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SUMMARY 

A range of moulds and sapstaining fungi produced in vitro brownstain in sap collected from three 
different western hemlock boards. Colour changes varied among both microorganisms and source 
of sap used. However, a link has been established between microorganisms and their potential to 
cause pH changes in sap; the pH seemed to promote discolourations. However, both the 
susceptibihty of sap to discolourations and the mechanism of colour changes have not yet been 
elucidated. 
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1.0 OBJECTIVE 

To evaluate the capability of microorganisms to produce in vitro brownstain in sap of western 
hemlock. 

1.1 O V E R A L L PROJECT OBJRCTrVF 

To understand the cause(s) of hemlock brownstain and propose means for its control. 

2.0 INTRODUCTION 

A range of discolourations, commonly referred to as hemlock brownstain, has cyclically been 
reported for amabilis fir (Abies amabilis (Dougl.) Forbes) and western hemlock (Tsuga 

heterophylla (Raf) Sarg.) lumber (Evans and Halvorson, 1962; Barton and Gardner, 1966; Byrne 
and Smith, 1991). Both wood species show the same general appearance and are sold as hem-fir 
to many overseas buyers. Downgrade of hem-fir lumber caused by hemlock brownstain has 
resulted in considerable economic losses to the British Columbia wood industry (Byrne and 
Smith, 1991). In addition, the negative impact on the reputation of Canadian hem-fir lumber has 
recently threatened the continuity of important overseas markets (Blake, 1992). Thus a detailed 
study has been initiated to understand the cause(s) of hemlock brownstain and to propose means 
for its control. 

Most studies have been conducted on the chemical aspects of hemlock brownstain and they have 
concluded that polymerization of catechin produces brownstain in western hemlock (Barton, 
1962; 1968; 1973; Barton and Gardner, 1966; Hrutfiord et al., 1985). General information has 
described the distribution and seasonal changes of several phenolic compounds; present in 
western hemlock (Barton and Gardner, 1966). However, the majority of phenolics present in 
western hemlock still remain unidentified (Kreber and Daniels, 1993). 

Predisposition of western hemlock and amabilis fir trees to discolouration of lumber produced 
fi-om them has also been suggested. For instance, the presence of wetwood often found in both 
species has been indicated to contain higher contents of phenolics than normal wood (Schroeder 
and Kolzik, 1972; Bauch et aJL, 1975; Ward and Zeikus, 1980) and may contribute to hemlock 
brownstain. 

Hemlock brownstain has also been indicated as being induced by microbial infestation at the 
logging stage or after being savm into lumber (Evans and Halvorson, 1%2; Barton and Smith, 
1971; Byrne and Smith, 1991). While involvement of bacteria in brownstain discolourations has 
not yet been proven (Whittaker, 1962) isolates of Ophiostoma piceae (Miinch) H . & P. Syd. have 
been demonstrated to produce hemlock brownstain (Smith and Spence, 1987). In a recent study 
three different O. piceae strains and a mked bacterial culture produced in vitro brownstain in sap 
of western hemlock and amabilis fir and in western hemlock sapwood (Kreber, 1993). 

In summary it is generally believed that water soluble wood extractives, possibly modified by 
microorganisms, undergo atmospheric oxidation as they are transported to the wood surface. 



The purpose of this study was to a) evaluate the ability of moulds, sapstaining fungi and a mixed 
bacterial culture to produce discolourations in western hemlock sap; b) evaluate the effect of 
hydroj^atairesinol (OHMR) and pH on in vitro production of hemlock brownstain 

3.0 STAFF 

B. Kreber Ph.D. Student, Treated Wood Department 
B. Byrne Wood Protection Scientist, Treated Wood Department 
R.S. Smith Manager, Treated Wood Department 

4.0 MATERIAL AND METHODS 

4.1 WESTERN H E M L O C K SAP EXPERIMENT 

4.1.1 Wood Used and Sampling of Sap 

Three freshly savm boards of western hemlock (hereafter referred to as A , B and C) were used 
in this study. Sap was harvested and filtered as described in Kreber (1993). Filter-steriUzed sap 
was stored in a refrigerator (4 'C) overnight. 

4.1.2 Microorganisms Used 

Moulds and sapstaining fungi selected from the Culture Collection of Forintek Canada Corp., 
Western Lab., Vancouver, B.C. are commonly employed in antisapstain trails at this laboratory 
(Clarke, 1992). The current names, most recent synonyms and strain number are listed for all 
fungi used (Table 1). Fungi were cultured on 1% malt agar plates for six days at 25 *C. 

Table 1 

Microoî anisms evaluated for their potential to discolour sap of western hemlock. 

Species Isolate # 

Mixed bacterial culture (mix-B) -

Aspergillus niger van Tiegh 207A 

Aureobasidium pullulans (d. By.) Arnaud 132B 

Cephaloascus fragrans Hanawa 307C 

Ophiostoma piceae (Miinch) H . & P. Syd. 3871, 387K, 387T 

Penicillium sp. 247A 

Rhinocladiella atrovirens Nannf. 135K 

Trichoderma pseudokoningii Ri£ai 228G 



In addition a mixed bacterial culture (Mix-B) was cultured as previously described in Kreber 
(1993). 

4.1.3 Inoculation of Sap 

About 20 ml of filter-sterilized sap was added to a series of autoclave-sterilized (121'C; 30 
minutes) Erlenmeyer flasks. Inoculation of sap A-C was performed by gently scraping the culture 
surface of each fungus with a wire loop and then transferring conidia and mycelial fragments 
sticking to the wire loop to sap A-C. Bacterial inoculum (0.15 ml) was delivered to sap of A - C 
using a sterile pipette. • 

A replicate (10 ml of filter sterilized sap placed in a 25 ml Erlenmeyer flask) was employed for 
all treatments of A and B but not for treatments of C. In addition a control (receiving no 
inoculum) was set up for sap A-C. A l l flasks were left at room temperature for 3 weeks. 

4.1.4 Assessment of Changes in Inoculated Western Hemlock Sap 

Sap incubated with microorganisms was visually monitored for colour changes over a 3 week 
incubation time. In addition pH, H P L C analysis and absorbance were recorded for each sample 
after incubation (3 weeks) and compared to measurements conducted prior to inoculation. 
H P L C analysis and pH were measured as described in Kreber and Daniels (1993). U V 
absorbance was recorded at 280nm using a (Bechman spectrophotometer). Absorbance was 
determined diluting 0.2 ml of inoculated or control sap (A-C) in 2 ml of distilled water. Readings 
were compared to a blank (distilled water). 

4.2 P R E L I M I N A R Y O H M R A N D pH EXPERIMENTS 

4.2.1 Western Hemlock Sap Used 

Each of the filtered sap samples of two western hemlock boards (Hem-1, Hem-2) which had 
been kept in a refrigerator (4*'C) for approximately 4 weeks was mixed with freshly pressed 
Hem-1 or Hem-2. Sap of Hem-1 and Hem-2 was sampled as described in Kreber (1993). Both 
sap samples were filter-sterilized individually as described in Kreber (1993) and stored in a 
refrigerator overnight. 

4.2.2 Inoculation of Sap 

The following treatments were set up for sap of Hem-1 and 
Hem-2 placed in sterile (121 "C, 30 minutes) Erlenmeyer flasks. 

a) 10 ml of filter sterilized (0.2 nm), uninoculated sap (control) 
b) Filtered sap inoculated with either 0.15 ml of Mix-B inoculum or with a small plug of 

Penicillium sp # 247A taken from an agar tube slant. 

c) 10 ml of pH adjusted sap (approximately pH 8.5 titrated with NaOH) which was then 
filter-sterilized and inoculated with 0.15 ml of Mix-B. 



d) Ten ml of pH adjusted non-sterile and uninoculated sap (approximately pH 8.5 as 
described above). 

e) 10 ml of sap to which 100 Hg/ml O H M R was added and then filter-sterilized (control). 

f) 10 ml of sap to which 100 ngjml O H M R was added, then filter-sterilized and inoculated 
with 0.15 ml Mix-B. 

Flasks were stored at room temperature for a 3 week incubation time. 

4.2.3 Assessment of changes in Hem-1 and Hem-2 sap 

Colour changes in treated sap were recorded visually over incubation time. In addition H P L C 
analysis was conducted and pH was measured prior to inoculation and after a three week 
incubation time as described above. 

5.0 RESULTS 

5.1 C H A N G E S IN SAP INOCULATED WITH SAPSTAINING FUNGI. M O U L D S A N D 
MIX-B 

Every sap sample (A-C) inoculated individually with sapstaining fungi and moulds gradually 
developed a distinct colour change over 3 weeks of incubation. Discolourations, however, varied 
among sap and between fungi used. No colour changes were observed in either sap samples 
incubated with M k - B or in controls (uninoculated) of A-C. 

Visual observations showed that colour changes were more intense in A and C and less in B. 
Spectrophotometric analysis showed an increase in absorbance (280nm) for both A and C 
inoculated with fungi but not for the Mix-B inoculated sap samples of A and C. Changes in 
absorbance of inoculated A and C sap varied among sapstaining fungi and moulds used. No 
change in U V absorbance was seen for all treated samples of B (Table 2). 

An increase in pH was measured in all inoculated sap (A-C) except in the sap incubated with 
Mix-B (Table 2). Sapstaining fungi and moulds varied in their potential to cause p H changes 
within a sap; however, pH shift caused by a microorganism was consistent between sap A to B to 
C. 

H P L C analysis demonstrated considerable changes in the phenolic composition of inoculated A , 
B and C when compared to readings taken prior to inoculations, and to controls kept at room 
temperature. Generally, H P L C analysis of sap inoculated with sapstaining fungi and moulds 
demonstrated that fewer compounds were detected and that higher molecular weight compounds 
were no longer present when compared to analysis of controls and also Mix-B inoculated sap. 
An proportional increase in lower molecular weight compounds was observed instead. Again 
variations were seen between the ability of different fungi to alter sap regarding the number of 
detectable compounds present in inoculated sap following incubation. 



Table 2 

UV Absorbance and pH Recorded in Western Hemlock Sap after 3 Weeks of Incubation 

Treatment 

Sap-A Sap-B Sap-C 

Treatment pH« Abs." pH« Abs. p H ' Abs. 

control 5.2 0.769 5.1 0.555 5.1 0.380 

M k - B 4.9 0.542 5.0 0.432 5.1 0.303 
A. niger 1.1 1.037 6.9 0.447 6.9 0.416 

A. pullulans 7.3 0.981 7.3 0.349 7.3 0.356 

C. fragrans 1.1 1.007 7.6 0.513 7.7 0.472 

O.p. 3871 1.9 0.853 7.8 0.349 7.7 0.485 

O.p. 387K 1.9 0.951 7.8 0.404 7.9 0.499 

O.p. 387T 1.9 0.960 7.8 0.451 7.9 0.437 

Penicillium sp. 1.1 1.055 7.5 0.419 7.5 0.458 

R atrovirens 7.6 0.930 7.9 0.431 8.0 0.429 

T. pseudokonin. 8.2 1.418 8.0 0.485 7.9 0.482 

a = pH value represents the mean of two readings 
b = U V absorbance recorded at 280nm represents one sample only 
c = pH value represents one sample only 

5.2 O H M R A N D pH EXPERIMENTS 

5.2.1 Hem-1 Sap 

A pH shift was noticed in Hem-1 incubated with Mix-B but a colour change was not observed 
(Table 3). However, Hem-1 sap to which O H M R was added and inoculated with Mix-B 
produced a light brown colour and a brown precipitate. This brown substance could be brought 
into solution but it could not be re-dissolved. Microscopic examinations of the brown precipitate 
demonstrated globules similar in appearance to brown chromophores observed in ray 
parenchyma cells (Fig. 1). 

Hem-1 inoculated with Penicillium sp. # 247A demonstrated growth and a pH shift (Table 3) but 
no colouration was observed. 

Hem-1 sap adjusted to pH 8.5 with NaOH followed by filter sterilization produced no colour 
changes over a 3 week incubation time. Hem-1 treated with NaOH (unsterile) showed 
contamination and a yellowish colour, and a yellow precipitate was observed (Table 3). 

Qualitative H P L C analysis of all the treated Hem-1 samples demonstrated no apparent 



difference in the composition of phenolics when compared to control of Hem-1. 

Table 3 

Evaluation of Treated Sap of Western Hemlock after 3 Weeks of Incubation 

Treatment 

Hem-1 Hem-2 
Treatment p H ' colour pH colour 

control 5.6 clear 4.9 clouded" 
Mix-B 8.7 clouded 5.1 clouded 
O H M R 5.6 clouded' 4.9 clouded 
Mix-B & O H M R 8.5 brownish'' 4.9 clouded 
Penicillium sp. 8.4 clouded 8.4 brownish 
NaOH (sterile) 8.1 . clear 8.8 brownish* 
NaOH (unsterile) 9.0 yellowish^ 9.2 brownish 

a = value represents one reading only 
b = contamination was indicated but sap was not discoloured 
c = a brown substance was observed on the bottom of the flask 
d = a brown discolouration and a brown precipitate were noticed on the bottom of the flask 
e = contamination was observed 
f = a yellowish colour and a yellow precipitate were observed 

5.2.2 Hem-2 Sap 

Mix-B failed to produce colour changes in Hem-2 sap and also in the sap modified with O H M R . 
Although treated sap (Mix-B, O H M R & Mix-B) and control of Hem-2 sap were opaque 
following incubation, no pH shift was noticed when compared to readings taken prior to 
inoculation (Table 3). In addition H P L C analysis demonstrated no apparent changes in the 
phenolic composition of the Hem-2 samples described above. 

However, Penicillium sp. # 247A caused colour changes which were noticed after 3 days of 
incubation. H P L C and p H recordings were consistent with previous observations. Thus p H 
increased (Table 3) and higher molecular weight compounds were not detected by the H P L C 
analysis employed. 

Hem-2 adjusted to p H 8.5 was contaminated (fungi) and thus the effect of pH on sap of Hem-2 
was inconclusive. However, a slight brown colour was observed in adjusted (contaminated) sap 
of Hem-2 and again H P L C analysis agreed with observations described above. 



6.0 DISCUSSION 

In this study additional evidence showed that a range of microorganisms can discolour sap of 
western hemlock under laboratory conditions. An increase in pH was associated with colour 
changes in all 3 sap samples. These observations confirmed conclusions drawn in both a recent 
study on in vitro production of hemlock brownstain (Kreber, 1993) and a related study on beech 
discolourations (Schmidt and Mehringer, 1989). 

H P L C analysis produced similar trends in inoculated sap when compared to results previously 
described (Kreber, 1993). The disappearance of higher molecular weight compounds was most 
obvious in sap A , followed by sap B and C. Possible explanations for the disappearance of 
phenolic compounds are that moulds and sapstainers either utilized the phenolics as a nutrient 
source or they oxidized the phenolics. Since colour changed in inoculated sap fi-om clear to light 
brovm this observation may provide support that oxidation of phenolics occurred. Thus oxidized 
phenols may not have been eluted from the HPLC column employed in this study, and this may 
explain the proportional increase in lower molecular weight compounds detected (HPLC) in 
inoculated sap. 

Interestingly, H P L C analysis also recorded fewer compounds in inoculated sap when compared to 
control after incubation ^able 4). Thus the decrease in detectable compounds in inoculated sap 
may provide some indication about the potential of the microorganism used to alter sap. For 
example it was noticed that in sap A inoculated wdth O. piceae # 387T H P L C analysis detected 
only 5 compounds compared to 26 in the control. The same isolate changed the number of 
detectable compounds in sap B fi-om 23 to 8 following incubation and similarly in sap C from 18 
to 5. This example demonstrates that variations occurred between sap samples but also between 
organisms used (Table 4). 

Readings taken at 280nm further demonstrated that fungi modified sap A and sap C. A n 
increase in absorbance found in sap A and C was also believed to be a result of oxidized 
products formed in the inoculated sap A and C over 3 weeks. However, a slight modification of 
phenolics, for instance the introduction of a second hydroxyl group to a phenol and furthermore 
the position of an newly introduced second, hydroxyl group, can cause considerable changes in 
absorbance (Daniels, 1993). 

Although there is evidence presented in this study that oxidation of phenols occurred in 
inoculated sap the presence of polyphenol oxidase (PPO) was not determined. Laccase, £-
diphenohoxygen oxidoreductase has been fi-equently found in sapstaining fungi and moulds, while 
PPO appeared to be rarely present (Rosch et a l , 1969; Rosch and Liese, 1971), In this context it 
is worthwhile mentioning that many sapstaining fungi and moulds produce melanin, a 
polyaromatic, dark pigmented compound, and they require the possession of intercellular 
enzymes capable of oxidizing phenols. Therefore it is possible that autolysis of mycelium 
released phenol oxidase into the sap which then caused colour changes. This latter hypothesis 
could be verified by using a fungal strain deficient in melanin production. 

However, PPO may have been naturally existing in sap used in this study. PPO has been 
demonstrated in sapwood and heartwood of oak and in extract of Douglas-fir sapwood (Stich and 
Ebermann, 1984; 1987; Musbah, 1992). Musbah (1992) also showed that the PPO harvested 
from Douglas-fir favoured epicatechin as a substrate and it also demonstrated a pH optima of 8 
when using methylcatechol as substrate. In the current study it is possible that a pH change in 



Table 4 

Compounds Detected in Sap Inoculated with Moulds and Sapstainers 
after 3 Weeks of Incubation* 

Treatment Sap-A Sap-B Sap-C 

Control 26 23 18 
M k - B 14 21 19 
A. niger 8 12 9 
A. Pullulans 8 6 7 
C. fragrans 7 7 8 
O.p. # 3871 8 7 6 
0.p. # 387K 7 10 6 
0.p. #387T 5 8 5 
Penicillium sp. 8 10 13 
R atrovirens 6 10 9 
T. pseudokoningii 9 9 10 

a = H P L C analysis was performed on 1 sample only 

inoculated sap activated a PPO naturally present in the sap of western hemlock and thereby 
promoted discolourations. 

In a previous study (Kreber, 1993) M k - B produced the most mtense colour change in western 
hemlock sap following incubation, but Mk-B caused no apparent changes in sap (A-C) in the 
current study. It is possible that viability of the Mk-B culture decreased and/or particular 
bacteria of the M k - B culture did not survive storage. 

In this study experiments using Hem-1 and Hem-2 sap provided a few interesting observations. 
It was most surprising that M k - B caused no colour changes in Hem-2 sap following incubation, 
although it produced in vitro brownstain in the same sap (Hem-2) in a previous study. However, 
the susceptibility of Hem-2 sap to discolouration was clearly shown v/hen Penicillium sp. # 247A 
caused colour changes in Hem-2 after 3 days of incubation. Therefore it seems that some 
member(s) of the M k - B culture lost viability during storage. 

Both Hem-2 samples which had been pH adjusted changed colour. However, both samples also 
showed contamination and thus the effect of pH on in vitro production of brown colour remained 
undetermined. 

A brown precipitate observed in Hem-1 sap modified with O H M R and then inoculated with M k -
B was of particular interest. When observed microscopically, this brown precipitate was seen to 
be composed of colourless globules or crystals and small brovmish particles and numerous 
bacteria. These brown deposits seemed similar in appearance to brownstain observed 
microscopically in wood at an early stage of hemlock brownstain development. A brownish 
substance was also noticed in uninoculated, O H M R modified Hem-1 sap. Bacterial 
contamination was microscopically verified in the latter sample. It is possible that bacterial 



oxidation of particular sap constituents, possibly OHMR, occurred in Hem-1 sap supplemented 
with O H M R . 

7.0 CONCLUSIONS 

In this study a range of microorganisms was capable of producing in vitro hemlock brownstain in 
western hemlock sap. The intensity of the colour change in sap, which is promoted by a p H 
shift, appeared to depend on the composition of sap. More research is needed to determine 
whether colour change is caused by either microbial enzyme(s) or by PPO naturally present in 
western hemlock and amabilis fir sap. 
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