.Maltodextrinhasanadvantage in thestabilityof
the phenol compounds that are brought in, thereby increasing
the phenol concentration during the penetration process
through the bacterial cytoplasmic membrane. The higher the
phenolic compounds carried, the higher their ability to pene-
trate the membrane and antimicrobial activity will increase
with the help of cross-linking that occurs with tripolyphos-
phate so that bacteria will lysis.26–28

The limitations of this study are limited to antibacterial
observationsofPorphyromonasgingivalis.But the resultsof this
study provide preliminary evidence regarding the potential of
nLSRH as a material candidate for gingivitis and periodontitis
therapy. Subsequent research needs to be tested to determine
the effectiveness and mechanisms that play a definite role in
nLSRH as a treatment for gingivitis and periodontitis.

Conclusion

nLSRH have antimicrobial activity against Porphyromonas
gingivalis. This finding able to drive the next research to
develop nLSRH as gingival and periodontitis disease is
caused by Porphyromonas gingivalis

Fig. 2 Colony growth of Porphyromonas gingivalis on Mueller Hinton agar.

European Journal of Dentistry © 2022. The Author(s).

nLSRH and Porphyromonas gingivalis Arundina et al.



Ethical Approval
Approval was obtained from the Ethical Clearance of
Health Experimental Committee, Faculty of Dentistry,
Airlangga University, Surabaya with registration number
427/HRECC.FODM/VII/2021.

Funding
This work is supported by Ministry of Higher Education
Republic of Indonesia in the Schema Penelitian Dasar
Unggulan Perguruan Tinggi (PDUPT) 2021 with grant
number 311/UN3.15/PT/2021.

Conflict of Interest
None declared.

References
1 Newman MG, Takei H, Klokkevold PR, Carranza FA. Newman and

Carranza’s Clinical periodontology E-book. St. Louis, MO: Saun-
ders Elsevier Health Sciences; 2018

2 Alibasyah ZM, Andayani R, Farhana A, et al. Potential antibacterial
ginger extract (Zingiber officinale Roscoe) againts porphyromonas
gingivalis in vitro. J Syiah Kuala Dentist Soc 2016;1(02):147–152

3 FischerRG, Lira JuniorR,Retamal-ValdesB, et al. Periodontaldisease
and its impact on general health in Latin America. Section V:
treatment of periodontitis. Braz Oral Res 2020;34(Suppl 1):e026

4 Conrads G, Klomp T, Deng D, Wenzler JS, Braun A, Abdelbary
MMH. The antimicrobial susceptibility of porphyromonas gingi-
valis: genetic repertoire, global phenotype, and peview of the
literature. Antibiotics [Internet] 2021;10(12):1438

5 Yokota J. Application of natural ingredients to preventive medi-
cine. Yakugaku Zasshi 2017;137(05):571–580

6 Risfaheri R, Hoerudin H, Syakir M. Utilization of rice husk for
production of multifunctional liquid smoke. J Advanced Agricult
Technol 2018;5(03):192–197

7 Arundina I, Diyatri I, Surboyo MDC, Halimah AN, Chusnurrafi FI.
The antibacterial effect of liquid smoke rice hull on porphyro-
monas gingivalis and its proliferative effects on osteoblast as
periodontitis remedies: an in vitro study. Int J PharmRes. 2020;12
(03):3466–3471

8 Anggrawati. New experiment of chitosan drug delivery system.
Farmaka. 2018;16(03):213–221

9 Donalisio M, Leone F, Civra A, Spagnolo R, Ozer O, Lembo D, et al.
Acyclovir-loaded chitosan nanospheres from nano-emulsion
templating for the topical treatment of herpesviruses infections.
Pharmaceutics 2018;10(02):46

10 Rachmawati AL, Surini S. Formulation and characterization of
Xantan gum and acacia gum cross -linked nanoparticles for oral
insulin delivery. Pharmaceut Sci Research 2018;5(03):159–168

11 Ijaz I, Gilani E, Nazir A, Bukhari A. Detail review on chemical,
physical and green synthesis, classification, characterizations and
applications of nanoparticles. Green Chem Lett Rev 2020;13(03):
223–245

12 Arundina I, Tantiana T, Diyatri I, SurboyoMDC, Adityasari R. Acute
toxicity of liquid smoke of rice hull (Oryza sativa) on mice (Mus
musculus). J Int Dent Med Res 2020;13(01):91–96

13 Saloko S, Darmadji P, Setiaji B, Pranoto Y. Structural analysis of
spray-dried coconut shell liquid smoke powder. J Teknol Ind
Pangan 2012;23(02):173–178

14 Seniati M, Irham A. Measuring the density of vibrio harveyi
bacteria precisely using a spectrophotometer. Agrokompleks.
2019;19(02):12–19

15 Amanda EA, Oktiani BW, Panjaitan FUA. Antibacterial effective-
ness of flavonoid extract of Propolis Trigona Sp (Trigona thorasica)
on the growth of porphyromonas gingivalis bacteria. Dentin
Jurnal Kedokteran Gigi. 2019;3(01):23–28

16 Budhy TI, Arundina I, Surboyo MDC, Halimah AN. The effects of
rice husk liquid smoke in Porphyromonas gingivalis-induced
periodontitis. Eur J Dent 2021;15(04):653–659

17 Hossain SI, Saha SC, Deplazes E. Phenolic compounds alter the ion
permeability of phospholipid bilayers via specific lipid interac-
tions. Phys Chem Chem Phys 2021;23(39):22352–22366

18 Rijayanti RP, Luliana S, Trianto HF. In vitro antibacterial activity
test of ethanol extracts Bacang mango (Mangifera foetida L.)
leaves against Staphylococcus aureus. Naskah Publikasi Universi-
tas Tanjungpura. 2014;1(01):10–12

19 Marfuah I, Dewi EN, Rianingsih L. Study of the potential of sea
grape extract (Caulerpa racemosa) as antibacterial against
Escherichia coli and Staphylococcus aureus. J Pengolahan dan
Bioteknologi Hasil Perikanan. 2018;7(01):7–14

20 Lestari ALD, Noverita Permana A. Inhibitory efficacy of propolis
Againts Staphylococcus aureus and Escherichia coli. Jurnal Pro-
Life. 2020;7(03):237–250

21 Javed B, Nawaz K, Munazir M. Phytochemical analysis and anti-
bacterial activity of tannins extracted from Salix alba L. against
different gram-positive and gram-negative bacterial strains. Ira-
nian Journal of Science and Technology, Transactions A. Science
2020;44(05):1303–1314

22 Diniardi EM, Argo BD, Wibisono Y. Antibacterial activity of cocoa
pod husk phenolic extract against Escherichia coli for food
processing. In: IOP Conference Series: Earth and Environmental
Science. IOP Publishing; 2020:12006

23 Syarifuddin A, Sulistyani N, Kintoko K. Activity of antibiotic
bacterial isolate kp13 and cell leakage analysis of Escherichia
coli bacteria. Jurnal Ilmu Kefarmasian Indonesia. 2018;16(02):
137–144

24 Ashmawy NA, Behiry SI, Al-Huqail AA, Ali HM, Salem MZM.
Bioactivity of selected phenolic acids and hexane extracts from
Bougainvilla spectabilis and Citharexylum spinosum on the
growth of pectobacterium carotovorum and Dickeya solani Bac-
teria: An opportunity to save the environment. Processes (Basel)
2020;8(04):482

25 Marzuoli I, Cruz CHB, Lorenz CD, Fraternali F. Nanocapsule designs
for antimicrobial resistance. Nanoscale 2021;13(23):10342–10355

26 Saloko S, Darmadji P, Setiaji B, Pranoto Y. Antioxidative and
antimicrobial activities of liquid smoke nanocapsules using chi-
tosan and maltodextrin and its application on tuna fish preser-
vation. Food Biosci 2014;7:71–79

27 Soelama HJJ, Kepel BJ, Siagian KV. The Minimum Inhibitory
Concentration (MIC) seaweed extract (Eucheuma cottonii) as
antibacterial againts Streptococcus mutans. e-GIGI 2015;3(02)

28 Belbekhouche S, Bousserrhine N, Alphonse V, et al. Chitosan based
self-assembled nanocapsules as antibacterial agent. Colloids Surf
B Biointerfaces 2019;181(January):158–165

European Journal of Dentistry © 2022. The Author(s).

nLSRH and Porphyromonas gingivalis Arundina et al.


