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This study was aimed at producing protein-enriched animal feed from cassava roots
by the conversion of cassava using amylase-producing fungi. Mold and yeast which
produce amylase were isolated from cassava wastes, khao-mak and various mold-brans
(look-pang). It was found that the filamentous fungi strain no. SUTI which most likely
belongs to the genus Chlamydomucor was proved to be the best amylase producing strain.
This fungi exhibited highest amylase activities at 2.32 units. Pretreatment of cassava was
done by steaming and non-steaming. The cassavafermentation was conducted in solid state
using urea as the nitrogen source. Under room temperature and uncontrolled PH, which
stands commonly at between pH 5-7, steamed cassava was saccharified better than non-
steamed cassava. Reducing sugars were obtained at 680.07 mg/g from steamed raw
cassava dfter 5 days of fermentation when using inoculum in the form of look-pang. Then
dry inoculum of mixed culture between Chlamydomucor SUTI and Candida utilis was
developed, it was found that the bacterial contamination was reduced in 5 log. The protein
content from this fermentation condition which was amended with 1.0% urea was reached
maximum at 18.3%. To reduce the production cost, non aseptic solid state fermentation in
size of 540-L was recommended. After preliminary test, protein content could be obtained

at 15.3% with composed of 11% amino nitrogen that was high enough to use for animal feed
in further.
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Introduction

Cassava is one of the most important root crops
in the tropics. Thailand is one of the biggest cassava
producers for the world. Such industrial applications
include animal feed, alcohol and starch and food prod-
ucts such as tapioca and instant mixes. Besides export,
it still remains abundant. Its level price over many years
is impressive and makes it especially attractive as ones
industrial raw material. Bacterial and fungal treatment
has been used to enhance the value of crop and its resi-
due (Charoensiri ez al., 1990; Fujio and Elegado, 1993

and Zeikus and Johnson, 1991). To utilize surplus cas-
sava, cassava roots that are high in starch contents can
be served as a carbon source and value added by fer-
mentation over the human food and animal feed process-
ing method. If protein content could be increased by
microbial biomass, it could be used as animal feed, con-
sequently the capital cost of animal feed could be re-
duced.

Cassava fermentation is very useful and could
be developed to aid ensiling, reduce storage losses, in-
creases its nutritional value by reduction of toxic com-
pounds, better digestibility and the process can be done
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under non-aseptic conditions (Wolf, 1997).

SCP production and organic substance reduction
in the effluent are the aims of most bioconversion pro-
cesses. Candida species C. utilis, C. arborea and C. trop-
icalis are most successful for cell mass production (Bal-
agopalan et al., 1988 and Zeikus and Johnson, 1991).
Although many reports demonstrated that biomass pro-
duction by using solid state fermentation (Daubresse et
al., 1987; Yuthavong and Gibbons, 1994; Reade and
Gregory, 1975 and Tani, Vongsuvanlert and Kumnuanta,
1986), the protein yield was still not high enough thus
modification conditions of fermentation may be conducted
to increase product yield. In recent years, there has been
increasing interest in the use of solid state fermentation
processes as alternatives to submerged fermentation such
as batch, continuous and fed-batch fermentation etc. be-
cause it has lower energy requirements, produce less
waste water and partly because of environmental concerns
regarding the disposal of solid wastes (Lonsane and Ra-
mash, 1990). Thus, solid state fermentation is considered
to conduct in this study for bioconversion of cassava for
biomass protein production.

This investigation was aimed at elucidation the
extensive screening of potential amylolytic microorganism
strains and developed high efficient dry inoculum prep-
aration method of mixed cultures of combined between
amylolytic strain and Candida species. This inoculum was
used as starter cultures in food fermentation based upon
starchy substrates such as rice and cassava roots. Solid
state fermentation was also performed in saccharification
process to enhance biomass protein yield in protein-
enriched feed production.

Materials and Methods
Isolation and screening of starch utilizing strains

Microbial strains were isolated from cassava
solid waste obtained from local factories, khao-mak and
mold bran (look-pang). The starch utilizing microbial
strains were isolated from the samples using a single
colony isolation technique on cooked cassava starch agar
medium (2% cassava starch, 0.3% yeast extract, 0.5%
(NH)),SO,, 0.05% MgSO,.7H,0, 0.1% KH,PO, and
1.5% agar; pH(6). The selected cultures were maintained
on 1% starch agar slants for further screening. For the
primary screening, the isolated microorganisms were
cultured for amylase production by patching the cultures
to raw starch agar plate surface and allowed them to grow
for 3 days at 30°C. Amylolytic zones corresponding to
enzymatic degradation of starch were detected by staining
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the plates with iodine solution (6.6g KI, 0.66g iodine in
165 ml distilled water). Colonies exhibited large clear
zone were selected. The test strains were grown in 50
ml of starch broth containing 8% dried cassava, 0.2%
(NH,),S0,, 0.025% MgSO,.7H,0, 0.05% KH,PO,, and
0.25% CaCO, by 200 rpm shaking at room temperature.
Samples were collected after 36 hrs. After centrifugation,
the supernatant was recovered as a source of secreted
enzymes and frozen at -20°C until assayed. Amylase
activities were assayed as described previously (Bernfeld,
1951 and Tan, Ferguson and Cariton, 1984). Specific
activity was expressed as amylase activity per milli grams
of protein. Protein is determined according to Lowry et
al., 1951. The selected strains were also cultured on
starch agar slant for 72 hrs then 1 ml of cell or spore
suspension which contained 108 cells or 108 spores/ml
was inoculated into plate containing 50 g of autoclaved
glutinous rice. Samples were collected after incubation

‘everyday until 4 days. The extracellular amylolytic ac-

tivity that produced during fermentation of glutinous rice
was determined by measuring the amounts of reducing
sugars produced from the substrate using DNS micro
method (James, 1995). Physical properties and aroma
changes were recorded. The best amylolytic strain was
identified and used in further study.

Dry inoculum preparation (Look-Pang)

The selected strain was grown on 2% cassava
starch slant at 30°C for 4 days. Before inoculation, 5 ml
of distilled water was added then cell suspension was
adjusted to approximately 10° cells/ml). To prepare the dry
inoculum, rice was cleaned and then the moisture in the
rice was allowed to equilibrate by tempering for several
hours before further processing. The water was changed
every hour to retard contamination of lactic acid bacteria.
The grain was ground with a blender for 5-10 min. at
high speed. The suspension was filtered through cheese-
cloth and starch was obtained after water removal. Sev-
eral types of spices; licorice, cinnamon, rose scarlet, rhi-
zome, garlic, ginger, long pepper, clover, galanga and
pepper were used each at 0.1 percent of rice flour. Stiff
dough was made from rice flours, spices, culture sus-
pension and water. The dough was stored under room
temperature for 2-3 hrs. After fermentation, the dough was
formed into small loaves in diameters of approximately 1-
1.5 cm, air-dried at room temperature. Inoculum balls were
stored in paper bags and kept at 8°C before used as the
inoculum for different trials. Shelflife of inoculum was
always determined monthly by enumeration of viable
cells.



Efficiency tests for cassava hydrolysation (lab
scale)

The solid state fermentation was performed at
room temperature in 250-ml beaker. 50 g of cassava cubes
(1-1.5 cm®) was added after treatment by steaming for 15
min. The inoculum powder at 0.4% was inoculated and
mixed with substrates then incubated for a period of time.
The fermentation product was determined for reducing
sugars by DNS micro method to indicate amylase activity.
For protein content, micro Kjeldahl method was carried
out. To obtain the efficient fermentation before scale up in
large scale using 540-L fermentor, the optimal conditions
of fermentation were accomplished. Varying parameters
such as types of substrate, urea concentration and inocu-
lum sizes were tested in lab scale to find their effects on
PH, moisture, reducing sugars, crude protein content or
even amino nitrogen.

Biomass protein production (process scale up)

The large scale fermentation was conducted in
solid state fermentor 540-L (60x150 cm, 60 cm in depth).
Gelatinization was carried out by steaming for 15 min
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with 50 kg of processed whole fresh cassava root that was
chopped into small cubes (3-3.5 cm?). After gelatinization,
it was left to cool then the nitrogen source solution of 1%
urea and powder of dry inoculum were mixed by hand.
Inoculum of mixed culture dry inoculum of Chlamydo-
mucor SUT1 and C. utilis was added at 4% each. The
cassava cubes were spread out in uniform 10-12 cm thick
layer on the tray. Then the fermentation was undertaken
in non-sterile conditions (pasteurization), non pH and
temperature control for a period of time. Ventilation for
this fermentation system could provide by opening the
lid (natural convection). This was also sufficient to permit
removal of excess heat that generated from culture’s
metabolism in the fermentor. Changes in protein, pH,
moisture, reducing sugars and amino acids were measured
everyday during the fermentation. The fermented cassava
product was put out to sun dry on a tray before blended into
flour for the purpose of animal feed production.

Results and Discussion

Screening of amylolytic culture strains

From 122 isolates of pure culture, it was found

*Table 1. Screening of starch hydrolysis strains by conventional method (Fermented rice making)

- Culture strain Hr Appearance of fermented glutinous rice
Visible growth  Softening  Starchiness Odor Reducing
sugars
of culture (mg )
Standard 24 + Dry Fermented ++
( Typical mold bran) 48 ++ Wet 4+ Fermented +H+
72 -t Wet  +++  Fermented -+ 425
Mold SUTI1 24 - - - - -
48 ++ Wet -+ Fermented ++
rice
72 -+ Wet -+ Fermented +H++ 560
rice
Rhizopus spp. 24 / Gray spores  + Wet + Fermented +
mycelium ’
48 / full plate + Wet  + Fermented +
) rice
72 / full plate + Wet + Fermented ++ 325
' rice
Saccharomycopsis 24 + Wet ++ - -
fibuligera 48 ++ Wet  +++ Fermented +++
' 72 +H+ Wet  +++ Alcohol ++ 85
Endomycopsis 24 ‘ - Wet  ++ Fermented +
fibuligera 48 ++ Wet +++ Fermented -+
72 - Wet -+ Alcohol + 70

++++ high, +++ medium, ++ little, + very little, - no change
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Table 2. Amylase activity of culture in 8% cassava broth

Culture Strain Total Protein Amylase
(mg) Total act. (U) Specific act. (U/mg)
Mold SUT1 0.0800 2.32 31.08
Rhizopus spp. 0.0450 0.55 19.07
Penicillium sp. 0.0575 1.39 28.53
Endomycopsis fibuligera 0.0500 0.97 25.09
Saccharomycopsis fibuligera 0.0240 1.70 87.08

U = 1 unit of amylase defined as the amount of enzyme required to liberate 1imole of maltose per min at 30°C, pH 6.9

that only 37 strains were able to grow on cassava starch
agar medium and gave clear zone of starch hydrolysis
when iodine test was performed. All of the selected
strains were tested for their capability of starch hydroly-
sis by preliminary fermentation test with glutinous rice.
Table 1. show results from starch hydrolysation test by
conventional method (fermented rice making) compared
with typical fermented rice (khao-mak) and also pure
culture inoculation of mold and yeast that has been re-
ported high abilities in amylase production as Rhizopus
spp., Saccharomycopsis fibuligera and Endomycopsis
fibuligera.

The results showed clearly that mold SUT1 gave
highest reducing sugars in fermented rice at 560 mg/g
after pure suspension was inoculated in sterile plate con-
taining 50 g of sticky rice after 3 days incubation. Ap-
pearance of fermented rice from pure culture of mold
SUT1 inoculant was similar to typical fermented rice.
When comparing with reference strains by observation
of physical, chemical and microbiological changes of the
product, for example; softening, starchiness and odor that
are parameters showed efficiency of starch hydrolyza-
tion, mold SUT1 could liquefy starch much faster than
the others. Appearance changes of product were not oc-
curred at the first day of incubation but starch hydrolysis
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showed clearly after two and three days of fermentation.
The product was soften, wet and have smell like khao-
mak such as acidity, alcoholic odor etc. and reducing
sugars was detected in high level more than typical mold
bran which used as standard about 24% higher but ex-
tremely higher than Saccharomycopsis fibuligera almost
reached 88%.

From the Table 2, amylase activities were stud-
ied by culturing strains in cassava broth. Mold SUT1
performed highest amylase activities. Maximum total
activity was detected at 2.32 units. Even specific amy-
lase activity did not highest but less than Saccharomy-
copsis fibuligera. Mold SUT1 was still be the most in-
terested because the total activity was higher that make
it was considered to use in cassava fermentation.

When the filamentous fungal strain was observed
by microscopy (Fig.1). It was found that mold SUTT1 is
in-group of non-septate mycelium fungal, spores are scat-
tered on mycelium. Strain of this mold varies from ones
without sporangia and possed only chlamydospores to
one that produces considerable numbers of abortive-type
sporangia that identified as Chlamydomucor. This ge-
nus had also been reported that found and plays impor-
tant role in khao-mak manufacture (Chatisatiern, 1978;
Pichyangkura and Kulprecha, 1977).

-Fig. 1. Morphology of Chlamy-
domucor SUT1 (a) Chlamy-
domucor SUT1 on PDA after
2 days incubation, (b) spores
and mycelium of Chlamydo-
mucor SUT1 under micro-
scope (400X)
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Effect of substrate and its pretreatment for con-
version of cassava into glucose (saccharification)

Raw and dried cassava which had initial mois-
ture content (before treatment) at 45-50% and 10-12%,
respectively were used as substrates. The effect of raw
and cooked starch on saccharification was studied by
measurement of reducing sugars production obtained
after 4 days cassava fermentation, steaming of raw ma-
terials was very effective to cassava utilization by mi-
croorganisms. Initial bacteria could be reduced in high
amount by steaming for 15 min. This was useful for
inoculated culture to grow in non-sterile conditions be-
Cause competitive state was decreased at initial. Reduc-
ing sugars in non-steamed materials was very low (Fig.2).
The maximum reducing sugars were produced at 327.44
mg/g dry wt. after 4 days incubation in steamed dried
cassava by pure culture of mold SUT1. For steamed
raw cassava, reducing sugars were increased much slower
and reached 207.3 mg/g dry wt. at 4th day cultivation.
From this part we can concluded that steamed cassava
were suitable substrate in solid state fermentation of cas-
sava than non-steamed materials.

Dry inoculum preparation

For dry inoculum preparation, it was revealed
that after dry inoculum of mixed culture of Chlamydo-
mucor SUT1 and C. utilis was developed, it showed high-
er efficiency than single culture dry inoculum of Chlamy-
domucor SUT1. Culture number of Chlamydomucor
SUT1 could be detected in higher numbers at 106 CFU/
g and cell numbers of C. utilis were obtained at 9.45(107

Steamed raw cassava Fig. 2. Effects of steamed and non steamed cassava on saccharifi-

cation by various strains after 4 days of fermentation

CFU/g in the inoculum. Very lower level of bacterial
contamination was detected. This might be due to only
single starch utilizing of mold SUT1 grew in the carrier
(look-pang), some reducing sugars were accumulated and
able to promote growth of other microbes. In contrast,
when mixed cultures of Chlamydomucor SUT1 and C.
utilis were developed, after the mold hydrolyzed starch,
the yeast could use remaining glucose as carbon source
for biomass production that promoted the lack of nutrient
condition for other microbial contaminants. This was not
only useful for overcoming the problem of contamination
but C. utilis also beneficially provided some alcohol that
enhanced flavor as well as protein yield of product at the
same time. Another reason that could explain was the
yeast C. utilis could reproduce themselves rapidly than
mold. It performed high capacity in competition with
bacteria contamination that resulted in 5.97 log CFU/g
reduction of bacteria in look-pang.

Saccharification efficiency of Chlamydomucor
SUTI- brans

For cassava fermentation with two types of sub-
strate; steamed raw and steamed dried cassava, it was
clearly shown that highest efficiency was obtained in
steamed raw cassava (Fig. 3). Reducing sugars were
assumed as oligosaccharides and simple sugars such as
glucose and maltose (Gerhartz, 1990) and they were
reached maximum at 680.07 mg/g dry wt. after 5 days of
fermentation. While using steamed dried cassava as car-
bon source, maximum-reducing sugars produced at 380
mg/g dry wt. at 3 days after inoculation. Look-pang pro-
duced from single culture of Chlamydomucor SUT1 gave
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cassava

higher efficiency than using pure culture. It was possible
that when the microorganisms were growing in look-
pang, they produced and released amylase. The retained
enzyme in the look-pang could perform starch hydrolysis
activity immediately at initial stage of fermentation (Lo-
tong, 1992). These promoted saccharification.

If emphasize on types of substrate for look-pang
SUT1, steamed raw cassava was better than steamed
dried cassava due to raw cassava that prepared from
whole fresh cassava root by chopping and steaming sup-
posed to have lower impurities material than steamed
dried cassava (steamed cassava chips). The steaming
condition unable to get rid of all bacterial contaminant
from initial so after fermentation all contaminants could
reproduce themselves as fast as inoculated culture.
Therefore, reducing sugars were lower in steamed dried
cassava. Product from steamed raw cassava was ap-
peared in white, soft texture, sweet and alcohol aroma as
the previously report (Beuchat, 1991 and Chatisatienr,
1978).

Biomass protein production by solid culture of
Chlamydomucor SUT1 and C. utilis

Results obtained from optimization conditions
could be concluded that steamed raw cassava was the
most suitable as carbon source and urea was considered
to be the best nitrogen source at concentration of 1%
(data not shown) by using dry inoculum of mixed cul-
tures that necessary for further production.

Cassava fermentation was preliminary conduct-
ed in lab scale by using simple process, non-controlled
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pH and room temperature (30-35(C) incubation with ini-
tial moisture of 63%. The protein content of cassava that
generally is about 2 to 3% dry wt. was raised to a maxi-
mum of 18.3% on basis of dry mass (Fig. 4).

This might be due to the loss of total solids and
the synthesis of protein by the microorganisms (Cronk
et al., 1977) after 6 days of cultivation. Almost all re-
ducing sugars in the product were utilized by that time.
Without pH control, pH level was slowly decreased from
initial pH at 6.6 and maintained at pH 5.6 to 5.8 that was
suitable for yeast growth. During fermentation the mois-
ture was slowly increased, however, it remained at 60%
to 75% throughout experiment. During the rapidly grown
culture, crude protein content were reached maximum
at 6th day and gradually decreased at the end of fermen-
tation. Reducing sugars were observed at very low level
less than when single strain inoculum was performed.
This was due to the results of mixed culture that C. utilis
could use reducing sugars while the starch was been hy-
drolyzing. It was also possible that steaming could be
only partially hydrolyzed starch resulted in low starting
sugars that were detected at initial stage. During the fer-
mentation period the cassava was soften and a sweet/
sour alcoholic flavor was developed.

Growth of culture during fermentation was also
observed (Fig. 5). The results performed that Chlamy-
domucor SUT1 grew up rapidly in the first 3 days of the
fermentation then its numbers were decreased at the 4th
day. That correlated to the results of reducing sugars
changed during running batch fermentation (Fig.4). These
indicated that Chlamydomucor SUT1 was the culture that
produced reducing sugars during the saccharification
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which was following by the growth of C. utilis in biom-
ass production. For C. utilis, the initial cell number was
detected at 2.91 log CFU/g. It was increased and the
maximum cell number was obtained at 8.90 log CFU/g
at the 5th day of fermentation. This was responded to
biomass cell that related to increasing crude protein yield
in batch culture.
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dida utilis at room temperature.

The results clearly suggested that mixing of dry
inoculum powder before cultivation time could well pro-
mote more homogeneity of cultures which was directly
effect on increasing crude protein content. The conversion
of cassava starch to crude protein by mixed culture strains
of Chlamydomucor SUT1 and C. utilis was comparable
to that crude protein content level in similar published
systems (Zvauya and Muzando, 1994; Reade and Gregory,
1975) and higher than that was reported by other authors
who used raw cassava in solid state fermentation by cul-
turing Rhizopus able to increase protein from 1.75-11.3%
(Soccol et al., 1994). Another solid state fermentation
that cassava was processed by moistening, steaming and
mixing with nutrient solution containing urea, KH,PO o
MgSO,.7H,0 the protein could be increased to 10.7%
(Daubresse et al., 1986). The method used in this research
was more simply and less costly cost because no moisture
adjustment, no pH control and cheap nitrogen source.
Moreover, dry inoculum using in this study was proved
to be the appropriate starter for bioconversion of cassava
since only 0.4% of inoculum could be converted starch
into almost 20% protein. _

The biomass production was further evaluated
in 540-L fermentor. The 1% of urea was added at the
initial of batch culture with 6 days of incubation period
as presented in a typical time course (Fig. 6).
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The inoculum was increased from 0.4% to 4%
to achieve the development of Chlamydomucor SUT1 and
C. utilis. Fermentation was performed without controlling
PH. Although the raw cassava had not been sterilized,
no development of contaminant microorganisms was
observed from its appearance and total plate count.

Changes in reducing sugars, protein, pH and
moisture were observed in the same pattern of the ex-
periments obtained from lab scale. The bioconversion
was preceded and the highest reducing sugars were ob-
tained at 32.37 mg/g dry wt. in the 3rd day and they were
completely utilized after 5 days of incubation time. This
activity correlated with crude protein yield that was
reached at the same time that reducing sugars were de-
pleted. At the end of fermentation amino nitrogen and
crude protein content were in the same level. It could be
notified that the last day of fermentation, almost all organic
and inorganic substances such as urea was converted into
organic substances like amino nitrogen indicated that
protein converted from cassava. It was interested to find
that after using dry inoculum of mixed culture coupled
with 1% urea concentration which was optimized from
lab scale, the maximum protein content was detected
faster than expected at 15.3% on a dry basis which was
composed of 11% amino acid in the 5* day. In general,
the fermentation without pH control, the culture pH was
usually rapidly falling below a level that the organism
could tolerate. In contrast with this batch fermentation
that pH was slightly dropped and remained at pH be-
tween 5.5-6.0. This was very beneficial because it was
the optimal condition for fungal growth. This was possibly
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