Lawrence Berkeley National Laboratory
Recent Work

Title
EXPONENTIAL GROWTH KINETICS FOR POLYPORUS VERSICOLOR AND PLEUROTUS
OSTREATUS IN SUBMERGED CULTURE

Permalink

https://escholarship.org/uc/item/1h56p1xd

Author
Carroad, Paul A.

Publication Date
1976-08-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1h56p1xd
https://escholarship.org
http://www.cdlib.org/

YYod o o od s G

Submitted to Applied and Environmental LBL-5264
Microbiology

EXPONENTIAL GROWTH KINETICS FOR POLYPORUS
VERSICOLOR AND PLEUROTUS OSTREATUS IN
SUBMERGED CULTURE

Paul A. Carroad and Charles R. Wilke

August 1976

Prepared for the U. S. Energy Research and
Development Administration under Contract W-7405-ENG-48

a )

For Reference

Not to be taken from this room

- J

Preprint ¢, I

¥92¢6~-14'1



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



CC U450 /8383

EXPONENTIAL'GROWTH KINETICS FOR POLYPORUS VERSICOLOR'

AND PLEUROTUS OSTREATUS IN SUBMERGED‘CULTURE

Running head: Kinetic model tests for pellet-forming fungi

by

Paul A. Carroad*
and
Charles R. Wilke

Department of Chemical Engineering’
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

*DPresent address: Department of Food Science and Technology
University of California, Davis, Ca. 95616

This work was done with support from the U.S. Energy Research
and Development Administration. Any conclusions or opinions
expressed in this report represent solely those of the author(s)
and not necessarily those of the Lawrence Berkeley Laboratory
nor of the U.S. Energy Research and Development Administration.



EXPONENTIAL GROWTH KINETICS FOR POLYPORUS VERSICOLOR

'AND PLEUROTUS OSTREATUS IN SUBMERGED CULTURE

. Running head: Kinetic model tests for pellet-forming fungi

Abstract

The simple mathematical models,for batch culture of -

pellethbrming fungi in submerged culture are tested on

growth data for Polyporus versicolor (ATCC 12679) .and

Pleurotus ostreatus (ATCC 9415). A kinetic model'baséd on
gfowth rate.proportioﬁal to the two—thirds power of céll |
mass is.shown to be satisfactory. A model_baSed on growth -
rate directiy proportional to cell mass fits the data

equally well,“however, and may be preferable becanSe of

mathematical simplicity.
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The representatlon of batch culture data has been the
subject of previous work by others’ (5 9,10). Generally,
euch studies have attempted to develop kinetic models Which
are more eophisticated than the simple differential equation

for exponential growth of unicellular orgaﬁisms:

= U.X | (1)

ole
(ay k]

where X represents cell mass concentration, t represents time,

~and p represents the maximum‘specific growth rate obtained in

batch culture during exponentlal growth Models are often

'organlsms.

' There are some important fermentations, however, which

involve multicellular organisms, notably pellet-formihg fungi.

Such fungi produce small balls or pellets of mycelia in liquid

culture., There has been considerably less kinetic modeling

of batch cﬁlture using pellet-forming fungi, it being usually

‘assumed that pellet-forming fungi grow at a rate proportional

tcuthe'2/3rds‘power of the cell mass (1,2). . This is based on

the fact that such fungi should grow in proportion to their

-area, since nutrients must diffuee through a surface cell layer.

Uﬁfortuﬁately, this widely assumed:result seems to be based on
an'ekperiment conducted in shaken flasks, and may not be
applicable to all fermentations, particularly those with

vigorous mechanical agitation (6) ..
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This early study, using the fungus Neurospora, compared

semilogarithmic, linear, and cube root plots -and showed that

A

a cube root best fitted the batch culture growth data - (6).

This corresponds to a growth rate model such that

ax 2/3

E‘E = A.X (2)

where A is a constant.

The*present study uses Polyporus versicolor and

Pleurotus ostreatus, both fungi involved in lignin degradatiOn :

and both of whlch form pellets in liquid. culture The fﬁngi‘
were grown in a five-liter fermentor on a glucose medlum, and_
vcell mass concentratron was measured as a functlon,of time.
Results show.that.for small pellets, the assumption of growth
being proport10na1 to the 2/3rds power . of cell mass 1s good

but not necessarlly the best one to make.
‘MATERIALS AND METHODS

Test organisms. The fungi Polyporus versicolor AICC_12679

and Pleurotus ostreatus ATCC 9415 were used StoCk cultures

were malntalned on potato dextrose agar. (leco) with 0 5%
yeast. extract (leco) 1ncluded stored at refrigerated
.temperature. |

The inocuia were prepared by culturing'tne organisms in
the liquid media to be‘deScribed for about 6 days, or until
the myceiiai'mats_taken from the solid culture produced

several pellets in liquid culture.

 Culture media. Polyporus versicolor was cultured on .a medium

‘containing (g/liter): glucose 10.0; yeast extract,v3.333;



KH,PO, , 0.333;7Mgso4-7H20,'0.167; Cac12 0.01; FesO,-7H,0,

O.Q;; MnSO4-4H20 0.001; CuSO4°5H20 0.001; and ZnSO4.7H20

0.001 (4, 8) Pleurotus ostreatus was cultured on a medlum

contalnlng (g/llter) glucose, 10. 0 KH2P04, 4-7H20,
0.5; KZHPO4, 0.4; CaClZ-ZHZO 0. 074- fer:icitrate, 0.012;

ZnSO4-7H20, 0.666; MnSO4-4H20 0. 005 C0C12-6H20, 0.001;

thiamine-HC1, 0 0001 (7). Each medlum was adjusted toipH_S.O

0.6; MgSO

' before inocdlation. All pH adjustments were made with

4 N HéSO4 or NaOH. The medla were autoclaved at 121°C for

20’minutes The glucose was sterlllzed separately, as was

the CaCl-ZH

3* 2O and MgSO

4 7H20

Fermentation conditions, All fermentations were conducted in

a standard five-liter fermentor equipped‘with a six-bladed
turbine impeller. Agitation was constant at 500 RPM,_to(
insure-turbulent mixing conditions. - Temperature was~¢on-:ﬁ
trolled by“passing-water'through hollow baffles. Sterile air
wae fed at a rate"of 3 1itersVper‘minute.intoﬁthe broth'oﬁb

volume 3 liters. The pH of the‘g;'Versieolor'fermentation

was not controlled, but that of the Pl. ostreatus fermentation

SO, and NaOH.

was controlled at 5.0, by addition of 4 N H,S0,

Samplang procedure'

| The - fermentor was equipped with a}sampllng llne p051tloned
'at‘tbe level of the impeller. Fermentation bro;h»was with-
dra&n' andFSO ml were centrifuged, and.the»solids washed three
-timea in tared’tubes.' Tubesvwere d:ied.in avlosocloven over-

night. Cell mass concentration is expfessed as dry weight of



~cells per volume of sample“withdrawn.from.the fermentor,

RESULTS - -

For each of the elght batch fermentatlons llsted 1n
‘Table l ~ the cell mass concentratlon was monltored over tlme
'Complete data are available elsewhere (3). From the data,v
cell~growth models represented in EQuationA(l)'and EqUation

(2) were tested. For ekample; in Flgure'l is illustrated.the

increase in cell mass over time for P. versicolor grown at

35°C, plotted on rectangular coordlnates The model of
\Equatlon (1) is illustrated in a semllogarlthmlc plot shown
in Flgure‘z;h The best-fit least squares llne has been calcu—
i.lated and is shown. The model of Equation (2), in which
grOwth is proportional to the:2/3rds:pOWer of'the-cellhmass,_
iseillustrated.in Figure 3. Again, the calculated best-fit
line whlch minimizes the squares of the.errors is shown.

| For eachlfermentationi the parameters which define the
best-fit line are listed in Table 1, according to the relevant
models. -A general form of the Equations is:as follows;

F=cx® @

_where C and B’are constants ln addition‘to'the'tvo models
descrlbed Table 1 also lists the calculated values of B whlch

best fit the data for each fermentatlon

A\\

The coeff1c1ent of determlnatlon, Rz,'is given for each
best fit llne in Table ‘1. The value 1ndicates the proportion
' of the variance between calculated and measured cell mass

‘concentrations that is explained by the independent variable .



‘Table 1

- Comparison of Models for Growth of Pellet-Forming F'ungiv

B dx

. d "
F=cx®  FE-ux & = cx?/3
L N 2 2 | 2
- Organism Temperature B R u R c R™
P. versicolor 20°C . 0.97 0.985 0.056 0,985 ©0.045 0,962
p. versicolor 25°C - 0,87 0,964 _ 0.071  0.959 0.058 0.962
p. versicolor 28°C 0,83 0.946 0.081 0.942 0.064  0.942°
p. versicolor 30°c ‘1,03 0.994 0.071  0.993 0.047  0.960
p. versicolor 33°C 1 0.85  0.996 0.053  0.994 0,056 0.993
p. versicolor 35°C 0.97 0,998 0.044 0.998 0.032 0,953
p. versicolor 37°c 0.80 0.988 0.012  0.980 0.010 0,984
P1. ostreatus 28°C 1.02  0.997 0.017 0.997 0.016 0.963
B=0,918 R°=0,984 | R%=0,981 'R%=0.964
(0]

0=0,090 o =0.019 =0.020 o =0.017

s



time. It has a,maximﬁm value of 1.0. Table 1 also lists the
.average of the exponent B which best fits the data and the
averages of the coefficients of determinaEion, as well as all

standard deviations.
DISUCSSION.

It has been previously assumed that pellet-forming fungi
grow at a rate proportional to the 2/3rds power of cell mass.

 The present results show that this is a reasonably_good'model,

but ndt-necessarily the bést or the simplest'one.‘ The average

R? for this model is 0.964, which means that 96.4% of the

variation in cell maés.can be explained by the best-fit line
calculated from the model,

”Although such an R2 is quite acceptable, it is éeen in
Table i‘that the "average-R2 for_the simpler model of B set
equal to 1 is even higher; étlé value of 0.981. Thus, there
is no improvement to selectihg a 2/3rds power for cell growth
dependence on cell mass, in preferencé'to é power of 1.

By varying B to determine the best linear correlation of
the data, one obtains an average best B of 0.918. This is
close to the B value of 1.0 ﬁséd invKuétion'(l). The dif-
ference in R2 value‘between 0.984 and 0.981 is only significant
at the’60%‘confidence'level, based on a standafd comparison
6f_means using”a t test. This would not merit the use of the_
éxponent 0.92 in the ﬁodel, in preference to a value of 1;0._:
Equation (1) has the addiﬁional benefits of more facile |
mathematical manipulation and more intuitivé association with

biological phenomena.

“I.s



Tﬁe diffefence in R2 valuesvbetween Equations (1) and
(2) is significant at the 95%4confidence’level. ' The main
conelusidn of this_wdrk; howeVer; is that it does ﬁot.make
a great deal of difference which modei one cheoses. ‘All
models result in very acceptable.coefficients of determi-
nation. Also Table 1 illustrates that both B values of l
and of 2/3 y1e1d maximum growth rates at the same temperature,
- 28
| The effeCt which agitation has on:the fungus pellets is»
proeably important. Fungus pellets grown in shaken flasks
'afe‘often relatively large, of diameter 0.5 to 1.0 cm. 1In the
fermentor, hbwever; the average;diameter is rarely greeter
thehtl‘or 2 mm, It seems that the agitatibn tends to break
'apart'the pellets and to keep them small. This breaking apart'
,ef pellets would tend to liberate Small»mycelial pieces of
'component cells which can them multlply rapidly without - a mass
.transfer llmltatlon to the supplies of nutrients and oxygen._
Given the industrial_significance of pellet-forming fungi and
',their possible uses as‘sources qf food, this study demonstretes
the need for more thorough investigation of cell growth
kinetics of pellet-forming'fungi under conditions of'turbulent>

mixing.
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Fig. 1. Cell mass concentration of P, versicolor grown in
a fermentor at 28°C, shown as a function of time
in exponential growth. Cocrdinates are rectangular.
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Fig. 2. Cell mass concentratlon of P. ver51color grown in a
fermentor at 28°C, as a function of time in exponential

growth. Coordinates are semilogarithmic, lllustratlng
Equation 1.
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Cell mass concentration of P, versicolor grown in a
fermentor at 28°C, shown as a function of time during

exponential growth. Coordinates are semilogarithmic
and ordinate is cell mass plotted as (X0.3-x0.3) as
required to illustrate Eqg. 2, where Xo is cell mass

~concentration at initial time.
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