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INTRODUCTION

The yearly loss known to be due to the deterioration of fabrics by
micro-orgaimisms is constderable, and a great deal of damage of
rextiles now ascribed to other cuuses results from the unvecognize:l
action of fungi and bacteria. TUnder the conditions of temperature
and moisture usually encountered, fungi are mainly responsible for
cellulose nttack. As the moisture content of the textiles increases,
bacteriz hecome relatively more important than fungi. These organ-
isms usually need only favorable conditions of humidity und tem-
perature to cause damage. The conditions especially fuvorable to
their activity are found in seacoust commumties and during the
summer in many Southern and Midwestern States.

1 xypbmitied for publiention July 15, 1030

® Appreciation is expressed o AL E. Dipandt, senior statistician, “pil Censervition Sesviee,
for hif suzgestions oo merhods of analyzing (e dat,  Acknewledmnent slso is made to
James H. Ketterlog, formierly junior chemist, Textils and Clothing Division, Harenu of
Home Eeonowmics, {or his assistanee during mere of thls investigution.
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The micro-organisms that affect cotten may be divided roughly
mto two groups: (1) Those that only discolor the fibers, and {2}
those that actively attack the cellulose und hence caunse a loss in
breaking strength. Some micro-organisms belong to both groups
since they discolor as well as weaken the fiber,

Cotton fibers ut the time of boll opening contain constituents other
than cellulose which make the fiber more subject to damage by
micro-organisms than is celinlose alone. These substances are both
organic and inorganic in nature. The organic constituents furnish
tood to these heterotrophic micre-organisms, while the inorganic
supply the mineral elements essential for their growth. The organic
fraction, although present in comparatively small amounts, enables
other organisms, as well as those that destroy the cellulose, to srow
and discolor and perhaps tender the fiber.

After the boll opens, the cotton becomes contaminated with miero-
organisms and accumulutes more or less dust und dirt.  These furnish
additional material to support growth of micro-organisms. Thus,
at favorable temperatures and humnidities, cotton may deteriorate
considerably bLefore picking. And after picking. ginning, and
baling. cotton often is slored under conditions that favor further
deterioration.

Manufacturing processes are normally performed under conditions
that increase this liability to damage. Warp varns are sized with
constituents that accelerate growth. Although bleaching and other
processes remove muny of cthe Impurities in raw cotton. :o thar
leached fabrie is lesz subject to damuge than unbleached material.
other treatments such as dveing und finishing may again furnish sub-
gtances that sbmulate growth of micro-organisms.

Then. during wear, the fabric becomes soiled, and this accamula-
tion of dirt and grease, however smaull, mav accelorate their growth,
It 1s evident. therefore, thut the cotton fiber is subject to damage by
micro-organisms from the time the cotron boll opens until the fiher
is finally decomposed,

In o prelimimary study, one of the authors developed a method
(-7)® for testing the effectiveness of mildewproofing agents on cotton
fubries in which the fungus, Cheetomium obosuar, Kunze i used
ax the test organism. This particular fungus was selected because
it was found on nearly all ontdoor fubrics wsed for awuings. tarpan-
ilns. shock covers. ete. Luboratory tests on the cultures isoluted from
these muterials indicated that this chactomium was one of the most
umportant organisms responsible for the loss of breaking strength of
fabrics. This test miethod has been adopted by several research
Jaboratories of indnstrial concerns, and is used to test mildewnronfed
materials now purchased 1inder certain Government specifications.

The method alzo lends itzelf to the study of the deterioration of
cotton and other cellulosic materials.  During incubation Favoralle
conditions approuching the optimum are maintained. Deterioration
is acselerated so that as mueh damage accurs in 2 weeks as would
require months in the field. The present investigation was under-
tuken to ~ecure information needed concerning the various physical
and chemical changes which undoubtedly accompanied the loss of
breaking strength produced by the chuetomium.

“ fealle numbers in parentleses refer &0 Literatuee Cited. p. 30,




CHANGES PRODUCED IX COTTOX DUCK BY MICRO-ORGANISMS 3

During a study of soil organisms, a bacterium was isolated that
proved to be a very active cellulose decomposer. This bacterium was
wdentified as Spirochacta cytophaga, Hutchinsen and Clayton. Tt was
found that 8. ¢yrophagae grew well under the conditions maintained
for the chaetomium test.

Since the manner of growth and the actions of fungi and bacteria
are quite different, o comparison of the activity of the chaetomium
and the spirochaete was muade in the present investigation. The
action of these organisms on bleached cotton duck was determined
by measuring changes in breaking strength, weight per square yard,
thickness. staple length, fluidity i cuprammonium hydroxide, copper
number, methylene blue absorption, moisture, and ash. The rate
of evelution of carbon dioxide was chosen as an indication of the rate
of growth of the organisms on the fabric. The ¢hanges produced by
the orgunisms as indicated by the results of the anulyses were com-
pared and were analyzed statistically to discover similarities and
differences among the results and between the actions of the two
organisms,

REVIEW OF LITERATURE

Most of the published reports on the microbiology of cotton deal
with the identification of miero-orgunisms found on cotton fibers
and fabrics.  Almost no quantitative data on their effect on cotton
textiles are available. Although a great number of species of organ-
isms ocenr on cotton, many of them do not produce mildew. The in-
vestigations that report the presence of micro-organisms on cotton

are listed below in chronological order.

In 1830 Davis, Dreyfus, and Holland (71) stated that the spores
of the fung causing mildew are constantly present und that eotton
fubrics exposed to warmth und moisture are likely to mildew. They
identified several species of fungi tauken from mildewed cotton
materials,

Holle (79) investigated fungoid growths on cotton fibers and con-
cluded that the cotton hair was infected before the cotton was fully
ripe. He stated that the hyphuae of fungi penetrated through Ihe
auter wall of the fiber into the lumen.

A fungus that produced a pink color in cotton was isolated but
not identified by Trotman {46},

Osborn (22) investigated some micro-organisins infecting various
types of eloth and was able to isolute species of Penicillinm, Mucor,
Fusarinm, Aspergillus, Stysanus, Chaetomivm, and several umidenti-
fied bucteria and phycomycetes.

Broughton-Alcock () stated that fungi of the genus Muers-
sporium and of Stemphylivm. were principully responsible for the
microbiological destrnction of cotton and linen canvas.

Sidebotham (37} found that Botrytis caused discoloring and ten-
dering of dyed cotton cloth. Growth was rapid at 90° to 100° F.

Aspergillus nige and a species of Penicillium were isolated by
Armstead and Harland (2) from cotton fabric shipped from Tndix
to England.  They found that at humidities ranging from 90 to
100 percent .1, wiger grew on the uncized fubric and the Peniciltium
species on the sized muterial.
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Bright, Morris, and Summers {J) stated that the fungi most com-
monly found on cotton are species of dspergillus, Rhizopus, and
Penicillivm, and that they may occur on the material at any stage
of manofacture from the raw cotton to the finished fubric. These
investigators diseredit the opinion that acids produced by the micro-
organisms cause tendering of the fabrics.

In 1924 Thaysen (24) published u general diseussion concerning
the growth of different types of micro-organisms and of their effects
on cotton fibers and fabrics. He stated that bleached cotton is more
resistant to microblological attack than raw cotton, and concluded
that this difference probably is due to a difference in the protein
content of the two materials. '

Shupovalov {29} found that Aspergillus niger and Rhizopus
nigricans frequently caused a rotting of young cotton boils. These
organisms were able to attack only bolls that previously had been
damaged mechanically or by insects,

Smith (37} stated that the following species of Aspergillus infect
votton : A. Farus, A. fumigatus, 4. niger, A. repens, 4. rubber, A.
sydowi. A. terreus, A. wersicolor, and A. wentii. He also reported
(22} that the varions species of fungi which aftack cotton difter
considerably in their behavior. Some grow at low temperatares and
high humidities, and others at fairly high temperatures and low
humidities. Certain species attack the cellulose; wheress others only
discolor the fiber, Some grow best on the fiber. and a number utilize
principally the sizing materials in the fabrics.

Gulioway (73} listed species of the following genera as among the
fungi most prevalent on cotton goods: dspergillus, Penicillium,
Fusaeinwin, Mueor, Rhizopus, Cladosporivm, Stemphylivm, Macrvo-
sporinm, Botrytis, (‘haetomivm, Helminthosporim, Dematium. T'ri-
choderma, Heonilia. and Actinomyces. Of these, Aspergillus and Peni-
eittim were found most frequently., He stated that some of these
organisms were able to produce an appreciable loss of strength, but
that « concentration of 25 percent or more of carbon dioxide in the
atmosphere inhibited their growth. Later he (74} studied the occur-
rence of ~diamond spot” mildew and found that 1t was caused by the
growth of the fungi along the warp and filling directions of the
{ubric from the point at which growth originated. A number of
fungi such as A. niger, 4. ferreus, and species of the genera Fivu-
riun. (ladosporigr . and Helminthosporium were found to produce
“dhiamond spot.”?

A bacterium that caused yellow stains on skeins of cotton kept in
a moist atmosphere. was isolated by Brussoff {7). He stated that a
spore-forming, gelatin liquifying, rod-forming bacterium could
always be isolated from these stainx,

Heyves and Holden {/8) isolated two species of Penieiflinm from
mildewed cotton goods, one of which resembled P. purpurogenvm.
Thev found that these two species und P. pinophilum were able to
deteriorate cotton yarn.

Galloway (74) studied the length of time reguired at 25° (. at
diffevent humidities for the germination of the spores of a number
of speciex of fungi isolated from cotton goods. The mininium
relative homidity that permitted growth varied from 75 to 95 per-
cent. depending upon the species of the funguse. He mentions
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Rhizopus, T'rickoderma, Stackybotris, Thiclaviopsis, Cladosporium,
Stemphylivm and Acrothecium as able to grow at these humidities.
Later he (I6) observed that the principal fingoid damage to cotton
occurs when cotton is not excessively moist,

Another type of cotton-fiber deterioration is deseribed by Gulati
(7). The micro-organisms enter the lumen of the fiber wherever it
is mechanically damaged and burst the fiber by means of pressure
built up within it. Some 17 spectes of fungi and 3 types of bacteria
were isolated from cotton by this investipator,

Prindle (24, 25) found that the fungi and bacteria on raw cofton
were largely soil organisms. The fungi belonged to the geuner:t
Hormodendrum. Fusarium, Alternaria, with Aspergillus snd Prui-
cillivay occurring in smaller numbers. Later he (27) studied the
growth of micro-organisms on cotton fiber at different humidities
and found that only Penirillia and dspergilli arew over the range
of humidities from 82 to 95 percent. A large munber of actinomy-
cetes were observed on cotton incubated at 95 percent relative
humidity and 25° C.

The above-mentioned investigations were concerned chiefly with
the identification of various micro-organisms found on cotton ma-
terials. Those listed below report methods for estimating the extent
of mildew activity,

Veitch and Levine (39) tested mildew resistance by neubating
disks of fabric on agar for periods of 7 to 10 days at room tem-
perature. Then they examined the fabric and noted the coluor and
the character of growth, and measured the size of the colonies.
Fleming and Thayszen (1;?% counted the number of damaged and
undamaged cotton fibers under the microscope after they were treated
with caustic soda and carbon disulfide, and Bright (4) counted
them after stuining with Congo Red.

Prindle (20) noted the strength of cotton yarn treated with a
number of molds isolated from raw cotton by breaking the yarn be-
tween hus fingers. He first prepared a cotton‘extract broth. Then he
suspended smull skeins of the cotton varn in the broth and inoculated
the skeins with a number of species of Aspergillus, Hormodendrum,
Oospore. Penicillivm, and Mucor. All of the micro-organisms urew
well in the medium. Only one. a species of Hormodend rum. caused
a_complete lozs of strength of the yarns, while two cultures of green
Penicillia produced o partial loss. He also tested some bacterin] cul-
tures, but found none that reduced the strength of the yarn.

Searle (28) determined the wet hreaking strength ‘of mildewed
fubrics to evaluate dumage. He developed n method in which 15-
by 1l4-inch strips of cotton fubric were wound on filter candles
which previously had been coated with a sail suspension.  These
glrips then were incubated for § or 6 weeks by placing each cundle
in a test tube contzining u small quantity of water. A loss of 53
to 93 percent in strength occurred during 6 weeks' incubation.
Nearle’s method failed to give close agrecment between loss of break.
Ing sirength of replicates under apparently identical conditions.

Thom. Humfeld, and Holman (45} determined the dry breaking
sivength of mildewed duck. They abandoned mixed enltuves hecause
of the difficulty in obtaining comparable results and measured {he
activity of a single organism under controlled conditions. By test-
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ing a number of commereial mildewproofing agents they found that
some prevented the growth of their test organism, Chacfominm
alobosum, but that others were ineffective in this respeet.

These studies show that, in general, only two types of methods have
been nsed to measure the extent of mildew activity. These are micro-
scopic examination and determination of breaking strength. A num-
ber of additional methods, both physical and chemieal, were used in
the present investigation of microbiological deterieration. Carbon
dioxide evolution, which often is employed for measuring the rate
of growth of micro-organisms, was adapted to the study of fabrie
deterioration. Also a differential staining method was developed for
showing the presence of hyphsae inn cotton fibers.

EXPERIMENTAL PROCEDURE
PREPARATION AND SaypLING oF Fapric

A bleached 14-ounce cotton duck with two-ply warp and single
filling yarns was used for this investigation. It was washed and
desized before it was given any bacteriological treatment. For the
washing procedure a temperature of from 60° to 65°C. was main-
tained and a neutral soap solution was used. After washing. the
fabric was thoroughly rinsed in warm distilled water to remove all
traces of soap. It was then given a treatment with o starch and
protein-solubilizing enzyme preparation (7) and finally was thov-
oughly rinsed.

The cotton duck, after inoculation with Jhactomium glebosum and
with Spirochaeta eytophage was incubated for different lengths of
time. For each period with each micro-crganism. a 24-inch square
of duck was sampled as shown in figure 1. The 6-inch squares desig-
nated as sw and st were used for smuple warp and fliing breaking-

- 24"
—
cw SW 1 i
sue cw m Ve
Y I cf st
. ¢ | =
vIr Vi 5§ cf
51

Fiarie 1L.—Pan of hy-out for sumpling the duck.

strength strips, respectively, and those marked ew and cf for control
warp and filling strips. Controls from the immediate vicinity of the
sample and of the same warp and filling were analyzed in order to
compensate for variability of the fabric.
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The squares marked I and IT were used for determinations of weight,
then thickness, moisture, and finalty ash; ITT and IV for Copper MR-
bers; V for methylene blue absorptions: and VI for fluidity measure-
ments. Pieces VIT and VIIT were used for staple length and for any
experiments other than breaking strengths which needed to be 1e.
peated. Each of the eight squares designated by roman numerals
were divided into control and sample picces as shown in the emall
square 1 figure 1. For each replicate, material was taken from both
control squares of the 6-inch piece and also from both corresponding
samyple sections.

Strips of fabric 6 by 114 inches were taken for the carbon dioxide
determinations. In this case a random method of sampling swas uged,
These strips are not shown in figure 1 since the measurements were
made affer all the other tests had been completed. The close rela-
tionship that was found to exist between breaking strength and rate
of growth suggested that pertinent information might be obtained by
studymg the rate of evolution of carbon dioxide. This measurement
trequenty has been used to investigate growth relationship.

BactenioLocical, PROCEDURE

In order to sterilize the c¢otton duck, the strips were first placed
in 16-ounce screw-cap bottles and the squares in Petri dishes 115 num.
in dinmeter and 15 mm. in depth. The strips and squares were wet
out by filling the bottles und dishes with water. The water then was
drained off and the bottles and dishes were sterilized in an autoclave
for 1 hour at 15 pounds pressure,

A culture medium of the following composition was used: NaNO.,
3 gm.; K.HPO, 1 gm.: Mg80,,0.25 gm.: KC, 0.25 gm. ; agear, 1 g ;
and water, 1 1. The hydrogen-ion concentration of the medinm was
approximately pH 6.8.

The medinm was melted and 50 ml. of it was poured into each of
several I6-ounce screw-cap bottles. Tt was then sterilized in an auto-
chave at 15 pounds pressure for 20 minutes. The hottles were placed
on their sides in « horizental position and the agar was allowed to
harden.  Thiz gave a Iayer of agar in each hottle about 5 to 6 mum.
deep. After the medium had caoled, a sterile strip of fabric was
placed on the surface of the agur in each bottle, ) _

By adding about 30 ml. of medium that had been sterilized in
hoftles to each 115-mm. Petri dish, approximately the same depth of
agar was obtained as in the bottles. A sterile square of fabric wus
placed on the agar in ench dish. The strips and squares were trans-
ferred with a pair of long forceps which were flamed to render them
sterile. The fabric samples were incubated for 2 or 3 days to make
certain that no contamination oceurred during transfer.

Stock cultures of 'A, globosum and S. rytophaga were kept in test
tnbes on filter paper that had been placed on the surface of the fgar
mediom deseribed above. Transfers were made to sterile filter paper
on the mineral medium 10 days to 2 weeks before the culture wus
required for the inoculation of the fabric.

The inocuhim was made for both the fungus and the bacterium by
scraping off the growth from the surfuce of the filter paper and sUS-
pending it in bottles of sterile tup water. The resultant suspensions
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were examined under the microscope to be certain that they were sufli-
clently concentrated to insure a thorough inoculation. The presence
of a number of spores in each field examined was taken as an indica-
tion that the suspension of the fungus was satisfactory. In grder to
determine whether enough bactevia were present, a drop of the sus-
pension of the bactertum wag placed on a slide, sfained with carbol
fochsin, and examined under the mieroscope.  The presence of nuner-
ous cells in the stuined preparation left no doubt us to the abundunce
of the bacterin,

One series of strips and squares then was inoculated with u eulture
of Ch. globosum. ‘The strain used was one isolated in this laboratory
from mildewed canvas and identified from Chivers’ monograph (1),
The cuiture subsequently was sent to Chivers who confirmed the
identification. It had been employed repeatedly for testing the effec-
tiveness of chemical mildewproofing agents, and was known 1o be one
of the most active cellulose decomposers available,

A similav series of strips and squares was inoculated with
S, eytophaga, a bacterinm described by Hutchinson and Clayton (.27},
The strain vsed was isolated in this luboratory some time previously.
The organism was undoubtedly the sume as that isolated and de-
geribed by Hutchinson and Clayton.  In yonng cultures there was a
preponderance of the threadlike. fairly long. thin, filamentous, ane
frequently curved cells. In older cultures. the “coccus” form pre-
dominafed. =ince these forms could not be separated, it wus con-
cluaded that the strain wns a pure cultwre,  Its appearance agveed in
all particulars with the description and illustrations of Hutehinson
nnd Clayton, and therefore there seemed to be no reazonable doubst
regarding the correctness of the identification.  Cellulose wus essen-
tia] for its growth, and no growth was ebiained by culturing on any
other medium. It atilized flter paper, cotton fabric, and ecllulose
suspended in agar,

Inoculation was aceomplished by transferring 2 ml of the ineculum
with a sterile pipetie to the surface of each strip and square of fabric.
The suspension was distributed over the entire surface of cach fubric
sample by piacing the tip of the pipette at one corner of the piece of
matertal and allowing it to shde hack and forth over the surface of
the fabric and at the same thme letting the inocula run out of the
pipette,

A sufficient number of strips and squares was inoculated at one
time to provide all that were needed for the physical and chemicul
anadyses. The strips and squares were incubated for different periods
at room temperature (aboul 28° C.). For the chaetomium the
fengths of time of incabation were 1.2, 3, 6. 8, 12, and 15 dayvs, and
for the spirochaete 2, 4. G, 9. 12, 15, and {8 At the end of each
incubation interval the required number of samples were removed
from the incubator amdl exch strip nmd square was washed free of
surface growth, then air dried. éim-o the sguares were to be used
for chemical tests, they then were steeped and washed in 10 changes
of warm, distilled water.  The control squares were treated ltkewise.

TEST METIIODS

The samples for the physical mensurements were conditioned at
least 4 hours and tested 12 laboratory maintuined w0 70 F, and 65
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percent relative humidity. The breaking-strength measurements
were made npon strips ¢ inches long and 1 inch wide, using the
motor-driven Scott tester (38). For the weight determination, 2-inch
squares were stamped out with a die and weighed on a torsion balance
reading directly in ounces per square yard. Thickness was measured
on the weight samples with o micrometer zage which exerted a con-
stant pressure on a given arvea of the fabric and which was graduated
to read to 0.001 inch,

The fiber staple lengths were determined with the Suter-Webb
sovter (/). Warp and filling yarns were raveled from the duck
each type of yarn wus untwisted carefully to separate its compenent
fibers.  After the cut fibers at the end of the yurns were discarded,
the remaining fibers were arranged as nearly parailel as possible, and
then each sample was sorted with the Suter-Webb instrument, meas-
ured, and finally weighed under standard conditions.

For the fluidity tests, 0.5-percent dispersions of cotton in cupram-
monium hydroxide were used. The fluidities of these dispersions
were measured with capillary-tube viscometers at 23° O, (37, p. 53).
Copper numbers were determined on La-gm. samples of finely divided
fabrie which were treated with Braidy’s solution and heated for 3
hours in an oil bath thermostatically controlled at 100° (57, p. 5#).
Methylene blue absorption measurements were made on 1-gm, samples
with a buffered methylene blue solution of pH 7 (37, p. 29). For
the moisture determinations, 5-gm. samples of the conditioned mate-
rial were dried at 105° to constant weight in special bottles designed
by Barritt and King (4). The percentage of ash was determined by
igniting the moisture samples te constant weight in & muffle furnace.

Carbon dioxide evolution was measured by passing air over o
6- by 115o-inch inoculated strip of duck that had been placed on the
agar medium in w 18-ounce screw-cap bottle, and then by ubsorbing
the evolved (O, in a solution of KOH. The milliequivalents of (O,
given off each day by 1 gm. of fabric (on the busis of dry weight) was
caleulated.  The sirips jnoculated with the chaetomium were tested
daily for 15 days. and rhose with the spirochaete daily for 18 days,

The CO. method described by Hunifeld (20) was modified in such
a way as to sterilize the air in ovder to prevent contamination of the
culture. to remove CQ. from the air. and to refine the analysis of the
solutions of KOH. The last change was necessary since only a relu-

tively small amount of CO. was evolved by the action of the micro-
organisms on the duek,

In this modified method the air was bubbled first through con-
centrated .50, in order to sterilize it. then through N KOH to
remove (0. through a sterile empty bottle that served as a trap. and
throngh « bottle of sterile water to humidify it. This sterile, ('().-
free, humidified air wus then pa~sed over the surface of the freshly
inocniated fabric strip. It was intreduced at the vear of the hottle
contuining the strip and removed at the front, after which it was
passed through three botrles which eontained 400 ml. of standardized
N1 KOH. Usually all of the (O, was absorbed by the KOH con-
tained in the first bottle. but since the KOH solutions were very
dilute, a small amount of CO, occasionully was carried over into the
solution in tha second bottle. The =olution in the third bortle served
as a control.  For the chaetomium cultures the air movement was

1T50% g0
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provided by water aspirators controlled with needle valves, and for
the spirochaete cultures, by a vacuum pump. It was possible to
obtain a more uniform flow of air with the vacuum pump thun with
the water aspirators.

The (O, ubsorbed by ithe KOH solutions was precipitated as
BaCO;, by adding 10 ml. of @ 2N Ba(l. solution to each 400 ml. of
KOH solution. Each solution was diluted to exactly 500 ml with
CO.-free water, shaken, and allowed to stand until ail the BaCO;, had
settled and the supernatant liquid was elear. Two aliquot sumples,
106 m. each, were removed by a pipette from each 500 mi. of solution,
and each aliquot was placed in a 360 ml. Erlenmeyer flask containing
40 ml of standardized 0.02 N HCI, sufficient to make the selution
definitely acid. These solutions were then titmated with the
N/100 KOH, using methyl red as the indicator. This back acid-
alkali titration method was used since the excess acid present pre-
vented any absorption of CO. from the atmosphere and subsequent
precipitation of BaCO, during titration,

A method was developed for staining the fibers of the fabric in-
cubated with Ch. globosum so that the hyphae of the fangus would
be visible. Tt was difficult to demonstvate the presence of the fungus
on the fibers becanse the very fine hyphne were colorlesg and there-
fore could not be seen unless stained. When the vsual methods of
staining were tried, the cotton fiber as well as the hyphae absorbed
the stian.

In this new method a small sample of the fibers is immersed in a
0.1-percent basic fuchsin solution in 83-percent ethyl alcohol. After
a few minutes, the fibers are removed and placed on a plece of flter
paper which tnkes up the excess stuin,  The fibers next are immersed
in a 1-pereent agueons solution of phenol. The length of time they
remain in the phenol is unimportant. The sample then is placed on a
shide in a drop of the phenol solution, covered with a cover glass, and
examined. The usual mounting media etther decolorize the hyplwe
or cause o diffusion of the stain. For permanent mounting a neutral,
water-soluble mounting fluid ealled Abopon has been found satis-
factory. This new method staing the hyphue pink. but leaves the cot-
ton fiber practicaily unstained. It has been uged successtully with a
mnnber of fungi present on cotton fibers and fabries, and may be
found valuabie for other purposes.

MeTBE0D 0F CALCULATING AND PRESENTING THE DaTa

The resuits of the physical and chemieal tests are presented in the
form of graphs which show the pereentage of change for each ohservi-
tion from itscontrol.  Each graph represents the duta for any oue lest
with any one organism. The percentage of change for each sample
from 1ts control is plotted as 2 point on a graph and the mean of the
replicates as a cross.  Thus in cach graph cach period of incubation
is represented hy one cross und a series of points equal to the number
of replicates, The value for each treated sample iz compared with
its specific control. since the fabric was sampled i snch a way that
each test plece was tuken from the hnmediate vicinity of its control,

An equuation was fitted to the data by the method of least squares,
This equation is plotted on euch graph as a sohid line. The value for
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the percentage change at zero day’s incubation was caleulated from the
equation.  The portion of the curve connecting this point with the
first observed period of incubation is represented by a dotted line,

RESULTS
APPEARANCE OF FaBRIC

The appearance of the fabrics ineubated with the micro-organisms
can be lustrated hest by a series of photographs. The growth of
Chactomivm globosum and of Spirechacta eytophaga on squaves of
fabric are shown in figure 2. The surface of the cloth treated with
Ch. globosum (fig. 2. B) is covered with the perithecia of the fungus

F1etre 2~—Rguares of duck incubuted on agar medium in Petri dishes for 15 days:
A, oo sterile vondition; B, with Chactominm globosum ; @, with Spirechacta
cyfophingi.

to such an extent that the fabric is no longer visible. The color of this
growth is dark grayish green. and its rough surface is apparent from
the photograph,  The growth of 5. cytophage (fig. 2. ('), on the other
hand. does not obscare the weave of the duck, is yellow in color, and
gelatinous in appearanee,

The fabric itself changed in color from white to light tan ag growth
of the chaetomium progressed. and from white to g vellowish white
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as the spirochacte developed. These color comparions were made
visually after the surfoee crowth sl been removed with a #patida
and the test picees rinzed 1 water and dried. Even after 15 days
exposure the deteriorated fabrics appesied to be in o good condition.
I o case wa< the extent of damaze indicated by the appearanee of
ihe fabrie.

ety et i

.iu‘h?ﬂiﬂﬁr;d

et ke i Phedanieroseaph of dwek s L autreate] Tabries 2.0 fahrie incabitod
Far 15 dagys with e tomeimn globosion, <110

Fiome 3. .1, i~ o photontiersarmph of the anteeated cotton diek,
atal b AL aF e sme materind shter Bodavs" inenbation with Ok,
alehosu . The weave of the eloth appears more <li=tinet in the
rrented aterial than i the comdeol simee the protending fibers in
the Tormer have been boken ofl = o sesuli of the aetion of the miero-
arenni-tn. When fiber< are rentovesd] Prome tle Tabwie ond exinined
wncer w higher mwaantfeation than wa- v=ed for dwe phatomiceogrepsh.
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the ends of the fibers from the incubated material are scen to be
jagged, while those from the untreated fabric ave unbroken. Appa-
rently the fungus is more active on the side of the fubric exposed to
the air than on the side placed next to the agar, since the latter ig
similar in appenrance to the untreated duclk shown in figure 3.
When fabries incubated with 8. eytophaga were examined micro-
scopically as described above, similar vesults were observed.

AxarLysis o CONTROLS

The physical measurements give the following average values for
the duck fabric used in this study: Wurp breaking strength, 183.6
pounds; filling breaking strength, 141.7 pounds; weight, 13.6 ounces
per square yard; and thickness, 0.031 inch. The upper guartile
length of the fibers removed from the warp yarns of the duck for
the staple length measurements is 0.937 inch, and of the fbers from
the filling yarns, 0.906 inch.

Resnlts of the chemical tests arve: Fluidity, 13.00 reciprocal poises;
copper number, 0.39: methylene blue absorption, 0.89: noisture, 6.35
percent ; and ash, 0.04 percent,

The breuking-strength values are the average of 112 indi: idual
controls; weight, thickness, and ash, of 56 controls; fuidity, copper
nuntber, and methylene blue nbsorption, 42 controls; mowsture; 28
controls; and staple length, 8 conirols,

BrEAKING STRENGTH

The breaking strength of the eotton duck was reduced by the
action of both the fungus and the bacterium. As incubation con-
tinned, the strength decreased progressively.

Figure 4 shows the percentage decrease in warp and filling break-
ing strength, and 3llustrates the method adopted for presenting the
data, The points plotted show the percent: we change of ench break-
ing-strength value from its control, and the crosses, the mean of
these individual peints for any given period. Euch of these means
is the average of 8 individual valnes.

When the percentage loss in breaking strength is plotted against
time of incubation, the resulting curves (fig. 4} ure found to be simi-
lar in form to the well-known growth curves. A typical growth or
population curve was described by Pearl (23) for the vate of growth
of & population of yeast cells and by Buchanan and Fulmer (8, p. .46)
for the rates of growth of bhacterin. Tn these curves, the population
rate increases until it attaing a maximum, after which it decreases
until a practically uniform vate is veached, wheu the population be-
comes stationary.

These curves are the type known as logistic cnrves and are defined
by the general equation y= T_J—_E{;"F‘T"

In the present study, # equals the percentage of los of breaking
strength; A equals 100, i. e., compiete loss of breaking strength in
percent; ¢ equals the base of the natural system of logarithms, 1. e,
2.7183; ¢ equals time of incubation in days; and «, &, and ¢ are con-
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Freume 4.—Percentage decrease in bresking strength of inneculated cotton duck
inenbated for various lengths of time: A, warp direction, Chactomivm globo-
sume; B, flling direction, Ch. wlobosum; €, warp direction, Spirochaela opto-
phaga; D, filling direction, 8. cytophaye.
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stants the values for which are caleulated for each set of data. The
equation found for the wurp breaking-strength duta for the material

incubated with (% globosum. isy =-T~_F§_w;_;§9%gmjﬁgfgfr

100

1 _!_e-i.O??G—1.21841-}-0.0{9?:‘.9

and for the filling datu y=

The warp and filling breaking strength equations for 8. cyfophagu are
100
Y= 1 ghsais-otiReT
and

100

y= 1 - O -0 TR

respectively. For euch equation, the constants « and ¢ have positive
ralues and b, negative. The respective values for 4, b, and ¢ do not
differ appreciabﬁ'. Therefore the curves (fig. 4) representing these
equations also are similar. '

Figure 4 shows that in general the rate of loss of strength is greatest
between the second and ninth days of ineubation. For exam ple, the
daily loss in strength warpwise for the duck treated with the spi-
rochaete is approxumately 2.0 percent for the first 2 days, 9.3 percent
for the next 7 days, and 2.1 percent for the last 9 days,

The rate of loss of breaking strength is more rapid for the chaerto-
mium than for the spirochaete. This is indicated by the slopes of both
the lag phase and the logarithmic phase of the curves. After incubat-
ing the fabric for 6 days with the fungus, the loss in flling strengrh
is 84.5 percent, and with the bacterium, 28.4. This disparity mayv be
due to the difference in the rate of growth during the fag phase. The
rapidity with which Ch. globosum attacked cellulose unaer the condi-
tions of this study is illustrated by the fact that the fabrie lost 58.7
percent fillingwise after only 3 days’ incubation with this fungus.

After 15 days’ exposure the duck treated with the chaetomium lost
93.1 percent In strength warpwise and 96.9 percent fitlingwise. This
conforms with the finding of Thom, Humdeld, and Holman (.25). who
reported a 94.5 percent loss in warp strength for a duck fubric incu-
bated 14 days with Ch. globesum. The warpwise and fillingwise
losses for the spirochaete are 79.1 uid 77.6 percent, respectively.

Searle (28) found a Joss in filling breaking strength of approxi-
mately 70 percent when he inoculated u duck fabric of American
cotton with a soil suspension and incubuted the fabric for u period
of 6 weeks. Hejes and Holden (78) reported a loss in breaking
strength of from 13 to 86 percent when yarns of American cotton
were incubated for 3 months with several species of Penicillium con-
taminated with bacteria. In these lust two investigntions, the rate
of break-down was much slower than in the present stady. The
rapid rate reported here may be due to the fact that the experimental
conditions more nearly approached the optimum for the growth of
the organisms, or to the more destructive action of Ch. globosum or
S, cytophaga as compared with the mixed cultures of soil organisms
used by Searle or the Penicillium species investigated by Heyes and
Holden.
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Figure 4 shows that the chaetomium had a greater effect on the
flling strength of the fabric than on the warp strength. On the
other hand. the spirochaete which forms no hyphae, reduced the warp
strength more than the flling.

WEIGHT

Tncubation of the duek with Oh. globosim and with S. eyfophage
produced a decrense in weight. In general, the fabric lost weight
progressively ns the length of treatment with ench organism
continued.

In feure 5 the points and crosses have the same significance as in
ficure 4. The curve plotted in figure 5, 4, for the fungus was eal-
culated by means of the second-degree polynominl equation
y=a+bt+etz and in 5. B. for the bacterium by the third-degree
polynomial, y=a+bt+cr*+d. By adding the additionn] term to
the second equation. the caleulated curve was found to fit the ob-
sorved data more closely. These polynomial equations can be used
to fit purts of growth curves. For expressing the relationship be-
tween weight and age of chick embryos Snedecor (33) used a fourth-
degree polynomial equation. Since no donbt the rate of loss of
weight of the fubric 1s related to the rate of growth of the micro-
organisms it seeins reasonable to use polynomial equations for ex-
pressing the relution between weight and length of incubation.

In these equations, y equals the percentage loss of weights 7, the
incubation tine in davs; and a. b. e, and 4 are constants, the values of
which were ealeulated from the data.  For the fabric incubated with
the chaetomiun the equation was found to be y= —5.5446+3.1544
F—0.1014 ¢ and with the spirochaete y= —2Z.7430-42.1203 ¢ —0.1859
72400074 5. In both equations the valnes for « and ¢ are negative
and for b, positive. The respective values for . b, and e do not differ
areatly from each other. Since these sinlur equations fit the data,
it appears that the rate of change of weight follows some definite luw
and that the weight data for the two organisms are related.

The loss in weight is greater for the material when treated with the
chastomium than when incobated with the spirochaete.  For example,
after 9 days the samples exposed to the fungrus lost 15.4 percent in
weight and to the bacterium. 6.8 percent. The greater efleet of 4.
globosum on the deterioration of the duck also is shown by the
strength data,

The presence of hyphae in the fabric treated with the chactomium
may have influenced somewhat the decrease in rate of loss of weight
toward the end of the period of incubation with the fungus. The
hyphae have been observed to grow not only on the surface of the
fibers but to penetrate the wi'ls and may be found even in the lumen.
The curve for the spirochaete shows that even after 18 days’ incubu-
tion there iz no deerease in rate of loss of weight,

When fibers taken from the fabrie incubated with Ch. glebosim
were stained with basic fuchsin, the hyphae of the fungus took the
pink stain readily, so that a clear differentiation was chtained against
the unstained fiber background. Mast of this contrast hetween fiber
and hyphae is lost in a black and white photomicrograph, so that
plate 1 does not give the clear picture that is obtained when the mute-
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rial is viewed through the microscope. The hyphac are seen to be
present on and in the individual fibers. They are very slender,
measuring only about one-twentieth to one-tentl: of the diameter of
ihe cotton fiber, and form in places more or less of u network. The
fibers removed from the fabric incubated with 8. eyfophage ave
stained pink by the basic fuchsin in certain arens. When these areas
are examined at @ magnification of 900, the outlines can Le seen of
what may be the cells of the spirechuete, or u roughness of the sur-
face of the fiber produced by the action of the organism. The
untreated fibers do not shew this phenomenon, nor do the fibers
deteriorated by the chactomium.

THICKNESS

Both organisms reduced the thickness of the fabric, as well as its
strength and weight. The equation y = —2.3177+2.1460 ¢ —0.0943
* was found to represent the percentage decrense in thickness for €4,
globosum. and y = —3.6380+2.4435 ¢ —0.2382 /~+0.0082 * for A.
ewtophaga. Az in the case of the weight data, a second-degree poly-
nomial equation was found for the fungus and a third-degree for the
bacterium.  The correspouding constants in each equation have the
satme sign and are of approximately the same magnitude.

As shown i fgnre G loss in thickuess is on the whole greater for
the cloth treated with CA. globowion than for that attacked by S,
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F1:URE G.—Percentage decrease in thickness of duck produced by the aetion of
the mivre-orgunisms: 4, Chactmninm globosum ; B, Spirochaele cytoplaga.
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cytophaga. In general, the thickness of the material treated with the
Laeterium that forms no hyphae decreases progressively as incubation
continued, while the thickness of the samples treated with the hyphae-
forming fungus remains approximately constant after 9 days' ex-
posure. Possibly the sccumulation of hyphae on und in the fibers
of the cotton treated with C'A. ¢lobosum compensated, toward the end
of the incubation period. for the loss in thickness of the fabrie,

The curve in figure 6. B. for & eytophaga is very similar to the
curve for this organism representing changes in weight. This seems
to indicate a close relationship between loss of weight and thickness
for the fubric when deterlorated by hacterial action,

StapLE LENGTH or FineEr

Staple-length meuasurements were determined on fibers removed
from the untreated fabric and from the fabric after 3. 6. and 9 days’
incubation with (k. globosum and atter 6, 9. 15. and 18 days’ ineuba-
tion with §. cytophaga. Figure 7 shows that the length of the fibers
decreases as a result of deterioration caused by both the fungus and
the bacterium,

The effect of the chiaetomiam on the staple length of the fiber was
very pronounced. The sample incubated for only 8 days showed on
amalysis a considerably greater proportion of short fibers than the
control. After 6 and 9 days’ incubation a large percentage {fig. 7,
. BY of the combed fibers are only three-sixteenths of an inch long
and after 12 days it was impossible fo make an accurate meusurement
of staple length. since the fibers were toe short. This decrense in
staple length is no doubt clesely related to the practically complete
loss of breaking strength.

The distribution of the fiber lengths in the warp and filling yarns
of the unincubated duck is very similar {fig. 7). However. after 3
days’ incubation with (k. globosum. approximately 19 percent of the
fibers from the filling varns are one-sixteenth of an’inch long, whereas
only 4 percent of the fibers from the warp varns are of this length;
after 6 days these values are 24 and 9 pervent, respectively: and after
9 days, 42 and 19 percent. The loss in breaking strength resulting
from the growth of the chaetomium also is greater fliingwise than
warpwise.

Detevioration caused by the bacterium had less effect on the staple
length of combed fibers than damage produced by the tfungus. The
decrease in length after 6 days’ treatment with the spirochaete was so
slight that no measurements were made on the material incubated for
2or4days. The fabric when incubated for 18 days with S cytophuge
wasg less detertorated us measured by staple length than when treated
for 9 days with the fungus. The bacterium also had less effect on the
breaking strength of the fabric than did the fungus. As with Ch.
globosum, the staple length of the fibers from the filling varns are
affected more than the fibers from the warp yarns.

The upper quartife length of the fibers removed from the WRI'D yarns
of the intreated duck is 0.937 inch. and from thz filling yarns. 0.906
inch.  This measurement for the fibers removed from the WaTp yarns
of the duck incubuated with the chaetomium for 8. 6. and 9 days is
0.596, 0.372, and 0.282 inch, respectively. The corresponding valnes
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for the filling yarns are 0.540, 0.398, and 0.252 inch. The fiber lengths
for the spirochaete treated warp yarns after 6, 9. 15, und 18 days' in-
cubation are 0.928, 0.930, 0.712, and 0,586 inch, and for the flling yarns,
0.878, 0.729, 0.585, and 0.486 inch,

‘The fibers deteriorated by the action of CA. globosum for 15 days are
too short to be sorted. Also there is an almost complete loss in
breaking strength, although the changes in appearance, weight, and
thickness are not large. For 8. eytophaga, also, the changes in staple
length and breaking strength are greater than those in appearance,
welght, and thickness,

When the cotton fibers that had been removed from the fabric
incubated with the chaetomium were examined under the microscope,
1t was noted that the hyphae of the fungus frequently had penetrated
the walls and apparently were breaking down the cellulosic constitu-
enfs of the fibers. In some instances, the hyphae were growing in
the lomen. This probably weakened the individual fibers to such an
extent that they broke when the fabric was raveled and the yarns un-
fwisted to make the staple-length determinations, even though the
fabric samples and yarns were handled as cavefully as possible.

The fibers of the fabrie incubated with the spirachaete. on the other
hand. did not show any such peneteation. Instead, the organisms
seemed fo surround the fibers and as growth progressed, gradually to
nuge up the outside cellulose wall. This wou!({ weaken the fiber along
its whole length rather than at any one place. There was, therefore,
much less tendency for the fibers to break and the percentage of short
fibers Iid not increase to the snme extent as for the material attacked
by the chaetomium,

Some of these fibers were treated with Fleming and Thaysen solu-
tion (/2), a misture of carbon disulfide and sodium hydroside, and
then examined under a magnification of 175. Plate 2, A, is a photo-
micrograph of the fibers before incubation; B. after 3 days’ incubation
with ("4, globosum, and ', after 15 days. The change from the un-
damaged to the deteriorated condition is visible after only 3 days.
In the fibers incubated for 15 days, the total breakdown of the cell
walls is striking. The destructive action of (h. globosum was more
rapid than that of 8. eytoplaga. For example, when the fabrie
mcenbated with the spirochaete was treated in a similar manner with
the Fleming and Thaysen solution, the fibers after 15 days’ incubation
with the spirochaete seemied to show about the same degree of deterio-
ration as those with the chaetominm after only 3 days.

FrLomery

Figure B shows that in general the values for fluidity, which are
a meansure of chemical deterioration, increase ns incubution with €A,
globosum and with 8. eytophaga continued. The percentage increases
in fluidity are all small and much less than those observed when the
breaking strength of the fabric is reduced to the same extent by acids
or chemical oxidizing agents.
The equations found for the fluidity data are
y=—02583+0.7658/ —0.01917* for the chaetomium and
y=— 15271+ 0.9049: —0.0298¢* for the spirochaete.
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These results do not agree with the findings of Searle (28} who
obtained no inerease in fluidity when lie incubated duck made from
American cotton with a mixture of soil organisms. He states that
“the weakening effect of mi-ro-organisms on fibers is not such us
brings about a degradation of the celinlose In the chemical sense.”
More recently, however, Heyes and Holden (78) obtained an increase
in fuidity when a yarn of Americun cotton was inoculated and
incubated witl: a culture of a species of Pendcillium.

2 i
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10 i2 14 }
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Frgrre B—Pearcentage increase in the fuldity values of enprinmonitn selutions

of the fabric tested after various periods of incubation with the vrganisms:
A, Chuetombion globoswn ¢ B, Spirochacte cylophaga.

COPPER NUMBER

The copper-number valiie of a cotton cellulose varies directly with
the amount of degraded cellulose of an aldehydic or ketonic structure
present. It, therefore, is one measure of the chemical deterioration
of cellulose.

Figure 9, 4, shows that the percentage of change in the copper-
namber values of the material incubated with CA. globesum becomes
larger as the treatment progressed. Fhis rise in copper numbers is
smatler than is nsunlly found when breaking strength is reduced
almost completely,

The curve showing the percentage of increase in the copper numbers
tndicates that this change is related o the rvate of loss of breaking

strength. It is a Togistic curve of the form y== 1y estrFm g found
for breaking strength. For the copper-number data, A'=77.2, which
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value enn be compared with a total loss of breaking strength of the
fabric. The equation which fits the data is
77.2
Y= | e
1__’_85‘5054 TAT LN
The rise in copper number found for the marerial incubated with
the chaetomium agrees with the results of Heves and Holden (28)
who reported inereased copper numbers for a cotton yurn attacked by
various species of Penicillium,
8O = 1 : —
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The growth of S. ¢ytophage on the fabric appears to have an entirely
different effect on the copper number (fig. ¥, £). In this cuse the
copper number decreases at a uniform rate until the sixth day, after
which it inereases at an approximately similar rate until at 18 deys
it is about 6 percent greater than at tﬁe beginning of the incubation
period. Since the copper numbers at first are 1'e(Tuced, it is possible
that the bacterinm attacked degraded cellulose of an aldehydic or
ketonic structure before it used undamaged cellulose. After the sixth
day, the rate of growth may have been so great that the undamaged
cellulose was broken down at a faster rate than the compounds char-
ncterized by high copper number were utilizec. Searle (28) noted a
clecrease in the fluidity values of cotton fabrics incubated with mixed
cultures. Apparently in his experiments the organisms also attacked
the degraded cellulose first, The equation for the line representing
the change in copper number for the first 6 days is »=1.1903 —3.5440¢
anc for ﬁle last 12 days is y= —37.1600+2.3200¢,

METHYLENE BLUE ABSORPTION

The methylene blue absorption test measures the amount of oxidized
cellutose formed characterized by carboxylic groupings. Figure 10
shows that the rate of formation of this type of oxidized celiulose is
greatest during the early stages of incubation. It gradualiy de-
creases for both species of organisms and becomes practically constant.
after 12 days. After 15 days the percentage increase in absorption
for the fabric incubated with 8. eytophage is approximately 40 percent
and with Ok, globosum, approximately 60 percent. Since the absorp-
tion value for the untreated fabric is small, the actuwal amount of
methylene blue absorbed is not appreciable in either case,

The relationship between methylene blue absorption and time of
incubation is expressed by a second-degree polynomial., The equation
y= —54917-+8.1701/—0.2574£> was found for the fabric treated with
the chaetomium and y= —10.9446+7.1006£—0.2363* with the spiro-
chaete. The similarity between the equations is shown graphically in
figure 10. The changes found for fluidity, copper number, and
methylene blue absorption show that there 1s chemieal deterioration
and refute Searle’s statement (.J8) that celinlose is not deteriorated in
n chemical sense by the action of micro-organisms.

MoISTURE

Figure 11 shows that toward the end of the period of incubation
with C&. globosum, the moisture content increased about 10 percent.
The change in the percentage of moisture of the fabric when incubated
with 8. eytophage proceeds more gradually and at a more uniform
rate than that with the chaetomium. After 18 days the material
treate(}; with the fungus has a moisture content of approximately 9
percent.

The equation y=1.9172+ 1.2927¢— 0.0511¢7 was found for the chaeto-
miwn data and y=0.2836-+0.5452¢— 0.0004¢* for the spirochaete,

Burgess (9) found that the moisture content of wool increased
when he incubated strips of inoculated wool. He ascribed this rise
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in moisture to condensation cansed by small changes in tempera-
ture daring incubation. It seems entirely possible, however, that
the moisture incrense was a resnlt of microbiological attack.
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Ficure 1l —Pereentage muin in moistnee of inoenlated and incubated duck: 4,
Chuctominm globoswn; I, Spirechaete cylophuga.

ASH

The ash content of the fabric increased during incubation with
both organisms (fig. 12). The rise in this value is greatev for C'h.
globosum than for S. eytophagu. For example, after 15 days’ in-
cubation the increase in the ash content of the duck deteriorated by
the fungus is 116 percent and by the bacterium, 77 percent. Al-
though the percentage of increase in ash is large, the actual increase
15 very small, since the ash content of the untreated material is only
6.04 percent. The individual valwes for ash varied considerably at
each test period (fig. 12), but this is not surprising when the small
original ash content of the fabric iz considered,

The progressive increase in the ash content of the fabric as ex-
posure to the two cultures of organisms continued may be explained
in part by assuming that the micro-organisms utilized only the or-
@anic portion of the cotton fiber but left the mineral content essen-
tially unchanged. The percentage of ash in the residual fabric would
then become larger as observed. This will not account for the total
gain, however, since the percentage of increase in ash is approxi-
mately five times as great as the percentage of loss in welght.

Some of the increase may he due to the absorption of salts from
the mediz. The ash content of the material incubated with Ch.
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globosum incrensed more than that with . eytophaga. The former
material also was deteriorated to a greater extent than the latter as
shown by all the physieal and chemical tests. It seems possibie,
therefore, that the increased action of the fungus was responsible
for the increased absorption of salts by the material treated with
the fungus, and it is sugpested that either the degraded materinl, the
microbiological matter formed during Incubation, or both, had
greater absorption capacity for salts than the original fabric. It
15 well known that such is the case with organic matter in soil. If
the increased absorption of salts with ineubation was due merely
to contact of the undamaged fabric with the agar, the absorption
in both cases would have been approximately the same. It is also
possible, of course. that the decomposition products formed by the
chuetomium had a greater absorptive power thun those produced by
the spirochaete. The absorbed salts upparently were fixed in the
material in such a way us to be no longer water-soluble. At least
they were not removed by the washing that all the fabrics received
before the chemical analyses.
The equations that fit the data presented in figure 12 are
y= 94453+13.0539£—-0.3952 r* for Ch. globoswm and
y=—5.8026+ 8.4496¢--0.15TY * for 8. cytophuga.

Carsox Dioxine EvoLoTion

The rate of change in the various physical and chemical propertics
of the duck during incubation appears to be related to the rate of
growth of the micro-orgunisms, Usnally the rate of growth of micro-
organisms is measured by determining the increase in their weight,
the increase in their numbers. or the rute of evolution of carbon di-
oxide during their growing period. Aerobic organisms consume oxy-
gen and respire carbon dioxile as they grow.

In this study an estimation of the increase in weight was not feasible.
since it would be impossible to separate quantitatively the organismns
from the fabrics. A fungus colony develops from u germinated spore
into & mass of hyphuae. When an attempt is made to determine num-
bers of organisms by plating out a suspension of the fungus, the hy-
phae are broken up into more or Jess irregular sections, each of which
s capable of preducing & fungus colony on the agar plate.  Thus the
resulling count is not a true estimate of the extent of growth. For
the same reason a microscopic examination for determining numbers
of these organisms is not trustworthy., Also, at present tio method
has been developed for counting numbers of cells of 8. eytophaga, us
this organism does not produce colonies on plating out on agar. A
determination of the rate of carbon dioxide evolution was chosen.
therefore. as the best meusure available for the study of the rate of
wrowth of the chaetomium and the spirochuete.

The rates of evolution of carbon dioxide during incubation of the
duck with the organisms are shown in figure 13. The crosses in A
and B represent the mean of four replications and in ¢ and 7, the
mean of two,  The other symbols in 2 and 77 indicate individual de-
terminations.  The amounts of carbon dioxide evolved on ditferent
days from the same strip of fabric are represented by the sanme symbol,
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The curve in figure 13, 4, which gives the milliequivalents of car-
bon dioxide given off each day per gram of fabric incubated with
the fungus, does not follow the usual path of a growth curve. There
is decrease in carbon dioxide evolution from the third to the seventh
day. After the seventh day, the rate that had prevailed up to the
third day is resumed, and a maximum rate is attained at about the
tenth day. After this the carbon dioxide evolution takes place at
a fairly uniform rate to the end of the experiment. The period of
decreased carbon dioxide evolution coincides with the observed period
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Ficure 13.—The milliequivalents of (0= evolved per gram of duck during incu-
Lation with the organism : A, Chactomdnm ylobosam, duily rate of evolutlon of
CO.: B, Ok, globraenm, nccumulisted COy; €, Npirnchacte cptophage, danily rate
of evolution of ¢*G.; D, 8. eptuphaga, accumulated 'Ch.

of perithecium and spore formation. Apparently during this period
either the carbon dioxide or a portion of the intermediary products
of cellulose degradation were utilized for this process. As socon us
the perithecium and spore formation was completed, the carbon
dioxide evelution was resumed at the rate observed previously. This
decrease in rate occurred with all of the four Snmpl])e. strips, the first
two of which were run concurrently, and then followed by two more
in order to confirm this rather unexpected observation. It is helieved
that this interesting phenomenon has not been recorded previously.
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Fienre 13. B. shows the accumulated amount of carbon dioxide
given oft during the period of incubation with the fungus. The
wmount of carboen dioxide given oft each day was added to the amount
evolved on previous days. By plotting these accumulated values. a
rather sooth curve is obtained, except for the period during the
perithecium and spore formation.

The results for Npirochacta eytophaga follow a fairly regular
orewth curve when the daily amounts of earbon dioxide evolved per
pram of duck ave plotted as shown in figure 13, €. The values for
ihe first 3 days correspond to a definite lug phase. From the third
to the sixth day there is a rapid rate of increuse corresponding to n
lograrithmic growth phase and ufter the sixth day the rate. in general,
becomes less.  The values from the ninth to the fifteenth day corre-
spond to the stationary phase of growth.

The sharp decrease after the sixth day indicates that growth was
checked suddenly. Probubly growth was inbibited when the pH
value of the agar medium reached a certain velue. The pH value
vises from 6.8 at the beginning of the experiment to 8.4 at the end
while with C'h. globoswm the pH value vemuing at approximately 6.8
throughout the period of incubation. It is well known that pH
value is u limiting factor in the growth of micro-organisms. After
the sixth dav the orgunism apparvently adjusted itself to its new en-
vironment and proceeded at a more or less uniformly decreasing rate
of crowtl.  When the amoeunt of carbon dioxide evolved since the
beginning of the experiment is plotted against days of incubation
{hg. 13. 73 the ~urve zhows a Jefinite lag phase. The lag phase is
followed by o very uniform rate of carbon dioxide accumulation.
The curve from the fourth day to the end of the experiment is
practically a straight ine.

During the 15-day incubation period €4, glohesum produced 8.9
milliequivalents of carbon dioxide and 8. eytophage. 6.3 (fig. 13).
The rate of ¢arbon dioxide evolution ig much more rapid for he
former than for the latter organism during the first or lug phase of
arowth. For esample. during the first 4 days of incubation four
tfines as mnch earbon dioxide had been evolved by the fungus as by
the bacterium. Even during the logarithmic pgrowth phase the
chacteminm showed a fuster rate of carbon dioxide evolution than
the spirochaete,

Apparently there is no significant difference in the growth of the
chuetominm and the spirochnete when the evolved carbon dioxide
is removed as rapidly as it is liberated and when it is not removed.
There was no significant difference between the mean loss in weight
of the strips used for the carbon dioxide tests and the mean loss
when squares of the fabric were incubated for 15 days under the
conditions described  for all the experiments except the carbon
dinxide determinations.

DISCUSSION

The surface of the fabric was completely obscured by the rough,
dark grayish-green perithecin of (‘hwetomivm glohosum while the
weave of the cloth wus still apparent through the yellow gelatinous
accumulation cansed by the growth of Spirochaete cytophage. The
hyphae of the fungus were visible on snd in the individual fibers,
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when they were stained by the differentia] staining method and ex-
amined under a magnification of 160. With the other organism the
outlines of what were assumed to be the cells of the hacterium could
be seen on the fibers when the sume method of staining and a mag-
nificution of 900 were used. The bucterium secmed to attack the
fiber from the outside while the hyphae of the fungus also pene-
trated the fibers.

‘The physical analyses show that in general the breaking strength,
weight, and thickness of the fubric and staple length of the fibers
decrease progressively as incubation with the organisms continued.
After 15 days’ incubation the fubric inoculated with Ch. globosum
lost practieally all of its breaking gtrength, 19 percent of its weight.
and approximately 9 percent of its thickness. The staple [ength of
the majority of the fibers was reduced to less than threc-sixteenths of
an inch.  Determinations for staple length could not be made on the
15-day samples because the fibers were too short. For &, cutophagn
losses of approximately 78 percent in breaking strength, 12 in weight,
and 7 in thickness are obtained. The staple length of the fibers a fror
meubation with the bacterium for 13 duys was about ten-sixteentlis
of an inch.

The chemical analyses also pave vesults that show definite mens-
urable changes. At the end of 15 days the fuidity of the smples
inoculated with the chaetomium increased 7 pereent ; the copper num-
Ler, 76; the methyiene blue absorption. 59; the moisture. 10: and
the ash. 116 percent. During this period 9 milliequivalents of car-
bon dioxide were formed per gram of dry fabric. After 13 days’
incubation with the spirochaete fluidity increased 6 percent: methy-
lene blue absorption. 41; moisture. 9; and ash. 77 percent. There was
a 2-percent decrease in copper number und 6 milliequivalents of
carbon dioxide were formed.

The evolution of carbon dioxide is believed to be a good measure
of the relative rates of prowth of the two organisms. Altheugh
S. eytophage produced less carbon diexide than 4. globosun it might
be argued that it formed larger winounts of intermediate products.
The results obtained by the physical and ¢hemical analyses, however,
do not Indicate that such was the cuse,

All the physical and all the chemical changes produced by the
chaetomium were larger than those produced by the spirochaeté dur-
ing the same length of time. This disparity may be caused by the
difference in the rate of growth during the lug phase, the difference
in the enzyme activity of the two micro-organisms, the wanner in
which the micrebislogical attack oceurred, or by « change in the pH
value of the rgar. The pH value of the agar on which €A, globosim
grew remained approxinately neutral while that of the umr after
meubation with 8. eytophaga changed from 6.8 to 8.4 This inerewse
in pH value may be due to the utilization by the hacterium of a
reater amount of acid than basie racdicals.

During the course of this study an attempt was made to extract
the enzymes from the fabric incubated for 15 davs with the chae-
tominm and to lewrn whether thiz extinet woulidl deferiorate sterilized
fabric.  The results are negutive. prohably due to the failure to obtain
the enzymes in the extract, This Jine of investigation should he
continued.
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The difference hetween the action of the chaetomium and the spiro-
chaete is shown not oniy by the difference in the magnitude of the
changes in the various physical and chemical properties but also by
the copper-number results. Degradation of the cellulose by the fun-
gus caused a gradual increase in the copper number, while the analy-
sis of the fabric attacked by the bacterium showed that the copper
number decreused for the first 6 days of incubation and then increased
to the end of the experiment. This would seem to indicate that in
the latter case the first materials utilized were more or less degraded
celluloses with an aldehydie or ketonic structure,

The cheniical methods of analyses do not indicate that there was
any appreciable accumulation of degradation products of cellulose.
It seems likely that the cellulose-degradation products were consumed
before more celtitlose was attacked, since relatively se little chemical
change accompanied the considerable loss in breaking strength,
weight, and thickness. No attempt was made in this investigation
to determine uny water-soluble decomposition products. The rela-
tively small increnses in all the chemical tests show that the action
of these micro-organisms on cotton was quite different from that
which eauses a degradation by means of acids and oxidizing agents.

Logistic or growth curves were found to fit the breaking-strength
data for both organisms and the copper-number results for (‘A
globosum. Second- or third-degree polynomial curves, which other
investigators have used to fit growth data, were found for weight,
thickness, fluidity, methylene blue absorption, moisture, and ash.
Most of these curves have their greatest rate of change u few days
after the beginning of the perind of incubation. This increase is
followed by a decrease in rate. In a number of ¢ases the rate finalty
became negative. Since so many of the changes in properties are
expressed by similar equations, it seems possible that these changes
are interrelated.

SUMMARY AND CONCLUSIONS

A bleached, desized 14-ounce entton duck was sterilized, inoculated
with Chaefomivm globosum and with Spirorhaete cytophaga, 1wo
distinet types of cellulose-decomposing organisms, and then incubated
on a mineral-salts agar. Samples of the fabric were removed at
various intervals of time up to and including 15 days for the fungus
and 18 days for the bacterium, and {hen testec% physically and
chemically.

Both types of organisms caused a decrease in warp- and flling-
breaking strengths, in weight. and in thickness of the fabric. Staple-
length determinations further indicated that the strength was rapidly
destroyed, and that even with estreme carce during preparation of the
samples considerable breaknge of the fibers resulted. Toward the
end of the period of incubation the rate of loss of weight and thick-
ness of the fahric treated with the fungus decrensed whereas that
of the bacterium inereased. There wus no significant difference in
loss of weight when the carbon dioxide produced wus removed us it
was formed and when it was allowed to accumulate.

The penetration of the hyphae into the fibers was shown by a
differential staining method developed during this investigution.
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Fluidity, methylene blue absorption, moisture content, and ash con-
tent increased during incubation. Copper numbers of the fabric
treated with CA. globosum became progressively greater while that
of the material incubated with 8, eytophage at first decreased and
then increased. Considering the almost complete loss in strength
the changes in fluidity, copper number, and methylene blue absorp-
tion are much lower than those reported when the breaking strength
of the fabric is reduced to the same extent by acids or oxidizing
agents. The large increase in ash content indicates an increased
absorptive capacity for mineral salts,

A method for estimating the evolution of carbon dioxide was
modified in such a way as to make it applicable to fubries. This
method which wus used to measure the rate of growth of the organ-
isms showed u period of decreased carbon dioxide evolution for the
chaetomium during perithecium and spore formation. A sharp
break in the rate of carbon dioxide evolution for the spirochaete
after the sixth day may be attributed either to the formation of
alkaline decomposition products or to the utilization of more acid
than basic radicaig from the agar medinm,

Under the conditions of the experiment Ck. globosim deteriorated
the fubric more rapidly and more completeﬁr than did 8. eyto-
phaga. During incubation with the spirochuaete the pH value of the
agar changed from 6.8 to 8.4 while that of the agar on which the
chietominm had grown remained at approximately 6.8, This change
in pH value is suggested as a limiting factor in the growth of
S, eytophaga,

In & study of the mathematical relationships of the data it was
found that logistic growth curves fitted all the breaking-strength
values as well ss the copper-number results from Ch. globosum.
Second- and third-degree polynomial equations were found for
weight, thickmess, fluidity, methylene blue absorption, ash, and mois-
ture. It is fell that these greatly facilitated certuin interpretations
of the data.

The results presented in this paper were obtained when the micro-
organisms were provided with more or less optimum conditions. It
is realized that comparable results might not he obtained when cotton
fiber und fabric is deteriorated under natural conditions.
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