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Abstract
Objectives—This study assessed the antibacterial activity of short-, medium-, and long-chain
fatty acids against various oral microorganisms.

Methods—The short-chain fatty acids [formic acid (C1), acetic acid (C2), propionic acid (C3),
butyric acid (C4), isobutyric acid (C4), isovaleric acid (C5), hexanoic acid (C6)], medium-chain
fatty acids [octanoic acid (C8), capric acid (C10), lauric acid (12)], and long-chain fatty acids
[myristic acid (C14), palmitic acid (C16)], were investigated for antimicrobial activity against
Streptococcus mutans, S. gordonii, S. sanguis, Candida albicans, Aggregatibacter
actinomycetemcomitans, Fusobacterium nucleatum, and Porphyromonas gingivalis.

Results—The data demonstrated that the fatty acids exhibited patterns of inhibition against oral
bacteria with some specificity that appeared related more to the bacterial species that the general
structural characteristics of the microorganism. As a group the fatty acids were much less effective
against C. albicans than the oral bacteria, with effectiveness limited to hexanoic, octanoic, and
lauric acids. Formic acid, capric, and lauric acids were broadly inhibitory for the bacteria.
Interestingly, fatty acids that are produced at metabolic end-products by a number of these
bacteria, were specifically inactive against the producing species, while substantially inhibiting the
growth of other oral microorganisms.

Conclusions—The results indicate that the antimicrobial activity of short-chain fatty acids
(SCFAs), medium-chain fatty acids (MCFAs), long-chain fatty acids (LCFAs) could influence the
microbial ecology in the oral cavity via at least 2 potential pathways. First, the agents delivered
exogenously as therapeutic adjuncts could be packaged to enhance a microbial-regulatory
environment in the subgingival sulcus. Second, it would be the intrinsic nature of these fatty acid
inhibitors in contributing to the characteristics of the microbial biofilms, their evolution, and
emergence of species within the biofilms. Further studies on these functions are required to better
understand the nature of these potential microbial interactions in the biofilms.
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1. Introduction
Long chain fatty acids (LCFAs) including n-3, n-6, n-7, and n-9 fatty acids have been
reported to have anti-inflammatory and antibacterial activities. 1-6 For example, the n-3 fatty
acids, eicosapentanoic acid (EPA) and docosahexanoic acid (DHA), can serve as precursors
to eicosanoids, which can reduce inflammation. 1,3 A recent study demonstrated three major
n-3 PUFA, EPA, DHA, α-linolenic acid (ALA), and their ester derivatives exhibited strong
antimicrobial activity against various oral pathogens. 5 Similar findings were also reported
for n-6, n-7, and n-9 fatty acids related to antimicrobial activities against oral
microorganisms. 6

Oral bacteria are known to produce many short chain fatty acids (SCFAs, isobutyric,
butyric, isovaleric, propionic, lactic acids), 4,7-8 and even LCFAs (myristic acid, palmitic
acid), 9 as end-products of their metabolism. Oral bacterial strains produce and secrete a
range of products that appear to function in providing individual species a competitive
advantage within a complex microbial environment, including bacteriocins, 10 quorum
sensing molecules, 11 and metabolic end-products. 12. Thus, there is a potential for these
fatty acids to contribute to ecological and biological interactions among the oral bacteria.
Fatty acid elaboration could contribute to a natural “food web” in oral biofilms resulting in
competitive or mutualistic relationships with other oral bacterial co-inhabitants. 13 The fatty
acid-secreting bacteria are present in lesions of both dental caries and periodontitis and
likely contribute to the biology of oral biofilms. It has been posited that cell-to-cell
metabolic communication within these bacterial communities can occur via short chain
organic acids. 11, 13, 14 These studies concluded that “cross-feeding” takes place between
individual bacterial species and that short-chain fatty acids produced by oral bacteria could
serve as an essential carbon source for certain other oral bacteria and that these SCFA may
be “competitive factors in oral biofilms”. 15

We hypothesized that an array of fatty acids could function in chronic oral infections as
extrinsic or intrinsic agents. Extrinsically, SCFA and MCFA may also function as a dietary
supplement or in an oral delivery medicament that could alter the microbial ecology.
Alternatively, the fatty acids produced by various oral bacterial strains may be contribute to
maintaining the commensal ecology through inhibiting additional bacterial colonization and/
or emergence, or in some cases inhibit existing species and enable pathogens to emerge in
the microbial biofilms. Thus, determining the profiles of fatty acids are most effective and
specifically inhibit selected oral bacteria would provide some insights into potential
therapeutic approaches, as well as naturally occurring activities in established and
transitional biofilms.

2. Materials and Methods
2.1 Reagents

The short-chain fatty acids, formic acid (C1), acetic acid (C2), propionic acid (C3), butyric
acid (C4), isobutyric acid (C4), isovaleric acid (C5), hexanoic acid (C6), and medium-chain
fatty acids, octanoic acid (C8), capric acid (C10), lauric acid (C12), myristic acid (C14),
palmitic acid (C16) were purchased from Cayman Chemicals (Ann Arbor, Michigan) or
from Sigma (St. Louis, MO). Most of the fatty acids used in this study were obtained as fatty
acid stock solutions (in H2O or ethyl alcohol) at mg/ml concentrations. Oral microbial
species Streptococcus mutans (ATCC 25175), Porphyromonas gingivalis (ATCC 33277),
Candida albicans (ATCC 2091), Aggregatibacter actinomycetemcomitans JP2, S. sanguis
(ATCC 10556), S. gordonii (ATCC 10558), and Fusobacterium nucleatum (ATCC 25586)
were purchased from the American Type Culture Collection (Manassas, VA). TSBYE media
and Anaerobe Broth were purchased from Oxoid Ltd. (Cambridge, UK). Growth conditions
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for most of the bacteria were at 37°C in an anaerobic chamber (Plas-Labs, Lansing, MI) in
an atmosphere of 85% N2, 10% H2, and 5% CO2. S. sanguis and S. gordonii were grown at
37°C in 5% CO2 and air, while C. albicans (ATCC 2091) was grown aerobically at 37°C.

2.2 Antimicrobial screening of fatty acids
Initially a dosage of 25μg/ml was tested for the fatty acids based upon or previous
observations regarding the effectiveness of this concentration with long-chain fatty acids and
their derivatives. 5,6 Additionally, various concentrations (125μM, 500μM, 1250μM and
2500μM) were used in dose-response experiments to determine an inhibitory concentration
at 80% killing (IC80). SCFAs and MCFAs were prepared in ethanol stock solutions, and
antimicrobial activity was tested against the oral microorganisms by adding 5 μl of the fatty
acid solutions to each well of a 96-well plate containing 200 μl of TSBYE medium and a
10% bacterial inoculum from an overnight culture. The plates were then incubated under
appropriate growth conditions for the specific microorganism for approximately 16 hours.
After overnight incubation, 3 μl of the culture solution was diluted 105 times and plated onto
blood agar plates (Remel®). The plates were again incubated under specific environmental
conditions for each microorganism for 24~48 hours, at which time colony forming units
(CFU) were determined.

3. Results and Discussion
The effect of the various sized fatty acids at 25μg/ml, on the survival of various oral bacteria
and C. albicans is depicted in Figure 1A & B. The SCFAs and LCFAs had limited
bioactivity against the oral fungal species. .However, the MCFAs, hexanoic and octanoic
acids, had significant anti-Candida activity, as did the LCFAs, lauric acid. The effect of the
fatty acids on the viability of Gram-negative oral bacteria is depicted in Figure 1A & B.
Generally, P. gingivalis and A. actinomycetemcomitans were resistant to most of the SCFA
and MCFA. This might be expected for P. gingivalis, due to its robust production of butyric
acid as a major end-product and noted resistance to the effects of the SCFA. 16-18

Interestingly, in a similar fashion A. actinomycetemcomitans produces both LCFAs that
were tested and is quite resistant to each of these. In contrast, other Gram-negative bacteria
were effectively killed by myristic and palmitic acid. Of the Gram-negative species
examined F. nucleatum appeared to be the most generally susceptible to killing by a range
of fatty acids. Interestingly, F. nucleatum produces butyric, isovaleric, and propionic acids,
which demonstrated the least effective killing among the fatty acids tested. These findings
are consistent with these types of fatty acids providing a competitive advantage for the range
of bacteria in complex oral biofilms, and support the consideration of a strategy to use
combinations of fatty acids as a potential therapeutic adjunct.

We examined 3 different oral streptococcal species to better understand the specificity or
promiscuity of fatty acid effects within a genus, as well as the importance of these species to
both supra- and subgingival biofilms related to health and disease. These fatty acids were
minimally effective against S. mutans, except hexanoic and palmitic acids. Interestingly,
formic acid was very inhibitory for each of the other streptococcal species, with capric,
aluric and myristic acids also toxic for S. gordonii and S. sanguinis. S. gordonii was
generally the most susceptible to killing by the fatty acids (Figure 1A & B) with C8 to C16
fatty acids uniformly able to effectively kill this species. As S. mutans is a major acidogenic
and aciduric microorganism in the oral cavity, 19 it is consistent that this species would be
relatively resistant to the effects of these acids.

To further confirm the bioactivity, different doses of the short-chain, mid-chain and long-
chain fatty acids were used and compared for antibacterial activity against gram-positive
oral bacteria. Short-chain fatty acids C2-C5 exhibited minimal antimicrobial activity for this
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range of bacteria as estimated by the inhibitory concentration at 80% (IC80) (Table 1).
Among the MCFA, the IC80 decreased with increasing size of the fatty acid. However, the
variation in susceptibility among the oral streptococci would suggest the potential for a
range of molecular mechanisms by which these fatty acids express their antibacterial
activity. As an example, there appears to be a corresponding bioactivity increase as the
carbon chain increases for MCFAs and LCFAs. However, the single carbon fatty acid,
formic acid, had the strongest antibacterial activity against the range of oral bacteria.
Interestingly, formic acid has been used extensively in animal feeds and the food industry
for its strong antibacterial functions, 20, 21, suggesting a potential use in managing oral
infections.

In this study, the myristic and palmitic acid needed to be dissolved in ethanol, thus, the
short-chain and medium-chain fatty acids were also dissolved in this solvent. While the
solubility of the fatty acids could potentially be a major concern if very high concentrations
were needed to achieve the anti-bacterial activity, the fatty acids functionally inhibited the
bacteria at μg/ml or μM levels. The studies required dilution of the fatty acids from stock
solutions; so the ethanol solvent was also diluted over 40-fold in the TSBYE media. Thus, in
our experiment, the ethanol in the stock solution was diluted to an approximately 2.5% final
concentration, and a similarly diluted ethanol control absent the fatty acids was used as
negative control in all experiments with no inhibitory activity. Even in an extended
experiment, where a final 25% ethanol solution was used as the negative control, no
significant antibacterial activity was observed. However, there is a possibility that the
killing/bacteriostatic activity of the fatty acids could be enhanced in the presence of ethanol,
which could not be unequivocally eliminated in these studies, but does not undermine the
importance of the observations of the effect of these fatty acid solutions.

SCFA have been documented to express a number of other important biological functions.
For example, acetic and butyric SCFAs are found in the colon, as well as other parts of the
digestive tract. The levels of these SCFA found in the fecal material can inhibit the growth
of Salmonella, 22 contributing to the innate protective capacity of the commensal microbiota
in the gut. Furthermore, acetic acid was found to inhibit Shigella flexneri multiplication by
interfering with glucose metabolism. 23

While SCFAs have numerous reported biological activities, including negative impacts on
various host cells, 17, 24, and the ability of molecules such as butyric acid to induced HIV
reactivation, 8 there is minimal literature describing antimicrobial activity for the SCFAs and
MCFAs against oral bacteria. These data also appear to support that these types of fatty
acids secreted by oral bacteria could play an important role in the oral bacteria ecology and
biofilm formation by influencing the growth of competitor microorganisms. The bacterial
ecology that creates biofilms at sites of periodontital lesions includes increases in the total
numbers and complexity of species, particularly related to increases in Gram-negative
bacteria, in anaerobic species, and in nonfermentative/asaccharolytic species. 17 Thus,
within the “foodweb” at these sites, it is possible that individual oral bacteria secrete certain
profiles of fatty acids that inhibit the growth of other species and provide the individual a
competitive edge to emerge in the pathogenic biofilms. Future studies could be specifically
designed to examine the potential biological role of fatty acids in the characteristics of
biofilm formation and biofilm dynamics.
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Figure 1.
Effects of small-, medium-, and long-chain fatty acids on the various oral microorganisms.
A concentration 25 μg/mL of small-chain fatty acids (formic acid, acetic acid, butyric acid)
and medium-chain fatty acids (capric acid, myristic acid, (long-chain fatty acids (lauric acid
and octanoic acid) were used. The percent inhibition is based upon the ratio of CFU at 24 hr
between triplicate plates treated with small-, medium-, and long- chain fatty acids and the
negative control. (A) Effects of small-chain fatty acids on the growth of gram-positive and
gram-negative oral microorganisms, which include Ca (Candida albicans), Aa (A.
actinomycetemcomitans), Pg (P. gingivalis), Fn (F. nucleatum), Sm (S. mutans), Sg (S.
gordonii), Ss (S sanguis). (B) Effects of medium-, and long-chain fatty acids on the growth
of gram-positive and gram-negative oral microorganisms
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