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Abstract

Wood and bark extracts of 14 eastern North American hardwood tree species which were used traditionally as
medicine by First Nation’s people were screened for antimicrobial activities with eight strains of bacteria and six
strains of fungi. Eighty-six percent of the bark extracts were active against methicillin sensitive Staphylococcus aureus ;
71% against Bacillus subtilus and 79% against Mycobacterium phlei. The bark extract of Juglans cinerea was active
against Pseudomonas aeruginosa 187, Salmonella typhiumurium, and Klebsiella pneumoniae. The wood extracts were
less active: 72% were active against S. aureus (methicillin-sensitive), 36% against B. subtilus and 43% against M. phlei.
Results from antifungal tests indicated that 36% of the extracts were active against at least one fungal strain and that
bark extracts were more active than wood extracts. The bark extract from Juglans cinerea had the broadest spectrum
of activities against Candida albicans, Saccharomyces cere6isiae, Cryptococcus neoformans, Trichophyton mentagro-
phytes, Microsporum gypseum, and Aspergillus fumigatus. In general, the extracts were more active against gram
positive bacteria than gram negative bacteria and against filamentous fungi than yeast-like fungi. The study also
demonstrated a correlation between frequency of traditional medicinal use by the First Nations people and
antimicrobial activity of extracts indicating that the traditional knowledge encompasses an understanding of aspects
of chemical ecology. © 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

A recent compilation of native North American
ethnobotany estimates that there are about 4000

plants with recorded use as medicines (Moerman,
1998). The eastern North American flora contains
over 400 species which have been traditionally
used as medicine by First Nation’s people against
many ailments (Arnason et al., 1981). Many of
these plants are associated with infections of mi-* Corresponding author.
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crobial origin (Arnason et al., 1981). However, in
the analysis of the published literature as cited in
the NAPRALERT database (obtained from Uni-
versity of Illinois), it is apparent that the phyto-
chemical and pharmacological properties of the
native hardwood trees of eastern North America
have not been thoroughly investigated. Based on
the prominence of tree extracts as traditional
treatments of probable microbial infections as
suggested by ethnobotanical reports (Arnason et
al., 1981; Miguel et al., 1997; Moerman, 1998),
the hypothesis that the hardwood tree extracts
will have antimicrobial activity under controlled
laboratory conditions was tested.

Plants produce secondary compounds which
protect them against attacks by fungi, bacteria
and insects. The effectiveness of the defense varies
among plant species depending on the resource
availability and the degree of herbivory (Coley et
al., 1985). Recently, the insect antifeedant and
growth reducing activities of extracts from the
hardwoods of eastern North America were inves-
tigated and it was found that the long-lived, and
slow growing plants were more active than the
fast growing ones (Omar et al., 2000).

In the present study, the activities of extracts
from common hardwood tree extracts against
pathogenic bacteria and fungi were reoorted. The
relationship between traditional medicinal use and
antimicrobial activity is also explored. Both light
independent and light enhanced activities are re-
ported since many secondary metabolites have
been shown to be phototoxic in previous research
(Arnason et al., 1986).

2. Materials and methods

2.1. Plant material

Fourteen samples of trees (n=4) were obtained
from Domtar forestry operation in eastern On-
tario. The species collected were Acer rubrum L.
(Aceraceae, red maple, voucher number UO-
18500), Acer saccharum L. (Aceraceae, sugar
maple, voucher number UO-18501), Betula pa-
pyrifera Marsh. (Betulaceae, white birch, voucher
number UO-18502), Carya cordiformis K. (Jug-

landaceae, bitternut hickory, voucher number
UO-18503), Carya o6ata K. (Juglandaceae, shag-
bark hickory, voucher number UO-18504), Fagus
grandifolia Ehrh. (Fagaceae, beech, voucher num-
ber UO-18505), Fraxinus pennsyl6anica Marsh.
(Oleaceae, ash, voucher number UO-18506),
Juglans cinerea L. (Juglandaceae, butternut/wal-
nut voucher number UO-18507), Prunus serotina
Ehrh. (Rosaceae, black cherry, voucher number
UO-18508), Populus grandidentata L. (Salicaceae,
hybrid popular, voucher number UO-18509),
Populus sp. (Salicaceae, popular, voucher number
UO-18510), Quercus rubra L. (Fagaceae, red oak,
voucher number UO-18511), Tilia americana L.
(Tiliaceae, basswood, voucher number UO-
18512), and Ulmus americana L. (Ulmaceae, elm,
voucher number UO-18513). Voucher specimens
have been retained at the herbarium of University
of Ottawa, Ottawa, Canada.

2.2. Extract preparation

The bark and wood were separated and ground
into a fine powder (sawdust) by using a Wiley
mill. The powdered material was soaked in etha-
nol (5:1 w/w) for 48 h. The mixture was filtered,
and the solvent evaporated to near dryness and
then freeze-dried.

2.3. Microbial cultures

Bacterial strains tested included the gram posi-
tive strains: Staphylococcus aureus methicillin-sen-
sitive, Enterococcus faecalis, Mycobacterium phlei,
Bacillus subtilus, and the gram negative strains:
Eschericia coli wild strain, Pseudomonas aerugi-
nosa 187 (wild), Salmonella typhimurium, and
Klebsiella pneumoniae were collections maintained
in the laboratory of Dr G.H.N. Towers. S. aureus
causes serious food intoxication; E. faecalis, S.
typhimurium, E. coli, B. subtilus, P. aeruginosa 187
(wild), and M. phlei cause food spoilage and
human infection whereas the toxin from K. pneu-
moniae is known for fish poisoning (Frazier and
Westhoff, 1988). The fungal strains used in this
study are opportunistic pathogens of humans ex-
cept for Saccharomyces cere6isiae. Cryptococcus
neoformans causes generalized mycosis with a



S. Omar et al. / Journal of Ethnopharmacology 73 (2000) 161–170 163

predilection for the central nervous system, Can-
dida albicans causes oral thrush and systemic in-
fections, Aspergillus fumigatus may be associated
with respiratory infections and Microsporum gyp-
seum and Trichophyton mentagrophytes are der-
matophytes. The fungal strains were collections
maintained in the laboratory of Dr M.L. Smith.

2.4. Antibiotic assay

An inoculum of each of the bacterial strains
was suspended in 2 ml of nutrient broth and
incubated overnight at 37°C. The culture was then
diluted with nutrient broth (1:9). To screen for
antibiotic activity, sterile Mueller-Hinton agar
plates were used according to the disc diffusion
assay (Lennette, 1985). A sterile cotton swab was
used for spreading diluted cultures on the plate
after which sterile paper discs impregnated with
20 mg of extract was placed on the inoculated
surface. Plates were incubated at 37°C in the
dark, or to test for ultra violet light effects on
activity, plates were irradiated with near UV light
(10 W/m2 from four 20 W blacklight, blue tubes,
320–400 nm range) for 2 h and then incubated at
37°C in the dark. Zones of inhibition were exam-
ined at 24 h except for M. phlei which was incu-
bated for 48 h before viewing.

All fungi were grown at 30°C and maintained
at 4°C on Sabouraud’s dextrose medium (SD).
Inoculum of each yeast strain was prepared from
an overnight culture adjusted to an O.D. 600 nm
of about two and diluted in SD (1:200). For
filamentous fungi, 1 cm2 area of actively growing
mycelium was removed to 54 ml of sterile, deion-
ized water and fragmented for 1.5 min at high
speed in a Waring blender. One hundred ml of
fungal cell suspension was spread onto agar plates
with a bent glass rod prior to application to paper
discs impregnated with 2 mg extract, as described
above. All transfers were carried out in a biohaz-
ard level 2 laminar flow hood. Dark and UV-
treatments with fungal trials were carried out as
described above. Zones of inhibition of fungi were
measured after 48 h incubation at 30°C.

For controls, three antimicrobial substances
known to be inhibitory were used: Gentamycin
(antibacterial agent), the photosensitizing agent

8-methoxyl-psoralen (8-MOP) and Berberine (an-
tifungal agent). In addition, dried discs that had
been soaked in ethanol served as carrier controls.
All trials were performed using three discs of 6.5
mm diameter discs per plate.

2.5. Data analysis

The diameter of inhibition zone around each
disc was measured and recorded at the end of
incubation time. An extract was classified as ac-
tive when the diameter of the inhibition was equal
to or larger than 8 mm. A dash line (---) denotes
no observed activity or an inhibition diameter of
less than 8 mm. Mean values between the UV
light and dark treatments were statistically tested
for significant difference using Student’s t-test.

2.6. Ethnobotanical data

The primary data set used in this study was
compiled and published by Arnason et al. (1981)
in an extensive paper entitled, Use of Plants for
food and Medicine by Nati6e people of eastern
Canada. The report was a special issue of over 100
pages which summarized food, beverage and
medicinal uses of over 400 species presented in 44
ethnobotanical reports. From this review, the
medicinal plant usages were compiled into a data-
base facilitating the analysis of data and forma-
tion of this report. A mention is a record from the
ethnobotanical databse of medicinal uses of plants
by eastern Canada’s First Nation peoples as tran-
scribed in the compilation from Arnason et al.
(1981). Antimicrobial mention is a record of a
treatment of a condition of possible microbial
origin such as treatment of sores, skin infections,
etc. . .

3. Results and discussion

The results of testing of the 28 crude ethanolic
extracts for antimicrobial activities against eight
bacterial and six fungal strains are reported (Ta-
bles 1–3). Table 1 shows the effect of bark ex-
tracts on bacteria with or without near UV-light
exposure. All the bark extracts except those from
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F. pennsyl6anica and P. grandidentata were active
against S. aureus (methicillin-sensitive). The ex-
tracts from J. cinerea tended to have UV-en-
hanced activities against the gram positive
bacteria. When tested against B. subtilus, the bark
extracts from A. rubrum, A. saccharum, B. pa-
pyrifera, F. grandifolia, J. cinerea, P. serotina,

Populus sp. and Q. rubra were found to be active
while the extracts from C. cordiformis and U.
americana were active only when treated in com-
bination with UV-light. Tests against M. phlei
indicated that all the bark extracts except those
from F. grandifolia, F. pennsyl6anica and P. serot-
ina were active. Furthermore, UV-light treatment

Table 1
Effects of bark extracts on bacteria tested (inhibition zones in mm, S.E.)a

Species S.a.m.s B.s. M.p. E.f.

−UV +UV −UV +UV+UV−UV −UV +UV

14.092.8 18.596.3 8.590.7 8.090.010.590.7A. rubrum 13.590.7 10.090.0 8.090.0
––12.593.510.590.710.090.0A. saccharum 9.590.711.592.110.590.7

11.090.010.090.0 8.590.7 9.090.013.591.0 10.090.0 10.090.0 9.590.7B. papyrifera
9.590.7 9.590.7 – 8.590.0*C. cordiformis 9.090.0 10.090.0 – –
9.590.7 ––17.590.0*13.092.8C. o6ata ––10.091.4

–9.090.09.090.011.091.4 –9.590.7F. grandifolia – –
–– – –– – – –F. pennsyl6anica

14.590.7 14.092.1 – –22.592.1* 10.590.7J. cinerea 11.590.015.692.5
9.090.0 10.590.7 8.590.7P. serotina –9.090.7 –––

––– 12.095.69.592.1–––P. grandidentata
8.590.08.090.08.090.08.090.0 9.091.4Populus sp. 11.090.0 – –

11.090.011.592.1 – –15.391.5 8.090.0 8.090.0 11.091.4Q. rubra
9.590.7 10.590.7 – –10.090.0T. americana 11.092.8 – –

8.590.7 8.090.0U. americana 10.090.0 10.590.7 – 9.090.0* 10.090.0 18.091.4*
24.590.7 26.090.0 23.091.2 24.090.7Gentamycin 25.091.6 20.090.729.090.7 18.591.4

–11.093.0* 11.292.2*–11.092.0*–Methoxypsolaren 12.093.1*–

Species E.c.w P.a.187 S.t. K.p.

−UV +UV −UV −UV+UV +UV−UV+UV

––––A. rubrum – 9.590.7* – –
–––A. saccharum – – – – –

– – – –– – –B. papyrifera –
– – – –– – –C. cordiformis –

–––––C. o6ata –––
– – – –– – –F. grandifolia –
– – – –F. pennsyl6anica – – – –

8.090.0*–8.090.0 8.090.08.090.0J. cinerea 9.592.29.592.2*–
–––– –P. serotina – – –

– – – –– –P. grandidentata ––
– – ––– –Populus sp. – –

–– – –– ––Q. rubra –
–– –– – – – –T. americana

–– – –– – – –U. americana
21.090.5 21.590.5 17.090.0 20.590.518.591.5Gentamycin 20.090.0 19.590.5 20.092.0
– 11.292.2* – 12.093.1*Methoxypsolaren – 11.092.0* – 11.093.0*

a S.a.m.s, Staphylococcus aureus methicillin sensitive; B.s., Bacillus subtilus, M.p., Mycobacterium phlei ; S.f., Enteroococcus
faecalis ; E.c.w., Eschericia coli (wild); P.a.187, Pseudomonas aeruginosa ; S.t., Salmonella typhimurium ; K.p., Klebsiella pneumonia.

* Significantly different light enhanced activity (PB0.05).
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Table 2
Effect of bark extracts on fungi tested (inhibtion zones in mm9S.E.)a

Species M.g.T.m A.f.

+UV −UV +UV−UV −UV +UV

A. rubrum 11.090.0 11.090.0 11.590.0 11.691.1 – –
–A. saccharum – – 12.392.3* – –

– – –– –B. papyrifera –
–C. cordiformis – – – – –
–C. o6ata – – – – –

– – –– –F. grandifolia –
F. pennsyl6anica – – – – – –

17.090.0 22.390.0 23.693.016.391.1 13.090.0J. cinerea 11.691.1
–P. serotina – 11.590.0 10.891.2 – –
–P. grandidentata – – – – –

– – –– –Populus sp. –
9.590.0 11.590.0Q. rubra 11.590.011.590.0 – –

– – –– –T. americana –
–U. americana – – – – –

Berberine 24.295.0 24.894.6 18.891.2 24.891.2 10.291.2 10.291.2

C.n.Species S.c.C.a.

+UV −UV +UV−UV −UV +UV

A. rubrum – – – – – –
A. saccharum – – – – – –

– – –– –B. papyrifera –
– –C. cordiformis –– – –
– – –– –C. o6ata –

–F. grandifolia – – – – –
–F. pennsyl6anica – – – – –

11.691.1 11.090.0 13.693.013.092.0 12.391.1J. cinerea 13.890.9
– – – –P. serotina ––
– – –– –P. grandidentata –

–Populus sp. – – – – –
–Q. rubra – – – – 11.590.0*

– – –– –T. americana –
– – – –U. americana ––
22.092.7 25.098.7 31.091.0 17.590.024.295.7 25.090.0Berberine

a T.m.: Trichophyton mentagrophytes ; M.g., Microsporum gypseum ; A.f., Aspergillus fumigatus ; C.a., Candida albicans ; C.n.,
Cryptococcus neoformans ; S.c., Sacchromyces cer6isiae.

* Significantly different light enhanced activity (PB0.05). No activity was observed on E. coli, P.a.187, S.t., K.p., and E.f.

significantly enhanced the activity of U. americana
extracts against M. phlei. Upon testing against E.
faecalis, only the extracts from A. rubrum, B.
papyrifera and U. americana showed zones of
growth inhibition. Further testing against the
gram negative bacteria indicated that only bark
extract from J. cinerea was substantially active.
UV-induced activity of J. cinerea was noted with
E.coli and K. pneumoniae. Likewise, A. rubrum

was active when exposed to UV-light against E.
coli.

The results of the bark extract tests against the
six fungal species are given in Table 2. The ex-
tracts from A. saccharum and P. serotina were
found to be active only against M. gypseum, with
a significantly enhanced effect of UV exposure in
the case of the A. saccharum extract. Extracts
from A. rubrum and Q. rubra were found to be
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active against both M. gypseum and T. mentagro-
phytes. More notably, J. cinerea bark extract was
active against all fungi except T. mentagrophytes.

The activities of the wood extracts against the
eight strains of bacteria tested are given in Table
3. The extracts from A. rubrum, A. saccharum, B.
papyrifera, C. cordiformis, F. grandifolia, J. cinerea,
P. serotina, P. grandifolia and Q. rubra were active
against S. aureus (methicillin-sensitive). When
tested against B. subtilus, the wood extracts from
A. rubrum, F. grandifolia, J. cinerea, P. serotina, Q.
rubra and T. americana exhibited activities. Inhibi-
tion of M. phlei growth was observed by extracts
from A. rubrum, B. papyrifera, C. o6ata, J. cinerea
and P. grandidentata. None of the extracts inhib-
ited growth of S. faecalis nor any of the gram
negative species tested. UV-treatment significantly
enhanced the activities of T. americana when tested
against S. aureus, B. subtilus, M. phlei, and C. o6ata
and Q. rubra against S. aureus, while the extract
from A. rubrum was activate against M. phlei only.
The effect of wood extracts on fungi tested showed
that only P. serotina was active against two strains

of fungi: M. gypseum and T. mentagrophytes (data
not shown). The rest of the wood extracts did not
exhibit any zone of inhibition and UV did not
influence the antifungal activities of any extracts.

This study demonstrated that all species tested
except for F. pennsyl6anica (either the bark or
wood) had inhibitory activity against at least one
of the bacterial or fungal strains tested. The ex-
tracts were more inhibitory to gram positive bacte-
ria than the gram negative in agreement with the
general expectation that a much greater number of
extracts are active against the gram positive bacte-
ria (McCutcheon et al., 1992). The extracts were
also generally more active against the filamentous
than the yeast forms of fungi. Another general
observation made was that bark extracts were more
inhibitory to both bacteria and fungi strains tested
than the wood extracts, inferring that the bark
being the outer most protective part of the tree is
well defended against microbial attack. The inhibi-
tion zones obtained in this study were also com-
parable to those seen in other temperate plants
(McCutcheon et al., 1992).

Table 3
Effects of wood extracts on bacteria tested (inhibition zones in mm9S.E.)a

Species S.a.m.s B.s. M.p. E.f.

+UV−UV −UV+UV +UV−UV+UV−UV

12.090.0 12.090.0 8.590.7A. rubrum 9.590.7 15.392.2– ––
8.890.4 –8.890.4 – – – –A. saccharum –

– –B. papyrifera 10.090.08.590.7 – – – –
– –C. cordiformis –8.590.7 – – – –

––19.091.415.590.7–C. o6ata –10.090.0*–
– –F. grandifolia 11.590.710.090.0 9.091.4 9.090.0 – –

– – – –F. pennsyl6anica – – – –
––21.091.416.591.49.590.7J. cinerea 9.590.718.795.513.591.1

9.090.0 12.091.4 9.590.7 9.590.7P. serotina – – – –
– –9.590.7P. grandidentata 9.090.0 – – 13.590.7 15.092.1

– – – –Populus sp. – – – –
Q. rubra 15.391.5 24.095.3* 8.090.0 – – – – –

9.090.0*–11.092.0*–T. americana ––12.593.5*–
– – –U. americana –– –––

Gentamycin 24.590.7 23.091.2 24.090.7 25.091.626.090.0 29.090.7 18.591.4 20.090.7
11.092.0* 12.093.1*–11.292.2*– –Methoxypsoralen 11.093.0*–

a S.a.m.s, Staphylococcus aureus methicillin–sensitive; B.s., Bacillus subtilus ; M.p., Mycobacterium phlei ; E.f., Enteroococcus
faecalis.

* Significantly different light enhanced activity (PB0.05).
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Fig. 1. The number of antimicrobial usage mentions of hardwood barks and antimicrobial activities (mm inhibition zone) extracts
of their bark. High usage: 1, A. rubrum ; 2, B. papyrifera ; 3, J. cinerea ; 4, P. serotina ; 5, T. americana ; 6, U. americana ; Medium
usage: 7, F. grandifolia ; 8, Populus sp.; 9, Q. rubra ; Low usage: 10, A. saccharum ; 11, C. cordiformis ; 12, Q. rubra 13, F.
pennsyl6anica ; 14, P. grandidentata.

Table 4 summarizes the uses of the tree species
by First Nations peoples in Eastern Canada. All
of the 14 hardwood species analyzed have four or
more medicinal uses. Noteworthy is that six of
these nine species (67%) are sought for their an-
timicrobial properties for over 40% of their uses.
Other categories of use include analgesic, blood
and heart, general or tonics, liver, kidney, nervous
system, reproductive, respiratory and other reme-
dies. The ethnobotanical usage also revealed an
interesting trend. Firstly, the bark extracts were
categorized into one of the three groups: either
‘High Usage’, ‘Medium Usage’ or ‘Low Usage’.
These categories are based on whether the ethnob-
otanical information shows greater than eight
usages (n=6), from three to eight usages (n=3)
or less than three usages (n=5).

Fig. 1 shows the overall antibacterial and anti-
fungal activity calculated by averaging the inhibi-
tion zones (in mm) from each of the growth tests.
Also shown is the number of ethnobotanical an-
timicrobial mentions of the bark for that species.
Since only one species, B. papyrifera, has an eth-
nobotanical usage of the wood, a similar analysis
of the type done here with bark could not be done

with the wood extracts. It is apparent that those
bark extracts from the high usage group display
more antimicrobial activity than those of the
medium and low usage groups. The medium
usage group also shows more antimicrobial activ-
ity than the low usage group. Also evident is that
the highest usage of hardwood bark, that of P.
serotina, does not yield the highest antimicrobial
activity. Nor does the second highest, that of U.
americana. It is the third highest ethnobotanically
mentioned hardwood bark that of J. cinerea
which proved to be the most potent overall in-
hibitor of the microbes tested. There may be other
factors as to why J. cinerea is not the most
frequently used for antimicrobial purposes by
First Nation’s peoples. Interestingly, the two
barks least preferred for antimicrobial uses, F.
pennsyl6anica and P. grandidentata (with zero an-
timicrobial usage mentions each) did prove to
have the lowest antimicrobial activity.

If the usage groups are combined, a clearer
pattern emerges (Fig. 2). This figure demonstrates
that the selection of plants for antimicrobial pur-
poses by First Nations peoples has clear associa-
tion with activity. The traditional medicinal



S. Omar et al. / Journal of Ethnopharmacology 73 (2000) 161–170168

T
ab

le
4

U
se

of
ha

rd
w

oo
d

tr
ee

s
fo

r
m

ed
ic

al
pu

rp
os

es
by

th
e

F
ir

st
N

at
io

ns
P

eo
pl

e
of

N
or

th
A

m
er

ic
a

N
o.

of
an

ti
m

ic
ro

bi
al

N
o.

of
an

ti
m

ic
ro

bi
al

N
o.

of
an

ti
m

ic
ro

bi
al

al
l

T
ot

al
no

.
of

al
l

pa
rt

s
Sp

ec
ie

s
T

ot
al

no
.

of
w

oo
d

T
ot

al
no

.
of

ba
rk

us
ag

e
m

en
ti

on
s

us
ag

e
m

en
ti

on
s

w
oo

d
us

ag
e

m
en

ti
on

s
us

ag
e

m
en

ti
on

s
pa

rt
s

us
ag

e
m

en
ti

on
s

ba
rk

us
ag

e
m

en
ti

on
s

17
0

0
8

16
8

A
.

ru
br

um
0

2
8

2
A

.
sa

cc
ha

ru
m

6
0

28
9

12
B

.
pa

py
ri

fe
ra

20
6

3
1

1
4

3
0

0
C

.
co

rd
if

or
m

is
0

1
8

1
C

.
o6

at
a

5
0

F
.

gr
an

di
fo

lia
15

3
9

0
0

7
4

F
.

pe
nn

sy
l6

an
ic

a
0

0
0

0
3

11
10

34
32

0
0

J.
ci

ne
re

a
55

48
90

74
0

0
P

.
se

ro
ti

na
5

0
0

0
P

.
gr

an
di

de
nt

at
a

4
0

P
op

ul
us

sp
.

14
5

13
0

0
5

7
0

4
Q

.
ru

br
a

0
4

7
12

9
30

24
0

0
T

.
am

er
ic

an
a

0
16

28
U

.
am

er
ic

an
a

28
16

0



S. Omar et al. / Journal of Ethnopharmacology 73 (2000) 161–170 169

Fig. 2. The number of antimicrobial usage mentions of hardwood bark and the average antibacterial and antifungal inhibition zones
(mm) of hardwood bark extracts

knowledge acquired by these peoples shows an
understanding of species and plant parts that can
be used for conditions associated with microbial
infection. In both the bacteria and fungi tested,
the preferred plant parts and preferred species
used exhibited greater antimicrobial activities
than less preferred sources. This correlation indi-
cates a knowledge of medicinal plants that can be
equated to an understanding of indigenous chemi-
cal ecology.

In recent years there has been an increase in
incidence of antibiotic resistance in these patho-
genic organisms, and the persistence of pathogens
in immune-compromised individuals is of great
concern (Georgopapadakou and Walsh, 1994).
While only a few of these plant extracts may yield
pure substances appropriate for the commercial
pharmaceutical stream, some relatively unrefined
materials may be considered for development as
phytomedicines which can be registered in
Canada as traditional medicines. These trees are
an abundant source of antifungal and antibacte-
rial agents available as a byproduct of sustainable
commercial harvest of common timber products
at modest cost and on a very large scale. They
may be useful in other industrial and agricultural
antimicrobial applications.
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