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The Study on Growth Kinetics of Trichoderma reesei in Batch Fermentation of

Cassava Waste and Rice Straws

Pongsri Siwarasak' and Penjit Srinophakun’ and Jarun Chatmanop’

Abstract:

The objective of this study is to determine the
growth rate of Trichoderma reesei from batch
fermentation in liquid medium by using single substrate
as carbon source which were cassava waste and rice
straws. It was found that 12. 5 % and 8.2 % by
weight of maximum reducing sugar obtained from 60
g/L of each substrate in liquid medium fremented
with 0.41 g/L of Trichoderma reesei RMUTTO1 at
pH 5 and shaking speed of 120 rpm at room temperature
(32 °C), for 7 days and 5 days fermentation time of
cassava waste and rice straws respectively; the maximum
specific growth rate of Trichoderma réesei (Mmax) in
cassava waste and rice straws fermentation is 0.97
per day and 0.16 per day and saturation constant (KS)
is 143.13 and 36.35 gram/liter respectively.

Keyword : cassava waste, rice straws, specific growth

rate and Trichoderma reesei

1. Introduction
Increasing of petroleum energy price and demand
at present are driving force of plans for developing and

promoting the need of alternative energy such as gasohol

and biodiesel. Ethanol utilization for sustainable energy
in this decade is desired especially ethanol produced
from agricultural waste. The reason is economic sense
and environmental prevention which it can be reduced
green house effect. Ethanol production from agricultural
waste such as rice straws and cassava waste which are
renewable resources is very interesting. This is an
alternative energy that can solve environmental impact
and value added of solid- waste for agricultural industries,
particularly in Thailand. The cassava waste and rice
straws are high potential raw materials to produce ethanol
from fermentation. Surprisingly, 35 million tons of rice
straws produced per year in Thailand. However, the
utilization of rice straw in the house hold and industry
has been low due to its low bulk density and scattered
caused high transportation cost. Then particularly
management of this kind of solid waste is necessary.
Due to high cellulose content in rice straws, it is good
substrate for Trichoderma reesei cultivation particularly
in submerged culture [1] - [3]. The Cellulase enzyme
from this microorganism will be released and hydrolyzed
for digest cellulose to reducing sugar. Cassava waste is
similar to rice straws which composts of cellulose and

carbohydrate that can be also used as a substrate. In
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fact, Trichoderma reesei is high potential for cultivation
on both substrates to produce reducing sugar due to its
ability to hydrolyze polysaccharides such as cellulose
and carbohydrate. Reducing sugar from enzyme
hydrolysis can be converted to ethanol by Saccharomyces
cerevisiae via fermentation [4].

Additional, cassava waste utilization for ethanol
batch production had been studied in Thailand, however
it was used commercial enzyme hydrolysis for reducing
sugar [5] - [7]. Unfortunately particular research of
hydrolysis of cassava waste with Trichoderma reesei
had not been done even through it is agriculture waste
from modified starch plants. Because of the growth
kinetics of Trichoderma reesei on rice straws and cassava
waste is significant data for large scale design of
enzymatic hydrolysis to produce reducing sugar. The
objective of this study is to study growth kinetics of
Trichoderma reesei in batch fermentation by using
individual substrate such as rice straws and cassava
waste in batch fermentation with Trichoderma reesei
cultured in liquid medium on the basis of Monod equation
by using Lineweaver-Burk plot to determine rate

parameter for Michaelis-Menten type kinetics [8-9].

2 Materials, equipments and methodology

2.1 Materials

Cassava waste from Starch plant Kanjanaburi
was dried and grinded. Rice straws from Ampur Klong
Luang, Pathumthani were chopped into dimensions about
0.5-1 centimeter, which initially composed of 65.35 %
cellulose. It was pretreated to 98.89 % cellulose by
using 2 M NaOH [1].

Microorganism: Trichoderma reesei RMUTTO1

was cultured in potato dextrose agar (PDA) slant and

plate.

2.2 Liquid medium

The medium for fungus is called liquid
medium, which is compose of mineral salt solution as
follows: (g/L) 1.00 magnesium sulfate, 0.05 calcium
potassium phosphate, 4.00 ammonium di sulfate, 7.00
corn steep liquor, 5.00 ferrous sulfate, 1.40 zinc sulfate,
1.60 manganese sulfate, 3.60 cobalt chloride, 20.00 mL
tween 80 and 1 L distilled water [10]. This solution
was adjusted at 5.0 pH. It was sterilized at 121 oC
under pressure of 15 psi for 20 minutes.
2.3 Chemicals

There were 3,5-di-nitro salicylic acid, sodium
potassium tartate, 2 M sodium hydroxide, pure glucose
for reducing sugar analysis, acetyl acetone in sodium
carbonate solution, p-dimethylaminobenzadehyde,
concentrated hydrochloric acid, 95% ethanol and
glucosaminehydrochloride for glucosamine analysis and
sodium citrate buffer solution pH 4.8
2.4 Analytical determinations

The concentration of Trichoderma reesei
RMUTTOL1 in g/I. which measured as initial concentration
before inoculated in each of experiment was obtained
from gravimetric method by using calibration curve
between g/L. Trichoderma reesei suspended in pure water
and absorbance at 600 nm from UV-spectrophotometer
[11]. The colorimetric method was applied for
glucosamine [12], reducing sugars [13], and cellulase
activity (FPA) [10] determination by using
uv-spectrophotometer at wave length of 570 nm, 540
nm and 520 nm respectively.
2.5 Methodology

The enzymatic hydrolysis of Trichoderma reesei
RMTTOI by utilized one-substrate in batch fermentation,
the sterilized cassava waste and rice straws were utilized

as a substrate. In each experiment; 10 g/L to 80 g/L
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cassava waste with increment of 10 g/L and 20 g/L to
100 g/L rice straws with increment of 20 g/L, were
cultured with 0.41 g/L. Trichoderma reesei RMTTOI in
250 mL flask which was compost of 100 mL sterilized
liquid medium at pH 5.0 and used shaking speed of
120 rpm at room temperature (32 oC) for 12 days. The
samples were collected once a day to analyze for
glucosamine, reducing sugars, cellulase activity and also

measured pH and temperature.

3 Results

The results from experiments; glucosamine,
reducing sugar and cellulase activity obtained from
0.41 g/ Trichoderma reesei RMUTTO1 culture in 20
g/L to 100 g/L. cassava waste and also 20 g/L to 100
g/L rice straws of each batch fermentation for 12 days,
as shown in figure 1 to figure 3 respectively. The
growth of Trichoderma reesei RMUTTO1 on cassava
waste was better than rice straws thus reducing sugar
(g/L) obtained from cassava waste was higher than rice
straws batch fermentation for 12 days when compared
at equal substrate concentration in liquid medium.
However cellulase activity (unit/mL) obtained from rice
straws was higher than from cassava waste batch
fermentation significantly. Because of pretreated rice
straws compost of almost cellulose which was the best
substrate for the growth of Trichoderma reesei. Then
pretreated rice straws can be utilized as carbon source
for crude cellulase enzyme production. This crude
enzyme will be used for reducing sugar production

from cassava waste fermentation further.
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Figure 1 Glucosamine (g/L) obtained from batch fermentation of

20 g/L to 100 g/L cassava waste (A) and also 20 g/
to 100 g/L rice straws (B) for 12 days
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Figure 2 Reducing sugar (g/L) obtained from batch fermentation
of 20 g/L to 100 g/L cassava waste (A) and also 20
g/L to 100 g/L rice straws (B) for 12 days
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Figure 3 Cellulase activity (unit/mL) obtained from batch
fermentation of 20 g/L to 100 g/L cassava waste (A)
and also 20 g/L to 100 g/L rice straws (B) for 12 days
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Figure 4 The average glucosamine, reducing sugar and cellulase
activity concentration, at various concentrations of

cassava waste (A) and rice straws (B)

However from figure 4 there were three
concentrations of 60 g/L, 80 g/L and 100 g/L cassava
waste and rice straws in liquid medium that had high
average value of glucosamine, reducing sugar and
cellulase activity with respect to 20 g/L and 40 g/L.
The comparable three concentrations data of both
substrates were calculated in g/g substrate as shown in
figure 5 to figure 7 respectively. Then the maximum
values of glucosamine, reducing sugars and cellulase
activity at 60 g/L cassava waste and also rice straws in
liquid medium were 1.2 x 10° g/g substrate, 0.13 g/g
substrate and 0.65 unit/g substrate for 7 days
fermentation of cassava waste and 4.6 x 10™ g/g substrate,
0.08 g/g substrate and 4.4 unit/g substrate for 5 days

fermentation of rice straws.
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Figure 6 The reducing sugar obtained from 60 g/L, 80 g/L and
100 g/L cassava waste (A) and 60 g/L, 80 g/L and

100 g/L rice straws (B) batch fermentation for 12 days
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Figure 7 The cellulase activity obtained from 60 g/L, 80 g/L
and 100 g/L cassava waste (A) and 60 g/L, 80 g/L
and 100 g/L rice straws (B) batch fermentation for 12 days

For the growth kinetics of Trichoderma reesei
RMUTTO! in one-substrate (cassava waste or rice straws)
batch fermentation for 12 days had been determined by
plot glucosamine concentrations with time in semi log
scale. Base on the exponential first order growth rate,
which the growth of Trichoderma reesei RMUTTO1
depended on active cell mass concentrations, data from
figure 1 were used for this calculation. Thus specific
growth rate, |l were estimated from slope and also
doubling time, t of cell mass for each batch were

calculated from In2/u which was shown in table 1.

Table 1 Specific growth rate and doubling time from graphical
calculation of cassava waste (A) and Rice straws (B)

for 12 days batch fermentation

(A) cassava wasle, (B) rice straws,
pad' | d | R gL ped’ | d | R
20 0.119 | 581 @ 0.66 20 0.026 | 26.66 | 0.15
40 0216 | 3.22 | 097 40 0.082 | 848 | 1.00
60 0262 | 265 | 0.81 60 0.097 | 7.12 | 097
80 0338 | 205 | 0.89 80 0.109 | 635 | 098
100 0439 | 1.58 | 0.89 100 0.113 | 6.13 | 098

Specific growth rate with corresponding substrate
concentration from table 1 which were 20, 40, 60, 80,
100 g/L of cassava waste and rice straws respectively
which could be used to find the maximum specific
growth rate, (L. and saturation constant, Ks from
“Monod equation” in equation (1) where Cs is substrate

concentration.
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The rate parameter for Michaelis-Menten type
kinetics was determined by using Lineweaver-Burk plot
in equation (2) from a plot 1/l versus 1/Cs to yield a
linear line with slope of Ks/L and y-axis intercept of

1/?max as depicted in figure 9 [8].
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Figure 9 Lineweaver-Burk plots for determination [lmax and
K of cassava waste (A) and rice straws (B) in batch

fermentation

From Lineweaver-Burk plots it was found that
the estimated value of (1 and Ks were 0.97 d-1 and
143.13 g/L of cassava waste and 0.16 d-1 and 36.35 g/
L of rice straws where R’ of both substrates were 0.99

respectively.

4 Conclusion and discussion

The limitation of cassava waste and rice straws
concentration and fermentation time for enzymatic
hydrolysis of Trichoderma reesei RMUTTOI to
produce reducing sugar was found in this study. Fixed
0.41 g/L Trichoderma reesei was cultured in 60 g/L
cassava waste and 60 g/L rice straws in liquid medium,
12. 5 % and 8.2 % by weight of maximum reducing
sugar obtained for 7 days and 5 days fermentation time
respectively. Glucosamine, and reducing sugar except

for cellulase activity obtained from cassava waste were

much more than rice straws fermemation because
cassava waste has particle size smaller than rice straws
and fine particle of cassava waste composed of starch
and some cellulose as pretreated rice straws is 99 %
cellulose. Trichoderma reesei, considerable cellulase
activity is located at the surface of growing hyphae
[14]; growth on corncobs has resulted in the formation
of biofilm ~30 wm thick which presumably maintains
the contact of hyphae with cellulose [15]. During
degradation of plant cell walls, fungal hyphae confined
in the intercellular spaces of plant cell walls are in close
proximity to substrate and in this confined environment,
loss of enzyme and hydrolytic product due to diffusion
and convection is likely to be limited [16].

The data report here for determination growth
kinetics of Trichoderma reesei RMUTTOI in batch
fermentation of cassava waste and rice straws was
shown that it could be used to obtained good fitted that
provided R’ = 0.99 base on Monod equation and
Michaelis-Menten model, even through selected data
were used. Some experiment data were omitted for
determination due to some analysis error. The maximum
specific growth rate (umax) of Trichoderma reesei
RMUTTOI in cassava waste and rice straws fermentation
at pH 5.0 and 32 °C are 0.97 d" or 0.04 h' and 0.16
d"' or 0.007 h" and saturation constant (KS) are 143.13
and 36.35 gram/liter respectively. The formal study in
kinetic parameters for Trichoderma reesei Rut C30
cellulose utilization by using Solka floc 200 as substrate
in batch cultivation at 28 °C, maximum specific growth

rate obtained 0.125 h' [16].




215a189AMSSUAIEAS S1UOAASTYUS 99

5 References

[1]

(2]

(3]

(5]

(6]

Siwarasak Pongsri. 2002. “Experimemal Research
of Ethanol Fermentation from Rice Straws and
Bagasse” in ISAF XVI-International
Symposium on Alcohol Fuels The Role of
Alcohol Fuels in Meeting the Energy,
Environmental and Economic Needs of the
21 * Century. pp. 2002-FT-17. Bangkok,
Thailand: National Metal and Materials
Technology Center (MTEC).

Siwarasak Pongsri. 2003. “The Study of
ethanol fermentation from reducing sugar
of rice straws by enzymatic hydrolysis with
T. reesei. 13 th Annual Conference of
Thai Chemical Engineering and Applied
Chemistry. pp B-01 (1-9). Srinakharinwirot
University. Nakorn-Nayoke. Thailand.
Siwarasak Pongsri. 2004. “The Study on
Cellulose of Rice Straw Enzymatic Hydrolysis
Condition with T.reesei. in Regional
Symposium on Chemical Engineering 2004.
Bangkok, Thailand. Dec. 1- 3, 2004: p.
124 (KM-203)

Eva Palmqvist. 1996. “Design and Operation
of A Bench-Scale Process Development Unit
for Production of Ethanol from Lignocellulosics”
Bioresource Technology. Vol. 58. pp. 171-179.
Cholada Suesat. 2003. Utilization of Cassava
Waste for Ethanol Production. Master of
Science. Kasetsart University. Bangkok. Thailand.
92 pages.

Sunee Chotineranart. 1996. Reducing sugar
Production from Cassava Waste by Using
Emzyme and Ultrafiltration. Master degree the
sis. Chulalongkorn University. Bangkok.
Thailand. 97 pages.

(71

(8]

[9]

[10]

(11]

[12]

(13]

(14]

[15]

[16]

Sriroth, K., R. Chollakup, S. Chotineeranat,
K. Piyachomkwan and C.G. Oates. 2000.
Processing of Cassava Waste for Improved
Biomass Utilization. Bioresource Technology.
71:63-69.

Shuler, L. Michael and Kargi Fikret. 1992.
Bioprocess Engineering Basic concepts. New
Jersey, Prentice Hall, Inc. 479 p.

Fogler, H. Scott. 1999. Elementary of Chemical
Reaction Engineering. 3" edition. New Jersey,
Prentice Hall, Inc. 967 p.

Amnuay Kwanmuang. 1995. Alcoholic
Fermentation of Crop Residues Using Cellulase
and Saccharomyces cerevisiae. Master degree,
Faculty of Science, Chulalongorn University.
Bangkok. Thailand.

Biotechnolgy Laboratory 1. 1997. Faculty of
Technology. Khon Kean University. Thailand.
Desgranges, C., C. vergoignan, M. Georges
and A. Durand. 1991. Biomass estimation
in solid state fermentation. Appl. Biochem.
Biotechnol. 35: 200-205.

Chaptin, M.F. and Kennedy, J. F. 1987.
Carbohydrate Analysis and Analytical Approach.
Busto, M. D., M. Ortega, and M. Perez-Mateos.
1996. Location, kinetics and stability of cellulase
induced in Trichoderma reesei cultures. Biores.
Technol. 57:187-192.

Tengerdy, R. P., W.H. Rho, and A. ohagheghi.
1991. Liquid fluidized bed starter culture of
Trichoderma reesei for cellulase production. Appl.
Biochem. Biotechnol. 27:195-204.

Lee, R. Lynd et all. 2002. Microbial Cellulose
Utilization: Fundamental and Biotechnology.
Mocrobiology and Molecular Biology Review.

66: 506-577.






