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a  b  s  t  r  a  c  t

Microbial  growth  in  indoor  environments  creates  health  problems,  especially  in people  with asthma;
approximately  80%  of these  patients  are  allergic  to mold.  Antimicrobial  coatings  are  formulated  to gen-
erate  surfaces  that are  easy  to  clean  and may  also  incorporate  active  agents,  commonly  called  biocides,
which  inhibit  microbial  colonization,  subsequent  growth  and  bio-deterioration  of  the  substrates.

Some  research  lines  seek  to replace  traditional  organometallic  and  organochlorines  biocides  with  envi-
ronmentally  acceptable  ones.  The  aim  of  this  research  was,  primarily,  to explore  the  possible  application
of different  compounds  used  in food  industry  like preservatives  to be  used  as  antimicrobial  additives  for
antimicrobial  coatings.  Four  biocides  were  tested  against  two  different  ambient  molds  isolated  from  an
interior  painted  wall  (Chaetomium  globosum  and  Alternaria  alternate).  The  selected  biocides  were zinc
salicylate,  zinc  benzoate,  calcium  benzoate  and  potassium  sorbate.  The  resulting  paints  were  subjected
to biological  and  physical  tests  (viscosity,  hiding  power,  humidity  absorption  and biocides  leaching  rate).
Bioassays  revealed  that  zinc  benzoate  and  zinc  salicylate  resulted  active  against  both  fungi.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Mold defacement of paint films is a serious problem which has
received increased attention in the last decades. The microbial col-
onization of painted buildings causes esthetic problems and may
lead to coating degradation and spalling. Fungi are heterotrophic
organisms that commonly colonize organic building materials like
coatings, which can be metabolized by them [1].  Moreover, fungal
growing inside buildings can affect people’s health by produc-
ing quite toxic mycotoxins [2].  Alternaria and Penicillium species
spores were shown to cause immediate and delayed-type asthma
in individuals already sensitized to these organisms [2].  Spores
are released into the environment and their size allow them to
penetrate deep into the lower respiratory tract and in certain popu-
lations the spores can settle down and cause a wide range of
diseases [3].  It is clear that exposure of humans to these fungi
must be avoided. In this sense, the employment of antimicrobial
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coatings in buildings may  contribute to protect and prevent the
bio-deterioration of the substrates and create more healthy envi-
ronments.

There are three principal types of antimicrobial coatings: micro-
bial repelling, biocide releasing and contact killing [4,5]. Microbial
repelling surfaces act by inhibiting the initial adhesion of microbial
cells, thus preventing biofilm formation [6].  The second type com-
prises those coatings in which biocides slowly migrate to the paint
surface to be released into the environment, killing the microor-
ganisms attached to it [7,8]. In the case of the contact-killing
mechanism, the antimicrobial agent is attached to the surface in
a way  that it cannot be released, but it kills microbes coming into
direct contact with the surface [9–11].

Antimicrobial coatings need to be effective in controlling micro-
bial growth but there is a great concern about the safety of
chemicals used in this type of coatings and building materials
because they must be “green” chemicals, especially for in-home
uses [12]. These materials are often touted as minimizing chemical
emissions as well as for being recyclable, and less toxic. Fungicides
commonly used to control the mold growth are not often appropri-
ate for indoor applications and, therefore, more friendly alternative
compounds, non-toxic to humans, are desirable for antimicrobial
paints [13].

The aim of this research was  to assess the efficiency of differ-
ent compounds, used in food industry as preservatives, to prevent
mold growth in indoor waterborne paints [14]. Four biocides
were tested against two different ambient molds isolated from an
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interior painted wall. These biocides were zinc salicylate, zinc ben-
zoate, calcium benzoate and potassium sorbate. The molds were
identified as Chaetomium globosum and Alternaria alternate [15].
As zinc salicylate and zinc benzoate succeeded in biological tests
they were incorporated in a wall paint formulation. The resulting
paints were subjected to physical tests such as: viscosity, hiding
power, humidity absorption and biocides leaching rate. The bio-
resistance of paints formulated with these biocides was assessed
by the accelerated four-week agar plate assay [16].

2. Materials and methods

2.1. Antimicrobial activity

Biocides inhibitory activity was evaluated by an in vitro fungal
growth inhibition assay which takes into account that mold growth
can be assessed by measuring colony diameters on agar plates over
time [14,17].

The fungal isolates used to carry on this test (C. globosum and
Alternaria alternata) were obtained, previously, from contaminated
indoor coatings [15]. The spore suspension was prepared from sub-
cultures of each fungal isolate growth in solid culture medium
(CM-agar) during 25–30 days at 25 ± 2 ◦C. The CM-agar was com-
posed of glucose, 10 g; peptone, 5 g; KH2PO4, 1 g; MgSO4·7H2O,
0.5 g and agar, 15 g, dissolved in 1000 mL  of distilled water (DW).
Spores were removed from the well grown cultures and deposited
in a flask with 5 mL  of physiological solution containing NaCl 0.85%
(w/v) and Tween 20 0.005% (w/v). The concentration of spores was
adjusted to 0.3–0.5 × 106 spores/mL employing a Neubauer cham-
ber.

The CM-agar with 0.03% (w/v) of the corresponding biocide was
poured into Petri dishes which were inoculated with 102 spores of
each fungal suspension in a single point located at the center. The
same procedure was carried out with control CM-agar without bio-
cides. The CM-agar plates were incubated at 25 ◦C and periodically
the colony diameter was recorded.

2.2. Paints physical tests

A commercial latex paint (Borgolatex®) was employed as blank.
Each biocide, 0.6% (w/w), was added to this paint in a high speed
disperser and stirred in order to achieve an acceptable disper-
sion degree. The biocide concentration was adjusted taking into
account the viscosity modification of the original paint (high vis-
cosity makes difficult paint application) and ensuring a minimum
amount of biocide enough to act against mold.

Paints characterization was accomplished through different
tests. The viscosity of the resulting paints was determined with
a Stormer viscometer [18]. The hiding power and the washability
degree were evaluated according to the IRAM (Instituto Argentino
de Normalización y Certificación) 1070 standard. The loss of weight
of the paints was determined at different temperatures in order to
know the amount of solvent, resin, organic additives and solid pig-
ments. A certain amount of paint was placed in a capsule previously
heated at 1000 ◦C and cooled down to 25 ◦C in a desicator, weighted
in an analytical balance. Then, the capsule was heated at 100 ◦C until
constant weight, in order to know the amount of solvent present
in the paint formulation. After weighted, the capsule was placed
in a stove at 600 ◦C, until constant weight, to know the amount of
resin and organic additives. The procedure was repeated at 1000 ◦C
to determine the amount of pigments present in the paints, which
were weighted as the corresponding oxides.

Two coats of paints were applied on sandblasted acrylic pan-
els and allowed to dry 24 h between each application. Different
essays were carried out on these painted panels. The humidity

absorption tests were carried out in a tight humidity chamber with
an NH4Cl saturated solution to achieve a relative constant humidity
(RH) of 79.5% at 20 ◦C. Acrylic panels (10 cm × 2 cm) were weighted
before placing them in the chamber and after 3, 24 and 48 h and
after 4 days. Then, the panels were removed and placed in a similar
chamber with H2SO4 solution (ı = 1.6 g cm−3), 8.5% RH at 20 ◦C, for
2 days, and weighted again in order to study the recovery of the
dried condition. Finally, the panels were brought back to the initial
conditions (79.5% RH at 20 ◦C) for 24 h to determine if they were
able to recover the same level of water absorption.

The leaching rate of biocides was  determined by immersing
painted acrylic panels (8 cm × 8 cm)  in 230 ml  of DW.  The zinc
leached was  determined on a 1.00 ml  aliquot at different times
by atomic absorption. The pH changes were monitored, because
the leaching and further hydrolysis of benzoate or salicylate anion
generate an alkaline medium. The original level of the liquid was
restored periodically by adding fresh DW.  Leached benzoate and
salicylate were determined by UV spectrophotometry. Salicylate
was determined at 297 nm and benzoate at 275 nm in an acidic
methanol solution [19]. Sodium salicylate and sodium benzoate
solutions were used as standards.

Fourier transformed infra-red spectroscopy (FTIR) was done on
dried paints in order to chemically characterize them.

2.3. Coatings bio-resistance test

Paints were applied on 7.5 cm × 2.5 cm glasses previously
cleaned with DW and dried at 25 ◦C. Two coats of paints were
applied and allowed to stand 24 h between each application.
Samples were cured for two  weeks in laboratory atmosphere
(20 ± 2 ◦C, 75% RH) before testing and, then, cut into square pieces
(∼2.5 cm × 2.5 cm).

The painted glasses were irradiated with a germicide UV-lamp
from Philips (20 W)  for 40 min, each side, to avoid contamination.
Afterward, the glasses were place in a Petri dish with solid mini-
mum mineral medium (MMM-agar). Three glasses were placed in
each plate, one coated with the control paint, and the other two
with the paints containing the biocides.

The MMM-agar was prepared dissolving 5 g NaCl, 1 g HK2PO4,
1 g (NH4)H2PO4, 1 g (NH4)2SO4, 0.2 g MgSO4, 3 g KNO3 and 15 g of
agar in DW (1000 ml). This medium was selected for their poor
growing conditions, just to force the mold to grow on the painted
panel, employing the paint as the carbon source.

Molds inoculums were prepared by growing each isolate (C. glo-
bosum and A. alternata) in CM-agar for 25–30 days in the same
condition than the other bioassay. A 50 �l aliquot of the spore
suspension was placed on the painted glasses, distributed homoge-
nously all over the surface, incubated at 25 ◦C and observed every
week with a magnifying glass (MG).

The rate of fungal growth on paint films was  assessed using
the reference scale of the ASTM D5590-00 standard specification.
Therefore observed growth on specimens corresponding to: none,
trace of growth (<10%), light growth (10–30%), moderate growth
(30–60%), heavy growth (60–100%) has been rating as 0, 1, 2, 3, and
4.

3. Results and discussion

3.1. Antimicrobial activity

Biocides inhibitive performance was assessed by measuring
the diameters of the fungal growth on CM-agar, against time
(Figs. 1 and 2). Zinc salicylate and zinc benzoate proved to be the
most effective biocides, photographs taken with both isolates at
their first week of incubation are shown in Fig. 3; as a consequence,
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Fig. 1. C. globosum, average growth diameter with different biocides.

they were incorporated into the paints. C. globosum was more
affected by these biocides showing a tendency to decrease the
growth rate in approximately a half at the end of the first week.

3.2. Physical tests

The viscosity of the paints increased after the incorporation of
the biocides (Zinc salicylate and Zinc benzoate) from 86 (control)

Fig. 2. A. alternate, average growth diameter with different biocides.

to 100 and 121 �krebs respectively; however, neither the hiding
power nor the washability was  modified. The only exception was
the paint with zinc benzoate whose washability diminished from
10 cycles (control and paint with zinc salicylate) to 7 cycles.

The paint chemical analysis by indirect gravimetry reveled that
the amount of solvent was 39.2% and the amount of resin 25.2%,
being the rest inorganic solids.

The FTIR spectra of the coatings showed the bands due to CaCO3
(2609, 1798, 1460 cm−1) and talc (1022 cm−1) as well as the typical

Fig. 3. C. globosum (a)–(c) and A. alternata (d)–(f) growth on CM-agar plates after a week at 25 ◦C with and without biocides.
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Table 1
Humidity absorption tests as % by weight of the panel mass.

Paints
Time (h)

79.5% RH 8.5% RH 79.5% RH

3 24 48 96 3 24 24

Control 0.4 1.3 1.5 2.6 −1.0 −2.6 1.2
Zn  salicylate 0.4 1.2 1.4 2.3 −1.0 −2.3 1.1
Zn  benzoate 0.3 0.9 1.0 1.8 −0.7 −1.8 0.9

Table 2
Biocides leaching rate tests.

Paints
Time (h)

pH Conductivity (�S)

1 3 24 48 1100 1 3 24 48 1100

Control 7.4 8.6 8.6 8.3 7.2 17.0 32.0 52.0 67.2 110.5
Zn  salicylate 5.6 8.3 8.7 8.5 7.7 9.9 38.3 58.6 78.2 117.6
Zn  benzoate 6.2 8.2 8.6 8.5 7.8 22.7 35.4 75.2 86.5 156.8

Table 3
Fungal growth rating from bio-resistance tests.

Paints
Growth rating for week

C. globosum A. alternata

Control 3 3 3 4 4 4 4 4
Zn  salicylate 1 1 1 1 3 4 4 4
Zn  benzoate 2 2 3 3 3 3 3 3

one for the acrylic resin at 1720 cm−1 (Fig. 4). CaCO3 and talc are
common inert pigments used in latex paints. The bands due to the
biocides did not appear, probably due to their low amount in the
paint.

Humidity absorption tests showed that all coatings absorbed
similar amounts of water after 96 h. This amount of water was
fully released after 24 h in a low-humidity environment and the
absorption capacity was recovered (Table 1). These tests would be
indicating that the coatings do not retain water by varying the
conditions from high to low humidity environment. It must be
concluded that this property was not affected by the addition of
biocide.

Leach rate results of the leaching rate tests are displayed in
Table 2. At the beginning of the test, pH of the leachate of the
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Fig. 4. Coatings FTIR spectra.

coatings with biocides was  closer to the values corresponding to
aerated DW (5.7) while the pH of the control was found to be
7.4. However, as time elapsed, the pH of every solution increased
and, after 1100 h of immersion, the pH of both “leachates” was
close to 7.5. This fact could be attributed to the leaching of alka-
line species from the coating and to the hydrolysis of salicylate and
benzoate anions. The conductivity of the supernatant increased,
from ∼10.0 to ∼130 �S and was a little higher for the paints con-
taining the biocides, thus indicating the solubilization of these. The
amount of zinc cation in the supernatant could not be measured
because of its very low concentration, just under the detection limit
of the method (0.4 ppm). The total amount of salicylate and ben-
zoate leached was  51 ppm and 46 ppm respectively. When water
in contact with the coatings was  periodically changed, salicylate
and benzoate anions could not be measured due to their low
concentration.

3.3. Coatings bio-resistance tests

The evaluation of the coating samples exposed to fungal isolates
in the MMM-agar plates during four week are shown in Table 3.
The coating containing Zn salicylate appeared to be more active
against C. globosum isolate but just the opposite occurred with the
paint containing Zn benzoate, which was more effective on A. alter-
nate.

The growth of C. globosum was  more affected by the biocides
than the other isolate; so it was selected to be observed by scanning
electron microscopy (SEM) at low vacuum. The released mate-
rial by the mycelium of the fungi facilitates the growth of other
microorganisms like bacteria which in turn, contributes to film
deterioration (Fig. 5b). Biocides also induced changes in the mor-
phological aspects of its spores, Fig. 5c and d.
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Fig. 5. SEM micrograph: (a) C. globosum, actively growing on control coating, (b) in more detail the white arrow shows released fungal material on control coating; (c) coating
with  Zn salicylate and (d) coating with Zn benzoate.

4. Conclusions

The addition of the biocides does not significantly modify the
physical properties of the paint. Zinc benzoate and zinc salicy-
late resulted active against C. globosum and A. alternate, reducing
the fungal growth in CM-agar and the coatings. The coating with
Zinc benzoate resulted more efficient in inhibiting the growth of A.
alternate than the coating formulated with zinc salicylate. Biocides
leached from the tested coatings in small amounts over time.
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