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ABSTRACT
Pretreatment of wood chips with lignin-degrading fungi can save substantial amounts of electrical
energy during a mechanical pulping process. In order to optimize this process, a rapid and reliable
method was needed to predict energy savings. In this paper, we examine a fiber staining method that
involves the use of Simons stain. This stain for microscopic examination of pulp fibers has been used
previously to evaluate the degree of fibrillation in beaten fibers or more recently to differentiate fibers
from untreated (control) and fungus-treated wood chips. Aspen or loblolly pine wood chips were
treated with white-rot fungi under different experimental conditions in static-bed bioreactors for two
or four weeks. At harvest, control and fungus-treated chips were refined through a single-disk mechanical refiner and then evaluated for fiber staining characteristics and the energy consumption during
refining. Fibers obtained from control pulps stained a deep blue, whereas those obtained from different
biopulps showed different intensities of yellow. The yellowing of biopulp fibers correlated very well
with energy savings. The results demonstrate that the Simons staining method can accurately predict
appreciable energy savings during biomechanical pulping and therefore can be used as a rapid screening
technique to optimize the biopulping process.
Keywords: Simons stain, fiber analysis, fibrillation, mechanical pulping, biopulping, energy savings,
white-rot fungi, Phanerochaete chrysosporium, Ceriporiopsis subvermispora.

INTRODUCTION

Biomechanical pulping is the treatment of
wood chips with white-rot fungi prior to mechanical pulping. At a laboratory scale, we have
demonstrated the technical feasibility of this
process; a pretreatment of both softwood and
hardwood species with the lignin-degrading
fungus Ceriporiopsis subvermispora prior to
mechanical pulping reduced the electrical enWood and Fiber Science, 27(3), 1995, pp. 258–264
1995 by the Society of Wood Science and Technology

ergy consumption, improved the paper strength
properties, and reduced the environmental impact of pulping (Akhtar et al. 1992a, b, 1993;
Akhtar 1994; Kirk et al. 1993; Sykes 1994).
These results have demonstrated the benefits
of biopulping; however, the process requires
optimization, and follow-up engineering and
scale-up studies before it becomes commercially available.
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Current methods for process optimization staining of biopulp fibers correlates very well
are very time-consuming and labor-intensive with energy savings.
(Akhtar 1994; Blanchette et al. 1992b; Kirk et
al. 1993). Therefore, a rapid and reliable
EXPERIMENTAL
screening method is needed. Unfortunately,
Fungal selection
during a previous investigation of biomechanical pulping, no relationship among wood bioTwo fungi were used for this study: Phamass loss, the bulk removal of lignin, energy nerochaete chrysosporium, a partially selective
savings or strength, and optical properties was lignin-degrading fungus, and Ceriporiopsis
found (Leatham et al. 1990a, b). In another subvermispora, the most selective lignin-destudy, we found that PFI milling and freeness grading fungus identified to date in our biomeasurements can accurately predict paper pulping runs (Akhtar et al. 1993; Blanchette et
strength (Leatham and Myers 1990). However, al. 1992b). P. chrysosporium BKM-F-1767 and
for energy savings, we concluded that the PFI C. subvermispora CZ-3 (Table 1) were obmilling method can be used only to discrimi- tained from the Center for Forest Mycology
nate fungal treatments from controls and not Research (CFMR) of the Forest Products Labto discriminate among different fungal treat- oratory (FPL), Madison, Wisconsin.
ments (Akhtar et al. 1989).
Recently, a simple, but rapid screening
Species and strains selection
method involving the use of Simons stain has
Three different species of Ceriporiopsis – C.
been shown to have potential for evaluating
rivulosa, C. pannocincta, and C. subvermisbiomechanical pulps (Blanchette et al. 1992a). pora – and several strains of C. subvermispora
This staining method has been used by others
were selected for use. The names of each spein various investigations to evaluate the degree cies and strains are listed in Tables 2 and 3.
of fibrillation in beaten fibers (Simons 1950;
These isolates were also obtained from the
Wurz 1969). Simons stain is a differential stain
CFMR of FPL.
made up of a mixture of a high molecular weight
orange dye and a low molecular weight blue
Fungal optimization
dye. Pulp absorbs the orange dye if the fibers
In this series of experiments, CZ-3 strain of
are fibrillated or damaged, but stains blue when
C.
subvermispora was used. In one experiment,
fibers are unchanged. Recently we established
three
different levels of liquid inoculum (0.01,
that Simons staining method can be used to
0.10,
and 0.30% on a dry-weight basis) were
discriminate fungal treatments from the conused.
In the second experiment, 0.10% inoctrols for energy savings (Blanchette et al.
ulum
(dry-weight
basis) was used, but one bio1992a). We further evaluated this approach to
reactor
received
a
modified chemically defined
determine if this method can be used to monitor differences among fungal pretreatment. medium (Leatham 1983), whereas the other
We have found that the intensity of yellow received sterilized water only.
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Wood

Freshly cut loblolly pine (Pinus taeda L.) and
aspen (Populus tremuloides) pulp wood-size
logs were obtained from the Talladega National Forest in Talladega, Alabama, and the
Nicolet National Forest, Wisconsin, respectively. Logs were debarked and chipped to a
nominal 16-mm size. Chips were placed in
plastic bags and frozen to prevent the growth
of contaminating microorganisms.
Inoculum preparation, chips preparation,
and bioreactor inoculation

The details about the inoculum preparation
for each fungus, chips preparation, and bioreactor inoculation have been mentioned in
our previous publications (Akhtar et al. 1992b;
Fischer et al. 1994). The control and the inoculated bioreactors were incubated for 2 or 4
weeks at 27 C for Ceriporiopsis species/strains

and 39 C for P. chrysosporium and 65% relative humidity.
Energy measurements

At harvest, the untreated control chips and
the fungus-treated chips were refined in a 300mm-diameter disk refiner. After one pass
through the refiner, a very small sample (but
representative) of these coarse fibers from the
control or the fungus-treated chips was then
evaluated for Simons staining. The remaining
samples were continued to be refined many
times until the Canadian Standard Freeness (a
measurement of water drainage) of the pulps
dropped below 100 ml (Freenesses at different
plate settings during refining were 649, 409,
234, 139, and 88 ml). Energy values for the
control and the fungus-treated chips were regressed to 100 ml freeness for comparison. The
details about the refining and the energy mea-

Akhtar et al. – SIMONS STAINING AND BIOPULPING EFFICACY

surements have been reported previously
(Akhtar et al. 1993).
Simons stain
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Screening of different fungi

In this experiment, loblolly pine chips were
treated with P. chrysosporium and C. subvermispora for two weeks. Biopulp fibers from P.
chrysosporium and C. subvermispora showed
various yellow staining patterns, whereas controls were blue (Table 1). P. chrysosporium and
C. subvermispora saved 9 and 16% energy, respectively, compared to the control (Table I).

This stain consists of 1% aqueous solution
of Pontamine Sky Blue 6BX and 1% aqueous
solution of Pontamine Fast Orange 6RN mixed
in a 1:1 ratio. After the fibers on microscope
slides are flooded with the stain, slides are
heated at 60 C until evaporation. A cover glass
is placed over the fibers, which are then rinsed
Screening of different species and
with distilled water to remove excess stain.
strains of Ceriporiopsis
Fibers are then microscopically examined and
Two different experiments were conducted:
immediately photographed. Pulp absorbs the
orange stain if the fibers are fibrillated; fibers one with aspen chips (Table 2), and the other
that are nonfibrillated stain blue. In this study, with loblolly pine chips (Table 3). In each case,
fibers obtained from biopulps under different incubation time was two weeks.
With aspen chips, biopulp fibers from C.
experimental conditions showed different inrivulosa
L-10602-sp-treated wood chips stained
tensities of yellow stain, and were designated
as slight, intermediate, or advanced. However, a deep blue just like the control fibers. Howwe would like to emphasize that this rating ever, biopulp fibers from C. rivulosa PiiRTOdoes not reflect any quantitative measure- 26K225- and C. pannocincta FP-101181-spments and that the comparison should to be treated wood chips showed staining between
made only within each experimental set.
blue and slight yellow; from C. subvermispora
strains L-3292- and CZ-3-treated wood chips
RESULTS
exhibited staining between slight and interIn order to establish a correlation between mediate yellow; and from C. subvermispora
the Simons staining method and the energy strain L-9186-sp-treated wood chips had
savings during refining, pulp fibers were eval- staining between intermediate to advanced
uated under different experimental conditions. yellow. Species showing blue coloration saved
For example, biopulp fibers were obtained from no energy, whereas species or strains showing
wood chips treated with different fungi, spe- coloration between blue and slight yellow saved
cies, strains, and under different inoculum and 3–4% energy, between slight and intermediate
nutrient conditions. All the control pulps yellow saved 7–12% energy, and between instained a deep blue. The results obtained from termediate and advanced yellow saved 16%
energy compared to the control (Table 2).
these experiments are summarized below.
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With loblolly pine, biopulps from strains inoculum levels were 4, 12, and 19%, respecCZ-3 and L-14807 SS-1 stained between blue tively, compared to the control (Table 4). Bioand slight yellow, from strains L-14807 SS-10 pulp fibers obtained in the presence or the aband FP-105752 SS-4 stained between slight to sence of medium stained advanced yellow.
intermediate yellow, and from strains L-14807 Energy savings under these conditions were
SS-5 and L-14807 SS-3 stained between in- 27-30% compared to the control (Table 5).
termediate to advanced yellow. Strains showStatistical correlation
ing coloration between blue and slight yellow
saved 15-18% energy, between slight to interNonparametric Kendall’s Tau Statistical test
mediate yellow saved 220/0 energy, and be- (Gibbons 1985) was used, which provides a
tween intermediate to advanced yellow saved measure of relationship or association between
28-29% energy compared to the control (Table the variables that are measured on at least an
ordinal scale, such as degree of yellowing ex3).
perienced in the fiber ends. In this particular
Optimizing the inoculum levels and
case, it is assumed that, within an experiment,
nutrient requirements
seven levels of yellowing can be identified. For
In these experiments CZ-3 strain of C. sub- each experiment, the particular level of yelvermispora was used on loblolly pine chips. lowing is then compared to the energy savings.
Experiment with different inoculum levels was A value of 1 for Kendall’s Tau test indicates
incubated for two weeks (Table 4), whereas a positive association with perfect agreement
experiment with and without the addition of between the degree of yellowing and energy
medium was incubated for four weeks (Table savings, while a value of – 1 indicates a negative association with perfect disagreement, or
5).
Biopulp fibers obtained with the use of 0.01, a value of zero indicates no detectable asso0.10, and 0.30% inoculum stained blue to slight ciation. The P-value gives the probability of
yellow, intermediate yellow, and advanced observing the absolute value of a particular
yellow, respectively. Energy savings with these Kendall’s Tau Statistic assuming that there is
no association between degree of yellowing and
energy savings. This test showed a good association of fiber yellowing with energy savings
for the experiments (Table 6). For the experiments summarized in Tables 1, 4, and 5 exact
P-values can be calculated; for the experiments
in Tables 2 and 3 the approximated P-values
are given.
DISCUSSION

Our results clearly demonstrate that the intensity of yellow staining with Simons stain on
biopulp fibers correlates very well with energy
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savings during biomechanical pulping. Our
electron microscope studies suggested that biopulp fibers are highly fibrillated (Sachs et al.
1990). These results were confirmed in a recent
publication (Blanchette et al. 1992a) where fibers from control and fungus-treated wood
chips were observed microscopically after application of Simons stain. The edges of fibers
from controls showed very little fibrillation,
whereas those from biopulping experiments
showed extensive fibrillation.
Refining of wood chips is a very time-consuming and labor-intensive process; therefore,
staining of fibers after one pass through the
refiner is an efficient method to speed up fungal
screening and process optimization. In fact, we
recently discovered that fungal pretreatment
of wood chips on a very small scale (50 grams
oven-dried chips), can be used to produce similar results to those from bioreactors that contained 1,500 grams oven-dried chips (Akhtar
et al. unpublished). This protocol using a small
amount of wood will further aid optimization
processes.
The mechanism of action for staining patterns in fibers with Simons stain is not completely clear. Jayme and Harders-Steinhauser
(1955) proposed that the blue dye has a smaller
particle size than the yellow dye; and if fibers
are not beaten, the small pore only allows the
blue dye to penetrate. On the other hand, if
fibers are beaten extensively and fibrillated, the
pore size is larger, and the orange dye penetrates readily. Yu et al. (1995) showed that the
response of fibers to the dyes is a measure of
accessibility to the interior surface of the fibers
and is independent of lignin concentration in
various woods. We believe that fungal pretreatment modifies the woody cell wall in such
a way that when the fibers are refined, the cut
edges are frayed with fibrils that have been
ripped from the wall. These fibrils absorb more
of the high molecular weight orange dye. If
such cell-wall modifications due to fungal action are intense, better penetration of orange
dye in the biopulp fibers occurs and increased
energy savings are realized. In this study, Simons stain has been used as a rapid visual
screening tool. However, quantification of the
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blue and orange dyes adsorbed in the fibers
before and after the fungal pretreatment could
also be studied so that the percent energy savings after various treatments and optimization
procedures can be made with even greater accuracy.
CONCLUSIONS

Simons stain can serve as a rapid screening
tool for evacuating the biopulping efficacy of
different species and strains of white-rot fungi,
and it can also be used to determine optimum
conditions for the selected fungi. This rapid
screening method will help in identifying the
best strains and procedures for use in commercial biopulping processes.
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