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Introduction

Lactic acid bacteria (LAB) including Lactobacillus sp., are

found naturally in food products and have been used for

many years as biopreservatives in food (Schnurer and

Magnusson 2005; Gerez et al. 2009). A prime example of

biopreservation by LAB is the widespread use of the lanti-

biotic nisin, a posttranslationally modified bacteriocin

derived from the bacterium Lactococcus lactis, in the dairy

industry (Ross et al. 2002). Biopreservation is gaining

increased popularity because of consumer demand (Gerez

et al. 2010) and is achieved by the production of metabo-

lites including organic acids, fatty acids, hydrogen perox-

ide and bacteriocins (Corsetti et al. 1998; Schnurer and

Magnusson 2005). Some of these metabolites have been

shown to have antifungal activity (Magnusson et al.

2003), but the majority of research has focused on food

spoilage organisms, moulds and yeasts (Corsetti et al.

1998; Lavermicocca et al. 2000; Magnusson et al. 2003;

De Muynck et al. 2004; Mauch et al. 2010). A few studies

have shown that Lactobacillus isolates can have an anti-

fungal effect on some early wood colonizer moulds and

sapstain fungi (Yang and Clausen 2005). Previous

research has shown chilli waste to have moderate antifun-

gal activity against two common Ascomycetes fungi (Sph-

aeropsis sapinea and Leptographium procerum) (Singh and

Chittenden 2008). There was also a notable increase in

fungal inhibition when chilli and Lactobacillus sp. isolated

from the chilli juice were combined (Singh and Chitten-

den 2008).
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Abstract

Aims: The aim of this study was to isolate lactic acid bacteria from chilli waste

and evaluate metabolites produced for the ability to arrest wood decay.

Methods and Results: Using an optical density screening method, one bacte-

rium (isolate C11) was identified as having pronounced antifungal properties

against Oligoporus placenta. This isolate was identified as Lactobacillus brevis by

16S rRNA gene sequencing. To determine antifungal activity in wood, Pinus

radiata blocks were impregnated with Lact. brevis [C11] cell-free supernatant

and exposed to brown rot fungi O. placenta, Antrodia xantha and Coniophora

puteana. The treated timber demonstrated resistance to degradation from all

fungi. The antifungal metabolites were heat stable and not affected by protein-

ase K, but were affected by neutralization with NaOH suggesting the metabo-

lites were of an acidic nature. The presence of lactic and acetic acid was

confirmed by HPLC analysis.

Conclusions: Lactobacillus brevis [C11] produced acidic metabolites that were

able to inhibit the growth of wood decay fungi and subsequent wood decay.

Significance and Impact of the Study: Traditional wood treatments are becom-

ing an environmental issue as the public demands more benign options. The

use of lactic acid bacteria which are considered safe for general use is a poten-

tial alternative to the conventional heavy metal chemicals currently in use.
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Wood is the largest volume material produced world-

wide and is a renewable resource used in a multitude of

applications. Softwood species such as Pinus radiata,

which makes up 90% of plantation forests in New Zea-

land (Ministry of Agriculture and Forestry 2010), are

highly susceptible to biodeterioration by sapstain and

decay fungi. Decay fungi will only grow and develop

within a fairly limited range of wood moisture contents

(20–50%) (Butcher 1974); however, even a minor infec-

tion by decay fungi, which attack the cell wall, can cause

significant loss of wood strength and render it unsuitable

for most structural uses (Hedley et al. 2004). Biodeterio-

ration of wood products can have serious effects econom-

ically and socially. In New Zealand, there has been much

coverage in the media of ‘leaky house syndrome’ which

has involved the failure of structural timbers in new

houses because of decay brought on by failures in

weather-tightness systems. Traditionally, biodeterioration

by decay fungi has been controlled by chemical formula-

tions that are to varying degrees toxic to people, animals

and the environment. The restricted use of traditional

formulations such as chromated copper arsenic (CCA) in

some countries (USEPA 2002; CSTEE Scientific Commit-

tee on Toxicity, E.a.t.E. 2003; Housenger 2003) is being

led by the public’s increasing awareness of the environ-

ment and has focused the need for research into environ-

mentally friendly (benign) wood preservatives.

The aim of this study was to isolate lactic acid bacteria

from chilli waste that exhibit a pronounced antifungal

effect against common wood decay fungi, to identify

those bacteria using 16S rRNA phylogenetic techniques

and attempt to characterize the bacterial metabolites

responsible for observed antifungal activity.

Materials and Methods

Preparation of chilli juice

Rocoto chillies (Capsicum pubescens) were obtained from

a grower in the eastern Bay of Plenty, New Zealand, then

cut in half, seeds and stalk removed, processed in a vege-

table and citrus juicer (Elegance, Zip), and the pomace

discarded. Chilli juice was refrigerated (4�C) until

required.

Isolation of bacteria from chilli

A 1 ml aliquot of raw chilli juice which had been refriger-

ated for at least 12 months (fresh chilli juice used in pre-

vious experiments did not produce bacteria with

significant antifungal properties) was inoculated into

100 ml of deMan Rogosa Sharp (MRS) broth (Oxoid,

Cambridge, UK) and incubated in a shaking (100 rev

min)1) water bath at 30�C. After 24 h, 100 ll of the

resulting culture was spread onto MRS Agar (Oxoid) and

plates incubated at 25�C, 75% RH. After 2 days, indivi-

dual colonies were isolated by streak-plating onto MRS

agar. Pure cultures of bacteria from streak-plates were

suspended in storage media containing MRS broth plus

15% glycerol in a 1Æ5 ml cryovial and stored at )80�C.

Identification of isolates

Bacterial isolates were identified using 16S rRNA gene

sequencing. DNA was extracted from isolates using a pre-

viously described method (Marmur 1961). The 16S rRNA

gene was PCR amplified using primers F27 (5¢-AGA-

GTTTGATCMCTGGCTCAG-3¢) and R1492 (5¢-TAC-

GGYTACCTTGTTACGACTT-3¢). The PCR product was

purified using a 5M Quickclean PCR Purification Kit

(Genscript Corp., Piscataway, NJ, USA) and sequenced at

the Waikato DNA Sequencing Facility, The University of

Waikato, Hamilton, New Zealand. To identify the isolate,

the sequence database of the National Center for Biotech-

nology Information (NCBI) was searched for 16S rRNA

gene sequence similarities using the computer algorithm

Basic Local Alignment Search Tool (blast) (Aguiar et al.

2004).

Assay for antifungal activity (microscale absorbance

assay)

Initial screening of bacterial isolates was performed using a

microscale absorbance (optical density) assay, described

later, which was developed specifically for this purpose

(O’Callahan et al. 2009). The wood decay fungus Oligopo-

rus placenta (Fries), Gilb & Ryvarden (strain FR07 ⁄ 02), was

selected as the test organism in this assay because of its

virulent nature and it is a common occurrence in New

Zealand’s leaky buildings. Fungal cultures were grown in

liquid malt broth: 2% malt powder, 0Æ5% mycological pep-

tone (Oxoid), at 26�C, 75% r.h. for a period of up to

4 weeks. Inoculum was prepared by homogenizing the

above fungal cultures in a Waring blender for 30 s at low

speed followed by 30 s at high speed. An aliquot of 50 ll of

this inoculum was added to test wells in a sterile 96-well

covered cell culture plate (Sarstedt, Nümbrecht, Germany).

Lactic acid bacteria isolated from chilli waste were

grown overnight in MRS broth at 30�C, 100 rpm. Result-

ing cultures were centrifuged at 5100 g for 10 min at

room temperature, and the supernatant filter sterilized

through a 0Æ22 lm Steritop filter (Millipore, Billerica,

MA). An aliquot of 100 ll of cell-free supernatant (CFS)

was added to eight micro test wells (containing fungal

inoculum) to serve as replicates. A positive control which

contained 50 ll fungal inoculum and 100 ll sterile MRS
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broth and a negative control which contained 50 ll sterile

malt broth plus 100 ll sterile CFS were also used.

Inoculated plates were read at 600 nm on a Multiskan�

Spectrum (Thermo Electron Corp., Waltham, MA) plate

reader to get an absorbance measurement. Plates were

wrapped with plastic wrap during incubation at 25�C,

75% r.h. (to prevent evaporation of media) and reread

after 6 days. Change in absorbance was recorded by sub-

tracting the initial reading from the final absorbance.

Assay for wood decay

Performance against wood decay was assessed using a

modified agar ⁄ block decay test (Sutter 1978). Lactobacillus

brevis C11 was grown, centrifuged and filter sterilized

where appropriate as discussed earlier. Pinus radiata ‘Sut-

ter’ blocks (approx. 35 · 35 · 7 mm longitudinal) were

treated by vacuum impregnation with solutions as

described in Tables 1 and 2.

The test blocks (16 replicates per fungus ⁄ treatment

combination) were weighed after treatment and then left

to air dry on racks at ambient room temperature (averag-

ing approximately 20�C). Eight of the replicates from

each treatment combination were subjected to leaching

for 14 days. Leaching involved the resaturation of treated

blocks with water after which they were placed in nine

times their volume of water. Leaching water was changed

every 2 days. After leaching, the blocks were air dried and

all blocks were conditioned to constant weight at 12%

equilibrium moisture content (emc) in a room controlled

at 20�C and 65% r.h. Blocks were then weighed, packaged

and sterilized by exposure to ethylene oxide gas after

which they were placed aseptically into prepared agar

containers and incubated for 6 weeks at 26�C and 75%

r.h. Test fungi used were the brown rot fungi Coniophora

puteana (Schumach.) P. Karst. (strain: BAM Ebw 15),

Antrodia xantha (Fr.) Ryvarden (strain: 729Æ1) and O. pla-

centa (strain: FR07 ⁄ 02).

Following incubation, blocks were cleaned, air dried,

reconditioned to constant weight at 12% emc and

reweighed. Percentage mass loss for each block was calcu-

lated as below and means were determined for each fun-

gus ⁄ treatment combination.

Percentage mass loss

¼ ðweight before exposure�mass after exposureÞ
weight before exposure

� 100

1

Assay for pH, temperature and proteolytic enzyme effect

To determine the nature of the antifungal substance,

Lact. brevis CFS was altered as below and assessed using

the microscale absorbance assay described earlier.

pH sensitivity. Aliquots of CFS were adjusted to pH 4, 5,

6, 7, 8 and 9 using 1 mol l)1 NaOH or HCl.

Heat resistance. Further aliquots of CFS were heated to

50, 60, 70, 80, 90, 100 and 121�C (autoclave) for 10 min.

Effect of proteolytic enzyme. An aliquot of 25 ll of pro-

teinase K (20 mg ml)1) was added to a 1 ml aliquot of

CFS and incubated at 45�C for 60 min. Proteinase K was

then inactivated by heating to 100�C for 10 min.

HPLC analysis

Organic acids in the Lact. brevis CFS were analysed on an

Agilent 1290 HPLC (Agilent, Santa Clara, CA, USA).

Samples, 5 ll, of filtered (0Æ2 lm) CFS were injected onto

an Acclaim OA column (5 lm, 4 · 150 mm) (Dionex,

Cedar Rapids, IA, USA). Elution was at 1Æ0 ml min)1,

with 100 mmol sodium sulphate (pH 2Æ65 with methane-

sulphonic acid) for 3 min followed by a gradient from 0

to 45% acetonitrile in 12 min. Detection was at 210 nm.

Retention times for acetic, lactic and phenyl lactic acids

were obtained using standards in water. MRS medium

was spiked with 50 and 100 mmol lactic and acetic acid

standards, and amounts of these acids present in the

Table 1 Treatment schedule for Pinus radiata wood blocks (trial 1)

Treatment pH

A 24 h incubation at 30�C Lactobacillus brevis

C11 culture CFS

5Æ17

B 24 h incubation at 30�C Lact. brevis

C11 culture (not filter sterilized)

fixed for 1 week in a sealed plastic

bag at room temp

5Æ17

C 1 week incubation at 30�C Lact. brevis

C11 culture CFS

4Æ18

D MRS broth control 5Æ71

E Untreated control na

CFS, cell-free supernatant; MRS, deMan Rogosa Sharp; na, not appli-

cable.

Table 2 Treatment schedule for Pinus radiata wood blocks (trial 2)

Treatment

A 100% MRS Broth (52 g in 1l H2O)

B 50% MRS Broth

C 25% MRS Broth

D Untreated control
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MRS-containing samples were estimated by comparison

with the spiked chromatograms.

Statistical analysis

One-way analysis of variance (anova) was conducted to

determine significant differences (P £ 0Æ05) between the

antifungal activity of different bacterial isolates with the

null hypothesis being that there was no difference

between isolates. Significant differences were also deter-

mined in the wood assay between bacterial treatments

and the MRS media control to determine whether the

media accounted for all mass loss observed.

Results

Screening and identification of bacteria

Three bacterial isolates (C11, C13 and C14) were

obtained using the isolation protocol. All bacteria were

capable of growing in or on MRS media tentatively iden-

tifying them as lactic acid bacteria. Screening trials using

the microscale absorbance assay (Fig. 1) identified that all

bacteria had some degree of antifungal effect on the decay

fungus O. placenta with change in absorbance decreasing

as fungal growth is inhibited. However, results from both

C13 and C14 were not significantly different (P > 0Æ05)

from the positive control. The bacterium with the most

pronounced effect, C11, performed significantly better

(P < 0Æ05) than the control and the other micro-organ-

isms tested and was subsequently identified using 16S

rRNA gene sequencing as having 97% sequence identity

to Lact. brevis ATCC 367. This bacterium was used in

subsequent wood assay trials.

Wood decay assay

Mass loss results (Fig. 2) demonstrate that all nonleached

(samples not exposed to water) wood treatments exhibit

antifungal activity against the decay fungi in this test,

including the control treatment of MRS broth suggesting

that one or more ingredients of this media has an ability

to suppress fungal growth. This was also seen when devel-

oping the microscale absorbance assay method with

A. xantha and C. puteana failing to grow satisfactorily in

MRS broth (O’Callahan et al. 2009). However, despite

this there was increased activity in the 1-week incubated

treatments of Lact. brevis when exposed to C. puteana

and O. placenta with these treatments performing signifi-

cantly better (P < 0Æ05) than the MRS control, with the

1 week CFS treatment having 2Æ4% mean mass loss com-

pared with 4Æ8% for MRS when inoculated with C. pute-

ana (Fig. 2b) and a mean negative mass loss compared to

the MRS control (>10% mass loss) when inoculated with
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Figure 1 Antifungal effect of isolated bacteria from chilli waste

against Oligoporus placenta.

40

30

20

10

0

–10

–20

40

30

20

10

0

–10

–20

40

30

20

10

0

–10

–20

24
 h

 C
FS le

ac
he

d

24
 h

 C
FS u

nle
ac

he
d

Acti
ve

 C
11

 le
ac

he
d

Acti
ve

 C
11

 U
nle

ac
he

d

M
RS u

nle
ac

he
d

1w
k C

FS le
ac

he
d

1w
k C

FS U
nle

ac
he

d

Con
tro

l

M
as

s 
lo

ss
 (

%
)

M
RS le

ac
he

d

Figure 2 Mass loss of Pinus radiata blocks treated with Lactobacillus

brevis (C11) cell-free supernatant and exposed to wood decay fungus

(a) Antrodia xantha, (b) Coniophora puteana and (c) Oligoporus pla-

centa.
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O. placenta (Fig. 2c). Although not significantly different

(P > 0Æ05) the 1 week CFS inoculated with A. xantha had

3Æ5% mean mass loss compared to 5Æ8% for MRS

(Fig. 2a). When the treated blocks were subjected to

leaching, the wood became as susceptible to decay as the

control, more so in some cases. This suggests that the

substance inhibiting fungal growth is water soluble, there-

fore, subject to leaching under high moisture contents.

It was observed when removing unleached wood blocks

from the fungal cultures that a number of blocks

appeared to have higher than normal moisture contents

for this type of test. A second experiment was set-up to

examine whether the MRS media promoted increased

moisture content and subsequently the effect this has on

mass loss because of fungal degradation. In this experi-

ment, there was a clear correlation between the moisture

content (which tended to increase as the concentration of

media increased) and mass loss (which decreased as con-

centration increased) (Fig. 3).

Characterization of antifungal metabolites

The proteinase K and temperature treatments had no

effect on the antifungal properties of the Lact. brevis CFS

with no fungal growth being observed, indicating that the

metabolite was not of a proteinaceous nature. However,

antifungal activity decreased with increasing pH (from

addition of NaOH) suggesting an acidic nature of the

antifungal metabolites (Fig. 4).

High-performance liquid chromatography analysis of

the CFS showed that acetic and lactic acid were produced

by Lact. brevis [C11]. When compared against MRS

media spiked with different volumes of acetic, lactic and

phenyl lactic acids, isolate C11 produced slightly greater

than 100 mmol of lactic acid (retention time = 2Æ16 min)

and just over 50 mmol of acetic acid (retention time =

2Æ29 min). Phenyl lactic acid was not produced, but there

were several other small peaks, which could relate to

other organic acids that were not identified.

Discussion

In this study, three strains of lactic acid bacteria were evalu-

ated for their antifungal properties against common wood

decay fungi. The most promising bacterium, isolate C11,

was identified as Lact. brevis by 16S rRNA gene sequence

analysis and was further analysed for its ability to prevent

wood decay caused by basidiomycetes O. placenta, C. pute-

ana and A. xantha. Results from the wood decay assay sug-

gest that Lact. brevis [C11] produces metabolites that

inhibit decay fungi in the wood, with greater inhibition

occurring with a longer incubation period of Lact. brevis.

However, results also suggest that the medium in which the

bacterium was grown also has some inhibitory effect. It is

unclear as to why this media would have this effect on the

basidiomycetes as many of the MRS media components are

common in fungal culture media (Mycological Society of

America Mycology Guidebook Committee 1974; O’Calla-

han et al. 2009), and similar studies involving mould fungi

have not reported any inhibition of fungal growth in MRS

media (Yang and Clausen 2004). It was noticed that during

removal of the blocks from exposure in the test vessels, that

moisture contents of the wood treated with the media or

CFS appeared higher than leached or untreated blocks. It is

proposed that the salt content of the media acted to absorb

extra moisture from the environment, thus making the

wood too wet for the fungi to cause decay. Decay fungi

such as those used in this study attack wood at moisture

contents of between approximately 35 and 50% (Butcher

1974). Moisture contents at 100% MRS (recommended

concentration) reached values of 170% on average.
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due to Antrodia xantha.

0·4

0·3

0·2

0·1

0

–0·1

–0·2

CFS
pH

 9
pH

 8
pH

 7
pH

 6
pH

 5
pH

 4

–v
e 

co
nt

ro
l

+v
e 

co
nt

ro
l

A
bs

or
ba

nc
e

Figure 4 Effect of pH on the antifungal activity of Lactobacillus bre-

vis (C11) cell-free supernatant.
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Despite the inhibitory effect of the media used, wood

blocks treated with Lact. brevis C11 supernatant (either

cell free or active, incubated for 1 week) had significantly

less mass loss (P < 0Æ05) than their untreated counter-

parts when exposed to decay fungi C. puteana and O. pla-

centa. These results suggest that the isolated Lact. brevis

culture produced an antifungal substance, which was

capable of inhibiting decay. Lactobacillus brevis has been

shown to produce antifungal substances of proteinaceous

(Falguni et al. 2009) and acidic natures (Gerez et al.

2009), and sometimes both (Mauch et al. 2010). Gerez

et al. (2009) found two Lact. brevis strains that had anti-

fungal activity against various bread moulds. As with this

investigation, the antifungal activity was not changed by

heating or treatment with proteinase K; however, it was

removed by neutralization with NaOH. Antifungal activ-

ity was attributed to the production of lactic and acetic

acid and the subsequent lowering of pH. However,

Mauch et al. (2010) discovered that reduction in antifun-

gal activity from two Lact. brevis strains tested was only

achieved after increasing the incubation time of protein-

ase K to 5 h instead of 60 mins. Therefore, there is a pos-

sibility that the antifungal substance is proteinaceous

although this is unlikely due to the lack of effect of heat-

ing. Schnurer and Magnusson (2005) suggest that anti-

fungal activity produced by LAB is likely due to

synergistic effects between several active components.

Production of antifungal metabolites by bacteria is

linked to environmental conditions and bacterial growth

stages. Most bacteria will employ basic metabolic func-

tions when grown in nutrient-rich media; however, when

nutrients are depleted, they will start to produce various

secondary metabolites to help with survival (Demain

1998). In the laboratory, incubation conditions (media,

temperature, pH, aeration and agitation) can have a

direct effect on the production of metabolites (Cabo et al.

2001; Bizani and Brandelli 2004; Moita et al. 2005). Moita

et al. (2005) found that high pH values favoured the pro-

duction of metabolites which were active against mould

isolates; however, the effect of temperature and aeration

was specific to the fungal species. Thus, the effect of envi-

ronmental variations appears to depend on the metabolite

producing bacteria and the target organisms for inhibi-

tion. In this trial, basic incubation conditions were

employed to produce the bacterial supernatant. It is pro-

posed that the antifungal effect of the Lact. brevis [C11]

supernatant could be improved by optimizing incubation

conditions.

Given the tendency of the bacterial metabolites in this

project to leach out of timber when subjected to wetting,

they are unlikely be considered suitable as a permanent

preservative for wood protection when used alone. How-

ever, they may have potential for use in combined treat-

ments with other benign substances with antifungal

properties (Singh and Chittenden 2008), especially in sit-

uations where timber is unlikely to get wet, and this

option is being investigated further.

Acknowledgements

The authors wish to acknowledge the Foundation for Sci-

ence and Technology (now Ministry of Science and Inno-

vation), New Zealand for funding this work within the

framework of the Elite Wood Product programme. They

would also like to thank Mark West of Scion for running

the HPLC samples for this project.

References

Aguiar, P., Beveridge, T.J. and Reysenbach, A.L. (2004) Sulfuri-

hydrogenibium azorense, a thermophilic hydrogen-oxidizing

microaerophile from terrestrial hot springs in the Azores.

Int J Syst Evol Microbiol 54, 33–39.

Bizani, D. and Brandelli, A. (2004) Influence of media and

temperature on bacteriocin production by Bacillus cereus

8A during batch cultivation. App Microbiol Biotech 65,

158–162.

Butcher, J.A. (1974) A Practical Guide to Fungal Damage of

Timber and Wood Products. pp. 10–11. Wellington, New

Zealand: New Zealand Forest Service.

Cabo, M.L., Murado, M.A., Gonzalez, M.P. and Pastoriza, L.

(2001) Effects of aeration and pH gradient on nisin pro-

duction. A mathematical model. Enzym Microb Tech 29,

264–273.

Corsetti, A., Gobbetti, M., Rossi, J. and Damiani, P. (1998)

Antimould activity of sourdough lactic acid bacteria: iden-

tification of a mixture of organic acids produced by Lacto-

bacillus sanfrancisco CB1. App Microbiol Biotech 50,

253–256.

CSTEE Scientific Committee on Toxicity, E.a.t.E. (2003) Com-

mission Directive 2003 ⁄ 2 ⁄ EC of 6 January 2003 relating to

restrictions on the marketing and use of arsenic (tenth

adaptation to technical progress to Council Directive

76 ⁄ 769 ⁄ EEC). Off J Eur Commun L4 ⁄ 9, 46, 9–11.

De Muynck, C., Leroy, A.I.J., De Maeseneire, S., Arnaut, F.,

Soetaert, W. and Vandamme, E.J. (2004) Potential of

selected lactic acid bacteria to produce food compatible

antifungal metabolites. Microbiol Res 159, 339–346.

Demain, A.J. (1998) Induction of microbial secondary metabo-

lism. Int Microbiol 1, 259–264.

Falguni, P., Shilpa, V. and Mann, B. (2009) Production of pro-

teinaceous antifungal substances from Lactobacillus brevis

NCDC 02. Int J Dairy Tech 63, 70–76.

Gerez, C.L., Torino, M.I., Rollan, G. and de Valdez, G.F.

(2009) Prevention of bread mould spoilage by using lactic

acid bacteria with antifungal properties. Food Control 20,

144–148.

Antifungal activity of LAB on wood D.R. O’Callahan et al.

6 Journal of Applied Microbiology ª 2011 The Society for Applied Microbiology

ª 2011 Scion



Gerez, C.L., Carbajo, M.S., Rollán, G., Torres Leal, G. and

Font de Valdez, G. (2010) Inhibition of citrus fungal

pathogens by using lactic acid bacteria. J Food Sci 75,

M354–M359.

Hedley, M., O’Callahan, D., Nasheri, K. and Page, D.

(2004) Biodeterioration and its prevention in wood

properties. In National Diploma in Wood Manufacturing

Levels. Enhancing Wood Products Module ed. Roper, J.

pp. 185–230 Auckland, New Zealand: RADI Centre.

Housenger, J. (2003) Chromated Copper Arsenate (CCA): EPA

Testimony on CCA Treated Wood. Washington, DC: US

Environmental Protection Agency.

Lavermicocca, P., Valerio, F., Evidente, A., Lazzaroni, S., Cor-

setti, A. and Gobbetti, M. (2000) Purification and charac-

terization of novel antifungal compounds from the

sourdough Lactobacillus plantarum strain 21B. Appl Envi-

ron Microbiol 66, 4084–4090.

Magnusson, J., Strom, K., Roos, S., Sjogren, J. and Schnurer, J.

(2003) Broad and complex antifungal activity among envi-

ronmental isolates of lactic acid bacteria. FEMS Microbiol

Lett 219, 129–135.

Marmur, J. (1961) A procedure for the isolation of deoxyribo-

nucleic acid from microorganisms. J Mol Biol 3,

208–218.

Mauch, A., Dal Bello, F., Coffey, A. and Arendt, E.K. (2010)

The use of Lactobacillus brevis PS1 to in vitro inhibit the

outgrowth of Fusarium culmorum and other common

Fusarium species found on barley. Int J Food Microbiol

141, 116–121.

Ministry of Agriculture and Forestry (2010) Overview—

Species and Silviculture. In National Exotic Forest

Description as at 1 April 2009. MAF Policy. 26, pp. 2–5.

Wellington, New Zealand: Ministry of Agriculture and

Forestry.

Moita, C., Feio, S.S., Nunes, L., Curto, M.J.M. and Roseiro,

J.C. (2005) Optimisation of physical factors on the pro-

duction of active metabolites by Bacillus subtilis 355

against wood surface contaminant fungi. Int Biodeterior

Biodegradation 55, 261–269.

Mycological Society of America Mycology Guidebook Com-

mittee (1974) Handling fungi. In Mycology Guidebook ed.

Mycological Society of America Mycology Guidebook

Committee. pp. 3–27. Seattle, WA: University of Washing-

ton Press.

O’Callahan, D., Singh, T. and McDonald, I. (2009) A rapid

microscale assay for determining growth of wood inhabit-

ing fungi against Lactobacillus metabolites. In International

Research Group on Wood Protection 40. pp.IRG ⁄ WP 09-

20412. Beijing, China: International Research Group on

Wood Protection.

Ross, R.P., Morgan, S. and Hill, C. (2002) Preservation and

fermentation: past, present and future. Int J Food Microbiol

79, 3–16.

Schnurer, J. and Magnusson, J. (2005) Antifungal lactic acid

bacteria as biopreservatives. Trends Food Sci Tech 16,

70–78.

Singh, T. and Chittenden, C. (2008) In-vitro antifungal activity

of chilli extracts in combination with Lactobacillus casei

against common sapstain fungi. Int Biodeterior Biodegrada-

tion 62, 364–367.

Sutter, H.P. (1978) Method to determine the depth of penetra-

tion of the biologically active components of wood preser-

vatives. In International Research Group on Wood

Preservation 10. pp.IRG ⁄ WP 78-2108. Peebles, Scotland:

IRG ⁄ WP.

USEPA (2002) Restricted Use Products Report. Washington,

DC: US Environmental Protection Agency.

Yang, V.A. and Clausen, C.A. (2004) Antifungal metabolites of

Lactobacilli. In Woodframe Housing Durability and Disaster

Issues ed. Society F.P. pp. 307–311. Las Vegas, NV: Forest

Products Society.

Yang, V.W. and Clausen, C.A. (2005) Determining the suit-

ability of Lactobacilli antifungal metabolites for inhibiting

mould growth. World J Microbiol Biotechnol 21, 977–981.

D.R. O’Callahan et al. Antifungal activity of LAB on wood

ª 2011 Scion

Journal of Applied Microbiology ª 2011 The Society for Applied Microbiology 7


