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3. Demineralization
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2. Endocarditis
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Table 1 Characteristics of nanoliposomes
containing lactoferrin

Properties Lactoferrin
Size (nm) 96.84+0.85
PDI 0.187+0.022
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Fig 1: AAA model in anaerobic jar (a), AAA
model lid with glass discs (b)
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Fig 2 Electron microscope image of liposome
containing curcumin before sonication
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Fig 3 Effect of free lactoferrin and nanoliposomal
lactoferrin on CFU of Poly microbial biofilms. Data
represent mean + standard deviation (n=3). Statistical
significance between the groups was calculated by
Tukey Method. Data points at the same substances
(free or nanoliposomal lactoferrin) labeled with
the same character are not statistically different
(P>0.01).
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Fig 4 Effect of free lactoferrin and nanoliposomal
lactoferrin on the lactic acid production by Poly
microbial biofilms. Data represent mean + standard
deviation (n=3). Statistical significance between the
groups was calculated by Tukey Method. Data
points at the same substance (free or
nanoliposomal lactoferrin) labeled with the same
character are not statistically different (P>0.01).

3 e ) Al e S5 S slag SL Sl 4 ar S L
Mg mals s a5 o 8 amS U8 e S Al 4 b
Sas Sl ey e ST 3585 0 S e CBle 5

¢J¢L¢>,—4J¢ﬂr;w3a¢jnwgmuﬁb
[07] 515 rals (ole o 5 o b oSN

Sl 45 Lsls OLES pizman (YVF) 0L 5 2L (6355
3058 3 ST SN B 5SY (ol O e L 035
Sals 1, Somutans S slads|s slies g 55 LG sba
Gl b bl ey oL 5 ol [OV] 5l
568 sy sl e S e

5 oArSY by (Sas oS o i Lol mls
[OAT s OLas bags sSU 5 Olas s (g5 o 1y SlaeST,y oSN
chle Bl S cul cpl G ol g3 g LB A
s Al el I e Ske # 4Tl sy
55 phdse 03 SSL sl Sgysba Al sy 5 S
Aol g0 b sloimn sl e e S e Pl
Cd 1y Jases 53 34 ge JAT 2 ASSY (P >y el
S o s BB a5 S sl 1 OF 5 e S
S 35i e oyl dloml sl ol g GLSU el
Syboen phbam S5 5 bl Jy W5 R 4 e
52 SSL S e SU e A eSY S e [04]
[V8] 2,0l Gaid ml wlie (s S. mutans o g
Ak 1 S e ¥ VL SR s s o Y
O Gl A s S G (e 00 S el Esl o
>e/0N) 340 ar g BB ) A rjfd\.:a\‘ cble v o
(P <)) g s s dals & ged 40 o Ll «(P

eolidsn LS s e S LS ol Bl Gl e sy
Lo Q:jl:ﬁ Llel ealaw! J:a Jl;d S ) L“ Lfv"})b J‘JA j'lL""’
N- sl 5 5 bl Gl lapsind lSL
ssba bl 4 pslie Slad e plp 5 e
Cole 7 G asisnd el [P0 ] b o () e 5 LB
dsm 5 pln 5o 1 (Sl e 05l S 51 e
Oled 53 331 sl &S Jl 3 5 S L= S. mutans e
3BT 58 lee el Y B s 1) ok W5 clale
5» I, Mentha piperita_slal (Y4)4) ol Kes
ol &S Wsls B8 5 W S S Ol S L;Larj)'}?:}}jll
omamen ([FY] s e el 1, Somutans Sao sl


http://dx.doi.org/10.22034/FSCT.20.136.26
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.3.1
https://fsct.modares.ac.ir/article-7-66004-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.3.1 ]

[ DOI: 10.22034/FSCT.20.136.26 ]

VY J'>j>'- AR 09 AYP D)L&)J

[2] Dewhirst, F.E., et al., The human oral
microbiome. Journal of bacteriology, 2010.
192(19): p. 5002-5017.

[3] Scharnow, A.M., A.E. Solinski, and W.M.
Wuest, Targeting S. mutans biofilms: a
perspective on preventing dental caries.
MedChemComm, 2019. 10(7): p. 1057-
1067.

[4] Donlan, R.M., Biofilms :microbial life on
surfaces. Emerging infectious diseases,
2002. 8(9): p. 881.

[5] Jamal, M., et al.,, Bacterial Biofilm: Its
Composition. Formation and Role in Human
Infections Research & Reviews: Journal of
Microbiology and Biotechnology, 2015. 4:
p. 1-14.

[6] Rosa, L., et al., Lactoferrin and oral
pathologies: a therapeutic treatment.
Biochemistry and Cell Biology, 2021. 99(1):
p. 81-90.

[7] Lemos, J., et al, The biology of
Streptococcus mutans. Microbiology
spectrum, 2019. 7(1): p. 7.1. 03.

[8] Lemos, J.A .and R.A. Burne, A model of
efficiency: stress tolerance by Streptococcus
mutans. Microbiology (Reading, England),
2008. 154(Pt 11): p. 3247.

[9] Gilbert, J.A.,, et al., Current understanding
of the human microbiome. Nature medicine,
2018. 24(4): p. 392-400.

[10] Kandimalla, K.K., et al., Ability of chitosan
gels to disrupt bacterial biofilms and their
applications in the treatment of bacterial
vaginosis. Journal of  Pharmaceutical
Sciences, 2013. 102(7): p. 2096-2101.

[11]Krupinska, A.M. and Z. Bogucki, Clinical
aspects of the use of lactoferrin in dentistry.
Journal of Oral Biosciences, 2021. 63(2): p.
129-133.

[12] Leitch, E. and M. Willcox, Elucidation of
the antistaphylococcal action of lactoferrin
and lysozyme. Journal of Medical
Microbiology, 1999. 48(9 :(p. 867-871.

[13]Pedersen, A.M.L. and D. Belstram, The role
of natural salivary defences in maintaining a
healthy oral microbiota. Journal of
dentistry, 2019. 80: p. S3-S12.

[14]Oho, T., et al., A peptide domain of bovine
milk lactoferrin inhibits the interaction
between streptococcal surface protein
antigen and a salivary agglutinin peptide
domain. Infection and immunity, 2004.
72(10): p. 6181-6184.

[15]Bjarnsholt, T., et al, Pseudomonas
aeruginosa tolerance to tobramycin,
hydrogen peroxide and polymorphonuclear

Yy

Sl SL Sl e cad (Sas (Ld g s b st
Ol Al K5 g0 S b slags Sl slaad Sl 5 g S
pS ke P BlE 53 e sid 5L ASY b Al Rl
Lo A3 anlllas 53 3 05T 0 pssY 51 a2 e
s Al M5 el S psSY S WS paste
5331 3 S Ll ols als (S.mUtans) « SsS o
Ol e [YA] s s o) 58l 4 e YU clals
2 638 LAY S o Gl e O dle S
oslizl Ol Slue O gl 3l ies 5 S MUtANS sl W 55
1 o peSY oy 0 5 VL sl dale s Wl S
Jde 53 5515 OLES S MUEANS (555 2 553 4 atmls 25,50
dops Vs e psSY AoV LS Wlbsy eseas Ol

[P¥T 55 58 Sl PH 20l s 0 las 3550

& S womii¥

Sty Jolo Glas L 05 Sen A 0l ST ASE 6l
Vb Conl 3 s Sn b s 0l 6 e 01
Ao n eSSk ¥ ocBle s Bl sy
AL U s a1 s s oSk sl Sl
Sl sssd 5L 3 Sl g SL sl sy e
7 A 2 eSSk Tl SV Bl s o B SN sl
A 555350 SN A (A 3 8L el Zely
4 S ol s Slag SU b s el 5 Al
JOVEC I [P PR WO I WU N LGN PR PV BN 1 o5
Al o 5 S he sy b 0 13 Sk sy sl S

16 B0

Slallas Spe 6,80y 058 Obmdils 5 Olels
ol S5 5 omlS Sl Hamds pls el oK1 S0
5 a5 JLS Wsls gL b mbesl plosil 3 1y Lo S 1S 2l
s Sl

@L.A —\F

[1] .Amissah, F., T. Andey, and K.M.
Ahlschwede, Nanotechnology-based
therapies for the prevention and treatment of
Streptococcus mutans-derived dental caries.
Journal of Oral Biosciences, 2021. 63(4): p.
327-336.


http://dx.doi.org/10.22034/FSCT.20.136.26
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.3.1
https://fsct.modares.ac.ir/article-7-66004-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.3.1 ]

[ DOI: 10.22034/FSCT.20.136.26 ]

ek G 9 Son b oA 2 i S0 5 0T 3 SY A e

OLes 5 olbll

medicines: a review. International journal of
nanomedicine, 2014. 9: p. 1.

[27]Liu, W., et al., Stability during in vitro
digestion of lactoferrin-loaded liposomes
prepared from milk fat globule membrane-
derived phospholipids. Journal of Dairy
Science, 2013. 96(4): p. 2061-2070.

[28]Rasti, B., et al., Comparative study of the
oxidative and physical stability of liposomal
and nanoliposomal polyunsaturated fatty
acids prepared with conventional and
Mozafari methods. Food chemistry, 2012.
135(4): p. 2761-2770.

[29] Habibi, P., et al., Effects of free and nano-
encapsulated bovine lactoferrin on the
viability —and acid production by
Streptococcus mutans biofilms. Letters in
Applied Microbiology, 2022. 75(3): p. 689-
698.

[30] Vergara, D. and C. Shene, Encapsulation of
lactoferrin into rapeseed phospholipids
based liposomes:  Optimization and
physicochemical characterization. Journal
of Food Engineering, 2019. 262: p. 29-38.

[31] Exterkate, R., W. Crielaard, and J. Ten Cate,
Different response to amine fluoride by
Streptococcus mutans and polymicrobial
biofilms in a novel high-throughput active
attachment model. Caries research, 2010.
44(4 +(p. 372-379.

[32]McBain, A., et al., Development and
characterization of a simple perfused oral
microcosm. Journal of Applied
Microbiology, 2005. 98(3): p. 624-634.

[33]VVan Loveren, C., J. Buijs, and J. Ten Cate,
The effect of triclosan toothpaste on enamel
demineralization in a bacterial
demineralization ~ model.  Journal  of
Antimicrobial Chemotherapy, 2000. 45(2):
p. 153-158.

[34]Silva, T.C,, et al., Application of an active
attachment model as a high-throughput
demineralization biofilm model. Journal of
dentistry, 2012. 40(1): p. 41-47.

[35] Consortium, H.M.P., Huttenhower C,
Gevers D, Knight R, Abubucker S, Badger
JH, et al. Structure, function and diversity of
the healthy human microbiome. Nature,
2012. 486(7402): p. 207-14.

[36] Mark-Welsh, J., et al ,.Biogeography of a
human oral microbiome at the micro scale.
Proc. Natl. Acad. Sci. USA, 2016. 113: p.
E791-E800.

[37] Visca, P., et al., Growth and adsorption of
Streptococcus mutans 6715-13 to
hydroxyapatite in the presence of

Y¥

leukocytes is quorum-sensing dependent.
Microbiology, 2005. 151(2): p. 373-383.

[16] Ceri, H., et al., The Calgary Biofilm Device:
new technology for rapid determination of
antibiotic  susceptibilities of  bacterial
biofilms. Journal of clinical microbiology,
1999. 37(6): p. 1771-1776.

[17]Donlan, R.M. and J.W. Costerton, Biofilms:
survival mechanisms of clinically relevant
microorganisms.  Clinical  microbiology
reviews, 2002. 15(2): p. 167-193.

[18] Tenover, F.C., Mechanisms of antimicrobial
resistance in bacteria. The American journal
of medicine, 2006. 119(6): p. S3-S10.

[19]Burmglle, M., et al., Enhanced biofilm
formation and increased resistance to
antimicrobial agents and bacterial invasion
are caused by synergistic interactions in
multispecies  biofilms.  Applied  and
environmental microbiology, 2006. 72(6): p.
3916-3923.

[20]Kara, D., S.B. Luppens, and J.M. ten Cate,
Differences between single-and dual-species
biofilms of Streptococcus mutans and
Veillonella parvula in growth, acidogenicity
and  susceptibility to  chlorhexidine.
European journal of oral sciences, 2006.
114(1): p. 58-63.

[21] Luppens, S., et al., Effect of Veillonella
parvula on the antimicrobial resistance and
gene expression of Streptococcus mutans
grown in a dual-species biofilm. Oral
microbiology and immunology, 2008. 23(3):
p. 183-189.

[22]Ramsey, M.M. and M. Whiteley,
Polymicrobial interactions stimulate
resistance to host innate immunity through
metabolite perception. Proceedings of the
National Academy of Sciences, 2009.
1:(°)+1p. 1578-1583.

[23]Pamunuwa, G., V. Karunaratne, and D.
Karunaratne, Effect of lipid composition on
in vitro release and skin deposition of
curcumin encapsulated liposomes. Journal
of Nanomaterials, 2016. 2016.

[24] Cacciotti, 1., et al., Application of
nano/microencapsulated  ingredients in
chewing gum, in  Application of

Nano/Microencapsulated  Ingredients in
Food Products. 2021, Elsevier. p. 345-386.

[25] Dera, M.W. and W.B. Teseme, Review on
the application of food nanotechnology in
food processing .Am. J. Eng. Technol.
Manag, 2020. 5: p. 41-47.

[26] Bonifacio, B.V., et al., Nanotechnology-
based drug delivery systems and herbal


http://dx.doi.org/10.22034/FSCT.20.136.26
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.3.1
https://fsct.modares.ac.ir/article-7-66004-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.3.1 ]

[ DOI: 10.22034/FSCT.20.136.26 ]

\FeY .>|AJ>'- AL 09 Alrg D)L&)'jl

[50] Wakabayashi, H., et al., Inhibitory effects of
lactoferrin on growth and biofilm formation
of Porphyromonas gingivalis and Prevotella
intermedia.  Antimicrobial agents and
chemotherapy, 2009. 53 :(A)p. 3308-3316.

[51] Eriksson, E. and E. Erlandsson, Inhibitory
Properties of Lactoferrin on Adhesion of
Oral Bacteria to Hydroxyapatite. 2018.

[52] Morita, Y., et al., Effects of lactoferrin and
lactoperoxidase-containing food on the oral
hygiene status of older individuals: A
randomized, double blinded, placebo-
controlled clinical trial. Geriatrics &
gerontology international, 2017. 17(5): p.
714-721.

[53]Arslan, S., K. Leung, and C. Wu, The effect
of lactoferrin on oral bacterial attachment.
Oral microbiology and immunology, 2009.
24(5): p. 411-416.

[54]Singh, P.K., Iron sequestration by human
lactoferrin stimulates P. aeruginosa surface
motility and blocks biofilm formation.
Biometals, 2004. 17(3): p. 267-270.

[55]Morrissey, P.E., et al., Inhibition of
Streptococcus mutans binding to
hydroxylapatite using partially digested
whey protein concentrate and individual
whey proteins. Journal of functional foods,
2012. 4(2): p. 559-567.

[56] Niemi, L.D., O. Hernell, and I. Johansson,
Human milk compounds inhibiting adhesion
of mutans streptococci to host ligand-coated
hydroxyapatite in vitro. Caries research,
2009. 43(3): p. 171-178.

[57]Allison, L.M., et al., Effect of human milk
and its components on Streptococcus mutans
biofilm formation. Journal of Clinical
Pediatric Dentistry, 2015. 39(3): p. 255-261.

[58] Gudipaneni, R.K., et al., Short term
comparative evaluation of antimicrobial
efficacy of tooth paste containing
lactoferrin, lysozyme, lactoperoxidase in
children with severe early childhood caries:
a clinical study. Journal of Clinical and
Diagnostic Research: JCDR, 2014. 8(4): p.
ZC18.

[59]Shin, K., et al., Effects of a composition
containing lactoferrin and lactoperoxidase
on oral malodor and salivary bacteria: a
randomized,  double-blind,  crossover,
placebo-controlled clinical trial. Clinical
oral investigations, 2011. 15(4): p. 485-493.

[60] Francesca, B., et al., Both lactoferrin and
iron influence aggregation and biofilm
formation in  Streptococcus  mutans.
Biometals, 2004. 17(3): p. 271-278.

Yo

[38] lactoferrin. Medical microbiology and
immunology, 1989. 178(2): p. 69-79.

[39]0Cho, T., M. Mitoma, and T. Koga,
Functional domain of bovine milk
lactoferrin which inhibits the adherence of
Streptococcus mutans cells to a salivary
film. Infection and immunity, 2002. 70(9): p.
5279-52.AY

[40]Rosa, L., et al., Lactoferrin: a natural
glycoprotein  involved in iron and
inflammatory  homeostasis. International
journal of molecular sciences, 2017. 18(9):
p. 1985.

[41] Longhi, C., et al., Influence of lactoferrin on
the entry process of Escherichia coli HB101
(pRI203) in  HeLa cells. Medical
microbiology and immunology, 1993.
182(1): p. 25-35.

[42] Dalmastri, C., et al., Enhanced antimicrobial
activity of lactoferrin by binding to the
bacterial surface. Microbiologica, 1988.
11(3): p. 225-230.

[43]Williams, T.J., R.P. Schneider, and M.D.
Willcox, The effect of protein-coated contact
lenses on the adhesion and viability of gram
negative bacteria. Current eye research,
2003. 27(4): p. 227-235.

[44] Kawasaki, Y., et al., Inhibitory effects of
bovine lactoferrin on the adherence of
enterotoxigenic Escherichia coli to host
cells. Bioscience, biotechnology, and
biochemistry, 2000. 64(2): p. 348-354.

[45]Dial, E.J. and L.M. Lichtenberger, Effect of
lactoferrin on Helicobacter felis induced
gastritis. Biochemistry and cell biology,
2002. 80(1): p. 113-117.

[46]Lu, J., et al., Lactoferrin: a critical mediator
of both host immune response and
antimicrobial activity in response to
streptococcal infections. ACS infectious
diseases, 2020. 6(7): p. 1615-1623.

[47]Ochoa, T.J., et al., Lactoferrin impairs type
Il secretory  system  function in
enteropathogenic Escherichia coli. Infection
and immunity, 2003. 71(9): p. 5149-5155.

[48]Hendrixson, D., et al, Human milk
lactoferrin is a serine protease that cleaves
Haemophilus surface proteins at arginine-
rich sites. Molecular microbiology, 2003.
47(3): p. 607-617.

[49]Rose, J.E., D.H. Meyer, and P.M. Fives-
Taylor, Aae, an autotransporter involved in
adhesion of Actinobacillus
actinomycetemcomitans to epithelial cells.
Infection and immunity, 2003. 71(5): p.
2384-2393.


http://dx.doi.org/10.22034/FSCT.20.136.26
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.3.1
https://fsct.modares.ac.ir/article-7-66004-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.3.1 ]

[ DOI: 10.22034/FSCT.20.136.26 ]

o dd Gike 09 Soo b oldsm p 5sd U 5 2T A ) )

OLes 5 olbll

A4

[61] Alarfaj, R.E., et al., Antibacterial Efficacy of
Liposomal Formulations Containing
Tobramycin and N-Acetylcysteine against
Tobramycin-Resistant  Escherichia coli,
Klebsiella pneumoniae, and Acinetobacter
baumannii. Pharmaceutics, 2022. 14(1): p.
130.

[62] Yamakami, K., et al., Sustainable inhibition
efficacy of liposome-encapsulated nisin on
insoluble  glucan-biofilm  synthesis by
Streptococcus  mutans.  Pharmaceutical
biology, 2013. 51(2): p. 267-270.

[63] Ashrafi, B., et al., Mentha piperita essential
oils loaded in a chitosan nanogel with
inhibitory effect on biofilm formation
against S. mutans on the dental surface.
Carbohydrate polymers, 2019. 212: p. 142-
149.

[64] Karimi, N., et al., Thymol, cardamom and
Lactobacillus plantarum nanoparticles as a
functional candy with high protection
against Streptococcus mutans and tooth
decay. Microbial pathogenesis, 2020. 148: p.
104481.

[65] Kaeriyama, E., et al., Effect of bovine
lactoferrin on enamel demineralization and
acid fermentation by Streptococcus mutans.
Pediatric Dental Journal, 2007. 17(2): p.
118-126.


http://dx.doi.org/10.22034/FSCT.20.136.26
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.3.1
https://fsct.modares.ac.ir/article-7-66004-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.3.1 ]

[ DOI: 10.22034/FSCT.20.136.26 ]

JFST No. 136, Vol. 20, Juin 2023

ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (lran) £

L]

‘x;' ¥ Iu:;;}‘

Scientific Research

Investigating the effect of free and nanoliposomal lactoferrin on polymicrobial biofilms derived
from saliva in an Active Attachment biofilm model
Parisa Habibi®, Farideh Tabatabaee Yazdi®*, Seyed Ali Mortazavi’, Mohammad Morad Farajollahi®
1-Ph.D. student of food science and industry, Department of Food Science and Technology, Faculty of Agriculture,

Ferdowsi University of Mashhad, Mashhad, Iran.

2-Professor in Food Microbiology, Department of Food Science and Technology, Faculty of Agriculture, Ferdowsi

University of Mashhad —Iran.

3-PhD in laboratory biochemistry, Professor of Department of Medical Biotechnology, Faculty of Allied Medicine,

Iran University of Medical Sciences, Tehran, Iran.

ABSTRACT

ARTICLE INFO

Tooth decay is one of the most common problems in the world, which is caused
by the growth of biofilm and acid production by them. Many solutions have been
used to solve this problem. However, due to the increase in antibiotic resistance of
microorganisms and the increasing need for antimicrobial substances, efforts are
being made to use natural antimicrobial substances. Lactoferrin is a protein in
milk and saliva with antimicrobial and anti-biofilm properties. In this research,
lactoferrin was encapsulated by nanoliposomes to increase its antimicrobial
properties. In order to measure the effect of lactoferrin on the number of bacteria
in the polymicrobial biofilm and acid production, each of the free substances or
nanoliposomes in 4 concentrations (0, 1.5, 3, 6 mg/ml) in the Active Attachment
biofilm model with saliva and culture medium was incubated. The results showed
that lactoferrin nanocoating increased the ability to inhibit biofilm and acid
production by this bacterium due to the slow release of lactoferrin from
liposomes. When increasing the concentration of free and nanoliposomal
lactoferrin to a concentration of 3 mg/ml, a significant decrease in the number of
bacteria in the biofilm was observed compared to the control sample (P<0.01).
However, increasing the concentration of free lactoferrin again increased the
number of bacteria in the biofilm. Meanwhile, nanoliposomal lactoferrin at a
concentration of 6 mg/ml still caused a decrease in bacteria in the biofilm, which
was insignificant compared to the concentration of 3 mg/ml (P>0.01). From the
obtained results, it can be concluded that nanoliposomal lactoferrin can be used to
design products related to oral and dental health.
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