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In recent years, a few research groups have presented data
regarding the antimicrobial properties of certain microemulsions
and nanoemulsions. Nanoemulsions are fine emulsions with dis-
persed phase aggregates within the submicron region. They are
only kinetically stable and are mostly opaque (Tadros, Izquierdo,
Esquena, & Solans, 2004). Microemulsions can present several dif-
ferent structures, but they are kinetically and thermodynamically
stable, and are transparent or translucent (Lawrence & Rees, 2000).

One nanoemulsion for which a considerable amount of data has
been presented is known as BCTP. This is an oil-in-water O/W type
emulsion, with soybean oil, Triton X-100 and tributyl phosphate as
non-aqueous components. Hamouda and Baker (2000) observed
that it has bactericidal properties against Gram-positive but not
against Gram-negative species. It has also been shown to be spori-
cidal in different dilutions (Hamouda et al., 1991, 2001), antiviral
against enveloped viruses (Donovan et al., 2001; Hamouda et al.,
2001), and fungistatic (Hamouda et al., 2001). This research group,
whose main focus is in human health applications, has also tested a
large number of alternative emulsions, as can be found in a recent
patent application (Baker, Hamouda, Shih & Andrzej, 2003).

Another research team has worked with a microemulsion of
ethyl oleate, using Tween 80 as emulsifier and n-pentanol as co-
emulsifier (herein designated TEOP). They demonstrated a strong
bactericidal effect in suspension cultures of both Staphylococcus
a).
aureus and Pseudomonas aeruginosa (Al-Adham, Khalil, Al-Hmoud,
Kierans, & Collier, 2000). Later, the activity of the microemulsion
was evaluated against biofilms of P. aeruginosa (Al-Adham, Al-
Hmoud, Khalil, Kierans, & Collier, 2003).

Based on these quite interesting results, we extended the study
of the microbicidal properties of both BCTP and TEOP against a
large range of common food-borne pathogens, in both the suspen-
sion form and in biofilms (Teixeira et al., 2007).

Curiously enough, in none of the above reports we find studies
that evaluate the contributions of the different components of the
emulsions for the observed activity. In the case of BCTP, it is re-
ported that Triton X-100 and tributyl phosphate are needed for
their microbicidal action (Baker, 2005; Hamouda et al., 1999),
but without quantitative evidence. Therefore, we carried out a
careful analysis of the bactericidal action of the different compo-
nents of the above two emulsions individually, in order to evaluate
the true effects of the emulsification, and/or synergistic effects
among different components. As target microorganisms, we se-
lected Listeria monocytogenes, because of its sensitivity to BCTP,
and S. aureus and Escherichia coli, because of their considerable
resistance to this emulsion (Teixeira et al., 2007).

S. aureus NCTC 1803, L. monocytogenes and E. coli O157:H7 (VT
negative) were generously supplied by the culture collection of
Escola Superior de Biotecnologia, Porto, Portugal. Bacterial cultures
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Fig. 1. Changes in log CFU ml�1 observed with the different components of BCTP
emulsion acting on S. aureus: oil (�); tributyl phosphate (j); Triton X-100 (s);
control (�).
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Fig. 2. Changes in log CFU ml�1 observed with the different components of BCTP
emulsion acting on L. monocytogenes: oil (�); tributyl phosphate (j); Triton X-100
(s); control (�).
were maintained at �80 �C in tryptone soy broth (TSB) (LabM,
Bury, UK) with 30% v v�1 glycerol. Working cultures were grown
on tryptone soy agar (TSA) (LabM, Bury, UK). TSB was inoculated
with colonies from TSA plates and incubated at 37 �C for 24 h. This
culture was then used to inoculate fresh TSB, and incubated for an-
other 24 h at 37 �C.

The BCTP nanoemulsion was prepared according to Hamouda
et al. (1999) and Baker, Hamouda, Shih, and Andrzej (2003). The
oil phase components are soybean oil (16% v v�1 of the total emul-
sion), tri-n-butyl phosphate (2%), and Triton X-100 (2%). These
components were mixed and kept for 1 h at 86 �C. After this, the
water phase was added, and the mixture was emulsified with a
high sheer laboratory mixer (Ultra-Turrax T25, Janke & Kunkel
GMBH, Staufen, Germany) for 5 min, or with continuous sonication
(LabSonic U, B.Braun, Melsungen, Germany) for a similar time
interval. BCTP containing 0.25% (w v�1) of cetylpyridinium chloride
(BCTP-CPC) was prepared in the same way as BCTP, with the addi-
tion of CPC to the aqueous phase before emulsification.

The TEOP microemulsion was prepared according to Al-Adham
et al. (2000). This microemulsion is also an O/W type, with the oil
phase comprised of ethyl oleate (3% v v�1 of the total emulsion), n-
pentanol (6%), and Tween 80 (15%). After adding the water to the
oil phase, emulsification was promoted simply by vortex mixing.

Aqueous solutions of each component were prepared at the
same concentration as in the emulsion (or at other indicated dilu-
tion). For oils, their mixtures with water were vortex-mixed or
subjected to high shear mixing, as when preparing the above emul-
sions, and immediately used.

Overnight bacterial cultures were added at 1% v v�1 to the
tested emulsions or solutions. In most experiments, at 5, 15 and
30 min, 1 ml samples were taken from those inoculated suspen-
sions and immediately diluted in 9 ml of sterile Ringer’s solution
at room temperature. For viable counts, 100 ll samples were
spread onto TSA and the plates were incubated at 37 �C for 24 h.
Control experiments were carried out in the same way, substitut-
ing deionized water for the emulsion or solutions.

At least three independent experiments were carried out for
each set of conditions. Error bars in figures represent the standard
deviation of those experiments. When not visible, error bars are
within the size of the data points.
Fig. 1 shows the action of the different components of BCTP, at
the same concentration as in the emulsion, against S. aureus. A
maximum of 1-log reduction in the counts is observed with the
tributyl phosphate solution after 30 min. Previously, we have
shown with a similar experiment that BCTP emulsion leads to less
than 1-log reduction in S. aureus (Teixeira et al., 2007). Therefore,
the resistance of this bacterium against BCTP and its isolated com-
ponents is now corroborated.

The data obtained with the same solutions and oil dispersion
but with L. monocytogenes is presented in Fig. 2. This organism
shows considerable sensitivity towards tributyl phosphate, leading
to a 6-log reduction in 15 min. This is in agreement with our data
with BCTP emulsion, and its dilutions up to 1/100, against this
microorganism (Teixeira et al., 2007). It is interesting to observe
in Fig. 2 that a fine dispersion of soybean oil-in-water lead to ca.
2-log reduction in the counts.

The difference in results between S. aureus and L. monocytogenes
indicates that not all Gram-positive bacteria are susceptible to
BCTP (or its components), as previously stated (Hamouda & Baker,
2000; Hamouda et al., 2001). Furthermore, we conclude that the
antimicrobial activity of this emulsion is due mainly to tributyl
phosphate. In fact, compounds with similar structures, such as cer-
tain alkyl phosphonates, are known to have bacteriostatic proper-
ties (Vaution, 1983). In order to corroborate this conclusion, we
compared the bactericidal activity against Listeria of BCTP emul-
sion with an analogous emulsion devoid of tributyl phosphate
(Fig. 3). This last emulsion led to ca. 1-log reduction in the viable
cells in 30 min, while BCTP led to a 3-log reduction. Comparing this
result for BCTP with the one for the solution of tributyl phosphate
(Fig. 2), we conclude additionally that the antimicrobial action of
this compound is reduced when incorporated in the emulsion.

In order to enlarge the spectrum of activity of BCTP and other
emulsions, the incorporation of a cationic surfactant in the formu-
lations has been tested (Baker, 2005). We have used cetylpyridin-
ium chloride (CPC), a well known antimicrobial agent. Figs. 4a–4c
show the action of BCTP containing 0.25% (w v�1) CPC (BCTP-
CPC) and also the action of an aqueous solution of CPC at the same
concentration, against S. aureus, L. monocytogenes and E. coli. Addi-
tion of CPC did not improve significantly the bactericidal effect of
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Fig. 3. Changes in log CFU ml�1 observed with BCTP emulsion (j), similar emulsion
devoid of tributyl phosphate (�), and control (�), acting on L. monocytogenes.
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Fig. 4a. Changes in log CFU ml�1 observed with BCTP-CPC emulsion (�), solution of
CPC (j), and control (�), acting on S. aureus. When no colonies where recovered, the
limit of detection (100 CFU ml�1, using the 1:10 dilution) is represented, with
different time points linked by broken lines.
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Fig. 4b. Changes in log CFU ml�1 observed with BCTP-CPC emulsion (�), solution of
CPC (j), and control (�), acting on L. monocytogenes. When no colonies where
recovered, the limit of detection (CFU ml�1, using the 1:10 dilution) is represented,
with different time points linked by broken lines.

0
1
2
3
4
5
6
7
8
9

Lo
g 

C
FU

 m
l-1

0 5 10 15 20 25 30
Time (min)

Fig. 4c. Changes in log CFU ml�1 observed with BCTP-CPC emulsion (�), solution of
CPC (j), and control (�), acting on E. coli. When no colonies where recovered, the
limit of detection (100 CFU ml�1, using the 1:10 dilution) is represented, with
different time points linked by broken lines.
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Fig. 5. Changes in log CFU ml�1 observed with the different components of TEOP
emulsion, action on S. aureus: ethyl oleate (�); Tween 80 (N); pentanol (j); control
(�). When no colonies where recovered, the limit of detection (100 CFU ml�1, using
the 1:10 dilution) is represented, with different time points linked by broken lines.
BCTP emulsion on S. aureus or E. coli, a conclusion based on this
data and previous one (Teixeira et al., 2007). However, the bacteri-
cidal action on Listeria was considerably improved (vide Figs. 3 and
4b). The solution of CPC alone had a strong biocidal activity against
E. coli and S. aureus, showing that the incorporation of the com-
pound in the emulsion reduces its activity.

3.3. Antimicrobial action of TEOP and its components

Previous work has shown that this microemulsion kills almost
instantaneously a large group of both Gram-positive and Gram-
negative bacteria (Al-Adham et al., 2000; Teixeira et al., 2007).
However, it has been observed that a 10-fold dilution of the emul-
sion leads to loss of bactericidal effect (Teixeira et al., 2007). Figs. 5
and 6 show the action of each component of that emulsion against
S. aureus and L. monocytogenes, respectively. S. aureus was affected
by only one of the components, n-pentanol. Listeria was also inac-
tivated by this alcohol and, albeit more slowly, also by a dispersion
of ethyl oleate in water. Therefore, we conclude that the bacterici-
dal activity of TEOP is due mainly to n-pentanol, with no differ-
ences in the kinetics of killing of a 6% solution of this alcohol and
the whole emulsion.

Furthermore, we evaluated the action of a 10-fold dilution of
the n-pentanol solution (0.6% v v�1 final concentration), and we
observed that both S. aureus and Listeria are resistant to this con-
centration of the alcohol (data not shown), in agreement with
our previous findings with the diluted TEOP emulsion (Teixeira
et al., 2007).

The bactericidal properties of alcohols have been known for a
long time, although most studies have been centred on short-chain
(particularly ethanol) and long-chain members (Harold, 1970; In-
gram & Buttke, 1984; Kubo, Muroi, & Kubo, 1995). It is known that
the alcohols disrupt cell membranes, leading to leakage of ions and
metabolites. The antimicrobial power of different alcohols is,
therefore, related to their capacity of interaction with the cell
membranes (Ingram & Buttke, 1984). It is possible that medium-
chain alcohols, such as n-pentanol, interact more strongly with
the membranes than shorter and longer-chain ones.
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Fig. 6. Changes in log CFU ml�1 observed with the different components of TEOP
emulsion, action on L. monocytogenes: ethyl oleate (�); Tween 80 (N); pentanol (j);
control (�). When no colonies where recovered, the limit of detection
(100 CFU ml�1, using the 1:10 dilution) is represented, with different time points
linked by broken lines.
Several recent publications have noted the potential antimicro-
bial activity of nanoemulsions and microemulsions. In all of those
studies, there are no data that clearly evaluate the contribution of
the individual components. Supposedly, the emulsions will have
particular affinity to, and activity on, the pathogens’ membranes
(Al-Adham et al., 2000; Hamouda & Baker, 2000). For example,
BCTP is said to be lysogenic (Baker, 2005). Here we show that
the bactericidal activity of two of the previously tested emulsions
is due predominantly to one of their components. In fact, the activ-
ity of those agents is reduced when incorporated in the emulsions.
This means that the availability of such agents for attacking the cell
membrane is diminished. Both tributyl phosphate, which has sur-
factant properties, and n-pentanol, a co-surfactant used in micro-
emulsions, are likely to be present at the interface of the
emulsion oil droplets, which lowers their affinity for the lipids in
the cell membranes.

It can be suggested that the potential toxic effects of antimicro-
bial agents can be diminished when incorporated in emulsions.
This statement needs to be evaluated with studies comparing the
toxicity of the emulsions with that of solutions of those com-
pounds with equivalent biocidal activity. Therefore, we strongly
suggest that future work concerning the antimicrobial action of
emulsions be accompanied by studies regarding the effects of their
isolated components.
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