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Wood joints properly made with protein glues should last indefi-
nitely under dry conditions. However, under moist conditions scme glues
are subject to the action of micro-organisms and chemical hydrolysisse

In previous worka the action of bacteria has been discounted as the
cause of delamination of casein glued plywood in the continuous soak
tests. This study was undertaken to increase the information on molds
and bacteria concerned in the breakdown of protein glues as it occurs in
plywcod, and to determine the conditions under which the various organ-
isms attack such materialse.

MATERIALS AND METHODS

The tests described in this report were made with the following
materials and methods unless otherwise stated: yellow birch sapwood
veneer 1/16 inch thick was made into three-ply, 5- by 1l2~inch panels, the
grain of the center ply rumning lengthwise of the panel and that of the
face plies crosswise. The casein glues were mixed as directed by the
monufacturers, using, unless otherwise specified, 1 part glue powder to
1.8 parts water. In mixing soybean glue, the following formula was used:

Y

In cooperation with the Forest Products Laboratory, maintained by the
Forest Service, United States Department of Agriculture,-at lladison,
Wiss, in cooperation with the University of Wisconsin.

Brouse, Don, DBehavior of cascin and blood glue joints under differcnt
conditions of exposuree. Forest Products Laboratory Report k1050,
Sept. 1934. '
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OR
Soybean meal (parts by weight)- - - 100  OREGON FOREST PRODUCTS LABORATORY

LI
Total wateyr = - - - = e 10 RRaRy
Ca(OH)2 (98 percont hydrated lime)- 3
¥elH (commercial flalke) - = ~ - = - 8
Sodium silicate = = = = = = = = « = 10
€85 + 001y (111)= = = = = = = ~ = = 2-1/3

\

Glue was applicd to the core nly with a bruch, 30 to 40 grams (usually 32
to 35 grams) boing uced to cover both sides of the center ply. Closed
assenbly was used, with an agsembly time not exceeding 12 to 15 minutes,
The temperature of the glue room was 70° to 75¢ F., FPressure of 150
pounds per square inch was applied in a jack screw press, the screw being
tightened occasionally during the first few hours to maintain the pressure.
After 12 to 16 hours in the press, the pancls were removed and piled on
stickers in a room maintained at a temperature of 80° ¥. and & relative
humidity of 65 percent. After conditioning for 4 to 6 days the panels
were cut into standard shear specimens, 1 by 3 inches, with the grain of
the face ply running lengthwise of the epecimens. In all but the first 2
experiments, 2 specimens were taken from each panel for tests of the
original joint sirength, onc being tested dry and the other wet after
soaking in water for 48 to 72 hours.

The remaining 8 specimens from each panel served am tost naterial,
Where e number of different organismsc or other factors were to be com=
ared, the same number of apecimens verc sclseted in random order from
sach panel for each test factor, the aim being to equalize and distribute
the variation within and betwecen vpanels, TUsually 8 specimens were uub-‘
Jected to cach test factor for each test period, and each figure given in
the tables is an averege of shear tests on 8 specimens,

Glass jars 2 inches square and 5-1/2 inches high, with o top
1—1/3 inches in diameter closcd with o serew 1id, were used to hold the
speciment, preliminary tests having indicated that these gave uniform
results that agrecd closely with those in the standard mold tests de-
scribed by Kaufert and Richards.é It wag, of course, necessary %o sur-
face disinfect the specimens before they were inoculated, to elininate

the snores of molds and other microflora thatb they had acquired between
the time of drying of thc weneer and the final treatrent of the rhear
specinmens. Several treatments were tried, including brief dips in
formaldehyde, alcohol, sodium hypochlorite, and hot water. Of these, a
45-gecond dip in boiling water best sorved the dual purpose of killing
‘such nolds as were present on the surface and pernitting subsequent growth
of molds or bacteria inoculated onto the specimens. In no case was there
any cvidence that molds had penctrated so deeply into the specimcns before
treatmont that they were not killed by such a hot-water dip.

3/Yaufert, F. H,, and Richarda, O, Audrey. A procedure for measuring the
mold resistance of protein glucs, Forest Products Leboratory Report
1344 (Rev.), 3 pp., illus, Uarch 1943,
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The standard procedure was to dip the 8 specimens of 1 lot into
boiling sterile dictilled water for 45 to 60 seconds, constantly agitate
ing them, drain them for a few seconds, dip them for 2 to 3 seconds in a

suspension of fungus spores or bacteria, and put then quickly into a
sterile jar,

Some specimens were autoclaved, Thase were subsequently dipped in
bolling sterile water, then in cold sterile water, to give them a water
content similar to those surface disinfected and dipped in inoculum,
Moisture contents of 55 to 60 percent were obtained in the specimens by
placing a measured amount of distilled water in each of the jars before
they were sterilized, Various times and pressures were used in auto-
claving the dry shear specimens. Preliminary tests indicated that auto-
claving at 15 pounds for 20 to 40 minutes reduced the dry strength of
Joints made with either casein or soybecan meal glue approximately 50
pounds per square inch, and it apparently increased the wet strength., It
may have changed other important characteristics of the glue also. It
did not eliminate all bacteria from the glue line, although it reduced
their number considerably. It is not unusual for some bacteria to sur-
vive even more severe autoclaving than this, in dry material,

ORGANISMS IN THE GLUE AND THEIR SIGNIFICANCE

It is well known that a variety of organisms are present in manu-
factured casein glues. Nine different commercial brands of casein glues
were cultured by placing emall quantities of the glue powder in hanging
drops of sterile weter on sterile slides, and by scattering the glue
powder over the surface of an agar medium containing 1 percent casein
glue powder and 2 percent malt. No attempt was made to determine the
number of organisms per gram of glue powder,

A considerable variety of bacteria and yeasts developed in all of
these cultures within 24 hours. The same kinds, in general, were prescnt
in all of the 9 glues, Relatively few sPecles‘ff molds were found in any
of the glues, although Penicillium brevicauleﬁi, which appears to be one
of the principal causes of delamination of plywood glued with casein
glues, was isolated from 5 of the 9 different glues.

Experiment I

This was to determine whether the organisms normally present in
the glue wowder survived in the glue line of plywood, or whether they
werc capable of causing delamination when inoculated onto the outside of
plywsod specimens, |

4y synonym for Scopulariopsis brevicaulis,
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Panecls were glued with 2 commercial casein glue and with a glue :
made from gsoybean meal. ZEightcen panels wcre made with each glue to which
no preservative had been added; 5 percent sodium orthophenylphenate, based
on the dry yeight of the glue powder, was added to each glue for a second
set of 138 panels; and 5 percent sodium trichlorophenate was added to each
glue for a third set of 18 panels. Before gluing, the inner faces of boih
face plies of 6 panels out of each set of 18 werc brushed with a suspen-
sion of bacteria cultured from the glue powder, 6 vanels were similarly
inoculated with a suspension of Torula isolated from material in mold
tests, and 6 were left uninoculated,

The shear specimens cut from thece panels were selected in groups
of 9 from cach group of 6 panels, surface disinfected, and placed in
sterile jars o which sufficient water had been added to bring the mois-
ture content of the specimens up to 55 to 60 percent.

Subsequent isolations from the glue lines of these specimens
vielded apparently only one or two kinds of bacteria, and these were ob-
tained from every specimen of every panel, even from those with preserva-
tive added to the glue. Time was not available for the detailed studies
needed to determine exactly the kinds present. Torula was isolated twice
from panels inoculated with it before they were made up, in both cases
from panels with no preservative added to the glue. Inoculating the
panels, before they were made up, with bacteria, did not seem to increase
the number or kinds of bacteria that survived in the glue line. From
these isolations, which wore repeated at 2-week intervals for 8 weeks,
it seems likely that the molds, reacts, and many of the bacteria present
in the glue powder are killed during the gluing process, probably by the
high alkalinity of the glue. Isolations from the left-over glue yielded
bacteria epparently the same as were obtained from the glue lines of the
plywood, That one or more kinds of bacteria not only survive in con-
siderable numbers in plywood but also continue to grow, if the wood is
wet enough, was apparent by examining some of the surface~digi%§%cted
specimens to which no organisms had been added, either in thﬁ/oﬁcgation
or afterwards. After 2 weeks in the jars masses of bacteria began
oozing from the glue lines of those glued with both the casein and the
soybean glue. One of these was taker out and photographed, and is shown
in figure 1. The bacteria appeared identical with those isolated from 9
different casein glues, from soybean meal, and from the glue lines of
plywood made up with these glues. Delamination followsd in 1 to 3 weeks
when these bacteria were inoculated on surface-disinfected specimens
having 50 to 685 percent moisture content.

Bxperiment II -

Selected groups of the shear cpecimens described in the foregoing
were surface disinfected and inoculated with a sporec suspension of
Penicillium brevicaule and with a mixed culture of bacterie obtained from
various glue powders, Both after 7 and after 26 days these were dried
to equilibrium at 80° F. and 30 percent relative humidity and shear
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testeds The results are summarized in table 1. Each figure is an
average of shear tests on O specimens. The results indicate that:

(1) The bacteria normally present in the glue, and surviving in
the glue line, are capable of weakening the joints made with soybéan
glues They weakened the joints made with casein glue also, but the jars
containing thesc specimens were opened to get cultures and photographs,
and the specimens became contaminated with Penlcllllum brev1caule and
delaminated.

(2) Joints inoculated with P. brevicaule were rapidly dolaminated;
the Ponicillium alone would presumably have a similar offect, bubt since
bacteria occurred as contaminants in tho Ponicillium materlal the rela-
tive effect of the fungus and the bacteria cannot bec certainly evaluated.

(3) The bacteria obtained from the glue and inoculated on the
surface-disinfocted shear spccimons reduced the strength of those made
with the casein glue by morc than 50 percent in 26 days, and in the same
poriod totally deleminated those made with soybean gluc.

(4) Sodium orthophenylphenate appears more effective against the
bacteria than against Penicillium brevicaule, and sedium trichloro-
phenate, during the period of the test, prevented any weakening by either
the mold or the'bacteria.

CRGANISMS CHIEFLY CONCERNED IN THE DEIAMINATION OF

PLYWOOD BONDED WITH CASEIN AND SOYEEAN GLUES

Experiment III

Isolations were made from the glue lines of a number of panels
in which the glue or the plywood or both had been treated with sodium
orthophenylphenate and exposed to infection by molds. The specimens
were flamed to reduce the danger of contamination from surface-borne
spores, the plies separated with a flamed chisel, where such separation
was necessary, and scrapings from the glue lines were placed on malt
agar, malt-casein agar, and oatmeal-casein agar. Penicillium brevicaule
was isolated from every panel, even those with no obvious delemination,
and was easily the most penerally present and abundant mold obtained in
the isolations. This fungus is known to be commen on cheese, and is
reported to liquefy gelatin, produecing an alkaline reaction and a strong
odor of ammonia. Casein glue appears to be an excellent medium for this
fungus. Next in abundance was a green Penicillium tentatively identified
as P. glaucum, elso a common inhabitant of cheesc and other casein '
products. These were the two most common fungi, although a few colonies
of Torula and Cladosporium were obtained also,  Numerous colonies of
bacteria were obtained from every panel. \ ‘
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The ability of these organisms to delaminate joints bonded with
various casein and soybean glues was compared. Some lots of specimens
were autoclaved at 10 pounds pressure for 40 minutes to reduce the
effect of the bacteria in the glue line. Other sets were surface dis-~
infected in boiling water. Of these latter, some were left uninoculated
to determine the effect of the bacteria normally present in the glue
line. Others were surface disinfocted, then dipped for 2 to 3 seconds
in a suspension of inoculum. After treatment all specimens were placed
in sterile jars containing enough water to bring the moisture content
of the specimens up to 55 to 60 percent. One set was not surface disin-
fected and not inoculated, mercly placed in Jjars containing the same
amount of water as the others. These served to show the effect of the
normal air-borne microflora upon the strength of the joints. Specimens
were taken out after 8 to 10 and 19 to 21 days, dried to equilibrium at
80° F. and 30 percent relative humidity, and shear tested. The results
are given in table 2. They indicate that:

(1) The most rapid reduction in joint strength wes in those
specimens not surface disinfected and not inoculated. These were over-
grown chiefly by Penicillium brevicaule and P. glaucum, the two most
common molds isolated from delamineted panels exposed in mold tests.

(2) The two bacteria used as inoculum, both of them isolated
from glue lines of panels made in a previous experiment, reduced the
Jjoint strength fairly rapidly, and at the end of 19 days one of them
had completely delaminated the specimens glued with soybean glue and
at the end of 21 days those glued with casein glue. These bacteria
originally were isolated from surface-disinfected specimens made with
casein glue. e Al

(3) The bacteria present in the original glue and surviving in
the glue line had relatively little effoct upon the joint strength in
this short time. Isolations proved that bacteria were present in the
glue lines of all surface-disinfected and autoclaved specimens glued
with soybean glue and in many of those glued with casein; and these
bacteria appeared identical with those able to cause delamination.

(4) The fungi used were able to weaken the joint strength
rapidly, the two species of Penicillium being more efficient than Torula,
but here again the presence with them of bacteria makes it uncortain
whether the fungi alone would have worked as rapidly.

Experiment IV

A similar experiment was set up using two casein glues, one con=
taining a small amount of preservative added by the manufacturer. The
treatments were similar to those in the previous test. The moisture con-
tent at the beginning of the test was 55 to 60 percent, and at the ond
of the tost 45 to 50 percent. The spccimens wore taken out aftor 17 and
34 days, dried to equilibrium at 80° F. and 30 percent relative humidity,

and tested drye. The results arc prescnted in teble 3, and support the
following conclusions:
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(1) The specimens surface disinfected but not inoculated lost
significantly in strength, those gluecd with one unprcserved casein glue
being reduced 67 percent in 34 days and those glued with the preserved
casein glue 29 percent in 34 days, as compared with the strength of the
autoclaved specimens held under the same conditions. If the strengths of
the surface~disinfected but not inoculated specimens are compared with
the original dry strengths the loss is practically as great.

(2) Of the fungi tested, both Penicillium brevicaule and
Cladosporium reduced the strength of joints rapidly, while Torula and
Trichoderma reduced it somewhat more slowly. All of the three bacteria
used were fairly effective in reducing the strength of the jeints, two of
them causing a greater strength loss in the first 17 days than any of the
molds, A water content of around 50 to 60 percent probably is almost
optimum for the work of bacteria, and might be above the optimum for the
molds concerned. The specimens not surface disinfected and not inoculated
were delaminated very rapidly, and were covered with such a variety of
molds that no attempt was made to identify them. While P. brevicaule and
P. glaucum appear most readily able to digest casein glues, a considerable

number of other common air-borne molds apparently share this ability with
them, : :

The writers attribute the strength reduction of the surface-
disinfected but not inoculated specimens, as compared with the autoclaved
specimens kept under the same conditions, chiefly to the action of bac-
teria normally present in the glue line. This view is supported by the
observed facts that: (a) Masses of bacteria begin to ooze from the glue
~ lines of these surface-disinfected but not inoculated specimens some time
before they weaken. These bacteria do not appear uniformly on the edge of
the glue lines throughout all the specimens, but first appear here and
there, as if a few bacteria located in a favorable spot near the edge of
the glue line had begun to multiply, and these gradually spread over the
exposed edge of the glue line. Where they were abundant, delamination
occurred, and often one end of a specimen was totally delaminated while
the center still had a shear strength of 200 to 300 pounds. (b) The
weakening proceeds chiefly from the edge inward as indicated by the mode
of failure of specimens in the shear test. This is illustrated in figure
2. (c) The delamination is erratic at first, and in tests run only a
short time some specimens are totally delaminated, while others in the
same jar retain a shear strength of 200 to 400 pounds. The figures in
table 4, chosen from the individual specimens that made up the averages
in table 3, illustrate this point. They compare adjacent or nearly adja-
cent specimens from the same panels after 34 days' exposure. These
specimens had been surface disinfected at the same time and placed in the
same sterile jar, and the erratic delamination is typical of the action
of bacteria in the glue line during 2 short test period. Results of
inoculation with these same bacteria prove that when they are uniformly
and abundantly distributed over the edges of the glue line by dipping the
specimens in a suspension of the bacteria, they are able to cause rapid
failure of the joints of shear specimens. Since isolations have indicated
that sometimes these bacteria are irregularly distributed in the shear

For. Path. Spec, Release 25 7=



specimens, this may account for much of the variation from specimen to
specimen, In spite of the veriation, it still is obvious that the bhac-
teria normally present in the glue line are able to weaken the joints
fairly rapidly.

When comparing with one another the effects of the different molds
used in this test, it must be remembered that bacteria were active in the
mold-inoculated specimens also, In this and other experiments where
specimens containing 50 to €5 percent water were inoculated with molds,
bacteria soon began to ooze in masses from the glue lines, not just here
and there, but wherever the glue line was exposed. (Bacteria appeared
erratlcallJ on the glue lines of surface-disinfected specimens not inocu-
lated with molds). It may be assumed that once the molds decomposed bhe

exposed glue line enough to release the bacteria contained in it, the
bacteria multiplied rapidly, Mold mycelium, covered with droplets as it
is, probably serves to spread the bacteria very readily. Certainly this
is true of agar cultures. The bacteria concerned in this delamination
will form only smell colonies on agar free of surface water, However,
when growing with molds in agar cultures the bacteria are present even
at the advancing edge of large, r apidly growing colonies. They are so
intimately associated with Penicillium brevicaule that the writers have
obtained no cultures of this fungus free of the bacteria -- even those
caught as air contaminants, suppecsedly originating from one or a few air-
borne spores, invariably had the bacteria with them. Some of the molés,
uch as Trichoderma lignorum and Cladosporium, did not weaken the joints
so rapidly as did some of the bacteria inoculated on the specimens, and
visual evidence indicated %that most of the weakening attributed to these
particular species was a result of bacterial action. Probably the
principal role of such molds in delamination is the distribution of
bacteria uniformly over the specimens.

BACTERIAL DELAMINATION OF WETTED AFD SCAXED SPECIMENS

To further elucidate the role of bacteria in the delamination of
casein-glued shear specimens, the following experiments were set up,
using two casein glues. These were chosen because previocus experiments
had indicated that one of these glues was comparatively resistant to
bacterial deterioration, and the other comparatively susceptible.

Treatments

(1) Shear specimens were auvtoclaved at 10 pounds pressure for
one-half hour, As stated previously, this greatly reduced the number of
bacteria in the glue lines, but did not eliminate 2ll the bacteria from
the glue lines of &all specimens, as indicated by the isolation resulis
presented in tables 5 and 6. (2) Shear specimens were surface disinfected
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by means of a 45-second dip in sterile boiling water. This eliminated
molds from the outside of the specimens, but did not greatly reduce the
number of bacteria in the glue lines,

After autoclaving or surface disinfection, one set of specimens
was placed in sterile jars to which enough water had been added before
the jars were sterilized to bring the water content of the specimens to
approximately 65 percent, This is designated as the "wetted" test. The
water content was checked by oven drying specimens that were shear
tested after 6 days, and averaged 63 percent for the autoclaved speci-
mens and 67 percent for the surface-disinfected. As soon as the speci-
mens had been placed in jars, the screw caps were tightened and scaled
with paraffin to prevent evaporation.

Additional sets of specimens, after having been autoclaved or
surface disinfected, were placed in quart fruit jars and soaked as
follows: (1) Soaked in sterile water in sealed jars. (2) Soaked in
water with 2 percent sodium pentachlorophenate added. (3) Soaked in
water with bacteria and a small amount of casein added, These are
designated as "soak! teats.

In both wetted and coalk tcsts there was some chance of contamina-
tion by air-borne organisms when the spceimens were put into the con-
tainers. Had such contaminations been at all common they should have
gshown up in the small jars containing the wetted specimens, where con-
ditions were favorable for mold development. No molds were seen on the
specimens in these sealed jars, and it may be assumed thorefore that
bacterial contaminants elso were excluded. In the soak tests, each jarw
contained cnough specimens for four test periods, and it is vory probable
that when these jars were opened to remove specimens at tne end of each
test period molds and bacteria entered. Molds, of course, can be practi-
cally excluded from consideration in the soak tests, since those molds
concerned with the breakdown of glue can grow only very slowly on or in
water, and the isolations from these specimens after shear testing
(table 6) indicated that molds were not an important factor. Bacterial
contaminants could hardly have affected the results in the case.of.
specimens soaked in water containing sodium pentachlorophenate, siice
they would not have been able to grow; nor could bacterial contaminants
have much affected the results of those soaked in water plus casein and
inoculated with bacteria, since, as may be seen later, the bacterial
population ian these jars was so heavy, and the specimens lost strength
so rapidly, that it could hardly be atiributed to a few chance con-
taminants. In the case of surface-disinfected specimens soaked in
sterile water the strength of the specimens also decreased so rapidly,
and bacteria were soon so abundant in the water, that it is unlikely
the results were affected much by bacterial contaminants. In the case
of autoclaved specimens soaked in sterile water, however, the gradual
increase of bacteria in the water, due partly to chance contaminants, but
probably more to the multiplication of bdacteria mot killed by autoclaying,
probably was respongsible for much of the gradual reduction in strength
over the 7-month period of the tosts.
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Results

Wetted Tests

The results of shear tests on these specimens over a neriod of &

months are giver in table 5 and figure 3, The autoclaved specimens
retained their original strength over this period, while the rurface-
disinfected specimens did not. In judging the results of isolations from
these specimens it must be remembered that at most orly a few samples
were taken from a small portion of the glue line of each specimen, but
these isolations do indicate that bacteria were in general far more
abundant in the glue lines of surface-disinfected than in autoclaved
specimens,

(1) Sosked in sterile water ir sealed fruit jars,-~If bacteria
were the main cauce of delamination in soaked specimens, the surface=
disinfected spceimens should lose strength muck mere rapidly than the
autoclaved ones, Table € and figures 4 and 5 show that the surface=-
disinfected epecimens were totally delaminated ir 3 months, whereas after
7 months the autoclaved specimens retained over 50 percent of their orig-
inal strength. Isolations indicated that enough hacteria were present in
the avtoclaved specimens and in the soak watar to probably account for
most of thig gradual loas in strengih.

(2) Soaked in water with 2 percert sodium pentachloronhenate
2dded,~-If bacteria were the main cause of strength loss in soaked test
specimens, there should be relatively little differonce between aubo-
claved and gurface-disinfected specimens in this treatment, and both
saould retain their strength over a considerable period, Table 6 and
figures 4 and 5 indicete that there was no significant decrease in
strength of either autoclaved or surface-disinfectsd specimens over a
period of 7 months, ‘

(3) Soaked in water with bacteria and a smell amount of casein
added.--This test alued to nrovide an extrerely lerge number of bacieria
in the soak water. That it was successful was indicated by the fact that
enougi pressure developed to blow the tops off the Jjars whern the spring
catcies were released after only 2 days, The water was definitely
cloudy with bacteria after a few days, the stench was abominable, and
microscopic examination of the soak water revealed thousands of bacteria
per drop. Such a condition probably would seldom or never be approached
in normal soak tests, As may be seen in table 6 and figures 4 and 5,
2ll autoclaved and surface-disinfecteod specimens soaked in this water
were totally delaminated in 3 months. Illeny of them, in fact, were
Gelaminated within a month or 6 wesks.
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The results of these two wetted and soak tests indicate that if the
bacterial content of the glue line is greatly reduced, by autoclaving, and
specimeng are held at a moisture content of 60 to 65 percent, there is
little reduction in shear strength over a period of 6 months., If auto-
claved and soaked in water that was sterile when the specimens were pub
in, the strength was reduced considerably in 7 months, presumably becaus
some of the bacteria which survived in the glue lines or entered by
accident during the several openings of the jars were able to get into
the soak water and multiply slowly., Bacteria were isolated in 8 out of 8
attempts from specimens glued with casein glue, autoclaved, and soaked in
sterile water for 7 months.

Bacteria were almost totally excluded by soaking in water contain-
ing 2 percent sodium pentachlorophenate, and these specimens retained
their original strength during the 7-month test period. Adding bacteria
to the soak water, plus a small amount of casein to encourage their
growth, resulted in rapid and complete delamination of both autoclaved
and swface-disinfected specimens.

Under the conditions of these tests bacterial action undoubtedly
was the main cause of deterioration. This does not eliminate hydrolysis
as a possible factor in the deterioration of casein-glued specimens kept
wetted or soaked, but it does prove that bacteria alone can cause weak-
ening and total delamination previously attributed largely to hydrolysis,
and suggests that if wetted or sosk tests are to furnish a criterion of
the properties of a glue, the action of bacteria must be taken into
account. Data available at present do not conclusively demonstrate that
purely chemical hydrolysis occurs, and experiments in which bacteria are
entirely eliminated will be required to settle the question.

SUMMARY AND COWCLUSIONS

(1) Penicillium brevicaule and P. glaucum made up a major part of
the mold flora in casein-glued plywood exposed to molds., Either of
these molds, working with the bacteria normally present in the glue and
surviving in the glue line, was able rapidly to delaminate plywood shear
specimens glued with any of the five casein glues and one soybean glue
tested, A number of other common air-borne molds also were able to
digest casein glues in plywood., ZExposure to the normal microflora of
the air resulted in faster delamination than was produced by inoculating
specimens with cultures of any of the fungi used.

(2) The nine commercial brands of powdered casein glues and the
one soybean meal examined, all contained an abundance of the same kinds
of yeasts and bacteria, but comparatively few molds. Of the organisms
present in the glue powder, only a few kinds of bacteria survived in the
liquid glues and in the glue lines of plywood made with them. These few
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kinds, however, survived in considerable numbers. They were able %o
delaminate surface-disinfected shear specimens held at a moisture content
£ 50 to 65 percent, or soaked in water. ! - '

(2) Bacteria isolated from the glue lines of shear spocimens
bonded with casein and soybean glue, and inoculated on surface-disinfected
specimens bonded with any of the 3 casein glucs tested or with soybean
glue and kept with a moisture content OJ 50 to 65 nurcert caused complete
delamination in 1 to 3 weelks. )

(4) Sodium orthophenylphenate appeared more effective against the
bacteria than against Penicillium brevicauls, and sodium trichlorophenate,
during the period of the test, prevented any weakening by eibther the mold
or the bacteria,

(5) Specimens glued with %wo commercial brands of casein glues,
surface disinfected, and kept in sterile, sealed jars at a moisture con-
tent of 60 to 65 percent, were almost totally delaminated after 6 months,
while similar specimens, autoclaved and kept under the same conditions,
retained their original sirength. The chief difference between these
two sets of specimens was in the greater number of bacteria that sur-
vived in the glue lines of th: surface-disinfected as compared with the
autoclaved specimens.

(6) Specimens glued with two commercial brands of casein glues
retained their original strensth over the 7-m ronth tost period when soaked
in webter plus 2 percent sodiunm pentachlorophanate, but were delaminated
within 3 months when soaked in water to which bacteria and a small amount
of casein had been added, or when merely surface-disinfected and soaked
in water alone. In these soak tests the rapidity of weakening of the
glued joints was roughly proportional to the number of bacteria present.
17 tests in which shear specimens are kept wet, or are soaked, are to
be vsed ag 2 basis for Judging the dursbility of casein or soybean glues,
the action of bacteria, heretofore disresgarded, must be taken into
account, Data availuble ai nresent do not conclusively demonstrate that
purely chemical hydrolysis occurs, and experiments in vhich bacteria are
entirely eliminated will be required to settle this question.
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Table l.--Joint strength values of birch sapwood plywood made with casein and
soybean glues with and without preservatives. The specimens were
surface disinfected by a 45-second dip into boiling water, adjusted
to a moisture content of 50 to 65 percent, and incubated in jars at
room temperature. Specimens were conditioned to equilibrium at
80° F, and 30 percent relative humidity prior to testing.

Joint strengths and percentages of wood failurel ,

® s e o o o e e 8 e e e e e S o e e i o o e e 0 s 8 e

X ¢t Inoculated with

Glue - : Not inoculated : . Pemieillium : [Boculated with
: . . 2/ ! bacteria
i ot 1o O TS bl AR i e

¢t 7 days : 26 days : 7 days : 26 days s 7 days : 26 days

e o v e e Y i e o e e ¥ e 0 o e e i e e e D s b e e e e e e e
.

ve

Casein
i 4/
No preservative-----: 434-13 : (8) : 00 : 0-0 : 469-30 : 7'183-8
&% gsodium ortho- - . : : 3 :
phenylphenato-—=-- : B57~54 : (3) + 425-43 :  0-0 : 503~-60 : 375-11
5% sodium trichlor- : 1 g : ;
phenate-————--evmw— - i B42-48 574-49 : 427-49 : 560-33 : 5l1-47 : 555-43
Soybean
: ' 4
No preservative----- ¢ 341~-15 é/206--0 3o 000 b 00 3 I05-EL.3 —/O—O
5% sodium ortho- : f gy : : : :
phenylphenate-----: 368-5 : =/372-3 : 120-2 @ 0-0 : 351-3 ¢ . 319~1
5% sodium trichlor- @ : : G
phenate-—--m—~-mmv : 313-0 ¢ 390~4. : B331-4 3 319-1 1 338-1 ¢ . 333-0

l/The first value represents the joint strength in pounds per square inc?; the
second value represents the percentage of wood failure. Zach value is the
average for 8 to 10 specimens.

2/Bacteria occurred as contaminants in these specimens.

é/The jars containing these specimens were opened to photograph and cult?re
the bacteria in the glue lines. The specimens became contaminated with
Penicillium brevicaule and all were totally delaminated.

gg-/Molds occurred on these specimens.

.
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Table 2,--iffect of micro-organisms on birch sapwood plywood made with soybean
and casein glues, The specimens were adjusted to a moisture con-
tent of 55 to 860 percent and incubated in jars at room temperature.
Specimens were ccnditioned to equilibrium at 80° F, and 30 percent
relative humidity prior to testing.

:Joint strengths and percentages of wood failurel/

Treatment : : Soybean2 ! Casein/
: B8 days ¢ 19 days-: 10 days : 21 days
Autoclaved,gl not inoculated--: 5/347-5 : 318-13 ¢ §-’-§-/L7>S?6--1l . 2/466—22
Surface disinfected,§ not - : : :
inoculated-——=mmmmmmem e : é/318—13 § OBO=1 459-54 : 459"43
Surface disinfected,g/ inocu-~ : 5 : :
lated with: § 5/ : : : 5/
Torula (plus bacteria?)----- $. 72088 4. BB-DF .t 341-33 3/233—9
Panicillium glaucum-—-—--—~~-=¢ 124~-1 ¢ 62-11 398-8 ? g/ 96-0
P. breviceule (dark strain)-: 239-4 : 0-0 407-19 . 146-0
P. brevicaule (light strain): B83-0 ¢ 0-0 ¢ 327-23 : =/122-0
Bacteria BE=B-—isruamomm— b BB 5, 00 3 Balels T LA
Bacteria from uninoculated : : :
chadel-——sn - . ke s b JOBeA 3. ONE 8 322-29 @ 0-0
Not surface disinfected, not : 2l : 5/
inoculated——m——memcm e - : 20l 3. a3 a89=11 1™ S0l

.
3

l/The first value represents the joint strength in pounds per square inch;
the second value represents the percentage of wood failure, Fach soybean
value is the average of 9 specimens; each casein value is the average of
8 specimens.

g/When tested after 15 days at room temperature (i.e. moisture content.lz to
16 percent) 15 soybean specimens averaged 335-5 and 18 casein specimens
averaged 495-34.

3Casein specimens autoclaved 40 minutes at 10 pounds pressure; soybean speci-
mens autoclaved for 20 minutes at 10 pounds pressure. '

é/Bacteria isolated from inner plies of all specimens on casein agar.
Q{Bacteria grew out of glue lines of these specimens.

éjSacteria isolated from 2 of 5 specimens cultured.

Z/Some mold contamination,

§/Surface disinfected by 45 to 60 second dip into boiling water, draining,
ant a 5 to 10 second dip into 95 percent ethyl alcohol.
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Table 3,--Effect of micro-orgrnisms on birch heartwood plywood made with caccin
glues, The specimens were adjustcd %o a moisture content of 5C %o
60 percent and incubated in jars at room temperature., Swnecimens
were conditioned to equilibrium at 80° ¥, and 3C percent relstive
hunidity prior to testing.

:Joint strengths and percentages of wood failural/

i < o e 1 o o o i S T S B0
S G 5 e B 12 B e S O s o Svn i i S B o o S 8 -

} 7 S 2
s - & ! 3/
Treatment : Casein glue ngn2,3/ Casein glue "B"2ati

17 days ¢ 34 days

e 5 i gt o o B i B

Autoclaved, not inoculated----:  5C1-E3 : 478-61 @ 431-37 +  478-49
Sur igind : : : s
og¢face disinfected, not L ! " . §/389-”7
inoculatieds e emmsme g 2o ;. BEVedE 2 BT 343-26 ¢ “
Surface dicinfected, inoen- : : :
lated with: t : : t
Penicillium brevicaule--—-- Po4R46-2 £¥0—0 : 4/296—-1 3 25~-0
Cladosporiume————— 1o . .. g : i/169—5 : 0-0 s =/293-18 : 0-0
Crichodermg-————=wm=—m=o——— :  385-42 -0 : 373-65 84-0
Bry] sl vod i o i s 4lgavaae ¢ dloe0 T i selde BT R60
Bacteria from uninoculated : ! : . : e
CheCk=—m e e s 57-6 1 0-0 3 169~ ¢ =
Sacteria 82-8----——- e £ A8B0 4 648" Ty FNERGE IS 0-0
Bacteria T7-A-e-cmmomme e s 170-3 : 0-0 | 317-43 105~
Yot surface disinfected, not : " ! : :
inoeulatel@-rm—ommam e —/145—0 : 0-0 $ o7 62-7
l/The first value represents the joint strength in pounds per sguare inch; the

%
second value represents the percentege of wood failure, Each value is the
average for 8 snecimens, '

: ! ’ . .
g/When tested after ahout Z weeoks at room terperature (i.e. moisture content !
12 $o0 15 percent) 20 specimens glucd witl: casein "A" averaged 481-69 and 20
' glucd with casein "B" averssccd 451-46.

g/When tested after 54 hours! immersiorn in wsoter at room temperature before
autoclaving or surfece disinfecting, 20 casein "A" specimens averaged
202-0 and 20 casein "B" apecimens averaged 204-0.

il-/ZBrmt'.e:c:‘La grew out of glue lines of these smecimens,

é/These specimens were again surface disinfocied after the start of the
experiment to eliminate contaminating molds that appeared,

élBacteria grew out of the glue lines of & of these specimens,
sznidentified molds on these specimens,

1
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Table 4,--Joint strength values of individual antoclaved and surface-

diginfected casein "A" olued specimens from table 3 after

incubation for 34 days

: Controls
Poanel &
oy tommmmrm e

33 1 390-100 : 180-0':
34 555-30 : 920-0 :
36 : 485-100 : 200-0 :
37 i 456-100 - 170~0 i
39 i 630-70 : 205-0 :

Joint strengths and /
percentages of wood failurc™

o s s B e S e S St B0 i B e S i e WA o . 9, S e S oy ot e S o

Autoclaved,

not
inoculated

s v e e o i W e it e & B e v e T s B g 8 S o G St S

445-0

505-50

435-100

505-50

475-100

Surface-
disinfected,
not inoculated

315-50
385-90
225-0

0-0

Reduction of
strength of
surface~
disinfected
over auto-
claved specimens

ot e O s S P B et o Pk 2 ot

13
b8

100 -

l/The first value represents the joint strength ir pounds per square inch;
the second value represents the nercentage of wood failure. Tests were
made after the specimens hnd been conditioned to equilibrium at 80° F,
and. 30 percent relative humidity.
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Table S5,~-Joint strength value« of cascin-glued birch sapwood plywood surface~-
disinfected or avtoclaved (with msuval or reduced numbers of bacteria
in the glue linc: ard a 6F percent moisture content) tested
immediately aftor ineubation

: <oint strengths and vercentages of wood fallure—/

e s it o e o S G o i S i O S S Vo ks B o e o o

To. 1 casein gluegﬁé witl- 3 No. & casein glueg’é/
out preservative : - without preservative
Tipped into Anxoclaved : Dipped into : Autoclaved
boiling water :for 1/2 hour: boiling water :for 1/2 hour
for 45 seconds :at 10 pounds: for 45 seconds :at 10 pounds
to eliminate : pressure : to eliminate : opressure

Incubation at room
temperature for:

surface molds : surface molds

4% e se es @6 9% en ss ss

6 days tested dr\f; 21-04 : Gk 48568 f e AANEY
B AR i e 151-0 T e 219-0 £ gat

2 woekS......... Lk 168-0 : L3y 206-0 ¢ Bt

b VEOES, o v nnsanmel fBG—O : 218=0 ¢ 193-0 : 220-

6 WokS, .. oivinest 2 130 T 193-0 B g gy

B omenthe, L 4-0) : s G 191-2 : 215-4

B MONERS . . eene.nt 17~o : Tagt 17-0 : 193-3

4 MONtNG.. eeennest 24-0 : zoa~! : 520 b oOE

5 months .. ....u...! 11-0 : : 08—0 ¥t synes

S montieil LoR L, e on B : 7/909--0 . Bﬂ' : -/291-0

irast value represents the joint strength in pounds per sduere inch; the
ond value reprecents the nercentage of wood failure. Zach value is the
;rage for 8 apecimens contained in & single jar unles: othervise stabed.

F/WPan vested afier 4 days at 80° ¥., 30 nercent relabive humidity, 20 speci-
L ’ & (% F

mens glusd with Fo, 1 averaged 404-12 and 2C specimens glued with Fo, 2
averoged 287-27, j "

¥hon sosbed after 72 hours' immersior in water at room temperaturs, 2’ speci-
i gived with No, 1 averaged 1765-0 and 20 specimens glued with o, 2
razed 220~-0,

&vi

4'- 1 2 Y -
“'Teuted after 6 days! exposure in test bottles followed by conditioninz ab

83° T, and 30 percent relative humidity for 18 days. Average of 8 specimens,
'Bactaria indicated by foul odor when Jjar was ovened

"Bacleria isolated from the 3 specimens cultured bj nlaﬁtlng glue-line scrap-
ngs from the delanminatei fates in beef-peptone dbroth with pH of 9,25.

Lacteria were inolated frcm 8 specimens when scrapings from freshly opened
giue lines were planted in the veef-pentone dbroth.

8

!

/R cteria were isolated from 1 of 4 of these specimens when scraplng from
freshl, opened gluc lines were planted in the beef-peptone droth,
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Table 6,~-Joint strength values of casein-glued birch sapwood plywood surface—
Aisinfected or autoclaved (with normal or reduced numbsrs of bacteria
in the glue lines) and kept submerged at room temperature and removed
and tested immediately

Exposure & il Gl i T B
: : No. 1 casein glueg’gl ¢ No, 2 casein glueﬁ'é/
—————————————————————————————— ¢ without preservative : without preservative
: : Dipped into :Autoclaved: Dippsd into iAuloclaved
: Incu~ :boiling water : for 1/2 :boiling water : for 1/2
Conditiona ! bated :for 45 seconds: hour at :for 45 seconds: hour at
¢ for: : %o eliminate :1C pounds : to elimirate :10 pounds
: surface molds: pressure : surface molds: nrecsure
Soaked in water....:l month : 110-0 Y 202=0 ¢ 176-0 : ?1?—0
IOGid s ihenins ..t3 months: 0-0 $  160=0 i 0-0 : 1;3-2
DO..sissinsvrunnetD HonbRay y 0=0 t . 1686 3 C-0 ¢ 184~
DO svwnnsen evess$T months: 4/ 0-0 : §/114-O $ 4/o-c : 5/135-1
Soaked in water con-:
taining 2 percent: ’ .
Santobrite.......:1 month ¢ 232-1 :  260-3 : 243-3 !  265-1
D04 xcik esss..t3 months:  197-3 ¢ . 267-4 200~3 : 254-1
DO siavnrnsnrs S0 NSNS 231-22 ¢+ 266-3 : 229-21 6/254—1
Plyssinnvnssssntl gmthss §/199—3 5 1251~11 $ §/192~1 ' 2/230-~8
So‘akéd in wa’oe."n‘ con-:
taining casein :
and bacteria.....!l nonth': 91-0 t 157-0 : 127-0 : 181~-0
o TRFCA e .13 months: 0-0 3 3-0 0-C 3 O-g
5 I TN tO months: 0-0 2 0=0 0-0 $ 4 0O-
£ o N AL A +$7 monthss: 2/0;0 : 2/0-0 3 2/0—0 - —/O—O

l/The first value represents the joint strength in pounds per square inch; the
second value represents tae percentage of wood failurc,

.§/Va1ue for 32 specimens glued with Lic. 1 after 14 days at 80° F, and 30 percent
relative humicdity, 483-13; for gpecimens glued with No, 2, 389-11,

§/Joint strength for 32 specimens glued with No. 1 after 96 hours' immersion in
water at room tcriperature, 199; for spocimenc glusd with No., 2, 209.
i/Water cloudy with bacteria,

é/Bacteria isolated from all 8 of these specimens by planting scranings from
freshly opened glue line in beef-veptone broth with pH 7.7 or 8.5,

8/Bacteria isolated from 3 of the 8 specimens cultured by planting scrapings
from fresihly opened glue line in beef-peptone broth with pH 7.7 or 8.5,

7 /Mo bacteria were igolated from these & specimens cultured by planting scrap-—
ings from freshly opecned glue line in beef-peptone broth with pE 7.7 or 8,5.

8/Bactoria isolated from 1 of the 8 spocimeny cultured by planting scrapings
from freshly opened glue line in beef-peptone broth with pf 7.7 or 8.5,

9/Water cloudy with becteria; bactoria isolsted from the 2 specimens culiured by
planting scrapings from the delaminated faces in beef-pentone broth of pE
7.7 or 8,5,
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Figure 1.--Masses of bacteria growing from the glue line of plywood bonded
with a commercial casein glue.
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Figure 2.--Three-ply birch shear specimens bonded with casein
glues, surface disinfected, and kept in sterile jars for 5
weeks. The joints have been partially delaminated by the
bacteria normally present in the glue line. The white areas
are chiefly masses of bacteria. These bacteria typically'
work inward from the edges.
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JOINT STRENGTH VALUES(POUNDS PER SQUARE INCH )
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Figure 3.--Relation of bacteria to glue deterioration in wetted plywood
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JOINT STRENGTH VALUES (POUNDS PER SQUARE INCH)
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Figure 4.--Relation of bacteria to glue deterioration in submerged

plywood made with No. 1 casein glue.
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JOINT STRENGTH VALUES (POUNDS PER SQUARE /INCH)
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