Flaxseed-Coated Titanium: A Natural Antibacterial Strategy for Dental Implants
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Abstract

Flaxseed (Linum usitatissimum) has been used since ancient times for its nutritional and
medicinal properties. It is increasingly recognized for its rich content of bioactive compounds,
including antioxidants and antimicrobial agents. In the field of dentistry, titanium (Ti) is widely
utilized for implants due to its biocompatibility; however, implant-associated infections remain a
clinical concern. This has led to interest in natural bioactive coatings that could enhance
antimicrobial protection.

This study aimed to evaluate the in-vitro antimicrobial activity of flaxseed-coated titanium plates
against common oral pathogens.

Titanium specimens were coated with flaxseed extract and tested against Staphylococcus
aureus and Porphyromonas gingivalis using agar diffusion methods. Zones of inhibition were
measured and compared to positive (broth) and negative (ethanol) controls. Experiments were
conducted in triplicate, and data were analyzed using SPSS version 25.

The flaxseed-coated titanium exhibited measurable antibacterial activity, with zones of inhibition
comparable to those produced by ethanol and broth. Notably, the combination of flaxseed and
ethanol showed enhanced antimicrobial effects against both bacterial strains.

The findings demonstrate that flaxseed extract has promising antimicrobial potential when used
as a coating on titanium surfaces. This natural, plant-based approach may contribute to the
development of antimicrobial dental implants and help reduce postoperative complications related
to infection.
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Introduction

Flaxseed (Linum usitatissimum) is well-
known for its protective properties and nutritive,
which are related to the existence of antioxidants
like tocopherols, phenolics, lignin and
carotenoids, high-quality omega-3 unsaturated
fatty acids, and alpha-linolenic acid (ALA)". Alpha
linolenic acid (ALA) is abundant in flaxseed,
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accounting for 45 to 52 percent of total flaxseed
oil. Flaxseed is unusual among oilseed crops
because of its high ALA content. ALA is a good
anti-oxidative agent that can protect some cells
against oxidative stress and apoptosis. An in vivo
study showed that ALA promotes bone formation
and inhibits bone resorption’.  Flaxseed (L.
usitatissimum) has been used as a conventional
healing agent for decades. Many beneficial
effects of flaxseed extract have been reported,
including anti-inflammatory effects, antioxidant,
and antimicrobial. Flaxseed has been indicated
to have positive effects on many types of wounds,
including burns and burn scar healing, bone
healing, skin wound healing and the healing of
oral ulceration, in addition to exhibiting
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antibacterial effects in the oral cavity?®.
The application of flaxseed in biomaterials

has gained attention due to its potential
antimicrobial properties. Flaxseed has been
shown to inhibit the growth of a broad range of
bacteria, making it a promising candidate as a
coating materials in biomedical devices. The
previous study worked on the development of a
novel organic polymer coating for the prevention
of growth of medically significant bacteria on
three-dimensional solid surfaces, this study
examines the effect of surface coating with
flaxseed on the adhesion and proliferation
tendencies of bacteria such as Staphylococcus
aureus and compares them to previous
investigations on Pseudomonas aeruginosa®.
The results of this study could provide valuable
insights into the use of flaxseed-coated titanium
as a potential antimicrobial material for various
applications in the biomedical field.

Titanium is used in most dental implants.
Because of its ability to osseointegrate with bone,
titanium (Ti) is frequently regarded as an ideal
material for dental implants °. Titanium with
various bioactive coatings is thought to be a good
material for subgingival implants . According to
not recent research, some novel silane coatings
on Ti implants may reduce biofilm formation’.
Titanium dental implants have increased in
number over the years. Titanium is used for
dental and orthopedic implants because of its
excellent biocompatibility and biomechanical
properties®. However, there are few clinical
concerns such as delay in osseointegration and
healing during early stage of implant placements.
Another problem is implant failure caused by
bacteria infection. A higher implant failure rate
was found in patients with periodontal diseases
and smoker patients®. Currently, the methods
mainly used in clinical practice to enhance
osseointegration of titanium implants are
sandblasted and dualacid-etched treatment'®.
Surface modification strategies aimed at
promoting osseointegration of titanium implants
and peri-implant bone formation are needed to
increase the clinical success rate of implant
surgery''. Late treatment complications are
expected to occur after achieving full
osseointegration and  functionality;  these
complications are classified as severe in dental
and orthopaedic applications'>. Nonetheless,
issues with post-infection in cases of dental Ti
implants warrant further study looking into the

possibility of coating the implant with potential
natural-based extract with antimicrobial activity.
Therefore, in this study, flaxseed extract
was applied as a titanium coating to improve
bone healing and prevent bacterial infection.

Materials and methods

Study Design

This study is a quantitative descriptive
study conducted in laboratory (in-vitro) condition.

Study Setting

This study was conducted at Research
Laboratory and Microbiology Laboratory, Kulliyah
of Dentistry IUM, Kuantan. Malaysia.

Methodology

Flaxseed (Linum usitatissimum) seeds
were mechanically ground into a fine powder.
The powdered seeds were then extracted using
99% undenatured ethanol in a Soxhlet
apparatus. The resulting extract was
concentrated with a rotary vacuum evaporator
under reduced pressure and controlled
temperature, yielding a clear to yellowish
flaxseed oil, as shown in Figure 1. The

supernatant was initially stored at -80 °C for 12
hours, followed by freeze-drying for seven days,
and subsequently preserved at -20 °C for further
use °

igure 1: flaxs crude extéuct.
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The titanium samples underwent surface
pre-treatment by polishing with 220- and 320-grit
silicon carbide papers under running water,
followed by rinsing with deionized water and air
drying at room temperature (Figure 2a). Surface
activation was achieved through sodium
hydroxide etching and thermal treatment, where
the samples were immersed in a 5M sodium
hydroxide solution and heated at 60 °C for 24
hours '®. After the alkali treatment, the samples
were again rinsed with deionized water and dried
at room temperature. For the spin coating
process, 10 uL of flaxseed extract was applied
onto each titanium plate at a spinning rate of
3000 rpm. The coated titanium samples were
the?7 oven-dried at 100 °C for 2 hours (Figure
2b)'".

Figure 2b: Ti coated with flaxseed.

For the antibacterial test, the titanium (Ti)
samples were placed in Petri dishes, and 100 yL
of bacterial suspensions—at a concentration of
104-10° CFU/mL—were applied directly onto the
titanium surfaces, as illustrated in Figure 3.

The samples were then incubated with
Staphylococcus aureus and Porphyromonas
gingivalis at 37 °C for 1 and 7 days. Following
incubation, each sample surface was rinsed with
900 uL of sterile phosphate-buffered saline
(PBS). From this, 100 yL of the resulting solution
was collected and inoculated onto nutrient agar
plates. After a further 24-hour incubation at
37 °C, bacterial colonies were counted '8 All
measurements were statistically analyzed using
SPSS software, version 25.

Figure 3: Ti coated with flaxseed in bacterial
suspension.

Results

Staphylococcus aureus and
Porphyromonas gingivalis were inoculated onto
agar Petri dishes, as illustrated in Figure 4. Each
dish was divided into four regions for testing. In
two regions, discs impregnated with flaxseed
extract and a combination of flaxseed extract with
ethanol were placed. The remaining two regions
contained the control groups: a positive control
(blank disc) and a negative control disc
containing ethanol. This setup allowed for
comparative analysis of antimicrobial activity.
The experiment was conducted in triplicate to
obtain reliable and consistent data.

>

_— ”// 5O
Figure 4. Left side (P.gingivalis) and right side
(S.aureus).

Positive Negative | Flaxseed Flaxseed +
control (blank) | control [vol:10um, | ethanol
[vol:10pum] (ethanol) | conc:100um] | [vol:10um,
[vol:10um] conc:100um]
S.aureus | 6.33£0.27 7.00£0.00 | 8.33+0.27 | 9.00+0.00
Pgingivalis | 6.67+0.54 6.67+0.27 | 9.00+0.82 10.00+1.41

Table 1.0 As shown in Table 1.0, the mean
zones of inhibition indicate that both the flaxseed
extract and the combination of flaxseed with
ethanol consistently demonstrated antimicrobial
activity against the tested bacteria. These stable
inhibition values suggest that the antimicrobial
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effect of flaxseed may be attributed to its
bioactive components, such as lignans, phenolic
compounds, and long-chain unsaturated fatty
acids . This supports the potential application of
flaxseed extract as a coating material to help
prevent bacterial infections.

Discussion

The results of this in-vitro study provide

compelling evidence for the antimicrobial
potential of flaxseed-coated titanium, particularly
against Staphylococcus aureus and
Porphyromonas  gingivalis, two  significant

pathogens implicated in peri-implant infections.
The observed zones of inhibition for flaxseed and
flaxseed-ethanol combinations indicate that
flaxseed possesses intrinsic antimicrobial activity,
likely due to its rich phytochemical profile—
including lignans, phenolic compounds, and
omega-3 fatty acids such as alpha-linolenic acid
(ALA) '. These bioactive compounds have been
previously associated with antimicrobial, anti-
inflammatory, and antioxidative properties, which
support the findings of this study.

Notably, the flaxseed-coated titanium
demonstrated greater inhibition zones than both
the positive (broth) and negative (ethanol)
controls, especially in the combination group.
This suggests a potential synergistic effect when
flaxseed is combined with ethanol, possibly
enhancing the bioavailability or diffusion of active
compounds across the titanium surface. This
synergy merits further investigation, as it could
inform more effective formulation strategies for
coating biomaterials.

The antimicrobial mechanism of flaxseed
is presumed to involve disruption of bacterial cell
membranes, inhibition of biofilm formation, and
interference with bacterial metabolic processes.
The phenolic compounds and lignans in flaxseed
may bind to bacterial proteins and enzymes,
impairing their function. Additionally, the fatty
acids may integrate into bacterial membranes,
1ag|t2e0ring their permeability and leading to cell lysis

In the context of dental implantology,
titanium is widely recognized for its favorable
mechanical and biocompatibility properties.
However, microbial colonization and subsequent
peri-implantitis remain major causes of implant
failure. Incorporating a bioactive coating that
provides antimicrobial protection during the early
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healing phase could be a pivotal step toward
improving clinical outcomes. The ability of
flaxseed extract to inhibit early bacterial adhesion
may thus reduce inflammation, support faster
osseointegration, and lower the incidence of
post-surgical infections.

The results align with prior findings that
surface modifications of titanium can significantly
affect bacterial adherence and biofilm formation.
However, unlike synthetic antimicrobial coatings,

flaxseed offers a biocompatible, natural
alternative that may pose fewer risks of
resistance  development or  cytotoxicity.

Additionally, the antioxidant potential of flaxseed
may play a supportive role in reducing oxidative
stress at the implant site, which has been
associated  with  delayed healing and
inflammation in implant dentistry.

Another important advantage of plant-
derived coatings like flaxseed is their potential
contribution to tissue regeneration. Flaxseed’s
active compounds have been found to stimulate
fibroblast proliferation and angiogenesis in
wound healing models, which could be beneficial
in promoting soft tissue integration around
implants®. These regenerative effects may
complement the antimicrobial action, leading to
more predictable long-term implant stability.
Nonetheless, this study has limitations. The
experiments were conducted in vitro under
controlled conditions, which may not fully reflect
the complexity of the oral environment. Factors
such as saliva enzymes, immune response,
dietary variations, and dynamic mechanical
stresses (e.g., mastication and brushing forces)
can all influence the behavior of coatings in vivo.
Additionally, the oral microbiome is composed of
polymicrobial communities that interact in
complex biofilms, and the efficacy of flaxseed
extract in such environments remains to be
tested.

Furthermore, the  durability, wear
resistance, and long-term stability of the flaxseed
coating are unknown. In clinical settings, implant
surfaces are exposed to fluctuations in pH,
salivary flow, and microbial by-products, all of
which can compromise the integrity of organic
coatings. Future studies should focus on
evaluating how well flaxseed coatings adhere
under such conditions and whether they can
maintain their antimicrobial properties over time.

It would also be beneficial to assess the
cytocompatibility of flaxseed-coated titanium with
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osteoblasts and epithelial cells to ensure the
safety of these coatings in direct contact with
host tissues. Longitudinal animal studies and
human clinical trials would help confirm the
translation of these findings from bench to
bedside.

Conclusions

The in-vitro evaluation of the antimicrobial
activity of flaxseed-coated titanium indicates that
it possesses significant antibacterial properties
against pathogenic bacteria. These findings
suggest its potential as an effective antimicrobial
coating for medical devices. However, further
research is necessary to validate these results
and to evaluate the long-term efficacy of
flaxseed-coated titanium in clinical applications.
Future investigations may focus on optimizing
coating techniques and exploring synergistic
effects with other antimicrobial agents to
enhance its performance.

Moreover, the insights gained from this
study contribute to a deeper understanding of the
biological effects of flaxseed, supporting its
potential integration into dental implant
technology. Flaxseed-coated titanium emerges
as a promising, natural, plant-based antibacterial
coating with potential applications in dental
surgery and implantology.

Acknowledgments

The authors would like to acknowledge
the Faculty of Dentistry, International Islamic
University, for their support.

Declaration of Interest
The authors report no conflict of interest.

References

1. Kogak MZ. Phenolic Compounds, Fatty Acid Composition, and
Antioxidant Activities of Some Flaxseed (Linum usitatissimum
L.) Varieties: A Comprehensive Analysis. Processes.
2024;12(4). doi:10.3390/pr12040689

2. Lu 8SY, Wang CY, Jin Y, et al. The osteogenesis-promoting
effects of alpha-lipoic acid against glucocorticoid-induced
osteoporosis through the NOX4, NF-kappaB, JNK and
PI3K/AKT pathways. Sci Rep. 2017;7(1):3331.
doi:10.1038/s41598-017-03187-w

3. Shaban S, Mokhtar KI, Ichwan SJA, Al-Ahmad BEM. Potential
Effects of Flaxseed (Linum usitatissimum) in Tissue Reparative
Processes: A Mini Review. In: ; 2020.
https://api.semanticscholar.org/Corpus|D:224829907

4. Bazaka K, Jacob M V, Truong VK, Crawford RJ, Ivanova EP.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The Effect of Polyterpenol Thin Film Surfaces on Bacterial
Viability and Adhesion. Polymers (Basel). 2011;3(1):388-404.
doi:10.3390/polym3010388

Khoo LK, Sakdajeyont W, Khanijou M, et al. Titanium fixture
implants treated by laser in dentistry: Review article. J Oral
Maxillofac ~ Surgery, Med Pathol. 2019;31(6):381-385.
doi:https://doi.org/10.1016/j.ajoms.2019.08.001

Kati¢ J, Sari¢ A, Despotovi¢ |, Matijakovi¢ N, Petkovi¢ M,
Petrovi¢ Z. Bioactive Coating on Titanium Dental Implants for
Improved Anticorrosion Protection: A Combined Experimental
and Theoretical Study. Coatings. 2019;9(10).
doi:10.3390/coatings9100612

Villard N, Seneviratne C, Tsoi JKH, Heinonen M, Matinlinna J.
Candida albicans aspects of novel silane system-coated
titanium and zirconia implant surfaces. Clin Oral Implants Res.
2015;26(3):332-341. doi:10.1111/clr.12338

Jung HD. Titanium and Its Alloys for Biomedical Applications.
Metals (Basel). 2021;11(12). doi:10.3390/met11121945

Sousa V, Mardas N, Farias B, et al. A systematic review of
implant outcomes in treated periodontitis patients. Clin Oral
Implants Res. 2016;27(7):787-844. doi:10.1111/clr.12684
Sgolastra F, Petrucci A, Severino M, Gatto R, Monaco A.
Periodontitis, implant loss and peri-implantitis. A meta-analysis.
Clin Oral Implants Res. 2015;26(4):e8-e16.
doi:10.1111/clr.12319

He W, Yin X, Xie L, et al. Enhancing osseointegration of
titanium implants through large-grit sandblasting combined with
micro-arc oxidation surface modification. J Mater Sci Mater Med.
2019;30(6):73. doi:10.1007/s10856-019-6276-0

W. Nicholson J. Titanium Alloys for Dental Implants: A Review.
Prosthesis. 2020;2(2):100-116. doi:10.3390/prosthesis2020011
Fadzir UA, Mokhtar Kl, Mustafa BE, Darnis DS. Evaluation of
Bioactive Compounds on Different Extracts of Linum
Usitatissimum and Its Antimicrobial Properties against Selected
Oral Pathogens. Makara J Heal Res. 2018;22(3).
doi:10.7454/msk.v22i3.10181

Nordin N, Mokhtar KI, Darnis DS. The antibacterial effect of
flaxseed extract and silver nanoparticles combination on
Streptococcus mutans. J Dent Indones. 2018;25(3):158-163.
Jung H, Kim |, Jung S, Lee J. Oxidative stability of chia seed oil
and flax seed oil and impact of rosemary (Rosmarinus officinalis
L.) and garlic (Allium cepa L.) extracts on the prevention of lipid
oxidation. Appl Biol Chem. 2021;64(1):6. doi:10.1186/s13765-
020-00571-5

Christina S, Sharmila G, Muthukumaran C, et al. Preparation,
characterization and evaluation of antibacterial and anticancer
activities of titanium dioxide nanoparticles using Indigofera
tinctoria leaf extract. J Photochem Photobiol B. 2013;141:148—
154.

Huang X, Wu H, Liao X, Yang Y. Effect of alkali-heat treatment
on Ti surface for bioactivity and osteogenic differentiation. Surf
Coat Technol. 2020;397:126067.

Chandrashekhar BH. Titanium-based biomaterials for dental
implants. In: Nanda P, Nanda A, eds. Dental Biomaterials:
Principles and Applications. Springer, 2022:231-258.

Lobo FCM, Franco AR, Fernandes EM, Reis RL. An Overview
of the Antimicrobial Properties of Lignocellulosic Materials.
Molecules. 2021;26(6). doi:10.3390/molecules26061749
Mustafa BE, Subramaniam PK, Mustafa NS, Kashmoola MA,
Mokhtar Kl, Qaralleh H. The anti-fungal effect of flax seed on
oral candidiasis: Comparative in-vitro study. J Int Dent Med Res.
2018;11(2):580-589.

Volume - 18 - Number - 3 - 2025 Page 1041




