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Introduction

Abstract

Aims: To identify the phenolic compounds in the leaves of Sphagnum papillo-
sum and examine their antibacterial activity at pH appropriate for the undisso-
ciated forms.

Methods and Results: Bacterial counts of overnight cultures showed that whilst
growth of Staphylococcus aureus 50084 was impaired in the presence of milled
leaves, the phenol-free fraction of holocellulose of S. papillosurm had no bacte-
riostatic effect. Liquid chromatography-mass spectrometry analysis of an ace-
tone-methanol extract of the leaves detected eight phenolic compounds.
Antibacterial activity of the four dominating phenols specific to Sphagnum
leaves, when assessed in vitro as minimal inhibitory concentrations (MICs),
were generally >2:5 mg ml™". MIC values of the Sphagnum-specific compound
‘sphagnum  acid’  [p-hydroxy-f-(carboxymethyl)-cinnamic  acid]  were
>5 mg ml™". No synergistic or antagonistic effects of the four dominating phe-
nols were detected in plate assays.

Conclusions: Sphagnum-derived phenolics exhibit antibacterial activity in vitro
only at concentrations far in excess of those found in the leaves.

Significance and Impact of the Study: We have both identified the phenolic
compounds in S. papillosum and assessed their antibacterial activity. Our data
indicate that phenolic compounds in isolation are not potent antibacterial
agents and we question their potency against food-borne pathogens.

andez et al. 1996; Basile ef al. 1999; Rauha et al. 2000;
Friedman et al. 2003) as do plant extracts (Fernindez

The bog moss Sphagnum papillosum is the deminant
peat former in acid peatlands in northern Europe
(Daniels and Eddy 1985) and is considered to be
responsible for the preservative action on intact human
remains (‘bog-bodies’) (Daniels and Eddy 1985; Turner
1995; Fischer 1999). Sphagnum acid (SA) is a phenolic
compound specific to Sphagnum species (Rudolph and
Samland 1985; Rasmussen et al. 1995; van der Heijden
et al. 1997; Willlams et al. 1998) which has been impli-
cated in the preservative action of the moss since
breakdown products of SA have been identified in bog-
bodies (Stankiewicz et al. 1997). Correspondingly, phe-
nolic compounds of different moss and plant species
have been shown to possess antibacterial activity (Fern-
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et al. 1996; Basile et al. 1998; Rauha et al. 2000; Singh
et al. 2007), but there are no studies on the antibacte-
rial effect of SA.

The proposed action of plant phenoclics in tissue pres-
ervation may have application to the food industry.
Thus, we examined the effect of S. papillosum and a
chlorite-treated fraction, free of aromatic compounds
(holocellulose} against recognized food-borne pathogens.
The contribution of the phenolic components identified
in S. papiilosum were examined using in vitro antibacterial
assays. Since undissociated forms of weak organic acids
are the forms that exert antibacterial action (Lund and
Eklund 2000), we have carried out the assays at a pH that
vields the greatest proportion of undissociated acid
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compatible with bacterial growth in an minimal inhibi-
tory concentration (MIC) assay (pH 5).

Materials and methods

Preparation of leaves and holocellulose of S. papiliosum

The Sphagnum plants used in this study were from the
same batch as used and described by Ballance et al
(2007). Sphagnum papillosum plants were collected in
August 2003 in Temmerdalen, Trondheim, Norway. The
plants were treated as described previously (Ballance et al.
2007), where dried leaves were boiled in acetone and
chlorine dioxide was used to selectively oxidize aromatic
compounds. Chlorite-treated leaves are referred to as
holocellulose.

Bacterial strains

Staphylococcus aureus 50084 (National Veterinary Insti-
tute), Bacillus cereus NVH 0075/95 (Norwegian School of
Veterinary Science), Salmonella Typhimurium E224/87
{Norwegian Institute of Public Health) and Shewanella
putrefaciens ATCC 8071 were used as test organisms in
this study, all originally isolated from contaminated food.

Phenolic compounds

The following 11 phenolic compounds were detected by
cupric oxide {CuQ) oxidation of several Sphagmum spe-
cies by Williams er al. (1998) and used as standards for
liquid chromatography-mass spectrometry (LC-MS) anal-
ysis in our study: p-hydroxyacetophenone, p-hydroxyben-
zoic acid, SA [p-hydroxy-f-(carboxymethyl)-cinnamic
acid], p-hydroxybenzaldehyde, vanillin (4-hydroxy-3-
methoxybenzaldehyde), p-coumaric acid (4-hydroxycin
namic acid), acetovanillone (4-hydroxy-3-methoxyace-
tophenone), syringaldehyde (4-hydroxy-3,5-dimethoxy
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benzaldehyde), vanillic acid (4-hydroxy-3-methoxybenzoic
acid), ferulic acid (4-hydroxy-3-methoxycinnamic acid)
and syringic acid (4-hydroxy-3,5-dimethoxybenzoic acid).
All chemicals and solvents were of analytical and high-
performance liquid chromatography grade. All standards
except SA were supplied by Sigma-Aldrich Norway AS.
SA was purchased from Exclusive Chemistry Ltd {Russia)
and confirmed by measuring the molecular weight using
LC-MS.

Chromatographic conditions and sample pretreatment

A Sciex API 2000 mass spectrometer equipped with an
electrospray interface (Applied Biosystems, Ontario, Can-
ada) was operated in a negative electrospray mode quan-
titation transition (Table 1}). The analytical (PLRP-S,
5 pm, 150 X 46 mm i.d.) and guard columns (5 X 3 mm
i.d.} (Polymer Laboratories, Amherst, MA, USA) were
operated at a constant temperature of 27°C. The mobile
phase consisted of a mixture of solution A (980 ml
water + 20 ml methanol + 001 ml NH; (25% solution)}
and solution B (methanol only). The pump programme
operated conditions were: 15 min 100% solution A,
3-7 min 10% solution A and 90% solution B with a flow
rate of 0-8 ml min~'. This was followed by 8:8 min 100%
solution A with a flow rate of 1 ml min™"' and finally
1 min 100% solution A with a flow rate of 0:8 ml min™",
The LC fluent was split approx. 1:4 before entering the
MS interface. Volumes of 0-1 m]l NH; {25% solution) and
2850 ml acetone-methanol (6 + 4) were added to 50 mg
dried Sphagnum mass (milled leaves), whirl-mixed for 6 s
and left in an ultrasonic bath for 15 min. The sample was
shaken for 3 s and then centrifuged for 3 min (3250 g).
Supernatant and water (1 + 2 v/v) was mixed thoroughly
and filtered through a Spin-X centrifuge filter. Aliquots of
30 pl were injected into the LC-MS/MS at intervals of
15 min for the determination of Sphagnum moss com-
pounds. All the 11 phenolic compounds were included

Table 1 Phenclic compound used as

Limit of Limit of standards in LC-MS/MS. Fragment ion with
Fragment Fragment  guantification  detection slow scrip was used for confirmation
Phenclic compound Mw M~ ion ian g g g g~
Vanillic acid 1672 9141 108 10 05
p-hydroxybenzoic acid 1372 9341 651 10 05
Syringic acid 197 1211 89 05 03
p-coumaric acid 163 119 931 10 05
ferulic acid 193-2 134 2341 07 03
p-hydroxy-benzaldehyde 12141 921 651 02 01
Vanillin 1511 1361 92 03 01
Syringaldehyde 181-2 166 151 02 01
p-hydroxy-acetophenone 135-2 9241 120 02 01
Acetovanillon 165-2 150 1221 03 01
Sphagnurm acid 2211 177 13341 10 05
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once in each experiment, and each experiment was
repeated ten times (n = 10),

Bactericidal assays

Milled leaves and holocellulose

Antibacterial activity of suspensions of ground leaves of
S. papillosum and holocellulose were evaluated against
Staph. aureus 50084. A total of 20, 10 and 5 mg ml™" sus-
pensions of milled moss and 20 and 10 mg ml™" suspen-
sions of holocellulose were made in tryptic soy broth
(TSB; Difco, Sparks, MD, USA) containing 0:1 mo] 1™
4-morpholinoethanesulphonic acid (MES) pH 7 and
autoclaved at 121°C for 15 min. Once cooled to room
temperature overnight suspensions of Staph. aureus
(14 x 10°-3-1 x 10* CFU ml™") grown in TSB 0-1 mol I
MES pH 7 were added and incubated at 37°C overnight
at 100 rev min~', Visible turbidity after 18 + 1-2 h was
recorded and the number of colony forming units (CFU)
on blood agar plates incubated at 37°C overnight from
the different suspensions of the moss were compared with
the number of CFU from the growth control of the strain
to assess the antistaphylococcal activity of the moss. The
pH in the different suspensions were measured both
before and after conducting the experiment (Porotrode,
Metrohm, Norway) and appropriate growth controls of
the strain at lower pH were included when considered
necessary. Three separate experiments were performed for
each condition.

MIC and MBC determinations
About 20 mg ml™" solutions of p-hydroxyacetophenone
and p-hydroxybenzaldehyde were prepared in TSB
0-2 mol I”! MES pH 7 at 90-100°C and filtered (02 um).
Five hundred micro litre volumes of serial twofold dilu-
tions of the phenolic compounds were mixed with equal
amounts of 50 x 10*-2:4 x 10° CFU ml™" of overnight
cultures of the test organisms (grown in TSB 02 mol 1™
MES pH 7) and incubated at 37°C for 18 + 1-2 h. Staph-
ylococcus aureus 50084, Salm. Typhimurium E224/87 and
B. cereus NVH 0075/95 were included as test strains. MIC
was read as the lowest concentration of the phenolic
compounds that inhibited visible bacterial growth., Mini-
mal bactericidal concentration (MBC) assays were per-
formed by plating 10 ul or 100 gl aliquots from the test
tubes on blood agar plates and incubated at 37°C for
18 + 1-2 h. The MBC for each phenol was defined as the
lowest concentration reducing the inoculum by >99:0%.
The MIC/MBC experiments were repeated twice for each
phenolic compound and each bacterial strain (n = 2).
About 20 mgml™' and 10 mgml™' soclutions of
p-hydroxybenzoic acid and SA respectively, were prepared
as described above for p-hydroxyacetophenone and
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p-hydroxybenzaldehyde in TSB 02 mol ™' MES pH 5-5.
These two phenolic compounds were tested at around pH
5 in order to obtain the highest proportion of undissoci-
ated acid at a pH that sustained bacterial growth. B. cer-
eus was not included since pH 5 is the lower limit
permitting growth (Lund and Eklund 2000). Serial two-
fold dilution and addition of a diluted overnight culture
of Salm. Typhimurium E224/87 and Staph. aureus 50084
(50 x 10*-2-4 x 10° CFU mI™") were prepared as for the
other two phenolic compounds. The tubes were incubated
at 37°C for 18 £ 1-2 h and MIC was recorded and subse-
quent MBC assays were carried out. The experiments
were repeated twice (1 = 2). Test organisms were accli-
matized to growth at pH 5 as appropriate by three suc-
cessive overnight incubations in TSB containing MES at
different pH values. The choice of pH in the test solu-
tions of the phenolic acids was based on the Henderson—
Hasselbach equation

[HAJ% = 100/(1 + 10/PH-PKa)y

where, HA is denoted the acid form (undissociated form).
The pKa values were obtained using the web-based tool
‘pKa DB’ (ACD/Labs, Ontario, Canada, ver. 11.01} and
found to be 46 for the carboxyl group of p-hydroxy-
benzoic acid and 4:8 and 4'1 for the two carboxyl groups
of SA.

Diffusion assays

The antimicrobial potential of vanillin, p-coumaric acid,
acetovanillone and syringaldehyde at 10 mg ml™' in TSB
0-2 mol I”' MES pH 7 were evaluated in a diffusion assay
on tryptic soy agar (TSA; Difco). Staphylococcus aureus
50084, B. cereus NVH 0075/95, Salm. Typhimurium
E224/87 and S. putrefaciens ATCC 8071 were included in
this study. A few colonies were transferred from a pure
culture of each strain on blood agar plates into 3 ml of
peptone water (PW; Oxoid, Basingstoke, UK) to make a
turbid solution. 1 ml of PW was then added to the TSA
plate, distributed evenly and the excess was removed,
Solutions of 10 mg ml™" of the phenols were made by
dissolving the phenols in TSB 02 mol ™' MES pH 7
(magnetic stirring and heating, 90-100°C) and filtered
through 0-2 pm sterile filter. About 100 pl of each solu-
tion was added to the TSA plates and left at room tem-
perature for 1 h to let the test compounds prediffuse
before incubating the plates at 37°C for 18 + 1-2 h. The
plates inoculated with S. putrefaciens ATCC 8071 were
incubated at 25°C. Antibacterial activity was judged to be
significant if zones of inhibition were observed macro-
scopically (by eye). In each experiment each phenolic
compound was tested in duplicate and the trials were
repeated twice (11 = 2).

jounal cempilaton € 2009 The Society for Appled Microbiology, Letters in App ed Micrebiclogy 49 (2006; 85-90 87



Antibacterial activity of phenols from Sphagnum papillosum

Any possible synergistic or antagonistic effects between
the four phenolic compounds found in the highest quan-
tities in the leaves of S. papillosum (Table 2) were evalu-
ated using a diffusion assay on solid medium (Méller and
Holmgren 1969). TSA plates were inoculated with either
Staph. aureus 50084, B. cereus NVH 0075/95, Salm.
Typhimurium E224/87 or S. putrefaciens ATCC 8071
using the same procedure as described in the previous
paragraph and left to dry at 37°C for approx. 15 min
before the test compounds were added. Paper strips of
05 % 50 cm of chromatography paper (Whatman) were
soaked in 10 mg ml™" solutions of the phenolic com-
pounds and placed on the agar plate at right angles to
one another. TSA plates were preincubated for 1 h at 4°C
and then incubated at 37°C for 18 £ 1-2h before
interpreting the growth patterns. Plates inoculated with
S. putrefaciens ATCC 8071 were incubated at 25°C. The
experiments were repeated twice.

Results

Milled leaves and holocellulose
Whilst suspensions of the ground moss of 10 mg ml™
and 5 mg ml™" in TSB pH 7 failed to inhibit the growth

Table 2 Phenalic compounds detected in  Sphagnum  papillosum
using LC-MSMIS

Phenolic compound 19 g~ dry weight* SEM
p-hydroxyacetophenone 60-0 +0:7
p-hydroxybenzoic acid 2541 +05
sphagnurm acid 224 +09
p-hydroxybenzaldehyde 91 +0-6
Vanillin 22 +0-06
p-coumaric acid 20 +03
Acetovanillon 03 +0:02
syringaldehyde 02 +0-008

“The results are given as mean values of 10 separate experiments,
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of Staph. aureus 50084 (both the moss and control sus-
pensions yielded 10° CFU ml™" after 18 h), suspensions

of 20 mgml™' reduced growth by two log-units
(I3+£04x 10" CFUml™  (moss) ws 2:5 % 0:5 x
10° CFU ml™" (TSB alone), P =0003 paired ttest,

{n=3)). Even though the pH in this suspension
decreased to around 6:60-6:80, an additional growth con-
trol of the strain showed no reduced growth at this pH
compared to pH 7. In the suspensions of 10 mg ml™" and
5 mg ml™' the pH was between 6:80-690 and 6:86-695,
respectively. Suspensions of holocellulose of 20 mg ml™!
and 10 mg ml™' had no detectable inhibitory effect on
the growth of Staph awreus 50084 (33 + 06 %
10 CFU mI™"  (holocellulose)  ws  2:5 + 05 x 10°
CFU mlI™" (TSB alone), P > 005 paired t-test, {n = 3)).
The pH in the suspensions of 20 mg ml™" was between
6:33-6:77 and in 10 mg ml™' between 6:75 and 6:89.

Contents of phenolic compounds in the leaves
of S. papillosum

Eight phenolic compounds were detected in milled leaves
of S. papillosum (see Table 2). The p-hydroxyl phenolics
including SA accounted for nearly 93% of the total phe-
nolic compounds detected of which p-hydroxyacetophe-
none accounted for approx. 50%.

MIC/MBC assays

The MIC and MBC of the four dominant phenols against
the test strains are given in Table 3. Acclimatization of
the test strains to pH 5 resulted in comparable numbers
of organisms to that obtained in pH 7. The MICs of SA
towards Staph. aureus 50084 and Salm. Typhimurium
E224/87 were both higher than the highest test concentra-
tion (5 mg ml™'). The MBCs of the three other phenols
were found to be higher than the MICs, indicative of
a bacteriostatic rather than a bactericidal effect. For

Table 3 Susceptibility testing of three of the test strains. Results are given as the highest obtained MIC and MBC values ({in mg ml™')

Phenclic compounds

p-hydroxyacetophe-

p-hydroxybenzalde-

sphagnum acid p-hydroxybanzoic

none (pH 7) hyde {pH 7} {pH 5) acid {pH 5)
Bacterial strains MIC MBC MIC MBC MIC MBC MIC MBC
Staphylococcus aureus 50084 50 =100 10:0 =50 >50 =5 >10:0
Bacillus cereus NVH 0075/95 50 *5-0-=10-0 *50->100 HD WD ND ND
Salmonelfa Typhimurium E224/87 2'5 =100 100 =540 =50 50 =100

n = 2in all experiment,

*The results differed with more than one concentration unit (one test tubel, therefare the range of the results are given.
WD, not determined; MIC, minimal inhibitary concentration; MBC, minimal bactericidal concentration.
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B. cerens NVH 0075/95 the MBCs of p-hydroxyacetophe-
none and p-hydroxybenzaldehyde varied with more than
one dilution unit (test tube) between experiments and
therefore the range is given.

Diffusion assays

In a disk diffusion assay no inhibition of growth was
detected against either Staph. aureus 50084, Sahn,
Typhimurium E224/87 or B. cereus NVH 0075/95. How-
ever, vanillin, acetovanillone and syringaldehyde showed a
weak (zones of inhibition <05 cm in width) effect
towards S. putrefaciens ATCC 8071. The fourth phenol
tested, p-coumaric acid, did not show any inhibition of
growth of S. putrefaciens ATCC 8071 at pH 7. No syner-
gistic or antagonistic effects between any of the four
p-hydroxyl phenols were detected on TSA plate assays.

Discussion

The reduction in bacterial numbers following incubation
with ground leaf preparations but not the chlorite-treated
holocellulose indicate that aromatic compounds are
responsible for the antibacterial effect. However, the MIC
and diffusion assays results obtained indicate that SA and
the other seven phenolic compounds detected in S. papil-
losum do not exert marked antibacterial activity against
the bacterial strains tested when tested in isolation.

SA has been suggested to be the phenol responsible for
the observed preservative effect of the moss (Verhoeven
and Toth 1995) but our results do not support this idea
for the following reasons: (i) SA did not inhibit growth
of either Staph. aureus 50084 or Salm. Typhimurium
E224/87 at the highest concentration tested (higher con-
centrations were insoluble under our conditions), (ii)
LC-MS analysis of the phenolic compounds in S. papillo-
stim identified p-hydroxyacetophenone as the predomi-
nant phenolic (Table 2), at approx. threefold higher
concentration than SA, (iii} MIC/MBC values for p-hy-
droxyacetophenone were lower than those of SA and
assuming their MICs/MBCs represent preservative activ-
ity, we would predict p-hydroxyacetophenone to exert a
greater antibacterial effect than SA. We note that the con-
centration of p-hydroxyl phenols in our batches of moss
was between 40 and 170 times lower than that found by
Williams et al. (1998). We believe that this derives from
differences in methods of extraction and analysis
employed, We chose LC-MS/MS instead of cupric oxide
oxidation because mass spectrometry has greater discrimi-
natory power than UV detection. Thus, it has the advan-
tage that the ratio between different product ions
provides additional identification and confirmation of
the phenols, reducing the risk of false-positive and
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overestimated of results. Additionally, no derivatization is
required. It is also known that Sphagnum species exhibit
seasonal variation in SA content (Rudolph and Samland
1985).

The four minor phenolic components tested in the dif-
fusion assay did not inhibit growth of Staph. aurcus
50084, B. cereus NVH 0075/95 or Salm. Typhimurium
E224/87. However, three of these phenols did show weak
bacteriostatic activity against S. putrefaciens ATCC 8071.
We have attempted to obtain MICs/MBCs of twa of the
phenols found in highest quantities (p-hydroxyacetophe-
none and p-hydroxybenzaldehyde) in S. papillosum but
have not been able to obtain reproducible growth of the
organism in TSB and therefore cannot define the extent
to which these compounds may prevent spoilage organ-
isms from multiplying.

In summary, we have quantified the amounts of
phenolic compounds (including SA) present in leaves of
S. papillosum and tested their antibacterial activities
against food-borne pathogens. The microgram per ml
concentrations of the three dominant phenolics were
several orders of magnitude greater than that needed to
exert antibacterial activity (mg ml™) at pH values
appropriate for the undissociated forms. SA itself was
without detectable effect. It is possible that phenolic
compounds from Sphagnum moss are important in pre-
servative action when present in environments of greater
acidity than pH 5, but such conditions are difficult to
test against food-borne neutrophilic bacteria in conven-
tional antibacterial assays. Indeed, we have recently
shown that the acid form of the polysaccharide spha-
gnan isolated from Sphagnum moss can inhibit growth
of acid-sensitive bacterial species by lowering the pH
(Stalheim et al. 2009). Thus, we suggest that the poor
efficacy in wvitro of moss-derived phenolics in intact
leaves will not provide effective antibacterial action
against food-borne pathogens.

Acknowledgements

We thank Helene Ronning for discussions and technical
assistance on chemistry-related issues and Simon Ballance
for discussions and supplies of Sphagnum moss and holo-
cellulose. This study was financed by the Research Coun-
cil of Norway (grant no. 173243/110).

References

Ballance, S., Borsheim, K.Y, Inngjerdingen, K., Paulsen, B.S.
and Christensen, B.E. (2007) A re-examination and partial
characterisation of polysaccharides released by mild acid
hydrelysis from the chlorite-treated leaves of Sphagnum
papillosum. Carbohydr Polym 67, 104-115,

‘ournal compilation & 2008 The Socety for Applied Mcroviology, Letters in Applied Microbiclogy 49 (2009) 85-90 89



Antibacterial activity of phenols from Sphagnum papilfosum

Basile, A., Sorbo, S., Giordane, 5., Lavitola, A. and Cobianchi,
R.C. (1998) Antibacterial activity in Pleurochaete squarrosa
extract (Bryophyta), Int J Antimicrob Agents 10, 169-172.

Basile, A., Giordano, S., Lopez-Saez, J.A. and Cobianchi, R.C.
(1999) Antibacterial activity of pure flavonoids isolated
from mosses. Phytochemistry 52, 1479-1482.

Daniels, R.E. and Eddy, A.. (1985) Handbook of European
Sphagna. Huntingdon: Institute of Terrestrial Ecology.

Fernandez, M.A., Garcia, M.D. and Saenz, M.T. (1996) Anti-
bacterial activity of the phenolic acids fractions of Scrophu-
laria frutescens and Scrophularia sambucifolia,

J Ethnopharmacol 53, 11-14.

Fischer, C. (1999) The Tollund Man and the Elling Woman
and other bog bodies from central Jutland. In Bog Bodies,
Sacred Sites and Wetland Archaeology (Proceedings of a
Conference Held by WARP and the National Museum of
Denmark, in Conjunction with Silkeborg Museum, Jutland,
September 1996) ed. Coles, B., Coles, . and Jergensen,
M.S. pp. 93-102. Exeter: WARP Occasional Paper 12.

Friedman, M., Henika, P.R. and Mandrell, R.E. (2003) Anti-
bacterial activities of phenolic benzaldehydes and benzoic
acids against Campylobacter jejuni, Escherichia coli, Listeria
monocytogenes and Salmonella enterica. J Food Prot 66,
1811-1821.

van der Heijden, E., Boon, ].]., Rasmussen, S. and Rudolph, H.
(1997) Sphagnum acid and its decarboxylation product
isopropenyphenol as biomarkers for fossilised Sphagnum
in peats. Anc Biomol 1, 93-107,

Lund, B.M. and Ekiund, T. (2000) Control of pH and use of
organic acids. In The Microbiological Safety and Quality of
Food ed. Lund, B.M., Baird-Parker, T.C. and Gould, G.W.
pp- 175-199. Gaithersburg, Maryland: Aspen Publishers,
Ine.

Méller, O. and Holmgren, J. (1969) A paper disc technique for
studying antibacterial synergism. Acta Patho! Microbiol
Scand 76, 141-145,

H. Mellegard et &/,

Rasmussen, S., Wolff, C. and Rudalph, H. (1995) Compart-
mentalization of phenolic constituents in Sphagnumt.
Phytochemistry 38, 35-39.

Rauha, ].-P., Remes, S., Heinonen, M., Hopia, A., Kihk&nen,
M., Kujala, T, Pihlaja, K., Vuorela, H. et al. (2000)
Antimicrobial effects of Finnish plant extracts containing
flavonoids and other phenolic compounds. Int J Feod
Microbiol 56, 3-12.

Rudelph, H. and Samland, J. (1985} Occurrence and
metabolism of sphagnum acid in the cell-walls of
bryophytes. Phytachemistry 24, 745749,

Singh, M., Rawat, A.K.S. and Govindarajan, R. (2007) Antimi-
crobial activity of some Indian mosses. Fitoterapia 78,
156-158.

Stalheim, T., Ballance, S., Christensen, B.E. and Granum, P.E.
(2009} Sphagnan - a pectin-like polymer isolated from
Sphagnum moss can inhibit the growth of some typical
food spoilage and food poisoning bacteria by lowering the
pH. J Appl Microbiol 106, 967-976.

Stankiewicz, B.A., Hutchins, J.C., Thomson, R., Briggs,
D.E.G. and Evershed, R.P. (1997) Assessment of bog-body
tissue preservation by pyrolysis gas chromatography mass
spectrometry. Rapid Commun Mass Spectrom 11, 1884
1890.

Turner, R.C. (1995) Discoveries and excavations at Lindow
Moss 1983-8. In Bog Bodies — New Discoveries and New
Perspectives ed. Turner, R.C. and Scaife, R.G. pp. 10-18.
London: British Museum Press.

Verhoeven, J.T.A. and Toth, E. (1995) Decomposition of Carex
and Sphagnum litter in fens: effect of litter quality and
inhibition by living tissue homogenates. Soil Biol Biochem
27, 271-275.

Williams, C.J., Yavitt, .B., Wieder, RK. and Cleavitt, N.L.
{1998) Cupric oxide oxidation products of northern peat
and peat-forming plants. Can | Bor 76, 51-62.

& 2008 The Authors

90 Journzl compilation @ 2009 The Scciety for Apslied Microbioiogy, Letters 'n Appliec Micrebiology 49 (2003} 85-90



