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ABSTRACT

Chrysosporium pruinosum degrades significant amounts of lignin

and carbohydrate when grown on a moist lignocellulosic substrate,
but less carbohydrate and no lignin are lost in submerged shaking
cultures. Close hyphal-substrate contact'ahd high concentrations
-of oxycgen appear to be required for lignin degradation to take

place under conditions of submerged cultiﬁation. No diffusible
ligniﬂ—dégrading activity was seen in culturés grown in the presencé
of air, But a small amount was seen in cultures_grown with pure

oxygen.
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INTRODUCTION . -

Photosynthetically produced iignocellﬁlosic biomass represents
a.potentiallyvenormous renewable source -of chemicals and liquid
and géseous fuels. At the present fime, onlfia smail fraction éf
thé total annual yield of this‘material is used by man chiefly in
the form of wood, paper, and grass fed to ruminan;s. In the case of
paper-and grass, utilization'isvinqompiete, and the residual-ligno-;
cellulose may become a waste creating prbbléms'of disposal.

The insoluble' cellulose and“hemicellulqse cqmponen£S1Qf ligno—
cellulosicvbiomass.can be convertea:to_sQiuble1$ggar5fbyv£he action
of mineral acids or Specificfenzymes;’fOnce;in a.solublé fofq,_these
sugars may be miérbbially fermented:tplé;iérgevﬁumber,of.end"pfoduéts
including protéih,‘ethanol and'méthanéyﬁ-" .‘ o

_The 'lignin' component off1ignqéelluloseurepresents a poténtial'
source. of aromaticfthemicals;-iln additioh;iﬁs partial .removal is
‘necessary in order?to“allow_cpmpleté hydr§1ysis bf,cellulose'to v 
soluble:sugérs by microbiél cellulase systems curréntiy béing studied

N(Wilke,,1975, Gaden,*gz_gl.,v1976,.Bailey, et al., 1975). |
 Lignin can be degraded chemically by alvariety of methods,_'
(Sarkénen and Ludwig, l97l),bﬁt.thése are too expensive to be used
| with present cellulose hydrolysis prOCésSeé. ' Moreover, dhémically
degréded lignin has a low commerical Value;b'} |

Since some ligninfdegradaﬁionﬁseemsvtovbe,réquiredvto ail¢w éxtensive
enzymatic hydrolysis of-céllﬁlOse in;lignocélluloSig materials, and
Sinée chemical delignification procésses.are both expensive and |

yieid modifiedllignins of low value, biological lignin ‘degrading




systems are being studied in ofder to develop a:better delignifi-
cation process which will yield not only easily:hydrolyzable
éellulose, but also useful lignin-derived chemicals (Abson, 1976,
Ander and Eriksson, 1977, Kirk, in press). One of the goals
of this research is the demonstration of a cell—free lignin-~

degrading enzyme system. Before this goal can be reached, however,

a better understanding of the physiology of lignin-degrading micro-

organisms is needed.
In an earlier report (Rosenberg, 1978) I noted that the

thermotolerant molds Chrysosporium pruinosum and Sporotrichum

pulvefulentum were able to_rapidly degrade small strips of a damp
lignocellulosic substrate (newsprint), but this material was not
appreéiably degraded under conditions of submerged cultivation.

Pure celluiose (filter paper) was extensively degraded under both

conditions. These organisms have both been characterized as

imperfect forms of the basidiomycete Phanerochaete chrysosporium
‘(Burdsall & Eslyn, 1974).

| The above obserﬁations were qualitative and-needed‘to be
quantified. This necessitated;the design of a method for cultiva-
ing‘this'mold on larger amounts of a moist (non-submerged) ligno-
cellulosié_substrate. I also wished to understand why little or
no lignocellulose was degradéd.uhder conditions of submerged

cultivation. Finally, I was interested in determining whether the

lignin degrading activity produced by this organism was diffusible)

i.e. whether lignin could be degraded in the absence of direct
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hyphal-substrate contact.
MATERIALS AND METHODS

Organism

Chrysospdrium pruinosum (Gilﬁan et Abbott) Carmichael; ATCC

24782, was used in all ekperiments_to be reported and was obtained’

from the A@erican Type Culture_Colléction,‘kockville; Mar§land, B

U.S.A. Cultures were stored as described previcusly (Rosenberg, .

1975).

Media
Thevmineral‘medium describedmpreviously.‘Rosenberg,“1975)vwas
used with the following modifications: 1. Yeast extract was

omitted’ 2. Where a liquid medlum was requ1red agar was omltted

'3. The pH of the medlum was adjusted to 5 0 before autoclav1ng by -

addlng a few drops of concentrated HCl 4. An allquot of a fllter—

ster111zed solutlon of thlamlne HCl (1 mg/ml) was added to the

‘medium after autoclav1ng to glve a f1nal thlamlne concentratlon of

_lrug/mlt. Peptone-glucose medium was prepared as descrlbed by Fergus

(1964) . -

Preparation of the'Lignocélluiosic SubStrate'

Dry feed-lot manure was obtalned from Arlzona Feeds Company,
Casa Grande, Arlzona, U. S A . As recelved 1t contalned an o
appreciable amount of sand and soluble materlal whlch mlght be

expected t01nh1b1t llgnocellulose degradatlon._ Consequently, the



following washing procedure was developed to produce a substrate
that was rich in insoluble lignocellulbse (manure fiber) and pbor_
in soluble nutrienfs and insoluble‘inorganics. |

Two hundred grams of dry manure were added to 2 liters of
distilled water in a one-gallon Waring blender (model CB-4, Waring
Products Corp., Winsted, Connecticut, U.S.A.) and shredded at low
speed for 15 seconds. The mixihé_was repeated tﬁree times with 15
second intervals between mixings. The suspension Was transferred'
to a 30 em. diam. x 61 cm. high glass jar and diluted 1:1 with
distilled water. This suspension was mixed with a variable speed
motor.connécted to a shaft and propeller. The motor speed was set
so that all material was suspended, and the suspension wés stifred
for 1.5 houfs. The mixing speed was then reduced for 0.5 hr to
allow sand to settle while the lighter fiber particles remained
suspended. With the motor running at reducéd'speed, the suspende&
particles were: siphoned off and: caught on a 20-mesh (0.238 mm
.openings) screen. This materiai was washed on the screen with
distilled water.v The stirring, settling and'screening process was
repeated three times, and the resulting fibers were dried at 65 C
.for three days. The dried fibers were ground in a meat grinder to
redisperse the particles and stored in glass jars. Fiber was dried
in a 65 C oven for at least two days prior to use until a constant
weight was obtained. Dry manure fiber prepared invthis manner
contained 14% 1% ash, 37+ 2% reducing sugar (cellulose + hemi- .

cellulose), 37+ 1.5% lignin and 10% 0.5% crude protein (Kjeldahl

PaaS
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nitrogen value x 6.25).
Two hundred mg portions of dry fiber were placed in 16 mm x

125 mm screw-capped test tubes and autoclaved for 40 mlnutes and

dried at 55 C overnight before use. To assure adequate heat .

transfer'durlng sterilization, the tubes were stacked horizontally -

" with the fiber distributed evenly over the bottom wall.

'Preparatlon of Inoculum

Cultures of C. pruinosum were grown at 40 C for 5 days on

peptone-glucose slants. Five ml of sterile dlstllled-water were’addedv,

to a slant and the surface growth was gently suspended with the

plpette; One tenth ml of suspen81on whlch contalned malnly conldla
and some fragments of vegetatlve mycellum was used as the 1noculum‘:'
'1for the flask and plate cultures.y lefu51on cultures recelved 0. 2

ml of 1noculum

Condltlons of Growth

All cultures were incubated at 40 C in elther air or okygen.
1)"Cult1vatlon w1th Submerged ngnocellulose. |
) - Two hundred mg of dry, sterlle,vwashed manure fiber were added.
to 50 ml of sterlle m1nera1 medlum 1n 250 ml Erlenmeyer flasks,and
the cultures were 1nocu1ated Shaklng cultures were.lncubated'w1th
rotary shaklng at 200 rpm on a Junlor orblt shaker (Cole-Parmer |
Instrument Co., Chlcago, IllanlS, u. S A.). | o
2) Cultivation'Wlth Moist Lignocellulose.

Sterile Nuclepore membrane filters~(5aumipore size, 47 mm




diaméter, Nuclepbre Corp., Pleasanton, Calif., U.S.A.) were placed,
dull»Side down, on the surfaée of 25 mm x 150 ﬁm petri plates con-
tainihg approximately 200 ml of mineral agar medium. - Four filters
were‘used pér‘plate. Two-hundred mg of dry, sterile, washed manure
'fiberweréspread on ﬁhe surfacé of each filter. Each pile of fiber
was inoculated at the periphery with two drops of conidial suspension.
Relative humidity in the incubatér'Was maintained at 80% using water-
filled trays. | |
3) Preparétion of Diffusiqn Cultures

Glass tﬁbes 20-30 mm long, O.D. 46 mm, I.D. 44 mm, were glued to
both sides of a 47 mm dia.; 0.2 pym pore size Nuclepore membrane
filter using Dow Corning white silicone rubber sealant (de Corning
Corp. ., Midland, Mich., U.S.A.). The assemblies were dried overnight,
and both ends were plugged with well-washed polyurathane sponge
stoppers (Diépo plugs #T1387, Scientific Products, Menlo Park, Calif.,
U.S.A.). The plugs were wéshedain detergent, rinsed in distilled
water, autoclaved for 20' 'in diétilled water, rinsed again and then
dried overnight at 40 C before use to remove potential growth-.
inhibitors (Keyser, et al. 1977). A piece of 9 mm O.D. glass tubing
with an aluminum foil cap was inserted through the top plug. The
bottom chamber and plug were cbvered with foil, ahd the chambers
were autoclaved. . The apparatus'isvshown'in Figure 4.

After éterilization, small strips of plastic tape were used to

attach the foil tube caps to the 9 mm dia. glass tubes and to attach

the top plugs to the top glass cylinders{ Two hundred mg of dry, sterile

manure fiber were poured into the bottom chamber and distributed

evenly over the filter. Distribution must be gentle to avoid




puncturingithe membrane. One'ml'of sterile mineral medium was,

distributed drop—w1se over the fiber, and the sterile plug and f011

'cover;were replaced loosely The. plug was not pushed 1nto the

1iquid. The 1nverted chambers were then placed in a 40 C 1ncubator
for 3 hours to allow the fiber to absorb ‘the mineral medium The -

plugs were then pushed down gently against the hydrated flbers, and

“the f01l covers were tightly crimped The dlfqulOn chambers were’”

then placed rlght side up, and 0.2 ml of a spore suspen51on 1noculum

was dellvered ‘to the top chamber through the glass tube._ The

’:cultures-were 1ncubated either in air,in.humidlfied‘glass jars or in

oxygen—containing plastlc bags. At weeklylintervals,'o 8 ml aliquotes

 of sterile mineral medlum were added to .the top chambers to prevent
fdrying andvsupply mineral nutrients.v Fiber in the bottom-chamber'was

‘wetted w1th sterile distllled water and examined microscopically for

contamlnation before harvestlng.
4) Growth in ‘an Oxygen Atmosphere

' Flask cultures were sealed w1th rubber stoppers contalning holes
plugged_w1th rubber serum caps, Cultures were-gassedidailyrfor 3
minutes through the serum caps with pure sterile, humidified oxygen._
Approximately 20 flask‘yOlumes of oxygen‘were flushed through the_
cultures during gassing._ Agar plate and diffu51on cultures were
1ncubated in polyethylene bags containing trays of water for humid- .
1fication, The bags were closed and flushed and,filled 3—4«t1mesvv
with pure oxygen. Because the. bags were not completely gas tlght,
humidified oxygen was added to them at a rate of approximately one

H
i
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bags vol/5 hours. In this way the bags remained continuously in-

flated with a slight positive preSsufe of oxygen.

Analysis for Carbohydrate and Lignin

Culfures from the agar platés ‘of diffusion éhambers containing
residual lignocellulose fibér | - - were washed off the
membrane filters with distilled water and collected on the surface
of 1.0umpore size 47 mm dia. Nuclepore:filters. Particulate
material from the submerged cultures was also collected in this way.
Collected materia1 wasrthen.transferred to glassvvials and dried at
,65C. :Lignin and carbohydrate were analyzed by modifications of the
methods of M¢ore'and Johnson (1967) and Fairbairn (1953),'respectively.

| Dry samples of fibef'or fiber plus mycelium were mixed with 5 ml
of 72% (w/w) sulfuric acid and allowed to stand fbr three hours with
mixiné evéry.half-hour for a few.seconds. These were then diluted
to 50 ml with distilled water,-éllowed to stand overnight and then
vacuum-filtered through tared 1.0 um pore size 47 mm diam Nuclepore
filter% Aliquotes of the filtrate were retained for carbohydrate
(reducing sugar) assays. In this assay 1.0 ml of suitably diluted
sample was mixed with 5.0 ml of: a reagent containing 0;75 g anthrone
in 1 liter of 72% (v/v) sto4. The mixture was heated in a boiiing
water bath for 12 minutes, cooled to room temperature, and the. '
optical density at.620 nm was measured. Glucose: was used as a
standard. Anthrone reagent was: made fresh daily.

The reéidue on the filter consisting of lignin and insoluble
inorganic material was washed with distilled water until the filtrate

pH reached 5.0 as measured with pH paper. The filtet plus residue
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was dried overnlght at 65 C and welghed The filters and'samples -

were then transferred to tared crucibles and ashed overnlght at

" .550 C;'legnln was deflned as the fractlon of the sample (excludlng

the filter) which vaporized. -The filteérs contained less than 0.5 ﬁg

~ash.

RESULTS AND DISCUSSION

Flgure 1 (solid llnes) shows the rate and extent of llgnln and
carbohydrate degradatlon in shaklng cultures of C. prulnos grow1ng
w1th submerged llgnocellulose 1n the presence of air.. Unlnoculated
controls for all the experlments to be. reported typlcally showed |
between 5 and 10% loss of both 11gn1n and carbohydrate, so lossesvof

e1ther component of 10% or less in 1noculated cultures are not con—

:51dered 51gn1f1cant. The data 1nd1cate that llgnln 1s not apprec1ably

degraded 1n shaklng submerged. cultures, whlle carbohydrate degraded
reached a max1mum of approx1mate 40% after 20 days of incubation.

Flgure 2 (solld 11ne) shows the rate and extent of llgnln and

=carbohydrate degradatlon occurrlng in cultures grow1ng w1th llgno—f

cellulose flber.on_the surface of mineral agar platesvln theipresence of
air.ﬂ'Lignin loss'reaches a*maxiﬁum°df 50%.inf12 days,andvcarbohy_
draté‘losspreaches,a maximum.of'approxiﬁately‘Sb%}at the same time;
buring the firSt'three days’oflincubation, the waterﬂcontent-of |
the culture increases from 0 to 80% (w/w) and then stabllzes between
75 and 80% (w/w). | o

In-a separate experlment the culture residue present after 30

days of 1ncubatlon on the agar surface in. the presence of ‘air was -
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collected, washed with distiiled watér, dried, steriiized, and used .
to make fresh agar surface cultures:. Only very sparse growth
occurred in these cultures, andrno further lignin or carbohydrate loss
was detécted. What growth was seen appearéd to be at the expense of
‘impurities in‘the agar. When the residue'was supplemented with
cellulose (ball-milled filter paper), mold growth was vigorous, but

no lignin dggradation was detectable. These results suggest £hat the
incompléte degradation of lignin is due to the chemical or physical‘
nature of the residue rather than to growth inhibiting culture con-
ditioné.or the absence of a.carbohydrate qo—substrate (Hiroi &
Eriksson, 1976, Kirk, et al., 1976)

Figure 3 (solidllinés) shows the rate and extent of lignin and
carbohydrate degrédation occurring in stationary submerged cultures
growing'with'lignocelluIOSe fiber in the presence of air. Here as in the
shaking cultures, lignin degradation is not significant, while carbo-
hydrate loss reaches a maximum of 37% after 30 days.

As growth_proceeded in the stationary cultures, a tightly woven
mycelial mat developed on the bottom of eadh flask which encompassed
and immobilized all the fiber particles indicating that close contact
between the hyphae and the-substraté was established. In contrast,
the mycelium in the shaking culture was eVenly dispersed in the
medium, and there was little evidence, either macroscopic or micro-
scopic,‘of close hyphal-substrate contact. | v

The fact that carbohydrate degrédation was less extensiVe in
submerged culﬁures,than in agar surface cultures may be due to the

presence of a largely unattacked lignin residue (Kirk and Moore,
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1972, Dekker and R1chards, 1975) It'appears,lthen,'that in air,

under these conditions, while some carbohydrate degradation can" be
carried out by'g. pruanSum, llttle or‘no lignin degradatlon is.
possiblé,y'én_agar-surface (non-submergedf substratespboth lignin
and carbOhydrate are extensiyely:degraded.

It'was'suggested (R. Emerson, personal communicationf that

- submerged cultures may, by thelr metabollsm of carbohydrate, ‘reduce

the oxygen ten51on in the medium to the p01nt where. llgnln degrada-

"tion is not possible. To examine thlS p0381b111ty, cultures were ‘ _

constructed as described above but 1ncubated 1n ‘an atomsphere of

'pure oxygen 1nstead of air. The results of these experlments are

shown 1n Flgures l 3 (dashed llnes)

Data 1n Flgure 1 1nd1catethata.pure oxygen atmosphere has no
effect on llgnln degradatlon in shaklng submerged cultures. -The'
rate of carbohydrate degradatlon ‘is 1ncreased some, but the extent
of carbohydrate degradatlon is only sllghtly 1ncreased. _' '

Data in Flgure 2 1nd1cate that ‘a pure oxygen atmosphere may

‘ 1ncrease sllghtly the rate of llgnln degradatlon in agar surface

cultures, but the extent of degradatlon is unchanged " Both the"rate
and extent of carbohydrate degradatlon are.lncreased .however._.The
increase in carbohydrate degraded could be due to an alteration 1n
the nature of the 11gn1n degradatlon taklng place or. to the
stlmulatlon of a cellulose ox1dlzlng act1v1ty noted by Erlksson,
gt_gl.,(l974),;or it might represent enhanced autolysrs of.carboe'

hydrate-containing mycelium in the residue. The'dry.cellimass of
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this orgénism contains the equivaleht of 4O%Ireducing sugar as
measured by 6ur.assay system,

~Data in Figure 3 indicate that pure oxygen - does increase.the
amount of both lignih and carbohydrate'degraded.in static submerged
cultures felative.to incubation'in'air. The findings of Kirk and ‘ .
Moore (1972) woula suggest that the increase in c;rbohydrate degra-
dation ié a cénsequence of the increased lignin loss.

The results of these experiménts indicate that both close

hthal—substrate contact and high concentrations of oxygen are

‘necessary for C. pruinosum to effect significant lignocellulose

degradatidn while growiﬁg with a submerged particulate substrate.

Degradation is still inferior to that fouhd in agar surface cultures,

however - This difference may occur because.high'oxygen concentrations -

stimulate only one or a few coﬁponents of the lignin degradation

system in submerged cultures leaVing many types of chemicél bonds in

the polymer Stiil unbroken. Alternatively, the oxygen concentration

in the cultures méy still not be‘high enough to saturate the system

involved. Experiments are being carried out to fest this hypothesis.
Demonstrations of lignin degradation by lignocellulose-degrading |

fungi have usually been cohducted withithe organism gfowing on a

méist, non-submerged substrate (Ander and Eriksson, 1975, Hiroi and

Eriksson, 1976, Kirk and Kelman, 1965). Recently, several authors (.

have reported the occurrénce of. lignin degradation under submerged | .

14

conditions of cultivation using: as substrates either ™~ "C-labeled

synthetic lignins called dehydrogenation polymers (DHP) or 14-C-

labeled lignins synthesized in vivo using either 14C-labeled
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ferulic'acidlor L-(U_14C)vphenylananine; The in vivo labeled lignin

is part ofva'natural lignocellulose complex. In both cases'degradaf

~  tion is measured by collecting 146 _1abeled CO, produced during
grthh. Thus, Haider-and Troj.anowski (1975) reported 3.8% 14CO2

release from ring—l4C—labeled_DHP'usihg Preussia fleischhakii growing

for 10 days in shaking flask cultures.and*5¢7%fl4CO2 released from

3'—14C-ferulic'acid-labeled lignin in lignocellulose using Chaetomiﬁm.

Qllullferum grow1ng for 16 days in shaklng flask cultures._ It is not.

clear, however, whether the small amountsof llgnln degraded in these

dR e
. cases rs’representatlve of- the total llgnln polymer or a spec1a1

fraction thereof

- Crawford and Crawford (19l6) reporfedbsignificant‘degradation of
lignin‘labeled_iﬁ,zizgnusing&l4c-phenylananine;c_ln_this caserdegraj
datioh occurredjinvsﬁbmergedIShakingvcultures hsihg‘a soil ihoculum.
Thirfy—fivehpercent_of the label.Was‘recovered:as 4CO2 after 25 days
of incubation ar 42°C- ‘The 1abeled llgnln produced by the in v1vo.;-
labellng technlque ‘may- not be chemlcally or phy31cally 1dentlcal to
'the bulk of the plant lignin, however, so the degradatlon observed o
may only apply to the labeled fractlon.

Using l4C-’ring-—labeled DHP.in_sfationary submerged cultures,

Lundquist, et al. (1977) found 23% labeled CO, release by

/4
Phanerochaete chrysosporlum after 55 days of 1ncubatlon. -Growth took

place 1n a very shallow lquld layer (lO ml of suspensron in a 125.

ml flask), and. this may have_allowed suff1c1ent aeratlon for lignin
degradation.l'My'stationary cultures-contaihed;a'deeper.layer,of |
liquid. In all cases involving the use of labeled co, as an

indicator of lignin degradation, the values obtained are_believed_
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to represent minimum levels of degradation since some of the
metabolized material is presumébly incorporated into cell material.

It was alsovof interest to determine whether.the lignin- ’ ~
degradihg activity produced-by this mold was diffusible and what
effect oxygen wduld have on any diffusible activity. Table 1 shows
the results of experiments conducted using diffusion cultures. 1In
this systen the mold and the damp lignocellulosic substraﬁe are
separated by a bacterio1ogical filter (Fig. 4). Data in the bottom
two lines (inoculated fiber)'indicaté that lignin and carbohydrate
can be‘degraded in this apparatus when the fiber is inoculated
directly with the mold. Valueé for'lignin.and carbohydrate degra-
dation are lower than seen in agar plate cultures, but they are
nevertheless substantial. A pure oxygen atmosphere eﬂhances the
extent of lignocellulose degradation.

-.When the culture is separated from the substrate (inoculated
filter), a different pattern appears. A mat of mycelium and spores
forms on the surface of the filter in the top chamber, and
carbohydrate degradation is evident below. This indicates that
cellulase enzymes are being produced énd are diffusing down into
the damp fiber and that metabolites are diffusing up and supporting
mold growth.

The daﬁa indicate, however, that in the presence of air, little
~or no lignin is degraded in this system relative to the uninoculated
controls. In the presence of oxygen there appears to be a slight

stimulation of diffusible lignin degrading activity, although here
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as in'thevsubmerged cultures tbe'effect_is small and may be
restricted to Only'bart of the lignin. |

It is interesting to note that the cellulase enzymes produced
by this;qrganiSm can be induced in:the absence of close hyphai—
subStrate centact; Tbis ceuld be'due to induetion;by some smailv_-

diffusible molecule present in the substrate (Enari & Markkanen,

"1977), or it could be7brOUght about by the_geﬁeral condition of

‘starvation (Hulme & Stranks, 1971). Lignin degrading

enzymes may require close hyphal-substrate contact for.induetioni

however, and experiments are in progress to test this hypothesis.
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FIG. 4, Dpiffusion Chamber. Top plug has been raised and bottom foil cover has been
removed to show details of construction.
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Table 1

Residual Lignin and Carbohydraté in Manure Fiber from Diffusion Cultures

AVgZ.% Lignin Remainin ‘Avg, % Carbohydra
+ Evg. D§31ationa v & Rema¥§1n§ + Avg.yDevEgtiona
, INCUBATION ' , '
SAMPLE Time-days AIR : OXYGEN AIR OXYGEN
Uninoculated . 0. 100.0 + 0.8 100.0 + 0 100.0+ 0.1 100.0 + 0.8
Control : c _ .
: 14(15) 96.7 + 0.2 95,2 + 1.1 94.3+2.8 93.1 + 0.2
31(30) - 96,5 + 0 94.3°+ 1.0 89.8+ 0.4 90.3 + 0.6
Inoculated 14(15) 94.5 * 1.0 87.0b 78.1+0.8 52.8b
Filter ' _ . ‘
31(30) . 92.0 £ 2.5 87.1 + 0.9 54.9%4.2 51.4 £+ 4.7
Inoculated : _
Fiber e 14(15) 77.5 + 1.0 - 62.6 1.5 26,9+ 7.1 ©13.8 £ 6.1
31(30) 76.0 + 2.8 S7.7 + 2.1 27.4+ 2.5 16.2 = 3.1

a) Relative to average value for zero time uninoculated control.
b) One culture analyzed.

¢) Parentheses indicate incubation time for +02 cultures.
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