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Abstract 

Indonesia is home of approximately 19 million ha of peat soils, where sago palm can grow well without intensive input as other 
crops do. Due to the increasing of international oil price, Indonesian governments stated national policy to have bioethanol in fuel 
mixture which may be achieved from sago starch. However, the efficiency of sago starch extraction process is still not adequate. 
In order to extract 1 kg of starch, 0.6 kg dry matter residue (31 % starch and 40% fiber) will be generated and disposed as polluting 
materials to the environment. In this study, sago extraction residue (SER) was used for bioethanol production through simultaneous 
saccharification and fermentation (SSF). 

The microorganisms involved during SSF experiments were Aspergillus awamori, Trichoderma reesei and Saccharomyces 

cerevisiae. The bioethanol produced on SSF was 10.9 and 10.4 gil from 50 gil of SER solution at co cultures of A. awamori and S. 
cerevisiae, and cocultures of A. awamori, T. reesei, and S. cerevisiae, respectively. The starch utilization ofthe SER was about 88%. 
The fiber was only 5% converted to bioethanol due to the low cellulase activity produced by T. reesei on cocultures. However, the 
overall results indicated sago extraction residue was a good substrate as bioethanol feedstock. 

Keywords: Sago waste, Aspergillus awamori, Trichoderma reesei, Saccharomyces cerevisiae, Cocultures, SSF, Bioethanol 

1 Introduction 

The use of alternative fuels instead of oil-based fuels has 

gained much attention in the last decade. This is due to the 

high price of oil-based fuels in the international market that has 

led to a global economic crisis in most countries worldwide. 

Because oil is a nonrenewable energy that is running out, its 

price is probably never going to be as low as when it was 

available more abundantly. This situation has forced us to find 

alternative fuels to reduce our oil dependency and to gradually 

replace oil-based fuels in the future. 

One alternative is biofuel, which is produced from plant 

material. Because it is a product of a living organism, biofuel is 

renewable and can be available continually. Moreover, biofuel 

is considered to be a "clean energy" due to its low potential 

for greenhouse gas emissions. Thus, biofuel is an environment 

friendly fuel. 

Indonesia itself has a policy regarding biofuel. The 

government has created a target to use biofuel for approximately 

5% its fuels by the year 2025 (DESD, 2007). The target may 

be fulfilled with palm oil, cassava, sugarcane, or sago palm. 
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Among the many crops with the potential to be used as a 

bioethanol (ethanol) feedstock, sago palm is a promising one. 

Indeed, sago palm can produce up to 25 tons of dried starch per 

hectare per year (Sumaryono, 2007). This is much higher than 

the other starchy crops such as rice and com, which produce 

approximately 6 tonslha and 5.5 tonslha, respectively (BPPT, 

2006). Sago palm also has the ability to grow in swampy and 

acidic peat soils, which are unsuitable for other crops. Thus, 

sago palm can increase the productivity of marginal lands. 

However, the production of sago starch in Indonesia is 

currently only approximately 210 tons per year (approximately 

4-5% of its potential production of 5 million tons per year) 

(Sumaryono, 2007). Given the fact that Indonesia has the 

largest area of sago palm production (approximately 50% 

of the total sago palm areas in the world), the production is 

very low. In comparison, Malaysia, which has less than 2% 

of the world sago palm areas, can export 60 000 to 70 000 

tons of dried sago starch annually, worth over US$1 0 million 

in revenue (Bernama, 2010). 

Several factors are behind the current low production of 

sago starch in Indonesia. The sago palm is still neglected and 

underutilized. Almost all sago stands are natural or semi-natural 
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with no or low external input during the growing period. The 

image of it as a "food for the poor" has led to the decreasing 

consumption of it as a staple food, but it remains to be used 

in cultural activities. There is an opportunity to increase its 

current production significantly by improving its utilization as 

ethanol raw material. More importantly, these facts imply that 

the utilization of sago starch as an ethanol feedstock will not 

adversely affect food security. 

Besides producing ethanol from sago starch, sago 

extraction residue (SER), which is the by-product of the sago 

extraction process, can also potentially be used as ethanol 

feedstock. Most of the sago starch extraction factories use 

traditional processes and produce a large amount of residue 

materials. Abdullah et al. (2002) have reported that only 50% 

of the sago starch can be extracted, and the remaining starch is 

discharged to the environment as waste material. This residue 

not only contains starch but also other carbohydrate polymers 

that can be converted into bioethanol. Sasaki et al. (2002) 

have shown that SER contains an average of 31 % starch, 40% 

cellulose and hemicellulose, and 5% lignin. This implies that 

the availability of raw materials for ethanol production would 

increase greatly if these wastes could be utilized optimally. 

Also, the volume of the polluting waste materials released to 

the environmental would be lower. 

Ethanol production from starchy and cellulosic materials 

requires saccharification processes to breakdown the polymer 

carbohydrates to monomer sugars. Conventional ethanol 

production requires saccharification enzymes and subsequent 

fermentation using the yeast Saccharomyces cerevisiae. This 

two-step process results in high production costs and the 

low productivity of ethanol. A recently created method to 

produce ethanol is through the simultaneous saccharification 

and fermentation (SSF) process. Krishna et al. (1998) have 

reported that a better ethanol yield was obtained with SSF 

compared to the sequential saccharification and fermentation. 

Combining the two process steps also results in a lower capital 

cost, and because the ethanol concentration is high during SSF, 

the risk of contamination is reduced (Wyman et al., 1992). 

SSF employs fermentative microorganisms in combination 

with saccharification enzymatic input or saccharification 

microorganisms (Kim et al., 1999 and Suresh et al., 1999). 

The commercial enzymes in the saccharification process 

are an expensive part of the overall cost of the bioethano1 

production process. However, studies aimed at the elimination 

of saccharification enzymatic input, using cocultures of 

saccharifying and sugar-fermenting organisms, have shown 

promising results (Abouzied and Reddy, 1986). 

The purpose of this study was to produce ethanol from SER 

because it is abundantly available, and it has not been utilized 

for ethanol yet. The process was conducted using a combination 

of fermentation and saccharification microorganisms in a single 

reactor with three species of fungus: Aspergillus awamori, 

Trichoderma reesei, and the yeast Saccharomyces cerevisiae. 

The A. awamori was selected because it is well known for 

the production of glucoamylase, it has shown good growth 

and saccharification on a starch medium, but it has no fiber 

degrading ability. The T. reesei was chosen for its ability to 

grow on a cellulosic source, such as cellulose or xylan, and it 

secretes both cellulase and xylanase (Xiong et al., 2004), but 

it lacks the capacity to saccharify starch. A combination of 

these fungi could be complementary and provide the maximum 

conversion of SER to sugar monomers and a simultaneous 

conversion to ethanol by the yeast. 

2 Materials and Methods 

2.1 Sago extraction residue (SER) 

The SER was obtained from a factory in Pontianak, 

Indonesia. It was dried in a cabinet oven with air circulation 

for 48 h at 60°C and stored at room temperature until used. 

The moisture content was determined according to Ehrman 

(1994). The fiber and starch content were measured according 

to Undersander and Wolf (2006) and AOAC method in Sluiter 

(2005), respectively, and the releasing amount of glucose was 

determined quantitatively using The Glucose Assay Kit from 

BioVision (Catalog No.K606-100). Three replications were 

used for the determination of each constituent. 

2.2 Microorganisms and pre culture media 

The microorganisms employed were A. awamori (NBRC 

6082), T. reesei (NBRC 0305), and S. cerevisiae (NBRC 0305). 

The YPD medium used to maintain S. cerevisiae contained 5 

gil yeast extract, 10 gil peptone, 20 gil glucose and 20 gil agar, 

pH 5.5. The YM broth medium which contained 3 gil yeast 

extract, 2 gil malt extract,S gil peptone, 10 gil glucose, and pH 

5.5 was used for yeast S. cerevisiae inoculum preparation. The 

growth medium used for preparing the fungal of A. awamori 

and T. reesei contained 20 gil glucose, 0.5 gil MgS0
4
·7Hp, 

1.0 gil K
2
HP0

4
, 0.5 gil KCI, 2.0 gil NaNO], and 0.01 gil FeS0

4
. 

The precultures were then incubated at 30°C for 5 days in an 

orbital shaker at 100 rpm. 

2.3 Fermentation procedure 

The SSF experiments had duration of 120 h and were 

carried out starting with 1 L fermentation medium in which 

10% of inoculums (3% inoculum of fungus and 7% inoculum 

of yeast) were dissolved. The slurry of SER was prepared 

in distilled water and supplemented as the fungus preculture 

media except for the glucose (Fig. 1). It was cooked at 75°C 

for 30 min for the gelatinization process, which was crucial to 

make it soft and susceptible for the A. awamori and T. reesei 

to grow and to be attacked by the enzymes. The starting pH of 

the medium was adjusted to 6.5 by adding a sufficient volume 
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of 1 M NaOH. The fennentation operating conditions were 

as follows: temperature 30°C (Farid et at., 2002), agitator 

speed 200 rpm, air velocity 200 ml/min. The pH of reacting 

mixture was not controlled. The sample of fennentation broth 

was withdrawn, every day during the experiment, and it was 

measured as described in analytical assays. 

Pre-treated SER 
medium 

50 gil SER was 
heated at 75°'-'=1===;1 
in 30 min, pH 

6.5 

Preculture of 
microorganisms 

(A. awamon, T. reesei, and 
$_ cereviseae) 

Line for 

==FI==i==;:'lsam piing 

Volume 
level 

Simultaneous saccharification fermentation 

Fig. I The schematic diagram of the Simultaneous Saccharification 
Fennentation experiments 

2.4 Analytical procedure 

The sample of culture broth was filtrated through a 

stainless steel sieve with an aperture size of 32 J.Im and was 

washed twice with distilled water. The residue was dried on 

an aluminum foil tray at 70°C for 48 h, and this was used to 

measure total solid and remaining starch. The fluid was filtered 

through a Millipore membrane (pore diameter = 0.45 J.Im), and 

the resultant solution was used to analyze for glucose, enzyme 

activity, and ethanol concentration. 

Glucoamylase activity and cellulase activity were 

estimated by measuring the glucose released from soluble 

sago starch (1 %) and filter paper Whatman No.1 (50 mg), 

respectively. Each substrate was dissolved in 1 ml of a 0.1 

M phosphate buffer (pH 6.5). A volume of 0.5 ml of the 

appropriately diluted culture broth solution above was added 

to the substrate-buffer solution. The mixture solution was 

incubated in a water bath shaker at 70 rpm and 30°C for 1 

h, and then the releasing amount of glucose was detennined 

quantitatively using The Glucose Assay Kit from Bio Vision 

(Catalog No.K606-100). The enzyme activity unit is defined 

as the amount of enzyme releasing 1 J.Imol of sugar per minute 

under the assayed conditions. 

The ethanol concentration was measured using the 

Ethanol Assay Kit from BioVision (Catalog No.K620-100). 

The assay buffer (40 J.II) was added into 10 J.Il of the diluted 

filtrate solution. The mixture was then incubated for I h in 

dark room conditions. The color change was measured against 

the reference solution at 570 nm. 

2.5 Data analysis 

The experiments and analyses were done in triplicate, and 

the data were corrected to a 100% dry matter basis. The sugar 

yield as a percentage of the theoretical yield was obtained from 

the equation that involves the conversion of starch and fiber to 

sugar and was computed using the fonnulae (Equation I & 2) 

as bellow: 

TRS 
SC = x 100 % (1) 

Starch x 1.11 + Fiber x 1.13 

E 
EC= x 100% 

TRS x 0.51 
(2) 

where TRS is the total reducing sugar following the enzymatic 

hydrolysis (g), SC is the sugar conversion (%), EC is the ethanol 

conversion (%), E is the ethanol yield (g), and 1.11, 1.13 and 

0.51 are the factors that correspond to the stoichiometric factors 

and conversion efficiency of the transfer of starch to sugars, 

cellulose to sugars, and sugars to ethanol, respectively. 

3 Results and Discussion 

3.1 Characterization of Fibrous Sago Waste 

The approximate components of the dried fibrous SER are 

shown in Table 1. The starch content was 65.5%, while the 

crude fiber content was approximately 17.6%. These results 

were lower and higher, respectively, compared to those obtained 

by Kumoro et al. (2008). This is due to the complexity of the 

sago starch extraction process. Based on these contents, the 

theoretical yields of reducing sugar and ethanol were found to 

be 76.6 g and 39.1 g per 100 g of SER, respectively. 

Table 1 Component analysis of the dry fibrous sago extraction 
residue 

Components 

Apparent starch 

Crude fiber 

Fat 

Ash 

Moisture 

ND: Not Detected 

Content (% w/w) 

Kumoro et al. (2008) Present study 

70.00 

15.00 

ND 

4.16 

6.10 

65.50 

17.60 

ND 

6.23 
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3.2 Saccharification of Sago Extraction Residue 

The first series of experiments were aimed to test the 

capability of A. awamori and T. reesei either by monoculture 

or by co cultures for the saccharification of the SER. Figure 

2(a) shows the conversion of SER into sugar (glucose) by a 

monoculture of A. awamori. The glucose concentration in this 

culture was mostly due to the saccharification of the starch. 

A starch utilization of up to 87% was observed during the 

cultivation, whereas the fiber contents were barely utilized in 

the mono cultures of A. awamori. The remaining glucose was 

19.2 gil or approximately 61 % of the total reducing sugars. The 

39% loss of glucose can be explained by the microorganisms' 

use of it for growth and cell maintenance. The incomplete 

utilization of the starch by the monocultures of A. awamori 

may be due to the resistance of the sago starch to enzymatic 

hydrolysis Sim etal. (1991) or to the limitation of glucoamylase 

activity to break the a -1,6-g1ucoside bond of amylopectin in 

the starch (Kobayashi and Nakamura, 2003). 

On the single culture of T. reesei caused no change in 

glucose concentration during the 120 h incubation (data not 

showed). Neither the glucoamylase or cellulase concentration 

increased with the incubation time. T. reesei did not appear 

to grow well on the SER medium, as indicated by the low 

production of cellulase. The SER that was dominated by 

gelatinized starch appeared to inhibit cell growth and glucose 

(a) 50 4.0 

E 
'240 

2 
c_ 3.0 '" S <n 

'" 
III 

<n "5 
0 30 'jij 
" " ::l 
0> 2.0 a> 
,j <n 

III 

~ 20 :;, 
<n E 
"iii III 

~- 1.0 
0 

(5 " t- 10 ::> 
(9 

0 0.0 

0 24 48 72 96 120 
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50 3.0 

E 
'240 -- 2 s 

'" <ll -- 2.0 <n 
<J) III 
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en " :2 a> 

20 <n 
15 III 
<n -+- 1.0 :;, 
"iii E 
(5 III 

10 0 t- o 
::l 
(9 

0 -------,------ 0.0 
0 24 48 72 96 120 

Culture time (h) 

Fig. 2 The time course of saccharification of the SER by (a) a 
monoculture of A. awamori, and (b) a cocultures of A. 

awamori and T. reesei. Concentration of SER was 50 gil 
for all conditions. Symbols: total solid (x), glucose (A), 

glucoamylase activity (III), and cellulase activity (.) 

consumption and hence, reduce the total metabolism. The 

relatively low temperature of cultivation also seemed to 

reduce the cellulase activity in the hydrolyzing fiber. A 

similar observation has been made by Lark et al. (1997) when 

hydrolyzing cellulose paper sludge by the cellulose enzyme. 

Fig. 2(b) shows that the conversion of SER into glucose 

increased significantly with the degradation of starch up to 

88%. However, the fiber content of the SER appeared to be 

unchanged in cocultures of A. awamori and T. reesei. The 

remaining glucose was 18.1 gil or approximately 57% of the 

total reducing sugars. Although the glucose availability was 

sufficient in the cocultures, the cellulase activity did not appear 

to increase compared to the culture of T. reesei. Xiong et 

al. (2004) have reported that T. reesei grown in pure glucose 

produced low cellulase and xylanase activity because glucose 

has a strong repression effect. Therefore, a culture of T. reesei 

seemed to be less suitable for the direct fiber saccharification 

of the SER. 

The glucoamylase activity of the cocultures reached 1.8 

Dlml within 120 h of incubation. This value was lower than 

in the culture of A. awamori. The decreasing glucoamylase 

activity in the cocultures suggested the inhibited synthesis of 

T. reesei. The enzyme production repression was as has been 

described for other enzymes by Judith and Nei (2002). 

3.3 Simultaneous saccharification and fermentation of 

Sago Extraction Residue 

SSF of SER in these experiments involved the enzymatic 

hydrolysis of starch and fibers to sugars, and ethanol fermentation 

in the same fermenter, thereby preventing the inhibitory effects 

of sugars on enzyme activity (abouzeid and Reddy, 1986). 

Based on the results above, the experiments were conducted 

with a coculture combination. The first combination was using 

A. awamori and S. cerevisiae, and the secpnd combination was 

using A. awamori, T. reesei, and S. cerevisiae. 

The results are shown in Fig. 3(a). Within 5 days of 

incubation, an ethanol concentration produced by cocultures 

A. awamori and S. cerevisiae was about 10.9 gil Dr equivalent 

to 21.8 g/100 g SER. By comparison to the theoretical yield 

which is about 39.1 g/100 g SER, the result was about 56% of 

its potential yield. This result is similar to that which has been 

obtained by Fujii et al. (2001), where there was 25.0 gllOO g 

of soluble starch. However, they did not use impure starch as 

in this study. Furthermore, from the cocultures A. awamori, T. 

reesei and S. cerevisiae, the ethanol concentration of 10.4 g/I 

was produced (Fig. 3(b)). Based on the theoretical yield, the 

amount of ethanol produced was equivalent to approximately 

53% of the potential ethanol yield. 

Compared to monoculture, SSFresulted in lower utilization 

of glucose for growing and maintaining of cell biomass, which 

were 19-28% and 39-43% for SSF and saccharification culture, 
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Fig. 3 The time course of SSF of the SER by cocultures of (a) A 
awamori and S. cerevisiae and (b) A. awamori, T. reesei and S. 
cerevisiae. Concentration of SER was 50 gil for all conditions. 
Symbols: total solid (x), glucose ( .... ), glucoamylase activity 
(II1II), cellulase activity (.), and ethanol (0) 

respectively. SSF (Fig. 3a) also resulted in higher glucoamylase 

activity compared to saccharification culture (Fig. 2a). It has 

been reported that amylolytic enzyme production in cultures of 

Aspergillus sp. is repressed in the presence of glucose (Ruiter 

and Visse, 1997). Maintaining low glucose concentration levels 

in the culture is important for amylolytic enzyme secretion 

(Goto et al., 1998). Furthermore, the cellulase production on 

SSF increased (Fig. 3b). The fiber content of the SER was 

about 5% changed in cocultures of A. awamori, T. reesei, and 

S. cerevisiae. The decrease of starch contents, the production 

of oligosaccharides, and the low accumulation of sugar may 

be necessary to increase the cellulase production. Xiong et al. 

(2004) have reported that T. reesei that was grown in a medium 

containing oligosaccharides with low monosaccharide content 

was more effective in enzyme production. 

SER is known to contain phenols. The relatively dark color 

of the solution samples in the present study suggests a high 

content of phenols in SER. Wina et al. (1986) have stated that 

the swamp sago pith contained approximately 1.5% condensed 

tannin, which may cause the browning of the starch. Kumoro 

et al. (2008) have reported on the inhibition of carbohydrate 

hydrolysis in the presence of phenolic compounds, either by 

commercial enzymes or by microorganism enzymes. Similar 

effects may have occun'ed in the overall metabolism in SSF 

in our experiment using S. cerevisiae. As shown in Fig. 2, the 

SER that was rich in phenol seemed to repress microorganism 

growth that allowed the accumulation of glucose during the 

72 h of incubation. This may be a possible reason that the 

profile of the sugar utilization was not like that of the SSF of 

the substrates without the presence of phenols. 

The production cost depends on several things such as 

raw material and energy requirements. The characteristic raw 

material will effect on the process energy requirements for 

ethanol production such as equipments and process design. 

With the demonstration of sago palm as a rich source of 

hydrolyzable carbohydrate, economically acceptable, relatively 

sustainable, environmental friendly, vigorous, and the low level 

of its current utilization for other purposes, suggest a strong 

potential for its large-scale use in the fermentation industry. 

The cost of processing associated with the use of enzymes 

may be reduced by using microorganisms that are capable of 

hydrolyzing starch in alternative processing schemes. 

4 Conclusions 

The study has demonstrated the feasibility of SER as a 

feedstock of ethanol by utilizing A. awamori and S. cerevisiae. 

The method consisted of a simple pre-treatment and a one

step fermentation process without a saccharification enzymatic 

input. The results showed that SER represents a good substrate 

since it allows attaining a starch utilization of 88% and the 

ethanol production was 10.9 gil or equivalent to 21.8 gil 00 g 

SER, which was almost the same as the result that has been 

obtained in previous research. Furthermore, it may also be 

an environmentally friendly, alternative approach for waste 

disposal. 
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Trichoderma reesei, Aspergilus awamori to J: If Saccharomyces cerevisiae 
~ m t ~ t::. SSF ,= J: G -lj- :J" f ~ C' Iv f;}1HI tflJi 1f ill G (!) 

J '\ l' :::t .I?7 / - )l,,~J1Jt ,= ~T G ~1i1!B9~Jf~* 1 

* 1 2009 ~frfJ~~Jffljr.I!:~~.fF-iJ\*~{:: l)6':& 
* 2 m~l.IZ*~*~~J'G~,;rrJJjlJ:%H~li)f3'lfl T 305-8572 -:> < lim 

-1 /' F;t, '/71]) 1900 Jj ha I:.:fs J:.,6-'illilH1!l1])I'SJ~ \1ffiE);t:tmt:.:fs~ \-rli~fpl])~;t J:.IJ 17-::f-y,/;6t~ <;,j% 

tit ~ tL -r p .Q 0 -j] , ]l))f- I]) 00 ~Jf, (19 7d: £ imflffi fa I]) 1:. # c c 'Ed:. 17- ::f -y '/ ;6d:, C' Iv fJi i :flII tti l", .:r tL i ~ 
:ft c l" t'::J \1 ;t .I. 51 .J - )1.,-1:.nJt 7 0 ):1 :; .:r.:7 I, ;6t)l66 G tL -r p.Q 0 l" I)' l", -1 /' F;t, '/7 t:.:fs It .Q 17- ::t-y 
'/;6' G I]) c'Iv'j~Hm tti"t1J;ffli+5}c'ii 7d: <, 1 kg I]) C' lvf7}i:fmttiT.Q t.:: 66 i:'*'g 31 % I]) c'lvf7} c *'g 40 % I]) 
k4iHt;6ti'l'll1:E l" tdm tti7~¥i;6t¥Z~mc'*'g 0.6 kg JE1:. l", IJfW~¥15~ i 51 ~ iE9::. l" -r ~ \ .Q 0 

*~Jfj'i; C' Ii::. I]) 17- ::i' -y '/ C' 1vf7}:flII tti7~m J:. IJ ~ G I:. J 'i -1 ;t .I. 51 .J -)1.,- i "t1J;ff J:. < 1:.nJt T .Q :f3ZVhl 00 JE 
I:' rPJ It -r, 17- ::t-y '/ C' 1vf7}:flII tti7~ml])1m1~ c 7 )I.,-::J - )I.,-JEM i IPJ 1l#1:'1T '5 3f11'~JEM:f3ZVhl (SSF) I])~i 

:lz: I:. rPJ It tdl!.'~~~~ i 11' -:J t.::o "f@] I])~~~.~ I:.:fs ~ \ -r Ii, C' Ivl'5}tm tti7~m (:. -;%; i tL.Q {:)I.,-):1 - 7.. I]) 
5tfg."1 I]) fJE)l i EI (191:' {:)I.,- =;; - -li'1]) I'SJ1:.i!Elic' ih.Q Trichoderma reesei, :fs J:.lJc' IvW$}1]) 7" F r)1mA..I])5t 
PJ¥i EI (191:' Aspergillus awamori, t5 G I:. 7 )I.,-::J - )I.,-JEMl])t.:: 66I])M£t C l" -r Saccharomyces cerevisiae :w 
I])Ii i m ~ \ llPJll#1m1~JEM i~.&. t.::o tit}ifWJi!f1 I])C' Ivt:5}tm I:I:H~mill!l iJt 50 gil I])~it-I]) r, Aspergillus 
awamori c Saccharomyces cerevisiae I]) ~ tit ~ :fs J:. If Aspergillus awamori, Trichoderma reesei C 
Saccharomyces cerevisiae I]) ~ tit}if J:. .Q .I. 51 .J - )1.,-1:. nJt Ii ~.q 10.9 gil :fs J:. lJ 10.4 gil C' ih -:J t.::o C' 

Iv fJi:fm tti7~m J:. IJ t5 G i:.:flII tti ~ tL t.:: C' Iv f7}1]) *'g 88 % iJl.I. 51 .J -)1.,- JEM I:. 5f1j FtrilJ§g c' ih -:J t.::o -j], 

Trichoderma reesei I:. J:. -:J -r1:.nJt l"t.::{:)I.,-=;; - -li'I])$tl:;6tfti:~ \::. C iJ' G, .I. 51 .J -)I.,-I:'~~ t5 tLt'::*JfHtl]) 
J!rui5-IH'g 5% I])'&' c'ih -:J t.::o l"iJ' l", ~.~*6*ik(€i5-(I9I:.~~tT.Q c c'lvfJi:fllltti7~mli.EHf7d:JEM~'W: 
c'ih .Q c ~;t G tLt.::o 

::r--I]- F : 17-::J"c'lvfJi:fmtti7~m, Aspergillus awamori, Trichoderma reesei, Saccharomyces cerevisiae, 
~J:it~, 3f11'~JEM, J 'i -1 ;t.I. 51 .J -)1.,-
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