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NOTICE 

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only to Forintek members 
and supporters. This distribution does not constitute publication. The report is not to be copied for, or 
circulated to, persons or parties other than Forintek members and supporters, except with the prior permission 
of Forintek. Also, dus report is not to be cited, in whole or in part, imless prior permission is seciured from 
Forintek. 

Neitiier Forintek, nor its members, nor any otiier persons acting on its behalf, make any warranty, express or 
implied, or assume any legal responsibility or liability for the completeness of any information, apparatus, 
product or process disclosed, or represent that the use of the disclosed information woidd not infringe upon 
privately owned rights. Any reference in this report to any specific commercial product, process or service by 
trade name, trademark, manufacturer or odierwise does not necessarily constitute or imply its endorsement by 
Forintek or any of its members. 



SUMMARY 

Three Gram negative bacteria isolated from brownstained western hemlock were investigated for their capacity 
to produce hemlock brownstain. Brownstain was observed when infecting western hemlock with two bacteria. 
Oxygen was strongly indicated as being indispensable for the development of brownstain in infected samples. 
However, pH did not seem to influence the production of this stain. 
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1.0 INTRODUCTION 

A discoloration, commonly named hemlock brownstain, disfigures the natural appearance of western hemlock 
(Tsuga heterophylla (Raf.) Sarg.) lumber causing great economic loss to Canadian export markets (Byrne and 
Smith, 1991). 

The first studies on the chemistry of hemlock brownstain proposed that oxidation of catechin to coloured 
polymers produced colorations (Barton and Gardner, 1966; Hrutfiord et al., 1985). Other studies have shown 
that fimgi can also trigger the development of hemlock brownstain (Smith and Spence, 1987; Kreber, 
1993/94). Kreber (1995a;b) then showed that induction of hemlock brownstain by fimgi was linked to a shift 
in pH and oxidation of phenols (Kreber, 1995a;b). 

Bacteria have also been suggested to be involved in the production of hemlock brownstain (Evans and ^ : 
Halvorson, 1962; Whittaker, 1962). The study described in this report determined the capacity of bacteria 
isolated from western hemlock to induce brownstain in that species. Another objective of tiiis study was to 
understand some factors causing the occurrence of brownstain in western hemlock infected with bacteria. 

2.0 MATERIAL AND METHODS 

2.1 Test Bacteria 

Bacteria were isolated from one western hemlock 4" x 4" board showing brownstain on the cross-cut end. A 
sample of sap was collected from a 10 centimetre piece cut from the end of the board using a hydraulic press. 
A few drops of the sap sample were then incubated in nutrient broth (Difco, Detroit, MI) for 48 hours at room 
temperature. Microscopic examination of the 48 hour-old culture showed a mixed bacterial population 
hereafter referred to as Mix-B. The organisms present in Mix-B were then purified on nutrient agar based on 
their colony morphologies. The purified bacteria were further examined for cytomorphological characteristics 
using the Gram stain procedure. Species identification of the bacteria was not attempted. The Mix-B and 
purified bacterial cultures were stored in nutrient brotii culture tubes at 4°C, along with two otiier bacteria 
(bacterium-X and bacterium-Y) from an unknown source. 

2.2 Western Hemlock Wood 

Western hemlock wafers (70 x 20 x 7 mm), which had been sawn and placed in a freezer within 24 hours of 
felling the tree in 1990, and additional western hemlock wafers (70 x 35 x 7 mm) which had been cut from 
four different, freshly-sawn, 2" x 4" lumber pieces kept frozen since June 1994, were used. The wafers were 
longitudinally split into halves (70 x 10 x 7 mm) and placed into Peti-i dishes on glass rods (2 mm) with filter 
paper and water (approximately 20 mL) added on the bottom. The Peti-i dishes were tighfly wrapped in 
aluminum foil and autoclaved for 15 minutes at 121 °C. 

2.3 Infection of Western Hemlock 

Sterile (121 °C, for 15 minutes) nutrient broth was decanted into pre-sterilized test tubes under aseptic 
conditions. The autoclaved wafers were tiien individually placed into the test tubes containing approximately 
3-4 mL of nutrient broth. A small (0.1 mL) amount of bacterial inoculum was then added to each test tube. 
The inoculated test tubes were slanted (approximately 15-20°) and incubated for two weeks at room 
temperature. Additional wafers were similarly incubated in sterile test tubes containing nutrient broth but 



received no inoculum to serve as controls. After two weeks cf incubation the wafer surfaces were visually 
examined for colorations and compared to control wafers. In a second tiial wafers were incubated witii 
bacteria in buffered (MES, Sigma, St. Louis, MO), sterile nuttient brotii, along widi control (buffered, non-
infected) wafers according to die procedure described above. 

2.4 Microscopic Examination 

Infected and control (non-infected) wafers were chosen at random after two-weeks of incubation in nutrient 
broth. Wood pieces (10 x 10 x 7 mm) were prepared from the wafers prior to the microtoming of radial 
(15;tm) sections and transverse (20/im) sections. The sections were mounted in lactophenol and then 
examined with a Zeiss photomicroscope. 

3.0 RESULTS 

The Mix-B culture, isolated from western hemlock, contained three different bacteria named B l , B2 and B3 
based on dieir colony morphologies on nutrient agar (Table 1). 

TABLE 1: Colony morphology of bacteria present in a nutrient broth culture of Mix-B after 
incubation for 48 hours at 25°C. 

CHARACTERISTIC B l B2 B3 

Size 2mm 4mm 4mm 

Shape circular circular circular 

Elevation convex convex convex 

Edge entire entire entire 

Surface smooth smoodi smootii 

Optical Chars. opaque translucent opaque 

colour beige beige off white 

Stiiicture amorphous amorphous amorphous 

Emusifiability easy difficult easy 



The three bacteria were classified as Gram negative rods (Table 2). 

TABLE 2: Cytomorphology* of bacteria present in the Mix-B culture after incubation in nutrient 
broth for 48 hours at 25 ° C. 

CHARACTERISTIC B l B2 B3 

Colom- pink pink pink 

Shape rod rod rod 

Grouping singular singular singular 

Size 2.4-3.2 urn 1.6-2.4/xm 1.6 ixm 

Gram result negative negative negative 

cytomorphology was determined by Gram stain 

Mix-B produced brownstain in western hemlock wafers cut from one freshly-felled tree or from four different 
boards (Table 3). Brownstain was foimd at the surface of wafers which were exposed to air during incubation 
in nutrient broth. In contrast, brownstain was not observed in the portion of the wafer which was immersed in 
the nutrient broth. Brownstain did not develop in every wafer when incubated with Mix-B in nutrient broth. 
However, control (non-infected) wafers incubated in sterile nutrient broth were always free of brownstain. 



TABLE 3: Western hemlock wafers incubated in nutrient broth inoculated with bacteria for two 
weeks at 25°C. 

Isolate Brownstain 

Control^ no 5 

Mix-B yes 6.5 

Mix-B yes 6.5 

Mix-B yes 7 

Mix-B yes 5 

Mix-B no 6 

Bacterium-X no 5̂  

Bacterium-Y no 5̂  

B l yes 6 

B l yes 5 

B l yes 7 

B l no 5 

B l no 5 

B3 yes 7 

B3 no 5 

B3 yes 7 

B3 no 5 

B3 yes 6 

pH was determined with a pH indicator 
values represent average of five samples 

The capacity of bacteria which were purified from Mix-B, to induce brownstain was confirmed on wafers 
(Table 3). In contrast, brownstain did not occur when incubating wafers widi bacterium-X and bacterium-Y in 
nutrient broth. Control wafers showed no brownstain after two-weeks of incubation in nuttient broth. 

Brownstain was also found at the surface of wafers incubated in buffered nuttient broth widi Mix-B, B l and B3 
(Table 4). The occurrence of brownstain was not observed on conttol (buffered, non-infected) wafers nor 
when wafers were incubated with B2 in buffered nuttient brotii. 



TABLE 4: Western hemlock incubated in buffered' nutrient broth with bacteria for two weeks at 
25°C. 

1 Isohite Brownstain nH 

Control No 6.1^ 

Mix-B No 6.4 

Mix-B Yes 7.0 

Mix-B Yes 6.9 

Mix-B Yes 7.3 

Mix-B Yes 
1 

7.0 
B l No 6.5 

B l Yes 6.1 

B l Yes 6.3 

B l No 6.2 

B l Yes 6.3 

B2 No 6.7^ 

B3 Yes 6.9 

B3 Yes 6.9 

B3 No 6.5 

B3 Yes 6.9 

B3 Yes 7.1 1 

' nutrient broth was buffered with MES to pH 6.8 
^ values represent an average of five samples 

Microscopic examination of wafers infected with Mix-B confirmed the presence of brownstain. Brownstain 
was found in ray parenchyma cells as small brown particles or as deposits of various shapes, associated with 
bacteria. Brownstain was observed through the thickness of the wafer and thus was not limited to the wood 
surface. Although bacteria were seen in tracheids, brownstain was not observed. Control (non-infected) 
wafers did not show any brownstain or bacteria microscopically. 

Generally, wafers developed brownstain when infected with Mix-B, B l and B3 in nutrient broth with a pH of 
6.1 to 7.1 (Table 3). The pH of nutrient broth infected with bacterium-X and bacterium-Y showed a pH of 5 
similar to that of the nutrient broth for control (non-inoculated) wafers; brownstain did not occur on these 
samples. Mix-B, B l and B3 also caused brownstain in wafers when incubated in buffered nutrient broth which 
showed a pH of 6.8 before incubation and between 6.1 and 7.1 after incubation. B2 did not produce 
brownstain in buffered nutrient broth with an average pH of 6.7. Buffered control (non-infected) wafers were 
also stain-fi-ee when incubated in nutrient broth with an average pH of 6.1. 



4.0 DISCUSSION 

Bacteria isolated from western hemlock showed a high capacity to induce brownstain on western hemlock, 
agreeing with the results of other studies (Evans and Halvorson, 1962; Whittaker, 1962; Kreber, 1993/94). 
However, one out of the three purified western hemlock bacteria, B2, did not induce brownstain on western 
hemlock. This observation indicated that only specific bacteria cause the production of hemlock brownstain. 

The bacteria showing a high capacity to induce brownstain produced colorations regardless of the western 
hemlock samples (tree or lumber) used in this study. However, brownstain was sporadic in that not all 
replicates infected with Mix-B, B l and B3 showed brownstain. This variability agreed with the results of 
another study (Whittaker, 1962). 

The occurrence of brownstain required that the infected wafers be exposed to air. Kreber (1995a; b) has 
demonstrated that oxygen was indispensable for the development of brownstain. Contrary to the results of 
other reports (Bauch et al., 1985; Schmidt and Mehringer, 1989; Kreber, 1995a; b) the pH of nuti-ient broth 
did not seem to trigger the development of bacterial brownstain. Thus the production of brownstain appeared 
to involve some other mechanisms by which bacteria modify and/or oxidize phenolic extractives. Evans and 
Halvorson (1962) suggested that a bacterial phenoloxidase causes the formation of hemlock brownstain. 

It is noteworthy that bacterial brownstain found on western hemlock in tiie current study differs from bacterial 
brownstain described in hardwoods where heating of the sample was required to produce brownstain following 
infection with bacteria (Knuth, 1964). 

5.0 CONCLUSION 

Two bacteria isolated from brownstained western hemlock were shown to produce brownstain in fresh wood of 
that species. A third bacterium did not produce brownstain although it was isolated from the same source. 

6.0 RECOMMENDATION 

Further studies should be undertaken to obtain a better understanding of the difference between bacterial and 
ftingal induction of hemlock brownstain. 
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