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RINGKASAN: Aspergilfus terrei.Js /Ml 282743 didapati berkeupayaan tinggi menghasilkan 

enzim selulase /uar set apabila dikultur dldalam fermentor 20 litre dan 100 litre. Aktiviti 

yang terhasil adalah setanding dengan Trichoderma reesei (jenis liar) . Organisma ini 

cenderung kepada bentuk pertumbuhan jenis tengkelyang bersesuaian dengan keperluan 

fermentor "air-lift" yang digunakan. Penghasilan enzim tercapai ialah 0.69 U mt', 

eksoglukanase; 5.70 U mt', endoglukanase; dan 0.80 U mt', 13-g/ukosidase; selepas 

5 hari pertumbuhan di dalam 0.5% se/ulosa pada 3:JOC dengan kawalan pH pada 4.5 . . 

Produktiviti enzim bagi tiap-tiap enzim tersebut ialah 6.31, 66.70 dan 8.40 U t'h"' . Hasil 

pertumbuhan sel yang tinggi telah diperhatikan pada 0. 176 g protein per g selulosa. 

Aktiviti j3-glukosidase bertambah sebanyak 400%, manaka/a aktiviti enzim lain tidak 

berubah apabila kepekatan substrat se/u/osa bernilai 1.0%. Profil komposisi enzim yang 

terhasil boleh dimodifikasi dengan mengubah kepekatan substrat, pH dan suhu semasa 

fermentasi. 

ABSTRACT : Aspergillus terreus IMI 282743 was found to produce high activities of 

extracellular cellulases when grown in 20 litre and 100 litre fermentors. The activities 

are comparable to that reported by the commercially available Trichoderma reesei, wild 

· type strain. The organism showed tendency for pellet-type growth which is favourable 

.for air-lift fermentor operation. Maximum activities of exoglucanase, 0.69 U m1·1; 

endoglucanase, 5.70 U m1·1; and j3-glucosidase, 0.80 U ml:1; were obtained after 5 days 

of growth in 0.5% cellulose at 33°C with pH controlled at 4.5. The corresponding 

productivities for the enzymes were 6.31, 66. 70 and 8.40 U 1·1h·1• A high growth yield 

of the organism was observed at 0.176 g protein per g cellulose. At a cellulose 

concentration of 1.0%, j3-glucosidase activity increased by 400% while the exo- and 

endoglucanase activities remained relatively unchanged. The enzyme composition 

profile can be modified by changing the substrate concentration, pH and temperature 

of fermentation. 

KEYWORDS : Aspergil/us terreus, extracellular cellulase, high j3-glucosidase, enzyme 

composition profile. 
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INTRODUCTION 

Lignocellulose material is the only renewable 

resource which is available in abundance. Its 

global biomass production is estimated to be 

in the order of 1.55 x 1011 - 2.30 x 1011 metric 

tonnes per annum, with an average energy 

content (heat value) of 1. 75 x 107 joule per 

kg dry matter (Hall, 1980). One Wfrf to capture 

this energy source is through the enzymatic 

breakdown of the cellulose polymer to its 

more versatile glucose subunits. The main 

objective of our pilot plant investigation is to 

produce the enzyme cellulase which has the 

ability to directly degrade lignocellulose 

materials. 

Mycelial fungi, like the Aspergillus terreus, 
grow by linear elongation 'of its hyphae through 

the accumulation of biomass at its growing 

tips. The result of this growth pattern is the 

characteristic physical structure of mycelial 

cells, which consists of semi-continuous 

network of heavily branched hyphal filaments. 

This mycelial filament network can develop 

into two forms (Whitaker and Long, 1983). 
The organism can grow into very loose 

filamentous structures, as observed in 

Trichodeima reesei (Mandels and Andreotti, 

1978), or the mycelial filaments can become 

entangled and coiled into spherical pellets. 

-
This pellet-type growth has lower viscosity in 

the culture broth compared to the filamentous 

growth, and it also enhances gas-liquid mass 

transfer. The tendency here for the mycelial 

mass to form wall growth in the smaller 

fermentors is greatly reduced. However, the 

reduced diffusion of dissolved oxygen and 

nutrients into the interior of the pellets may 

hinder the growth of the organism. The ability 

of an organism to show pellet-type growth is 
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genetically controlled and will only occur 

under specific environmental conditions (Metz 

and Kossen, 1977). 

The selection of a fermentor design for a 

particular process involving a specific micro

organism is an important factor. The 

performance of a fermentor can greatly affect 

the release of products during fermentation. 

In this study, an attempt is made to maintain 

the pellet-type growth of A. terreus IMI 282743 
in an air-lift fermentor. The organism forms 

strong and compact pellets in shakeflask 

studies. The air-lift fermentor was chosen 

because it has been shown that shear damage 

on mycelial pellets is reduced in this type of 

fermentor (John-wase et al., 1985). 

MATERIALS AND METHODS 

Micro-organisms 

Aspergillus terreus IMI 282743 is a local 

isolate (Zainal et al.,. 1983). It was maintained 

on potato dextrose agar (PDA) slant at ambient 

temperature. The fungus was subcultured 

monthly to maintain viability . . Trichoderma 

reesei NG-14 was donated by the United 

States Department of Agriculture, Peoria, 

Illinois, USA. 

Shakeflask Cultivation 

Shakeflask cultures were maintained in 

500 ml conical flasks in a controlled environ

ment shaker (Labline Instrument Inc., USA). 

A · 200 ml Mandels medium (Mandels and 

Reese, 1957) Vias used at an agitation speed 

of 140 rpm and temperature maintained at 

33°C. 
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The pH of the medium was adjusted to 5.1 
prior to sterilization. 0.5% a-cellulose was 
used as the sole exogenous carbon source. 
All experiments were carried out in triplicates 
and their averages taken. 

lnoculum 

Spore inocu/um : Spore suspensions of the 
organism were used as inoculum for 
shakeflask cultures. The organism was 
subcultured on PDA slant for five days until 
a thick layer of conidiospores was obtained. 
The spores were detached from the mycelium 
by pipetting 1 O ml of sterile distilled water 
onto the agar slant surface. The slant was 
then vigorously shaken and the suspension 
poured into 50 ml of sterile water. The 
concentrations of spores were determined 
using a hemacytometer. 

Mycelial inoculum : Mycelial inoculum was 
used in the fermentors. They were produced 
in 2 litre conical flasks containing Mandels 
medium in 0.5% a-cellulose as the carbon 
source. The pH of the medium was adjusted 
to 5.1 prior to sterilization. Spores at 
concentration of 106 per 100 ml medium were 

used to inoculate the medium. The flasks 

were incubated at 33°C and at an agitation 
speed of 140 rpm, in a controlled environment 
incubator shaker. 

In fermentor studies, depending on the size 
of the fermentor, large quantities of inoculum 
are required. These were prepared by stepwise 
build-up of the inoculum culture from shakeflask 
to seed fermentors. 

The Stirred-tank Fermentor 

A Microferm 14 litre stirred-tank fermentor 
(New Brunswick Scientific Co. Inc., USA) with 
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a working volume of 1 o litre and 4 ruston 
turbine disk impellers was used. Temperature 

was controlled with a water recirculation bath. 

The pH and dissolved oxygen were measured 

with the appropriate probes attached to the 

fermentor vessel. 

The Air-lift Fermentor System 

The air-lift fermentors used in this study were 

fabricated by the Kyowa Hakko Engineering 

Co., Japan. The fermentors (stainless steel) 

were of 20 litre and 100 litre capacities. 

Although all the fermentors were serially 

mounted on a single platform, each could be 

operated and controlled separately. The 

controls and instrumentation for pH, dissolved 

oxygen, temperature and foam control were 

housed in an operation control panel adjacent 

to the fermentors. 

Fermentor vessels : The fermentor vessels 
including the central draft tubes were 
constructed from 316 stainless steel. Their 
dimensions are as follows: 

Vessels 
Dimension (mm) 

20 litre 100 litre 

Diameter, 01 210 350 

Height, H1 650 1050 

H1/D1 3.1 3.0 

Draft tube 

Diameter, 02 160 280 

Height, H2 350 600 

02/01 0.76 0.80 

The respective top and bottom covers can be 

removed for cleaning and repair purposes. 

The top cover housed the inoculation port, 

foam probe, exhaust nozzle and viewing port 
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with sight glass and lighting system. The 
bottom cover had the harvest, sampling and 
transfer lines, each with a three-way steam 
sterilization system. 

Mixing and aeration system : Mixing and 
aeration in each of the fermenter system was 
simultaneously achieved using compressed 
air fed through a sintered metal sparging 
device built into the base of the fermenter. 
The central draft tube guides the flow of the 
small air bubbles to the top and thus assures 
complete mixing. The aeration rate was shown 
by a rotameter attached to each fermenter 
with a needle valve. Air is supplied by an oil
free Kawasaki air compressor. 

Instrumentation : The instrumentation system 
measures, records, and controls temperature, 
pH, dissolved oxygen and foam. A 6-point 
strip chart recorder traced the above 
parameters during the fermentation runs. 

Analysis 

All fermentation trials were carried out in 
duplicates and their averages taken. 

Determination of mycelial growth : Growth 
was determined by the increase in crude 
mycelial protein in the fermentation broth. 
The crude mycelial protein was determined 
using the Kjeldahl method (AOAC, 1980). 

Determination of reducing sugar : Reducing 
sugar was determined as glucose equivalent 
by the methods of Nelson (1944) and Somogyi 
(1952). 

Determination of soluble protein- : Soluble 

protein in the fermentation, broth was 

determined by the method of Lowry (1951). 
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Enzyme assays : The activities of the cellulase 
enzymes: FPAse (exoglucanase), CMCase 

(endoglucanase) and 13-glucosidase, were 
determined using the methods described by 

Mandels et al., (1976). 

RESULTS 

Preparation of lnoculum 

The effect of inoculum size, in terms of spore 

concentration, on the growth pattern of the 
fungus was studied in shakeflask cultures. 

Table 1 and Figure 1 describe the growth 
pattern when inoculated with various spore 

concentrations. 

Pellet-type growth was observed in flasks 

inoculated with less than 106 spores per 1 OOml 
medium. At higher spore concentrations, 

filamentous-type growth pattern pre
dominated. Final growth yield, as indicated by 
the crude mycelial protein increased with 

inoculum size until the filamentous-type growth 

was reached, after which the growth yield 

remained constant. Larger pellets formed at 
lower inoculum size were loosely packed and 

less stable than the compact pellets formed 

at higher inoculum size. At 104 spores per 
100 ml, the pellets formed were 2 - 3 mm in 

diameter and started to disintegrate after 

Day 5 of incubation. The pellets tend to 

disintegrate into smaller pellets of irregular 

shape and size after a few days of incubation. 

Table 2 shows the effect of inoculum size 
on the release of cellulase enzymes of 

FPAse, CMCase and j3-glucosidase. FPAse 

activity was not significantly affected by the 

different inoculum size. The maximum 
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Table 1. Effect of inoculum size on the growth pattern of A. terreus IMI 282743 
in 250 ml shakeflask culture containing Mandels cellulase medium at 30°C 
and 140 rpm agitation 

lnoculum size 
Mycelial• Pellet• % Crude 

(spores per 100 ml) 
growth diameter mycelial protein Remarks 
type (mm) Day9 

2.8 x 10• pellets 3.0 • 4.0 19.03 disintegrated after 
Day 4 

2.8 x 100 pellets 2.0 • 3.0 20.10 disintegrated after 
Day 5 

2.8 x 10' pellets 1.0 • 2.0 22.70 disintegrated after 
Day 7 

2.8 x 10• pellets 0.5 • 1.0 23.60 disintegrated after 
Day 9 

2.8 x 107 filamentous . 23.72 . 

2.8 x 10• filamentous . 23.67 . 
• Observed visually. 
• Determined using microscopic grids on a dissecting microscope. 
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Figure 1. Effect of inoculum size on the growth of A. terreus 
as indicated by the mycelia/ protein and biomass dry weight • after 
9 days of incubation 
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Table 2. Effect of inoculum size on the release of the cellulase enzymes of FPAse, 

CMCase and ~-glucosidase by A terreus IMI 282743 in Mandels cellulase medium at 
30°C and 140 rpm in a controlled environment shaker incubator 

lnoculum Enzyme activity (U ml-1) 

size 
(spores Day 6 

per 

100ml) FPAse CMCase ~-glu 

2.8 x 103 0.55 6.85 0.07 

2.8 x 104 0.47 5.60 0.06 

2.8 X 105 0.48 5.81 0.08 

2.8 x 106 0.51 8.51 0.17 

2.8 x 107 0.43 7.12 0.22 

2.8 x 108 0.45 5.93 0.25 

obtainable FPAse activity at inoculum size 
of 103 was 0.51 U m1·1, this value is com
parable to that at 106 and 106 (Day 9). However, 
the time taken to reach maximum values 
varied with the spore concentration. The 
same was true for CMCase enzymes. The 
yield of ~-glucosidase, however, exhibited a 
strong correlation with inoculum size. The 
maximum activity obtained here was towards 
the inoculum size that induced between pellet 
and filamentous-type of mycelial growth. 

Table 3 illustrates the formation of pellets 

from individual spores which further break 

down to form more daughter pellets. This was 

observed by the larger number of pellets formed 

than that originally inoculated. The pellets 

were, however, irregular in size and their 

number did not represent the actual mycelial 

growth that had occurred. 
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Day 9 

FPAse CMCase ~-glu 

0.51 6.67 0.17 

0.60 6.85 0.23 

0.53 6.32 0.30 

0.51 7.12 0.40 

0.56 6.71 0.54 

0.50 6.18 0.43 

Stirred-tank Versus Air-lift Fermentor 

Fermentation was first attempted in a 14 liter 
stirrred-tank fermenter. The organism, 
however, showed tendency for filamentous 
wall growth and by the third day of incubation 
was tangled up with the stirring blades. This 
resulted in a clear broth surrounding the 
mycelial mass. Therefore, sampling for the 
growth of the organism became impossible 
and not representative. The problem was 
repeatedly encountered despite carrying out 
a number of trials. 

Fermentation trials were then carried out in 
a 20 litre air-lift fermentor of 14 litre working 
capacity. A pellet-type growth pattern was 
obtained similar to that in shakeflask cultures. 
The comparison of the average results of 
fermentation trials between the two fermenter 
types is shown in Table 4. The enzyme yield 
in the stirred-tank fermenter was 30 - 40% 
lower than in the air-lift fermentor. 
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Table 3. Effect of inoculum size on pellet concentration and pellet size of 
A. terreus IMI 282743 in shakeflask cultures containing Mandels cellulase 
medium at 30°C and 140 rpm agitation 

Pellet count Pellet/spore 

lnoculum size (number per 100 ml) (ratio) 

(spores per 100 ml) 
Day 3 Day 6 Day 3 Day 6 

2.8 x 10• 3.2 x 10• 1.2 x 10• 1.14 4.29 

2.8 x 10• 6.7 x 10" 4.6 x 10" 2.39 16.43 

2.8 x 10• 5.1 x 10• 3.9 x 107 1.82 13.90 

Table 4. Comparison of cellulase enzyme production in the 14 litre stirred
tank fermenter and 20 litre air-lift fermenter at 33°C 

Parameter Stirred-tank Air-lift 

Max. enzyme activity (U ml·1) 

FPAse 0.39 0.66 
CM Case 6.32 8.97 
~-glucosidase 0.43 0.65 

Soluble protein (µg ml·1) 164.00 190.00 

Final pH (Day 9) 3.95 4.70 

Dissolved oxygen (0.0.) 40.00 39.00 
(% sat.) 

The mediums were inoculated with a 5% (VN) mycelial preparation from a 4 day old shakef/ask 
culture and maintained at 33"C with D.O. at 40% saturation and pH uncontrolled. The stirred-tank 
fermentor was operated at 150 rpm stirrer speed. 

Optimum lnoculum Size for Fermentation 

Table 5 shows the effect of inoculum size on 
the growth of A. terreus and its enzyme yield 
when the 20 litre air-lift fermenter was inoculated 

with 3%, 5% and 8% mycelial pellet 
suspensions. The pellets were from 4 day 
old shakeflask culture. The optimum inoculum 
size is 5% because at higher inoculum 
concentrations its growth and enzyme 
production did not improve. Maximum activities 
of FPAse and f3-glucosidase were lower at 
higher inoculum size when carried out in the 
fermenter. 

7 

Aeration in the Air-lift Fermentors 

Table 6 shows the effect of various aeration 
rates WM (liter air per minute per liter culture 
medium), on the fermentation parameters in 

the 100 litre fermenter. At high aeration rates 

of 0.6 and 0.8 WM, vigorous foaming of the 
culture broth was observed. The addition of 
extensive antifoaming agent was required to 
prevent accumulation of biomass residue, as 
scum, on the fermenter wall. This resulted 
in an oily condition in the fermenter broth and 
poor growth due to reduced oxygen 
absorption. The maximum mycelial protein 
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Table 5. Effect of inoculum size on maximum growth of A. terreus IMI 
282743 and its production of cellulase enzymes of FPAse, CMCase and 
~-glucosidase, in batch cultures of the 20 litre air-lift fermentor at 
predetermined optimum conditons• 

Parameter 
lnoculum size ( % ) 

3.0 5.0 8.0 

Biomass (g 100 ml·1) 0.20 0.29 0.20 
Mycelial protein (g 100 ml·1) 0.29 0.08 0.07 
Growth yield (g per g) 0.06 0.15 0.06 

Max. enzyme activity (U ml·1) 

FPAse 0.27 0.45 0.24 
CM Case 6.38 6.81 7.68 
p-glucosidase 0.23 0.34 0.29 

Soluble protein (µg ml·1) 94.00 142.00 91.00 

Enzyme yield• Y"" (U 9· 1) 

FPAse 53.60 0.80 48.80 

CM Case 1,2n.oo 1,362.00 1,536.00 
p-glucosidase 46.40 68.00 58.80 

• 33°C, pH 4.5 and 0.48 WM. 

• Enzyme yield, unit enzyme per gram substrate. 

Table 6. Effect of aeration rate on the maximum growth of A. terreus IMI 
282743 and its production of cellulase enzymes of FPAse, CMCase and 
j3-glucosidase in batch cultures of the 100 litre air-lift fermentor at 
predetermined optimum conditions• 

Parameter 
Aeration (WM)• 

0.24 0.48 0.60 

Biomass (g 100 ml·1) 0.28 0.24 0.27 

Mycelial protein (g 100 ml·1) 0.08 0.09 0.04 

Growth yield (g per g) 0.16 0.18 0.08 

OUR< (mmole 0 1 1· 1 min·•) 1.80 5.25 1.07 

Max. enzyme activity (U ml·1) 

FPAse 0.22 0.50 0.15 

CMCase 5.87 5.74 5.04 

~-glucosidase 0.24 0.37 0.11 

Soluble protein (µg ml·1) 64.60 112.00 33.00 

Enzyme yield Y ,,. (U g·1) 

FPAse 43.40 99.60 30.40 

CMCase 1,174.00 1,147.00 1,008.00 

~-glucosidase. 47.40 73.40 21.20 

• 33°C, pH 4.5 and 5% mycelial inoculum. 

• WM, volume air (1) per minute per liter culture medium. 

• OUR, Oxygen uptake rate, mmole 0 1 per liter per minute. 
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0.80 

0.27 

0.04 

0.02 

0.16 

0.13 

4.72 
0.05 

56.00 

26.40 

945.00 
10.40 
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concentration obtained for the above aeration 
rates was 0.04 g 100 m1·1• This value was 
low compared to 0.09 g 100 m1·1 obtained 
at 0.48 WM. The yield of cellulase enzymes 
of FPAse, CMCase and ~-glucosidase were 
very low due to premature retardation of 
growth in the culture broth. 

At the aeration rate of 0.24 WM, the visual 
appearance of growth was excellent with 
no wan growth or scum formation. Mycelial 
protein concentration in the culture broth was 
0.08 g 100 m1·1 which is only marginally less 
than that obtained at 0.48 WM. However, the 
pH in the culture broth did not fall lower than 
4.6 before increasing again. This indicated 
inefficient cellulose utilization. Slower growth 
was · also indicated by the low oxygen 
uptake rate (OUR) of the culture broth at 1.80 
mmole 0 2 per liter per minute fermentation 
(fable 6). 

The production of cellulase enzymes was 
highest at 0.48 WM aeration with 0.50, 5. 7 4 
and 0.37 U m1·1 FPAse, CMCase and ~
glucosidase respectively. 

Optimum pH during Fermentation 

The effect of controlling hydrogen ion 

concentration in the culture broth is best studied 

in the fermenter than in shakeflasks because 

of its better control. In these experiments the 

control of pH was only initiated after a natural 

fall from the initial pH of 5.5 in order to 

minimise the effect of starting pH initiation of 

growth. 

Mycelial growth was comparatively high at 
pH 3.0. (Table 7), but the enzyme yield was 
low and ~-glucosidase was hardly detectable. 
The activities of FPAse and CMCase were 

Table 7. Effect of pH on the maximum growth of A. terreus IMI 282743 and its 
production of cellulase enzymes of FPAse, CMCase and ~-glucosidase in batch 
cultures of the 100 litre air-lift fermentor at predetermined optimum conditions• 

Parameter pH 

3.0 4.5 5.0 5.5 

Biomass (g 100 ml·1) 0.22 0.21 0.24 0.22 
Mycelial protein (g 100 ml-1) 0.08 0.08 0.08 36.88 
Growth yield (g per g) 0.20 0.16 0.18 0.16 

Max. enzyme activity (U ml·1) 

FPAse 0.24 0.35 0.36 0.41 
CMCase 3.24 4.26 5.64 5.37 
~-glucosidase 0,01 0.42 0.36 0.62 

Soluble protein (µg ml·') 27.00 113.00 84.00 120.00 

Enzyme yield Y "' (U g·•) 
FPAse 48.20 70.40 71 .80 81 .40 
CMCase 648.00 851 .00 1,129.00 1,073.00 
~-glucosidase 2.00 83.60 72.60 123.00 

• 33°C, 0.5 WM and 5% mycelial inoculum. 
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0.24 U m1·1 and 3.24 U m1-1 respectively. At 

pH 4.5, all the enzyme octivities were enhanced 

especially that of ~-glucosidase which 

showed an increase of 400% (Table 7). The 

FPAse activity increased by 24% to 0.35 U 

m1-1 and CMCase by 32% to 4.26 U m1·1• On 

maintaining the pH at 5.0 and 5.5, growth and 

production of enzymes were seen to be 

favourable, although there was no increase 

in enzyme activities. 

Optimal Cellulose Concentration 

The cellulose (substrate) concentration was 

examined in the optimisation of conditions 

for the production of cellulase enzymes by 

Aspergil/us terreus IMI 282743. Table 8 shows 

the growth of A. terreus and production of 

cellulase enzymes when cultivated at different 

cellulose concentrations. Fermentation was 

optimum at 0.5% cellulose concentration and 

yielded the maximum mycelial protein of 38% 

in the culture residue. The equivalent mycelial 

protein concentration was 0.09 g 1 oo m1-1 

culture broth. Growth was rapid and confined 

to the first 72 hours of fermentation. Rapid 

growth of the organism was shown by the 

high rate of oxygen uptake at 5.25 mmole 

02 t1 min-1• After the growth phase, the stationary 

phase was prolonged with the gradual 

breakdown of mycelium. 

The enzyme yield at 0.5% cellulose was seen 

to increase significantly with incubation time 

(Figures 2a and 2b). Maximum activities of 

FPAse, CMCase and ~-glucosidase were 0.69, 

5.74 and 0.85 U m1-1 respectively. A high 

amount of soluble protein was detected in 

the culture broth with a maximum concentration 

of 880 µg m1·1• Fermentation at 1.0% substrate 

concentration enhanced mycelial growth to 

a mycelial protein concentration of 0.12 g 

1 oo m1-1 culture broth (Figure 3a). Growth 

was accompanied by a drastic drop in culture 

pH by about 2.0 units on the third day of 

fermentation. When this drop was controlled 

by adjusting the pH to 4.5, the resultant growth 

yield was 0.12 g mycelial protein per g cellulose 

which was still less than the 0.18 g per g 

obtained with 0.5% cellulose. This indicates 

incomplete utilization of the substrate cellulose 

when higher concentrations are used. 

Figure 3b shows that fermentation at 1.0% 

cellulose enhances the release of ~-glucosidase 

enzymes. This was observed by the high 

specific yield of 270 units of enzyme per g 

cellulose obtained compared to that of 170 

units at 0.5% cellulose (Table 8). On the other 

hand, the activities of FPAse and CMCase 

were low under similar conditions. 

When the substrate concentration was 

increased to 2.5%, the culture medium became 

highly viscous. Aeration rate was increased 

to 0. 7 WM on the 48th hour of fermentation 

and then to 1.8 WM thereafter to maintain 

the dissolved oxygen in the culture brot_tl at 

20 - 30% saturation. Under these conditions, 

the available cellulose in the culture broth 

was not completely utilized. The resultant 

crude mycelial protein in the culture residue 

was only 9.91%. The mycelial protein 

concentration in the culture broth was low at 

0.06 g per 100 ml culture broth. This gave 

a growth yield of only 0.03 g mycelial protein 

per g cellulose (Figures 4a and 4b). 
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The pH in the culture broth dropped rapidly 

and the failure to control this resulted in a 

very low growth of A. terreus and reduced 

production of enzymes (Table 8, column 2.58 ). 

Even when the pH was controlled at 2.5 

(Table 8, column 2.5), the maximum enzyme 
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activities were only 0.22, 3.98 and 1.01 U 
m1-1 for FPAse, CMCase and ~-glucosidase 
respectively. Although the maximum activity 
of ~-glucosidase at 2.5% cellulose was higher 

than that at 0 .5%, its specific yield was only 
40.4 U 9-1 compared to 170 U 9-1 at 0.5% 

cellulose. 

Table B. Effect of cellulose concentration on the maximum growth of A. terreus 
IMI 282743 and its production of cellulase enyzmes of FPAse, CMCase and 
~-glucosidase in batch cultures of the 100 litre· air-lift fermenter at predetermined 
optimum condition_sa 

Cellulose concentration ( % ) 
Parameter -

0.5 1.0 2.5 

Biomass (g 100 ml·') 0.23 0.48 0.62 

Mycelial protein (g 100 ml·•) 0.09 0.12 0.06 

Growth yield (g per g) 0.18 0.12 0.03 

OUR (mmole 0 2 1· 1 min·•) 5.25 13.91 21.84 

Max. enzyme activity (U ml·1) 

FPAse 0.69 0.36 0.22 

CM Case 5.74 3.96 3.98 

~-glucosidase 0.85 2.70 1.01 

Soluble protein (µg ml·•) 880.00 545.00 328.00 

Enzyme yield Y p/S (U g·•) 

FPAse 139.00 36.00 8.88 

CM Case 1,148.00 396.00 159.00 

~-glucosidase 170.00 270.00 40.40 

• 33°C, 0.5 WM, pH 4.5 and 5% mycelial inoculum. 

• pH was not controlled. 
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Figures 2a and b: Profile of the growth of A. terreus /Ml 282743 (2a) and its 
production of FPAse, CMCase and ~-glucosidase (2b), when cultivated on 0.5% 
a-cellulose at predetermined optimum conditions of 33"C:, pH 4.5, 0.5 WM 
aeration and inoculated with 5% mycelial inoculum in a 100 litre fermentor 
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Figures 3a and b: Profile of the growth of A. terreus /Ml 282743 (3a), and its 
production of FPAse, CMCase and r,-g/ucosidase (3b), when cultivated on 1.0% 
a-cellulose at predetermined .optimum conditions of 33"C, pH 4.5, 0.5 WM 
aeration and inoculated with 5% myce/ial inocu/um in a 100 litre fermentor 
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Figures 4a and b: Profile of the growth of A. terreus /Ml 282743 (4a), and its production of FPAse, CMCase and ~-g/ucosidase (4b), when cultivated on 2.5% a
cel/ulose at predetermined optimum conditions of 33"C, pH 4.5, 0. 7 WM (0-48h), 1.8 WM aeration (thereafter) and inoculated with 5% mycelial inocu/um in 
a 100 litre fermentor 
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DISCUSSION 

Cultivation of Aspergillus terreus I Ml 2827 43 
in fully equipped laboratory fermentors allowed 
more defined studies on the optimum conditions 
for cellulase enzyme production and the growth 
of the organism. One of the most common 
problems with cultivation of mycelial organism 

in conventional stirred-tank fermenter is the 

tendency for wall growth and entanglement 
of the mycelia on the stirrer blades (Pirt, 

1975). The problem of wall growth was also 

observed with Aspergil/us terreus IMI 282743 
in a stirred-tank fermenter. The growth was 

severely restricted and the measurement of 
growth parameters was almost impossible 
due to difficulty in getting a representative 

sample from Jhe culture broth. In order to 
overcome the problem, an alternative was to 
change the fermenter design to the air-lift 
type. An inoculum-controlled method for 

inducing mycelial pellet growth in air-lift 
fermentors was designed. 

The aeration and mixing pattern in the air-lift 

fermenter only caused mild turbulance in the 

medium. This was suitable for cultivation of 

the fragile mycelial pellets. John-wase and 

co-workers (1985) have also shown that 

air-lift fermentors -reduced shear damage 

to mycelial pellets of Aspergillus fumigatus 

and thus enhanced growth of the organism 

and the production of cellulase enzymes. 
A. terreus has the natural tendency for pellet
type growth (Whitaker and Long, 1973). 

Although this may be genetically controlled, 
the inoculation technique used during cultivation 
may also contribute to the type of growth 

(Van Suijdam et al., 1980). We have shown 

that in shakeflask culture studies the use of 

10 spores per 100 ml medium can induce firm 

and stable pellet-type growth. These pellets 

can be transferred as inoculum to a larger 

fermenter without disruption of pellets. 

Aeration rate is an important factor in the 
mixing operation of air-lift fermentors, and 

the mass transfer processes depend on this 
sole parameter (Rousseau and Bu'Lock, 1980). 
Maintaining the level of dissolved oxygen at 

40% saturation did not give rise to any 

problems. However, at higher aeration rates 
foaming was seen. The ideal aeration rate 

was found to be 0.5 WM where no foaming 
and adequate mixing was observed. 

The effect of pH on enzyme yields showed 

that the higher pH of 5.5 was preferred for 
the production of FPAse and p-glucosidase 
enzymes. Similar findings were also observed 

in T. reesei (Tangnu et al., 1981 ). Sternberg 

(1976) also showed higher p-glucosidase yields 
by controlling the pH in the culture broth at 

higher than 5.0. Since the utilization of cellulose 

caused a significant drop in pH, maintaining 
the pH at 5.0 or higher involved the addition 

of considerable amounts of base into the 
culture broth. The high ionic strength in the 

culture broth affects the growth of the organism 

(Smith and Berry, 1976). Therefore, the control 

of pH at 4.5 was found to be more practical, 

especially in larger fermentors. 

15 

The optimum substrate concentration is of 
major importance in large scale production 

of enzymes. Depending on the type and purity 

of the substrate used, it can be a major cost 

factor. Thus, substrate selection and 

concentration have to be optimised. This study 

showed that the optimum substrate 

concentration for growth of the organism was 
at 1.0% cellulose, as indicated by the high 

growth yield and oxygen uptake rate. 
Production of p-glucosidase enzyme was also 
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the highest at this concentration. However, 
FPAse and CMCase production was higher 
at 0.5% cellulose. It was observed that on 

changing the substrate concentration and pH 
of the culture broth, the composition of the 
three enzymes produced by A. terreus can 

be mcx::lified. Therefore, an enzyme combination 
specific for a specific substrate can be tailored 
even · during the enzyme production stage. 

This method of manipulating enzyme 
production is of significance because in the 
Trichoderma, ~-glucosidase was unable to 
be increased even after extensive genetic 
manipulation (Steiner et al., 1984; Sheir-Neiss 
and Montenecourt, 1984; Anne-Brown et al. , 

1987). 

CONCLUSIONS 

These studies show that the wild type 

Aspergillus terreus IMI 282743 is capable of 
producing extracellular cellulolytic enzymes 
comparable to that produced by Trichoderma 

reesei, wild type strain. Mutants of T. reesei 

are currently being used in the commercial 
production of the above enzyme. Aspergillus 

terreus grows rapidly on cellulose and has the 
natural tendency for pellet-type growth. These 
are favOllable features for large scale fermentor 
operation as they eliminate the problem of 
wall growth and enhances mixing of the culture 
broth. The organism has the further advantage 

of having high ~-glucosidase activity, the 
enzyme responsible for complete degradation 
of cellulose to glucose. The organism is 

tolerant to temperatures from 300 - 400C with 
an optimum growth at SJOC. This is ideal if 
fermentation is to be carried out in tropical 
climates where the ambient temperature is 
above 300C. Therefore, it is believed that 

" this organism through improvements by genetic 

manipulation has the potential to be a 
commercially useful cellulase enzyme producer 
over the Trichoderma reesei strain. 
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