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Report No. 2177

METHODS FOR CHEMICAL ANALYSIS OF DECAYED WOOD
By
ELLTS B. COWLTNG, Pathologist
1
Forest Products Laboratory, — Forest Service
U.S. Department of Agriculture

The literature on the chemical changes that occur in wood during decay
is conspicuously devoid of information regarding the special problems
of technique and interpretation involved in the analysis of decayed
wood. Decayed wood differs from sound wood, for which the standard
methods of wood analysis were designed, in resistance to fragmentation
during grinding, in hygroscopicity, and in solubility, filtration, and
surface properties. Each of these factors can influence the results
of chemical analyses and necessitates partial modification of the
standard methods of wood analysis.
This report contains a description of the analytical methods that were
employed by the author in research on the comparative biochemistry of
the decay of sweetgum sapwood by white and brown rot fungi (4), Most
of the methods described were patterned after standard methods of wood
analysis adopted by the Technical Association of the Pulp and Paper
Industry. Modifications of these procedures, potential sources of
error in the results and their interpretation, and precautions considered desirable in the interest of reproducibility are discussed in
conjunction with each method.
Preliminary Considerations
The results of wood analyses usually are based on oven-dry weight of
extractive-free wood. Results of analyses of decayed wood usually are
more meaningful if expressed as percentages of the weight of the

!Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
2
—Underlined numbers in parentheses refer to the literature cited at the
end of this report.
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original sound wood from which the decayed sample was derived. For
example, the apparent accumulation of lignin in brown-rotted wood, as
shown by results expressed on the sample basis, is due to preferential
utilization of carbohydrates and negligible utilization of lignin,
when the results are expressed on the original sound wood basis.
Results on the sample basis, y, may be converted to the original sound
wood basis, x, by the equation:
x y (100-w)
where wequals the percent of the original weight of the wood that is
lost during decay.
If
in
of
of
of

the wood to be analyzed decayed in the field or in laboratory tests
which the original weight of the sample was not measured, the extent
decay cannot be determined by weight loss measurements. The results
analyses of such material must necessarily be expressed on the basis
the weight of the decayed sample.

Weight loss measurements based on equilibrium weights before and after
decay are subject to small errors due to differences in hygroscopicity
between sound and decayed wood (see thesis figures 19, 20, and 21).
The magnitude of these errors is within the range of experimental error
in most decay studies and for this reason often neglected. For careful
analytical work, however, these errors can easily be eliminated by
using moisture-free weights determined as shown elsewhere in this report,
rather than equilibrium weights for the calculation of weight losses due
to decay.
The results of an analysis of decayed wood usually are expressed as
percentages of the moisture-free weight of the decayed sample or of
the original sound wood. A method for the determination of moisturefree weight is discussed later in this report. The extractable
extraneous materials present in decayed wood, however, introduce an
unavoidable source of error in the results. The influence of these
materials on the analytical results may be taken into account in the
following four ways: (1) by pre-extracting the sound wood blocks
before they are decayed; (2) by extracting the wood meal samples prior
to analysis; (3) by calculating the extractive-free weight of the
samples using the amount extractable from sound wood as a correction
factor; or (4) by assuming that the extraneous materials influence the
results only to a negligible extent.
The first alternative is probably the most accurate method although it
has not been widely employed. Samples of sweetgum sapwood ground to
pass a 40-mesh standard sieve were found to contain 4.3 percent of
total extractives as determined by the procedure described for sugar
content analysis. Extraction of 1- by 1- by 3/8-inch blocks of the
same wood (short dimension parallel to the grain) yielded 4.2 percent
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Of extractives after 10 days of continuous extraction in Soxhlet
extraction apparatus, 5 days each with ethanol-benzene and ethanol,
followed by 24 hours of extraction in boiling water. It appears
reasonable to assume that the same pattern of changes takes place during
decay of extractive-free as of unextracted blocks. The validity of
this assumption should be tested, however, before this method is used
without reservation.
The second alternative listed above should be used with caution because
of the increased solubility of decayed wood in the solvents used to
remove extractives. For example, up to 45 percent of sweetgum sapwood
decayed by Poria monticola (4) was removed by the procedure described
for sugar content analysis, whereas undecayed wood of this same species
yielded only 4.3 percent extractives. In an analysis such as for
holocellulose l which must be insoluble, extraction prior to analysis
is necessary, since unwanted materials may not be removed during the
analysis from all samples in the same degree.
The third alternative 'listed' above is of dubious validity, since the
extraneous' materials probably do not surVive the decay process in an,
unaltered form.
The fourth alternative id justified only in woods whose extractive
content is relatively low, or where analyses on an,unextracted basis are
adequate for the purposes of the analysis. This would be the case in
tests where only relative data are required.
Correction for the presence of mineral constituents in the samples
analyzed can best be made by separate analyses for ash in the products
of the analytical procedures. The amount of ash ordinarily is so
small (less than 1 percent of the weight of the original wood) that its
influence , on the results may be neglected.
The presence of mycelium of decay fungi within the wood to be analyzed
is an unavoidable source of error in the results. This error may be
lessened by analyzing samples prepared from blocks from which surface
mycelium has been removed rather than smaller wood fragments, which
become inextricably entangled with mycelium during the decay process.
Since no method is now available for determining the amount of mycelium
present within decayed wood, quantitative corrections are not possible.
Usually, the amount of mycelium is a small fraction of the weight of
the sample and the influence of mycelium may be neglected. The
influence of mycelium on the analysis of decayed wood is discussed at
some length by Campbell (2).
As in all analytical work, the decayed wood selected for analysis
should be representative of the material for which the analysis is
intended to be significant. If the wood to be analyzed has been
decayed in the field, it is necessary simply to collect samples that
are representative of the types and stages of decay that are of interest
Report No. 2177
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and to insure that they are free of contaminating materials and dirt. If
the wood is to be decayed in the laboratory by pure cultures of known
organisms, and the extent of decay is to be determined by weight loss
measurements, care should be exercised in selecting the test blocks,
choosing the methods of sterilization and inoculation, and designing a
decay chamber that will maintain aerobic conditions and adequate
moisture in the wood blocks during the decay process.
•

The ASTh soil-block method (1) is convenient and provides favorable
circumstances for rapid decay. The possible translocation of materials
to or from soil or other supplementary nutrient sources, however,
suggests that for critical analytical work, the decay process should be
carried out in the absence of such materials. This can be accomplished
with the sponge-rod incubation chamber described in detail by Cowling (4)
or by the test tube-stick method of Scheffer (8). With both of these
methods, however, it may be necessary to add moisture to the decaying
specimens periodically in order to obtain samples in stages of decay in
excess of 40 or 50 percent weight loss.
In pure culture work, the use of heat to sterilize wood blocks prior to
inoculation may partially modify the wood constituents. It is therefore
advisable to use as little heat as possible or a gaseous sterilizing
agent, such as propylene oxide.
The impregnation of wood blocks with mineral salts, nitrogen sources,
or other nutrient media to promote rapid decay is undesirable when
chemical analysis of the decayed wood is intended. The use of such
nutrient materials usually is unnecessary if aeration and moisture
conditions favorable for rapid decay are maintained in the decay
chambers. Such materials should never be used unless their influence
on subsequent analyses of the decayed wood is known or can be determined
with certainty.
If information regarding a specific stage of decay is desired, gradients
in extent of decay in the sample to be analyzed should be avoided. If
laboratory-decayed material is to be analyzed, such gradients can be
kept unimportant by: (1) decaying small specimens with large transverse
surfaces that offer minimum resistance to penetration by the decay
organism; (2) inoculating the specimen uniformly on all surfaces, as by
dipping or impregnation with a washed and finely fragmented mycelial
suspension; (3) providing conditions of temperature, aeration, and
moisture that are favorable for the most rapid decay; and (4) minimizing
gradients in moisture content within the wood during the incubation
period; for example, by using very thin wood specimens.
Also pertinent to the problem of selecting a representative sample is
the question of particle-size limits for the wood meal to be used in
the analyses. This problem is especially acute in the case of decayed
wood, the very friable nature of which increases the tendency of any
grinding procedure to produce a higher proportion of fines from samples
in advanced stages of decay than from less decayed- or sound-wood samples.
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TAPPI Standards T 4m-45, T 5m-51, T 6m-50, and T 9m-51 specify 40 to
60-mesh particle-size limits for the sample. TAPPI Standard T 11m-45,
however, recommends that the entire sample be ground to pass . a 40.-mesh
standard sieve in such a way that a minimum of substantially smaller
particles be created. It states further that:
"....the fine material should not be discarded,
because the fractionation of the wood meal may
alter the proportion of certain constituents
and might lead to erroneous analytical results."
For these reasons, it seems, desirable to grind the sample to pass a
40-mesh standard sieve, taking all reasonable precautions to avoid the
production of a large proportion of fine particles (described in sample
preparation), and to include in the sample submitted to analysis all
particles passing the 40-mesh sieve. -A determination of particle-size
distribution by screen analysis, as discussed elsewhere in this report,
also is advisable. Errors due to differences in particle-size distribution in samples ground by a standardized procedure would appear to be
smaller than the potential errors due to fractionation into arbitrarily
selected particle-size classes. The influence of particle-size distribution on ' the .1. percent NaOH solubility of decayed wood is contained
elsewhere in this report.
If the decayed wood samples must be stored before analysis, further
decay may be prevented by keeping the specimens dry (below their fiber •
saturation point) or under an atmosphere of nitrogen. If it is
desirable to prevent shrinkage of the wood prior to analysis, as for
histological work, the blocks may be stored under water to which a few
drops of toluene has been added as a preservative. Some leaching of
the blocks may result, however, from this procedure.
Preparation of Samples for Analysis
The heterogenous nature of wood substance and its resistance to penetration by s olv ent s and chemical reagents requires that it be reduced
to small particles before submission to chemical analysis. The test
blocks selected for chemical analysis in the thesis study (4) were
ground in a Wiley mill to pass a 40-mesh standard sieve. In order to
insure the production of a minimum of fine particles, three grinding
periods of 1 minute or less (depending on the extent of decay) were
used. The material passing a 40-mesh standard sieve was collected
after each grinding period, and only the particles retained by the sieve
were regrounch A 2-millimeter screen was used in the mill during the
first two grinding periods, while a 1-millimeter screen was used during
the third period. After these three successive fractionation and
grinding periods, the entire sample of wood in each weight-loss class
had passed the standard sieve, The samples were then stored in sealed,
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glass storage bottles and randomized by thoroughly shaking the bottle
before each aliquot was removed for analysis.
Particle-Size Distribution
The particle-size distribution of the samples in each weight-loss class.
in the thesis study (4) was determined: (1) in view of the recommendation
in TAPPI Standard T la-45 that "...the particle size employed for the
determination of (holo-)cellulose be stated as a part of the report;" and
(2) in order to make a separate study of the influence of particle-size
distribution on the alkali solubility of decayed wood.
The distribution of particle sizes was determined as the percent by
weight of each sample that was retained by the 40-, 50-, 60-, 80-, 100-,.
and 200-mesh standard sieves (stacked in the order given above the
sieve pan) after 5 minutes on the Tyler Testing sieve shaker with the
tapper engaged.
A preliminary study showed that a 5-minute shaking period was sufficient
to give a constant proportion of the control sample in each particlesize class. Much longer periods were found necessary, however, to
completely fractionate samples containing a higher proportion of fine
particles. With the possibility that these longer shaking periods would
actually create additional fines, particularly from the very friable
samples in advanced stages of decay, a standardized short time period
was recommended for use. The 5-minute shaking period gave sufficiently
accurate relative estimates of particle-size distribution for the purpose
intended, and avoided the possible formation of fines during the protracted periods required to give a constant proportion in each particlesize class.
Moisture in Decayed Wood
The results of all the chemical analyses described in this report were
calculated as percentages of the moisture-free weight of the sample submitted to analysis. This weight was calculated from the moisture
content of a separate sample that was determined by the following procedure.
At the same time that a sample to be analyzed for some chemical property
was withdrawn from the storage bottle, a separate 1-gram sample was
weighed to the nearest 0.1 milligram in a tared weighing bottle. With
its top removed, the weighing bottle was placed in a vacuum desiccator
containing fresh magnesium perchlorate, and evacuated with a mechanical
vacuum pump to a pressure of no more than 3 millimeters of mercury.
After standing at least 12 hours, the vacuum was released slowly through
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a drying tube containing magnesium perchlorate that connected to a
1-millimeter capillary.tube. The desiccator was then opened, the top
replaced on the weighing bottle as quickly as possible, and the bottle
weighed. The 12-hour vacuum treatments in the desiccator were repeated
(usually only two were required) until the bottle had reached a constant
weight (±0.5 milligram). The average of the agreeing weights was subtracted from the original sample plus tare weight, and the difference
was expressed as a percent of the former value to give the moisture content
of the sample.
A preliminary test showed that moisture contents determined by this
procedure agreed within 0.005 percent with those ascertained by oven
drying at 105° C. It was preferred to oven drying, however, since it
avoided the use of heat, which could effect the results of subsequent
analyses on the sample.
The original moisture-free weights of the samples could have been determined more efficiently by applying the heat-free procedure directly to
the sample submitted to analysis, which would eliminate the necessity
to weigh a separate sample before drying that merely is discarded.
The procedure just described also would appear to provide, a method for
determining weight losses because of decay while eliminating errors
resulting from differences in hygroscopicity of decayed and undecayed
wood.

Water Solubility of Decayed Wood
The procedure for this determination was essentially that of TAPPI
Standard T lm-51, "Water Solubility of Wood." One-gram samples of
air-dry wood meal, whose moisture content had been determined as
previously described, were weighed in a 250- and a 600-milliliter
beaker. Each sample was covered with 50 milliliters of distilled
water, and each beaker was then covered with a watch glass. The smaller
beaker was placed in a room controlled at 28° C. for 24 hours. The
600-milliliter beaker was set in a boiling water bath for 3 hours.
Each sample was stirred occasionally during these digestion periods.
Following digestion, the samples were washed with suction into separate
tared, fritted glass crucibles of porosity M. The sample extracted by
cold water was washed in the crucible with approximately ten 15-milliliter aliquots of cold distilled water, and the sample extracted by
hot water was washed with a like amount of hot distilled water. The
crucibles and their contents were then placed in weighing bottles, air
dried, dried to constant weight in a vacuum over magnesium perchlorate,
and weighed. The difference in moisture-free weight of each sample
before and after extraction was expressed as a percent of the former
value.
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With increasing extent of decay above 35 percent weight loss in the case
of the brown-rotted wood, the wood particles showed a progressively
decreasing wetability. As a result, an increasing proportion of the
sample tended to float on the surface of the water rather than remain
submerged as did the less decayed wood particles. The problem was less
pronounced with hot water than with cold, but'in both cases introduced
an appreciable deviation in the results. It was found later that a
0.5 percent solution of the wetting agent, sodium dioctyl sulfosaccinate
(aerosol OT 100 percent), gave more consistent results than distilled
water over the range of weight losses tested.
One Percent Alkali Solubility of Decayed Wood
The procedure for this determination was essentially that of TAPPI
Standard T Ilm-45. A 1 -gram sample of air-dry wood meal, whose moisture
content had been determined as previously described, was weighed to the
nearest 0.1'milligram,in a 600-milliliter beaker. The sample was
covered with 50 milliliters of 1 percent sodium hydroxide solution• and
placed for 1 hour in a boiling water bath. The sample was stirred after
10, 15, and 25 minutes of the digestion period. The contents of the
beaker were then poured with suction and quantitatively washed with hot
distilled water into a tared, fritted glass crucible of porosity M. To
neutralize adsorbed alkali, 25 milliliters of 10 percent (by volume)
acetic acid were added to the sample and then removed by suction. A
succession of 25-milliliter aliquots of hot distilled water was applied
until a litmus test taken of the last drop or two of liquid from each
aliquot showed the sample to be acid free. Then the crucible and its
contents were placed in a weighing bottle, air dried, dried to constant
weight in a vacuum over magnesium perchlorate, and weighed to the nearest
0.1 milligram. The difference in moisture-free weight of the sample
before and after the alkali extraction was expressed as a percent of the
value before extraction.

1 percent solution by weight of sodium hydroxide was prepared by
dissolving 10 grams of reagent-grade sodium hydroxide in 1 liter of
boiled distilled water. Its normality was determined by titrating
with standard acid first to a phenolphthalein and continuing to a
methyl orange endpoint. The difference in these titration volumes
was taken as equivalent to half the sodium carbonate present. Subtracting twice this difference from the phenolphthalein endpoint
titration volume gave the equivalent volume of standard acid from
which the actual normality of the sodium hydroxide solution was
calculated. The concentration of the solution used in the thesis
study was 0.287 N (0.958 percent by weight).
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No difficulties were experienced in applying this method to the decayed.
wood, except a slight tendency for samples at the most advanced stages
of brown rot to filter and wash more slowly than the less decayed and
sound wood samples.

Influence of Particle Size on the 1 Percent Sodium Hydroxide
Solubility of Decayed Wood
TAPPI Standard T 4m-54 specifies 40- to 60-mesh particle-size limits for
the sample. The requirement to discard particles smaller than 60 mesh
is in contradiction to the conventional rules of sampling and TAPPI
Standard T 11m-45, which recommends that:
"...the fine material should not be discarded,
because the fractionation of the wood meal may
alter the proportion of certain constituents
and might lead to erroneous analytical results."
Although every reasonable precaution was taken in the thesis study (4) to
insure the production of a minimum of fine particles during grinding!
(description of sample preparation), an increasing proportion (79
percent of the sample in the most advanced stage of brown rot) fell below
the 60-mesh particle-size limit. In view of this difficulty and the
potential importance of alkali solubility as an analytical tool in
chemical investigations of wood decay, a comparative study was made to
determine the magnitude of difference in the results when the entire
sample, ground to pass a 40-mesh screen and the 40- to 60-mesh fraction,
was used. The procedure used is explained previously in this report.
The results are shown in table 1 and indicate consistently greater
solubility of the entire sample than that of the 40- to 60-mesh fraction.
The largest percentage error between the two analyses was 15.7 percent
for the brown-rotted wood and 8.6 percent for the white-rotted wood.
The differences between the analyses may not preclude the usefulness of
the analysis as an index of pulp yield to be expected from the sample.
It is hardly adequate, however, for the critical analytical work required
in biochemical studies of wood deterioration, especially when subsequent
analyses on the extracted material of the residue are intended.
Characterization of the Water and 1 Percent Alkali
Extracts of Decayed Wood
The fractionation and characterization procedures depicted in the flow
diagram, figure 1, were applied to the hot and cold water extract and
1 percent alkali extract of the wood. The procedures used are described
here in the order of their appearance in the figure.
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The pH of the water extracts was determined with a glass electrode after
diluting each water extract to 250 milliliters.
The available reducing substances in each extract were determined by the
procedure of Somogyi as outlined by Johnson (undated) (5). An aliquot of
the extract was pipetted into a test tube and diluted to 5 milliliters.
The aliquot volume was such that the estimated final reducing substances
concentration was equivalent to approximately 0.5 milligram of glucose
.per milliliter of solution. Five milliliters of the copper reagent_
were added and well mixed with the sample. The tube was then placed in
a boiling water bath for 15 minutes and immediately cooled in tap water.
Five milliliters of 1.0 N sulfuric acid were added and the liberated
iodine titrated with fresh 0.005 N sodium thiosulfate. A few drops of
starch solution were introduced as an indicator just before reaching
the titration endpoint. Results were obtained from a standard curve
relating titration to known concentrations of glucose. The total reducing substances in the original extract were determined as glucose
from the standard curve reading, and expressed as a percent of the
moisture-free weight of the sample from which the extract was derived.
The potential reducing substances were ascertained after subjecting the
extract to the secondary hydrolysis procedure used in the total carbo
hydrate and lignin analysis. Their reducing power was determined as
glucose by the titrimetric procedure previously described. Sulfuric
acid lignin precipitated during the hydrolysis was determined gravimetrically.

A sufficient quantity of 72.0 percent sulfuric acid (weight by volume)
was added to the diluted extract to bring its concentration in sulfuric
acid to 2.48 percent (weight by volume). This acid concentration provided an optimum between the rates of opposing hydrolytic and degradative
reactions of the hydronium ion on soluble carbohydrates and presumably
gave an optimum yield of monomeric sugar units. The dilute acid solution
was autoclaved for 55 minutes at 121° C. The heating and cooling periods
for the autoclave of approximately 5 minutes each were considered together as extending the treatment time to 1 hour. The hydrolyzate was
then poured with suction into a tared, fritted glass crucible of
porosity M, while the filtrate was retained for the determination of
potential reducing substances.
The precipitated material remaining in the crucible was washed with a
succession of 25-milliliter aliquots of hot distilled water until acid
free, as indicated by a litmus test applied to the last drop or two
through the crucible. This material presumably included, in addition
to a typical sulfuric acid lignin fraction, any precipitable extraneous
materials and carbohydrate or lignin degradation products formed during

-The copper reagent had the following composition in grams per liter:
CuSO4 • 5H 20, 7.50; K Na(C4H).06).4H20 (Rochelle salt), 25.0;,Na2CO3,
25.0; NaHCO3, 20.0; KI, 5.0; KI03, 0.535.
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decay or during the extraction and hydrolysis procedures. The crucible
and its contents were placed in a weighing bottle, air dried, dried to
constant weight at 105° C., and weighed to the nearest 0.1 milligram.
The weight of sulfuric-acid lignin in the crucible was expressed as a
percent of the moisture-free weight of the sample from which the extract
was derived.
The filtrate containing the soluble materials was treated with calcium
carbonate until neutral to methyl orange and the content of reducing
substances determined and calculated as glucose according to the procedure
for the determination of apparent reducing substances.
Ultraviolet absorption spectra were determined for each extract by
diluting an aliquot with distilled water and scanning it in a Beckman
DK-2 recording UV spectrophotometer using a reagent blank.
The amounts of "apparent lignin" in each extract, before and after
hydrolysis, were calculated from the appropriate absorption spectrum.
The following datum obtained by Pew (6) from ultraviolet analyses of
Braun's "native lignin" and several "enzyme lignins" was used to convert
the absorbance observed to the weight of lignin:
1 milligram of lignin per liter of solution gives
an approximate absorbance of 0.02 at 280 m4.
The resulting calculated weight of lignin was expressed as a percent of
the moisture-free weight of the sample from which the original extract
was derived.
The fraction of the 1 percent alkali extract precipitable on acidification (analogous to beta cellulose) was determined by pouring the
acidified extract with suction into a tared, fritted glass crucible of
porosity M. After washing with 100 milliliters of acidified distilled
water, the crucible and its contents were air dried, dried to constant
weight under vacuum over magnesium perchlorate l and weighed to the
nearest 0.1 milligram. The dry weight of the precipitated material was
expressed as a percent of the moisture-free weight, of the sample from
which the extract was derived. The soluble fraction of this extract
(analogous to gamma cellulose) was determined by difference and expressed
on the same basis as the precipitable fraction.
Total Extractives in Decayed Wood
The procedure used for this analysis was similar to TAPPI Standard
T 12m-45, "Preparation of Extractive Free Wood," except that the
solubility determinations were performed quantitatively. The samples of
extractive-free wood remaining after extraction were submitted to the
holocellulose analysis described later.
Report No. 2177

Two-gram samples of air-dry wood .
whose moisture content was known.
from a previous determination, were weighed to the nearest 0.1 milligram
in an Alundum crucible of coarse porosity (designated R.A. 98). A
100-mesh wire screen was placed in the top of the crucible to prevent
channeling of the sample during the extraction. The sample was extracted
in a Soxhlet successively with a 1:2 mixture, by volume, of 95 percent
ethanol and CP grade benzene and then with ethanol alone. A tared 250milliliter extraction flask was used, and the Soxhlet siphoned approximately three times per hour. To assure complete removal of soluble
materials, an extraction period of 8 hours was used in the case of
white-rotted wood and of 16 hours for the brown-rotted material. Excess
solvent was removed after each extraction period by applying suction to
the crucible. After evaporating the solvent from the extraction flask,
the flask and contents were dried to constant weight at 105° C. The
increase in weight of each flask, expressed as a percentage of the
moisture-free weight of the sample indicated the ethanol-benzene and
ethanol solubility of the sample.
Following these organic solvent extractions, the sample was then
extracted with hot water by quantitatively washing it into a 1-liter
beaker with 800 milliliters of distilled water. The water suspension
was simmered on a hot plate at 92° to 96° C. for 3 hours while covered
with a watch glass. Convection currents in the water served to keep
the wood particles suspended during the extraction period. The sides
of the beaker were washed free of adhering particles periodically with
hot distilled water, which also served to maintain the liquid volume in
the beaker at approximately 800 milliliters. The extractive-free sample
was then poured with suction into a tared, fritted glass crucible of
porosity C and washed with five 15-milliliter aliquots of hot distilled
water. 7he crucible and its contents were placed in a weighing bottle,
air dried, dried to constant weight in a vacuum over magnesium Perchlorate,
and weighed. The difference between the original and extractive-free
weight of the sample, expressed as a percent of the original weight, gave
the total-extractives content of the sample. The percentage of water
solubility was determined by subtracting from this datum the results of
the ethanol-benzene and ethanol solubility for the same sample.
During the ethanol-benzene extraction, the brown-rotted samples showed
a progressive tendency, with increasing weight loss above 32 percent,
to agglomerate into a coherent elastic mass that resisted fragmentation.
These agglomerates did not break up during the ethanol extraction, and
some even remained after the water extraction. This adhesive tendency,
its cause unknown, may have reduced the yield of extractives in all
three solvents. No tendency to agglomerate was noted with the white_
rotted samples.
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Methyl Cellosolve Solubility of Decayed Wood
Methyl cellosolve is an excellent solvent for lignin degradation products,
and is therefore used to isolate these materials without significant
alteration.
Solubility in methyl cellosolve was determined by weighing a 1-gram
sample of the air-dry wood meal, whose moisture content was known from a
previous determination, in a 30-milliliter shell vial. After adding 25
milliliters of distilled methyl cellosolve, the vial was rotated end
over end for 72 hours at room temperature. The contents of the vial
were then poured with suction into a tared, fritted glass crucible of
porosity M, and washed with cold methyl cellosolve and distilled water.
The sample was then air dried, dried to constant weight at 105° C., and
weighed. The difference in moisture-free weight before and after
extraction was expressed as a percentage of the moisture-free weight
before extraction.
Total Carbohydrates and Lignin in Decayed Wood
The procedure for determining total carbohydrates and lignin in decayed
wood was essentially that of Saeman and others (7). The total carbohydrates of the wood were dissolved by hydrolysis in sulfuric acid.
The lignin was condensed to an insoluble residue which was determined
gravimetrically. The total carbohydrates were ascertained by difference
as suggested by Van Beckum and Ritter (10).
A 0.4-gram sample of air-dry wood meal, whose moisture content was known
from a previous determination, was weighed in a 30-milliliter shell
vial. The vial and its contents were chilled in ice water, and 3 milliliters of ice cold 72.01 percent (weight by volume) sulfuric acid were
added. While still in the ice bath, the sample was mascerated for 2
minutes with the flat-ground end of a 4-millimeter glass stirring rod.
The vial was then fastened to a shaker in a 30° (±0.2) C. water bath
and oscillated at a speed that caused the stirring rod in the vial to
twirl and keep the sample well stirred. Every 15 minutes, the vial was
removed from the shaker (but not from the water bath), and the sample
was ground against the sides of the vial with the stirring rod to insure
complete penetration of the acid into all particles. After 1 hour, the
contents of the vial were transferred to a 250-milliliter beaker. The
vial was rinsed with 8i milliliters of distilled water in small aliquots
to insure a quantitative transfer and to dilute the acid concentration to
4 percent by weight.
The beaker with its contents was covered with a watch glass and autoclaved at 121° (±1°) C. for 55 minutes. The heating and cooling periods
for the autoclave of approximately 5 minutes each were considered
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together as extending the actual treatment time to 1 hour. After cooling,
the solution was poured with suction into a tared, Alundum crucible of
porosity M and washed with a sufficient number of 25-milliliter aliquots
of distilled water to render the lignin residue free of acid as indicated
by a litmus test applied to the last drop or two from each aliquot
passing through the crucible. The dilute acid solution was retained for
a paper chromatographic determination of its constituent sugars. The
crucible and its contents were placed in a weighing bottle, air dried,
dried to constant weight at 105° (±2°) C., and weighed to the nearest 0.5
, milligram. The residue in the tared crucible was taken as lignin and
its weight expressed as a percent of the moisture-free weight of the
original sample. The total percentage of carbohydrates was determined
by subtracting the percentage of lignin from 100.
.In experiments where an estimate of lignin in decayed wood is desired,

separate from a total carbohydrate analysis, TAPPI Standard T 13m-54
has been quite satisfactory.
Individual Sugars in Decayed Wood
The hydrolyzate from the determination of total carbohydrate and lignin
(previously described) contained the wood polysaccharides presumably
reduced to their constituent monosaccharides. Resolved into three
fractions, glucose plus galactose, mannose plus arabinose, and xylose,
these sugars were determined by using the quantitative paper chromatographic procedure of Saeman and others (7).
The pH of the hydrolyzate was slowly raised to 3.8 (±0.1) by stirring
with about 30 grams of the weakly basic ion-exchange resin, Amberlite
IR4B (carbonate form). The resin had been washed previously with
distilled water on a Buchner funnel until the washing water showed no
yellow color. The neutralized hydrolyzate was filtered with suction on
a Buchner funnel to remove the resin. The resin on the funnel was washed
to remove any residual sugars with six 25-milliliter aliquots of distilled water. The sample was then concentrated in a vacuum evaporator
(Saeman and others (7)) to 3 milliliters. The evaporator was rinsed
quantitatively by condensing water vapor in the evaporator. This condensate was collected and added to the sample, increasing its volume to
5 milliliters in a volumetric flask. The concentrated sample was then
spotted along the narrow edge of an 18- by 24-inch sheet of Whatman No. 1
paper for chromatography in amounts of 3 microliters per centimeter
across the sheet. After the spots had dried, the sheet was equilibrated
for 2 hours in an atmosphere saturated with the vapor of the developing
solvent. The chromatogram was developed by the descending methods,
using a 10:3:3 mixture by volume of butanol, pyridine, and water for 68
hours.at 30° C. This solvent resolved the wood sugars into three
fractions, which, in order of their occurrence from the origin, were
glucose plus galactose, mannose plus arabinose, and xylose.
Report No. 2177

The developed chromatogram was cut parallel to the direction of solvent
flow into four tabs 7.5 centimeters wide separated by indicator strips
31 centimeters wide. The position of the resolved sugars was determined
in the indicator strips by dipping them in an aniline phthalic acid
color reagent . and heating them at 105° C. for 15 minutes. The original
chromatogram was then reassembled and the positions of the resolved
sugars were marked on the 7.5-centimeter wide tabs, using the colored
spots on the adjacent indicator strips as guides. The areas of each tab
containing the resolved sugars were then cut out and eluted with distilled water into 0.375-milliliter elution pipettes (Saeman and others (7)).
The eluted sugars were transferred to a test tube and 1 milliliter of —
copper reageb
rr' was added. The solution was then heated in a steam bath
for 20 minutes and cooled in water. A 1-milliliter portion of the
arsenolmolybdate reagent 5 was added and the solution immediately and
thoroughly mixed. The optical density of the solution after dilution with
2.25 milliliters of distilled water was read at 520 millimicrons with a
Beckman DU spectrophotometer.

Aniline phthalic acid color reagent is prepared by mixing together
800 milliliters of butanol, 40 milliliters of water, 8 milliliters of
aniline, and 14.7 grams of phthalic acid (850 milliliters of watersaturated butanol may be used instead of the proportions given above).
Copper reagent is prepared according to M. Somogyi (J. Biol. Chemistry
195:19 (1952)) by using boiled distilled water (cooled) in making
up solutions (a) and (b). Solution (a) is made by dissolving 24
grams anhydrous sodium carbonate and 12 grams Rochelle salt in about
250 milliliters of water. Solution (b) consists of 4 grams of
copper sulfate (CuSO4 . 5H20) dissolved in about 40 milliliters of water.
Add solution (b) to solution (a) with stirring, then dissolve 16
grams of sodium bigarbonate to form solution (c). Next, 180 grams
of anhydrous sodium sulfate are dissolved in about 50 milliliters of
hot water and boiled to expel air. After cooling the solution, mix
with solution (c) and dilute to 1,000 milliliters in a graduated
cylinder.
It is preferable to prepare a large volume of stock solution . (10
liters) using the proportions given above for 1 liter.
The solution should be prepared, if possible, several weeks in advance
of use in order to allow impurities and a slight amount of cuprous
oxide to settle. The solution may be filtered by transferring the
solution by gravity through a fritted glass sparger to a clean bottle.
Arsenomolybdate color reagent is prepared according to Norton Nelson
(J. Biol. Chemistry 153:376 (1944)) by dissolving 25 grams of
ammonium molybdate in 450 milliliters of distilled water and adding
21 milliliters of concentrated sulfuric acid. After mixing, add 3
grams of sodium arsenate (Na2HAs04 . 7H20) dissolved in 25 milliliters
of H20 and mix again. Place in an incubator at 37° C. for 24 to 48
hours. Store the reagent in brown glass bottle. Several liters
(10) should be prepared at once.
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The amount of individual sugars taken from the tabs was determined from
a standard curve which was prepared from known concentrations of glucose.
Optical densities of the colored solutions were plotted against the
weights of glucose in the known solutions. The separated sugars were
determined as glucose and corrections applied for relative reducing
power and losses during hydrolysis as described by Saeman and others (7).
The amount of each.
present was calculated and expressed as a percent of the moisture-Xree weight of the sample.
In preparing the thesis (4) for publication, it was decided to obtain
quantitative estimates of-all five sugars present in the decayed
samples. To obtain these data, selected samples were analyzed using
the procedures just outlined, with the exception that the eluates containing glucose plus galactose and mannose plus arabinose were rechromatographed using a 3:1:3 mixture by volume of ethyl acetate, acetic
acid, and water for 48 hours at 30° C. In this way, the five sugars
were obtained in separate eluates that were then determined by the
spectrophotometric procedure.
Holocellulose in Decayed Wood
Holocellulose is the lignin-free total carbohydrate fraction of extractivefree wood and comprises both the true cellulose and hemicelluloses of
wood. The procedure used for its isolation and determination was
essentially that of TAPPI Standard T 9m-51, "Holocellulose in Wood."
Holocellulose is taken as the residue remaining upon successive preextraction of wood meal with ethanol-benzene,- ethanol, and hot water to
remove extraneous substances, followed by a succession of chlorination
and monoethanolamine extraction treatments to remove lignin.
•

Two grams of air-dry wood meal, whose moisture content was known from a
previous determination, was weighed to the nearest 0.1 milligram. The
sample was rendered extractive- and moisture-free according to the
procedure previously outlined. The fritted glass crucible of porosity C,
containing the extractive-free sample, was placed in the chlorination
apparatus shown in,figure 2. The crucible was surrounded and its contents
moistened with ice water prepared from frozen distilled water. The
sample was chlorinated for 5 minutes with moderate suction by passing
chlorine gas through the inlet tube jacket fitted over the top of the
crucible. The ice water was then withdrawn from around the crucible,
and the chlorinated sample covered with 25 milliliters of ethanol for
1 minute to remove excess chlorine and hydrochloric acid.
The sample was submitted to two 2-minute treatments, each with a 3 percent solution by volume of ethanolic monoethanolamine maintained at 75'
to 80° . C. The excess monoethanolamine was removed by washing the sample
twice, each with 25 milliliters of ethanol and twice with just sufficient
distilled ice water to cover the sample. Each solvent and washing
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solution was removed with suction. The sample was thoroughly stirred
with a glass stirring rod upon addition of each solvent and washing
solution. '. After the s e cond water wash, the crucible was again surrounded
with ice water and the chlorination and extractior treatments repeated
until the sample had become e ss entially whiteand howed no color change
upon addition of the hot monoethanolamine solution... The chlorination
periods for each successive treatment were 5 minutes for the first
treatment; 4 minutes for the second, 3minutes for the third, and "2
minutes for 611 subsequent treatments.
The white-rotted samples required-six . or seven chlorinations and the
brown-rotted samples four to sever
.creasing with`' increasing weight
loss), whereas the undecayed (crltrol) samplesof sweetgum sapwood
required eight chlorinations to reach the endpoint. After the final
chlorination and extraction treatment, the holocellulose preparation
was washed twice more, each with 25 milliliters of ethanol, and three
times, each with 25 milliliters of ethyl ether. The crucible was
wiped clean with an ether dampened cellulose tissue and placed in a
weighing bottle in an oven at. 35 0 C. for at least 2 hours to remove
ether from the sample. The crucible anclits ' contents were finally dried
to constant weight (±0.5 milligram) La
An over magnesium perchlorate and weighed ,. The yield of holocellulose was determined as a
percent of the weight of the original moisture-free sample.
Somewhat greater reproducibility can be achieved by using a gas flowmeter or manostat to standardize the rate of chlorine gas movement
through the sample during the chlorination steps.
As_ applied to decayed wood, the holocellulose procedure is subject to
several sources of error not encountered, with sound wood. The preextractions tend to remOve , appreciable amounts of degraded polysaccharides
that would normally, be considered part of the holocellulose. The use of
particle-size fractions other than the 40- to 60-mesh size specified by
the Standard procedure may introduce small errors. The influence of
particle size on the holocellulose yield of decayed wood was not determined. The possible segregation of constituents into different particlesize fractions, however, required that the total ground material in each
weight-loss class be submitted to the analysis. -`.In the case of brownrotted wood, a progressive increase - in difficulty .of filtration was noted
with increasing extent of decay and with each successive chlorination of
a given sample. This difficulty may have been due in part to the larger
proportion of fine particles in the higher weight-loss classes. It was
apparently due in a large measure, however, to the presence or accumulation
of degradation products in the sample that formed a thick gel, plugging
the pores of the fritted glass crucible upon addition of the water wash.
This plugging diminished,: the gas flow rate through the sample during
chlorination and altered the temperature of extraction liquids by increasing their contact time with the sample. Each one of these effects
would tend to decrease the precision and accuracy of the determination.
At weight losses above 44 percent, plugging upon the addition of water
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after the first chlorination made it impossible to proceed with the
analysis. Thus, at higher weight losses,-the procedure was followed
that omitted the water wash. No filtration difficulties were noted in
preparing holocellulose from white-rotted samples.
Average Degree of Polymerization of the
Holocellulose in Decayed Wood
During the enzymatic hydrolysis, linear polysaccharide molecules are
cleaved along their length, giving rise to polymer fragments of lower
degree of polymerization. Measurements of intrinsic viscosity provide
one means for determining the degree of polymerization of cellulose.
Intrinsic viscosity, [n], is defined by the equations:
t/to-1
[T] = lim qsp/C
C

90

c -90

where nsp/C equals reduced viscosity, t equals the efflux time of a
solution, -ar concentration C, and to equals the efflux time of the solvent.
Degree of polymerization values calculated from intrinsic-viscosity
measurements are weight averages. This means that a given number of long
molecules will have a greater influence on the average than a similar
number of short molecules.
A modification of the cupriethylene diamine disperse viscosity procedure
of Straus and Levy (9) and Ostwald-Fenske viscosimeters were used.
Intrinsic viscosity -Was determined by extrapolating to zero concentration,
a plot of reduced viscosity against concentration of holocellulose, using
at least four concentrations. The average degree of polymerization of
the holocellulose was calculated from the intrinsic viscosity using the
equation:
DP = K[n]
with the value 190 for K, proposed by Conrad and others (3).
The procedure was as follows: A 0.1-gram sample Of holocellulose was ,
removed from the crucible in which it was prepared (previously described)
to a.30-milliliter shell vial. The crucible and its moisture-free
contents, whose combined weight had been measured during the holocellulose determination, was again dried to constant weight in a vacuum
over magnesium perchlorate, and the weight of the sample determined by
difference.
Distilled water was added from a buret to the sample in an amount equal
in milliliters to ten times the number of milligrams of sample used.
An equal amount of 1.0 molar cupriethylene diamine was added after
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stirring the water. suspension for 2 minutes at 1,300 to 1,400 revolutions
per minute with the power stirrer fitted .with a 1/8-inch copper rod
mounted 1/4 inch off center. Using this same stirrer and stirring rate,
the solvent suspension was stirred for 20 minutes to insure complete
dissolution of the sample. The cupriethylene diamine concentration in
this solution was thus brought to 0.5 molar and the concentration of
dissolved sample to 0.5 percent (weight by volume). The dissolved
sample was drawn with suction through a fritted glass crucible of
porosity C to insure that the solution was free of undissolved particles
that would tend to plug the capillary of the viscosimeter. (Undissolved
particles indicate that the concentration of holocellulose in the solution
is less than the weighed amount.)
Aliquots of this 0.5 percent solution were dispensed into tubes containing
sufficient 0.5 molar cupriethylene diamine to give final concentrations of
0.125, 0.100, 0.063, and 0.031 percent (weight by volume) or 0.500, 0.250,
0.125, and 0.100 percent (weight by volume), depending on the approximate
average degree of polymerization of the sample. (The lower the average
degree of polymerization, the higher the concentration required for a
given efflux time in the viscosimeter.) After stirring for .1 minute,
5 milliliters of each diluted solution were placed in a No. 50 OstwaldFenske viscosimeter whose efflux time at 25° C. with . the 0.5 molar
solvent had previously been determined. The viscosimeter was permitted
to equilibrate for 5 minutes with a water bath maintained at 25° ± 0.1° C.
before determining the efflux time for the solution to the nearest 0.2
seconds using a stopwatch.
The reduced viscosity, nsp/C0 for each diluted solution was calculated
according to the equation
nSpiC

is /to
C

where is equals the efflux time of the solution, to equals the efflux
time or-the solvent, and C equals the concentration of holocellulose in
the solution, and plottedagainst concentration. The straight line of
best fit drawn between these points and extrapolated to zero concentration
gave the intrinsic viscosity
En]

rispic

*o
The average degree of polymerization of the sample was calculated
according to the equation
DP = K[n]
using the value of 190 for K suggested by Conrad and others (3) and the
intrinsic viscosities for each solution determined as indicated above.
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When replicate efflux times were determined on a given sample, a small,
gradual drop in viscosity was noted. This drop probably resulted from
the partial degradation of the sample in the alkaline solvent due to
contact with oxygen in the air. The maximum diminution in efflux time
was noted with the more concentrated solutions. A preliminary test showed
that in the 30- to 50-minute total contact time with the solvent, a
maximum error of 2 percent was introduced into the resulting degree of
polymerization values. In order to lessen the effect of this variable
on the results, the preparation times for all samples were held within
this time period. No corrections were applied for this effect or for
shear effects in the solution. The degree of polymerization values
obtained by viscosimetry are weight averages, and give no information as
to the range of polymer sizes actually involved.
Alpha-, Beta-, and Gamma-Cellulose in Holocellulose
Prepared n-c9. Decayed 'Wood
Isolated holocellulose may be divided into two fractions; alpha-cellulose,
which remains insoluble upon treatment of holocellulose with 17.5
percent aqueous sodium hydroxide, and the hemicelluloses, which are
soluble in this solvent. The hemicelluloses, in turn, consist of two
fractions; beta-cellulose, which precipitates upon acidification of the
alkaline solution, and gamma-cellulose, which remains soluble in the
acidified solution. These three basic fractions of holocellulose differ
largely in the number and type of sugar units that comprise their individual molecules. Alpha-cellulose is composed largely of polymers of
glucose, and ranges in degree of polymerization from about 200 to 3,000
or more. The beta- and gamma-celluloses include polymers of each of the
five basic sugar units that make up the carbohydrate fraction of wood.
Beta-cellulose includes polymers whose degree of polymerization ranges
from about 15 to 150 or 200, while gamma-cellulose consists of polymers
whose degree of polymerization is less than about 15.
During the decay of wood, the long polysaccharide molecules of the wood
are cleaved along their length, giving rise to smaller polymer fragments.
Some information as to the relative proportion of long, intelmediate,
and short polymers present in decayed wood can be obtained by quantitative
analysisifor alpha-, beta-, and, gamma-cellulose.
The procedure for this analysis was as follows: The holocellulose remaining in the crucible in which it was prepared (described previously)
after removal of the sample for the viscosity determination was transferred to a 250-milliliter beaker set in a 20° ± 0.5° C. water bath.
The moisture-free weight of this sample was determined as the difference
in constant weight achieved by the crucible in a vacuum over magnesium
perchiprate before and after removal of the sample.
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A solution of 17.5 percent by weight of sodium hydroxide was prepared by
dissolving reagent grade (not carbonate free) sodium hydroxide in boiled
distilled water. Its normality was determined by titration with standard
acid and adjusted to 5.23 N. Twenty-five milliliters of this solution
at 20° C. were added to the beaker containing the sample in the water
bath.. After 5 minutes, the sample was mascerated thoroughly with a
1-centimeter wide flattened end of a glass stirring rod while adding an
additional 25 milliliters of sodium hydroxide solution. The beaker was
then covered with a watch glass and left, with occasional stirring, in the
20° Q. water bath for 1.5 minutes from the time the first aliquot .of
alkali was added.
After this mercerizing treatment, 50 milliliters of distilled water at
20° C. were added to the beaker with thorough stirring. The solution
was then poured with suction into a tared, fritted glass crucible of
porosity C and, washed with twenty 25-milliliter aliquots of distilled
water at 20° C. The sample was then treated with 25 milliliters of 10
percent (by volume) acetic acid for 5 minutes, and finally washed with a
succession of 25-milliliter aliquots of distilled water until free of
acid as indicated by a litmus test applied to the last drop or so through
the crucible (usually eight aliquots of distilled water were required).
The filtrate was removed to a stoppered flask for determination of betaand gamma-cellulose. The alpha-cellulose in the crucible was washed
twice, each with 25 milliliters of ethanol and three times, each with
25 milliliters of ethyl ether. After wiping its exterior clean with a
cellulose tissue, the crucible and its contents were placed in a
weighing bottle, air dried in an oven at 35° C. to remove ether from
the sample, dried to constant weight over magnesium perchlorate, and
weighed.
The alkaline filtrate containing the beta- and gamma-cellulose was
acidified by the addition of 20 milliliters of glacial acetic acid to
precipitate the beta-cellulose. The precipitate was permitted to
settle fox 24 to 35 hours and then poured with suction into a-tared,
fritted glass crucible of porosity M. The beta-cellulose in the
crucible was washed twice, each with 25 milliliters of distilled water,
air dried, dried to constant weight .over magnesium perchlorate, and
weighed.
The percentage yield of alpha- and beta-cellulose in each sample was
determined according to the following formula
( W1 - W2) H
Yield (w3 _ wit)
where W1 equals the weight of crucible plus alpha- or beta-cellulose,
W2 equals the tare weight of the same crucible, W3 equals the weight of
Me crucible plus the holocellulose, w4 equals taUweight of the crucible
empty, and H equals the percent of hoTUCellulose in the original
moisture-free wood sample.
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The gamma-cellulose yield was determined by subtracting the percentages
of alpha- and beta-cellulose from the percent of holocellulose in the
moisture-free sample used to prepare the holocellulose.
The time required for the filtration of beta-cellulose from the acidified
alkaline solution was quite long. A less-time consuming method of
analysis , for beta- and gamma-cellulose/is the volumetric procedure given
in TAPPI . Standard T 429m-44.
Hygroscopicity of Decayed Wood
Hygroscopicity measurements were made using tared, weighing bottles,
1.5 by 3 centimeters in size, containing 1-gram samples of the wood
meal prepared for chemical analysis. Moisture-free weights of the
samples were determined to the nearest 0.1 milligram by drying to
constant weight under vacuum over magnesium perchlorate. The samples
were then equilibrated successively with atmospheres in humidity rooms
controlled at 30, 65 ) 70, 80, 90, and 97 (±2) percent relative humidity
at 26.5° ± 0.5° C.. The equilibrium weights of the samples were determined by weighing to the nearest 0.1 milligram after at least 6 days
and again after at least 3 days in each room. The weighing was done on
an analytical balance moved into the humidity rooms. The samples were
thoroughly mixed by shaking after each weighing. This precaution
tended to prevent packing of the particles during handling and the development of moisture gradients within the bottles during the equilibration
periods.
The increase in weight achieved by the sample in each controlled atmosphere
was expressed as a percent of its moisture-free weight. Although the
samples were brought to equilibrium with each controlled atmosphere from
an appreciably drier condition, the equilibrium moisture-content weights
that were actually achieved should not be considered true adsorption
isotherm weights because the conditions within the humidity rooms
fluctuated about the listed averages.
Starch in Decayed Wood
The amount of starch present was determined as the difference in
solubility of duplicate wood meal samples when digested for 48 hours
in a buffered solution of alpha- and beta-amylase and the same buffer
solution without amylase.
Duplicate 1-gram samples, whose moisture content was known from a previous determination, were weighed to the nearest 0.1 milligram and.
placed in 40-milliliter screw cap vials. Thirty-five milliliters of
0.05 M phosphate buffer at pH 6.25 containing 0.01 percent(weight by
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volume) merthiolate as a preservative were added to one vial and a similar
volume of buffer containing 0.5 percent (weight by volume) each of alphaand beta-amylase was added to the second vial. The vials were sealed
and tumbled end-over-end at a rate of 20 revolutions per minute in a
cabinet controlled at !15° ± 0.5° C. for 48 hours. After this digestion
period, the samples were poured with suction into tared, fritted glass
crucible of porosity M. The samples were washed with eight 25-milliliter
aliquots of distilled water, air dried, dried to constant weight in a
vacuum over magnesium perchlorate, and weighed to the nearest 0.1 milligram. The solubility of each sample was determined as a percent of the
original moisture-free weight of the sample. The difference in percentage
of solubility between the amylase plus buffer and buffer solution alone
was taken as the starch content of the wood sample. The results of
duplicate analyses on samples of the undecayed sweetgum sapwood used
in the thesis study (4) indicate a 1.72 percent starch content.
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1. 5-30

Table 1.--Influence of particle size on the 1 percent sodium hydroxide
solubility of sweetgum sapwood in progressive stages of
decay

•
•

:

:Proportion
1 Percent NaOH solubility
Type of decay :Average:
:,of entire
:weight :
and
: Percentage : sample
(2)
:
(1)
causal organism: loss :
: which
error
:due to :Entire sample: 40- to 60- :
the
: decay : ground to :mesh fraction:(1)-(2) x 100 :passed
,
60-m
s
.
pass a 40- :
: (1)
: screen
mesh screen :
.
:Percent:
White rot
caused by .
Polyporus
versicolor

1
: -0.0
: 5.2
: 14.0
: 19.4
: 25.3

:
:

Brown rot
caused by
Poria
monticola

1
-Sound wood.
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:
:
:
:

23.3

7.5
6.0
3.4
4.4
5.7
8.6

29.3

27.0

7.8

16.9
33.2

16.4

3.0

46

28.0

15.7

16.4

18.7

17.3
18.8
19.8
19.4

3.0
6.7

16.7

20.5
20.3
22.9
25.5

1
-0.0
4.5

: Percent

46'
54
54
56
5o
50
47
55
44

16.9
17.9
20.0

35.5
: 45.5
55.2
: 64.7

Percent

Percent

Percent

21.6

10.7

47.5

:

43.3

15.3
20.1

58.6
63.1

:
:

54.5

: 26.1

66.o

32.6

:

69.3

:

44.8
55.0
64.4
: 69.5

:
:
:
:

74.4
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87.5
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:
:
:
:

59.0
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:

:
:
:
:
:
:
:

56

8.8
7.0
6.5
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4.8
4.4
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1.1
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Figure 2. --Chlorination apparatus for the holocellulose determination.

SUBJECT LISTS OF PUBLICATIONS ISSUED BY TEE
FOREST-PRODUCTS LABORATORY
The following are obtainable free on request from the Director,. Forest
Products Laboratory, Madison 5, Wisconsin:
List of publications on
Box and Crate Construction
and Packaging Data
List of publications on
Chemistry of Wood and
Derived Products
List of publications on
Fungus Defects in Forest
Products and Decay in Trees
List of publications on
Glue, Glued Products,
and Veneer
List of publications on
Growth, Structure, and Identification of Wood
List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products
Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection
List of publications on
Logging, Milling, and
Utilization of Timber
Products
List of publications on
Pulp and Paper
List of publications on
Seasoning of Wood
List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components
List of publications on
Wood Finishing
List of publications on
Wood Preservation
Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up
for each Laboratory division. Twice a year, December 31 and
June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Laboratory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the
mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all
other subject lists.

