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IGUSA waste: a novel substrate for Rhizotus strains to produce glucoamylase 

Tsubasa FUKUDA， Takahiro SATO， Yasuhiro ISHINO， 

Kadzuyo TSUTSUMI， and Hiroshi MORITA t 

Graduate School 01 Environmental Engineering，ηze Universiち10lKitak戸lshu，
1-1， Hibikino， Wakamatsuku， Kitakyushu 808-0135，JIαtan 

IGUSA (Juncus ~加lses var. decitiens)， which is commonly used to make TATAMI and ]apanese 
flooring mats， is disposed off as a waste material in large quantities that has became a serious problem 

in ]apan. We investigated whether this IGUSA waste could be used as a substrate by Rhizotus strains 
for producing glucoamylase. R. cohnii produced 1034 U/(g substrate) of glucoamylase activity from 

the growth medium containing the IGUSA waste. Supplementation of this growth medium with 

organic nitrogen sources inhibited protease production， but significantly increased (3-times or more) 

the glucoamylase production by R. cohnii. The most effective form of IGUSA waste was the rough 
powder form that retained the honeycomb structure of IGUSA. Use of the rough powder form in the 
growth medium increased the glucoamylase production to 9204 U/(g substrate). R. cohnii produced 
the similar amount of glucoamylase from all substrates (the IGUSA waste， ]apanese flooring mat 
waste， and wheat bran) after 168 h growth. The specific activities of glucoamylase produced by R. 

cohnii from the IGUSA and ]apanese flooring mat wastes were higher than that for the wheat bran. 
Thus， the method described here opens up new avenues for producing value-added products from the 
IGUSA waste. 
Key words: IGUSA waste， glucoamylase， Rhizotus cohnii 

1. Introduction 

IGUSA (Juncus慢がlsesvar. decitiens) is commonly used 

to make TATAMI and other types of ]apanese flooring 

mats， which is called GOZA. Disposal of waste materials 

from the TATAMI and ]apanese flooring mat industr匂s

have become a serious problem in ]apan. For TATAMI 

production， IGUSA is at first divided according to their 

size， and then they are cut to the same length. This sort-

ing process is repeated over and over. IGUSA plant， which 

is like a pipe that extends into the shape of a fan， is grown 

up to knee high so that every damaged crack or suntan 

can be spotted and eliminated.τbus， in the manufacturing 

process of TATAMI a large amount of IGUSA plant materi-

al is wasted. Most of IGUSA waste is exhausted at early 

summer which was harvesting season. In the year 2007， 

approximately 15，000 tons of IGUSA was produced in 

]apan [1]， almost half of which was allegedly wasted dur-

ing the TATAMI manufacturing process. Most of the wast-

ed material was simply dumped in the landfills or incin伎町

ated. Methods to convert these IGUSA waste materials 

into value-added products are， therefore， highly desirable. 

(Received 21 May 2008: accepted 4 Sep. 2008) 
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Arnylolytic en勾Tmesof microbial origin are divided into 

exo-acting， endo-acting， debranching and cyclodextrin 

producing enzymes. Glucoamylases， which hydrolyze 

α-1，4 and α-1，6 linkages and produce glucose as the sole 

end-product from starch and related polymers， are exo-

acting amylolytic enzymes that are commonly used in dex-

trose production， confectionery， baking and also in the 

pharmaceutical industry [2，3]. 

Rhizotus strains are important class of microorganisms 

not only in the food industry (such as in production of 

tempeh， sufu， and Chinese a1coholic drinks) but also for 

the enzyme industry where they are used for the produc-

tion of glucoamylase [4]. Glucoamylases of Rhizotus 

strain， which often exist in multiple forms [5]， can be 

divided into two groups based on their abilities to handle 

raw starch [6].羽Thileglucoamylase-1 can absorb raw 

starches and shows a high raw-starch digesting activity， 

glucoamylase-Il cannot absorb raw starches and has an 

extremely weak raw-starch digesting activity. 

Glucoamylase-l contains starch binding sites in the N ter-

minal region， whereas glucoamylase-Il is formed by the 

protease digestion of the N terminal region of the glu-

coamylase-I and thus has reduced starch digestion ability 

[7，8]. 

Traditionally， glucoamylases were produced by sub同
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merged fermentation (SmF). In the recent years， however， effect of supplementation of nitrogen sources and form of 

the solid-state fermentation (SSF) process is increasingly IGUSA waste. 

used to produce this enzyme [9]. Compared to the SmF 

process， the SSF process is simpler， requires less capital， 2. Materials and Methods 

has superior productivity回 dreduced energy require-

ment. Moreover， this process requires simpler fermenta-

tion media and less rigorous control over the fermentation 

parameters， uses less water and produces less wastewater， 

has easier control over the bacter匂1contamination， and is 

relatively less costly for the downstream processing [10]. 

In the SSF process， the solid substrate not only supplies 

the nutrients to the culture， but also serves as an anchor-

age for the microbial cells. Since the moisture content of 

the medium changes during the fermentation as a result 

of evaporation and metabolic activities， maintaining the 

optimum moisture level is therefore an important aspect 

of this process [11]. 

IGUSA waste is enriched with high levels of carbohy四

drates and some mineral salts. It was reported earlier that 

100 g dry weight of IGUSA contains 74.0 g carbohydrate， 

18.9 g protein， 0.6 g lipid and 6.5 g ash日2].Although the 

IGUSA waste was better suited for glucoamylase produc-

tion because of low protein content， it lacked enough 

nitrogen source. Although IGUSA was found to have a 

broad spectrum of antibiotic activity against some bacteria 

which causes food poisoning and food spoilage， no antibi-

otic activity was， however， detected against the intestinal 

microorganisms， yeast and fungi [13]. IGUSA found to 

have honeycomb like structure (Fig. 1) and was also 

shown to have the ability to control humidity [14]. Thus， 

IGUSA could be useful as a substrate for fungi. 

In the present study， we have utilized the IGUSA wastes 

from Kumamoto prefecture as the growth substrate for 

the Rhizotus strains and analyzed the glucoamylase pro却

duced by these strains. In addition， we investigated the 

Fig. 1 IGUSA structure f旨omSEM analysis 

2.1 Materials 

IGUSA waste was obtained from the Kumamoto prefec-

ture. GOZA， Japanese flooring mat waste and wheat bran 

were obtained from the Fukuoka prefecture. 

The IGUSA waste was processed in three different ways 

for their use in the fermentation experiments. In one case， 

the IGUSA waste was cut into one cm rectangles. In the 

other cases， the IGUSA waste was crushed by using a 

grinder (OSAKA Chemical CO.， Ltd.) to rough and micron-

ized powder forms. The rough and micronized powder 

sizes were few millimeters and micrometers， respectively. 

τ'he rough powder form retained the honeycomb struc-

ture， whereas the micronized powder form did not. 

J apanese flooring mats were similarly crushed into rough 

powder form. 

2.2 Microorganisms 

A total of 19 different Rhizo戸usstrains， three types of 

Astergillus strains， two匂Tpesof Penicillium strains， and 

one type of Mucor strain were used in this study， and all of 

them were maintained on Potato Dextrose Agar (PDA， 

Nissui Pharmaceutical CO.， Ltd.) slants. All Rhizotus 

strains were used laboratory stocks. Other strains were 

obtained from National Institute of Technology and 

Evaluation， Japan. Fungal stock cultures were transferred 

to fresh PDA slants and pre-cultured at 30
0

C for one week 

prior to use in the fermentation processes. 

2.3 Growth of microorganisms and 

preparation of enzymes 

A modified method of羽oritaet al. [15] was used for the 

growth of microorganisms on solid media. For a small-

scale culture， the solid medium was prepared by mixing 

0.5 g of IGUSA waste and 3 ml of 2% liquefied potato 

starch solution in a test tube plugged with silicon. When 

the nitrogen source 何eastextract， Peptone (Becton， 

Dickinson and Co.)， NaN03， and (NH4)2 S04 (Wako Pure 

Chemical Industries， Ltd.)) was added， concentration of 

nitrogen in this medium was adjusted to 0.8%. After auto-

c1aving the medium at 121
0

C for 20 min and cooling it to an 

appropriate temperature， 2 ml of the spore suspension 

(about 109 spores/ml) was inoculated into the medium 

and the cultur・ewas incubated at 30
0

C for 5 days. To 

extract the enzymes， 10 ml of deionized water was added 
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to the culture tube， and the tube was stirred gently for 12 

h at 4 oC. The resulting suspension was fi1tered through a 

sterile gauze and then centrifuged at 4，000 x g for 20 min. 

The supernatant was used as a crude enzyme solution for 

further assay. 

The solid medium for the large-scale growth of加19i

consisted of 10 g of IGUSA waste or ]apanese flooring mat 

and 60 ml of 2% liquefied potato starch solution in a 500 ml 

Erlenmeyer flask plugged with cotton. When the nitrogen 

source was added， the final concentration of nitrogen in 

iliis solution was adjusted to 0.8%. In the case of wheat 

bran， additional amount of water was added to control the 

moisture content. Wheat bran containing solid medium 

consisted of 10 g of wheat bran， 40 ml of 3% liquefied pota凶

to starch and 1.3% yeast extract in a 500 ml Erlenmeyer 

flask plugged with cotton. After autoc1aving the medium at 

121
0

C for 20 min and cooling it to an appropriate tempera-

ture， 2 ml of the spore suspension (about 109 spores/ml) 

was inoculated into the medium， and the culture was incu叩

bated at 30
0

C for 168 h. To extract the enzymes from the 

solid medium， 200 ml of deionized water was added to the 

culture flask and the flask was stirred gently for 12 h at 4 

oC. The suspension was filtered through a sterile gauze 

and then centrifuged at 4，000 x g for 20 min. The resulting 

supernatant was used as a crude enzyme solution for fur-

ther assay. 

2.4 Determination of glucoamylase activity 

The reaction mixture for determining the glucoamylase 

activity contained 1 ml of 2% (w/v) soluble starch solution 

in 0.1 M acetate buffer (pH 4.5)， and 1 ml of enzyme solu-

tion. The reaction was carried out at 40
0

C for 20 min. The 

reaction was stopped by placing the test tubes in a boiling 

water bath for 5 min. The amount of glucose formed was 

measured by the GOD method日6]using a commercially 

available glucose test kit (Wako chemical Co.， Ltd.， ]apan). 

One unit of glucoamylase activity was defined as one 

microgram glucose formed per gram of solid-substrate 

per日un.

2.5 Determination of specific activity of 

glucoamylase 

Protein concentration was monitored by measuring the 

absorbance at 280 nm. Protein concentration was also 

measured by the method of Bradford [17] using the 

reagents obtained from Bio-Rad co.， Ltd. Qapan) and 

using the bovine serum albumin as the standard protein. 

Specific activity of glucoamylse was calculated as the glu-

coamylase activity per mg protein. 

2.6 Determination of neutral protease 

activity 

A modification of the Kunitz' s method [18] was used for 

determining the neutral protease activity. Briefly， 1 ml of 

casein suspension (2% in 0.1 M phosphate buffer， pH 6.8) 

and 1 ml of the enzyme solution were mixed and incubat-

ed at 40
0

C for 30 min. The reaction was stopped by adding 

ten milliliters of 5% trichloroacetic acid. After 60 min of 

incubation at room temperature， the precipitate of the 

unhydrolysed casein was removed by filtration， and absor-

bance of the solution was measured at 280 nm. One unit of 

neutral protease activity was defined as one microgram-

tyrosine per gram of solid-substrate per min. 

2.7 Determination of acidic protease 

activity 

A modification of the Anson-hemoglobin method [19] 

was used for determining the acidic protease activity. 

Briefly， 2.5 ml of hemoglobin solution (0.6% in 0.05 M ace-

tate buffer， pH 4.5) and 1 ml of the enzyme solution were 

mixed and incubated at 40
0

C for 30 min. The reaction was 

stopped by adding 5 ml of 5% trichloroacetic acid. After 60 

min incubation at 40
o
C， the precipitate of the unhydrolysed 

hemoglobin precipitate was removed by filtration， and 

absorbance of the solution was measured at 280 nm. One 

unit of the acidic protease was defined as one microgram-

tyrosine per gram of solid-substrate per min. 

2.8 Assay for determining raw starch 

digestion 

The reaction mixture was composed of 2.5 ml of 2% (w / 

v) raw starch suspension in 0.1羽 acetatebuffer (PH 4.5) 

and 2.5 ml of the diluted enzyme solution. The test tube 

containing the reaction mixture was incubated at 40
0

C for 

60 min with gentle shaking. The raw starch digestion 

activity of glucoamylase was determined by measuring the 

amount of glucose formed using a commercially available 

glucose test kit (Wako chemical Co.， Ltd.) as described 

above， and the activi匂Twas expressed as a percentage of 

its soluble starch digestion activity. 

2.9 Microscopic observa討on

For light microscopic (Nikon Co.， Ltd.) observations， 

IGUSA waste containing mycelia were placed on a glass 

slide. Fungus was grown on large scale medium as 

described above. 
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containing medium. Clearly， the culture volume did not 

have any influence the glucoamylase production. 

However， the culture volume had an effect on the specific 

activity of glucoamylase produced by R. cohnii (Fig. 2B). 

The specific activity of glucoamylase produced by R. cohnii 

120 

120 

Fig.2 Effect of the culture volume on (A) the glucoamylase 

production and (B) the specific activity of glucoamylase by R. 

coh珂ii.Open symbol: smal1 scale culture and c10sed symbol: 

large scale culture. The data shown in the figure are the 

average values of three巴xperiments.
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3. Results and Discussion 

Table 1 summarizes the amount of glucoamylase pro-

duced from the IGUSA waste by nineteen Rhizotus 

strains， three Astergillus strains， two Penicillium strains 

and one Mucor strain. All these strains were cultured at 

30
0

C for 5 days in solid media containing 0.5 g of IGUSA 

waste and 3 ml of 2% liquefied potato starch. In the case of 

non adding liquefied potato starch， the glucoamylase activ-

ity was low. For example， the glucoamylase activity of R. 

cohnii was 369 U/(g substrate). Thus， we added the lique-

fied potato starch in this study. All Rhizotus strains tested 

produced glucoamylase from the IGUSA waste， and the 

glucoamylase activities produced from the IGUSA wastes 

by the Rhizotus strains were higher than that by the 

Astergillus， Penicillium and Mucor strains examined in 

this report. Rhizotus strains R. cohnii P5 produced the 

highest glucoamylase activities (1034 U / (g substrate)) 

from the IGUSA waste. Previously， Anto et al. [20] report-

ed glucoamylase production from the fermentation of dif-

ferent solid-state substrates by Astergillus sp HA-2. Thus， 

Astergillus sp. HA-2 was shown to produce 264 U/(g sub-

strate) and 211.5 U/(g substrate) from wheat bran and 

rice powder as substrates， respectively. In another study， 

A. niger N CIM1245 was reported to produce 194 U / (g sub-

strate) from copra waste as a substrate [21]. Our results 

shown in Table 1， thus， suggest that the IGUSA waste is 

superior・toother reported solid wastes for producing glu-

coamylase. From these results， we selected R. cohnii with 

high glucoamylase producing activity， for the following 

experiments. 

Figure 2A shows inf1uence of culture volume on glu-

coamylase production by R. cohnii from the IGUSA waste 

264 

Table 1 Glucoamylase produced by various fungi using the IGUSA waste as substrate. 

Glucoamylase activity 
[U / (g substrate) 1 

Glucoamylase activity 
[U / (g substrate) 1 

Strain 

R. oryzae P1 

R. ol~辺'Osporus P2 

R. oryzae P3 

R. cohnii P5 

R. tamarii P6 

R. arrhizus P7 

R.peka P8 

R. oligosporus P9 

R. oligosporus P10 

R. oligosporus P12 

R. oligosporus P13 

R. oligosporus P14 

R. javanicus P16 
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R. oryzae P17 

R. ol~旨'Osporus P18 

R. arrhizus P20 

R. oligosporus P21 

Rhizopωsp.P22 

Rhizopus sp. A-ll 

A. oryzae NBRC5238 

A. niger NBRC31125 

A. oryzae NBRC30102 

P camemberti NBRC32215 

P chrysogenum NBRC4626 

M. javanicus NBRC4570 

395 

146 

270 

1034 

212 

377 

973 

432 

586 

574 

277 

378 

499 

Strain 



Glucoamylase production from IGUSA waste 265 

was higher as the culture volume increased. These results 

suggested R. cohnii preferentially produced glucoamylase 

in the large scale culture. Further studies are necessary to 

establish the role of increasing the specific activity of glu-

coamylase. 

Table 2 shows how supplementation of the growth 

media of R. cohnii with different nitrogen sources affect 

the production of acidic proteases， neutral proteases， and 

glucoamylase. In these experiments， R. cohnii was cul-

tured on the small scale medium. Among the various 

nitrogen sources added， both yeast extract and peptone 

produced high titers of glucoamylase activities (2967 U / (g 

substrate) and 2914 U / (g substrate)， respectively). In con-

trast， when NaN03 was used as the added nitrogen source 

in the IGUSA waste containing growth medium， R. cohnii 

produced 1137 U/(g substrate) of glucoamylase activity. 

Interestingly， activities of acidic proteases， produced by R. 

cohnii， in the added nitrogen source containing media， 

especially in the organic nitrogen source containing 

media， were lower than those in the medium containing 

only the IGUSA waste and no added nitrogen source. In 

the case of neutral proteases did not decreased in the 

nitrogen added media except in one case. Based on these 

results， we selected organic nitrogen sources (yeast 

extract and peptone) to add to the growth medium con-

taining the IGUSA waste for producing high glucoamylase 

activi守inthe following sets of experiments. 

N ext， we investigated how supplementation with an 

organic nitrogen source would effect the production of 

glucoamylase activity， specific activity of glucoamylase， 

acidic protease activity and neutral protease activity in the 

large-scale culture. As found in the case of the small-scale 

culture， glucoamylase activity produced by R. cohnii signif-

icantly increased when an organic nitrogen source was 

added to the large-scale growth medium containing the 

IGUSA waste (Fig. 3A). After 168 h incubation， the maxi-

mum glucoamylase activity in the presence of yeast 

extract and peptone were 4645 U/(g substrate)， and 3542 

U/ (g substrate)， respectively. Addition of yeast extract to 

the IGUSA waste containing medium almost quadrupled 

the glucoamylase production， whereas that in the pres-

ence of peptone almost tripled the glucoamylase produc胸

tion. However， the specific activity of glucoamylase at each 

test condition was very similar (Fig. 3B). Production of 

acidic proteases was inhibited when grown in the pres-

ence of added organic nitrogen sources (Fig. 3C). Neutral 

protease activities were expressed at a very low level 

under the all test conditions (Fig. 3D). 

It was previously shown that supplementation with 

nitrogen sources in the culture medium of Rhizopus sp. 

MKU40 affected the production of proteases and glucoam-

ylase [15]. Production of glucoamylase by Aspergillus sp. 

HA-2 in wheat bran containing growth medium was also 

shown to be affected by the addition of nitrogen source 

[20]. Our resu1ts show that the growth medium supple-

mented with an organic nitrogen source (such as yeast 

extract or peptone) produced higher amounts of glucoam-

ylase than that in the growth medium supplemented with 

an inorganic nitrogen source (such as ammonium sul-

phate or ammonium chloride). We also investigated the 

temperature stability of acidic proteases produced by R. 

cohnii and found that the acidic proteases produced in the 

growth medium containing the IGUSA waste and yeast 

extract were more stable than those produced in the 

growth medium containing the IGUSA waste only (data 

not shown). Organic nitrogen sources (yeast extract， pep-

tone， and so on) contain a large amount of amino acids 

and vitamins [22]， which may affect the expression and 

stability of glucoamylase and acidic proteases produced by 

the Rhizopus strains. Further studies are necessary to 

understand why the glucoamylase production is increased 

and protease production is inhibited in the presence of 

organic nitrogen sources. 

We next examined how organic nitrogen source supple-

mentation would affect the relative wheat starch-digesting 

activity of glucoamylase produced by R. cohnii and R. peka. 

Table 2 Effect of nitrogen supplementation on protease and glucoamylase production by R. cohnii. 

Acidic protease activity Neu仕邑1protease activiザ
Glucoamylase activity 

Medium (pH4.5) (pH6.8) 
[U / (g substrate) 1 

[U / (g substrate) 1 [U / (g substrate) 1 

IW* 673 82 570 

IW+NaN03 546 97 546 

IW + (NH4)2 804 310 。 1137 

IW十Yeastextract 43 75 2967 

IW+Peptone 35 83 2914 

*IW; IGUSA waste containing growth medium 
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Fig. 3 Effect of nitrogen source supplementation on the (A) glucoamylase production， (B) specific activity of glucoamylase， (C) 

acidic protease production， and (D) neutral proteas巴production.R. cohnii were grown on large scale solid medium. Symbols: 

←o→， IGUSA waste; (-A-)， IGUSA waste plus yeast extract; and (一回ー)， IGUSA waste plus p巴ptoneτ11巴datashown in the 

figure are the average values of three experiments. 

microbial cells. 

We next investigated effect of shapes of IGUSA waste 

on the glucoamylase produced by R. cohnii. For this pur-

pose， the IGUSA waste was processed into three forms: 

one cm rectangles， rough powder (in which the honey-

comb structure was still maintained) and micronized pow-

der (in which the honeycomb structure was destroyed). 

After 168 h growth， 4645 U/(g substrate)， 9204 U/(g sub-

The digesting activity of soluble starch by glucoamylase 

was defined as 100%. In the case of glucoamylase pro-

duced by R. cohnii， the relative raw wheat starch-digesting 

activities of glucoamylase in the media containing IGUSA 

waste， IGUSA waste plus yeast extract， and IGUSA waste 

plus peptone were 6， 12， and 6%， respectively. In the case 

of glucoamylase produced by R. peka， the relative raw 

wheat starch-digesting activItIes of the glucoamylase in 

the media containing IGUSA waste， IGUSA waste plus 

yeast extract， and IGUSA waste plus peptone were 2， 16， 

and 8%， respectively. Since addition of nitrogen source to 

the growth media reduced the protease activities， we 

believe that this reduced activity of proteases led to 

decreased conversion of glucoamylase-I to glucoamylase-

II， as a result ofwhich we observed a slight increase in the 

raw wheat starch-digesting activity of the glucoamylase 

that was produced in the nitrogen supplemented medium. 

We observed R. cohnii cultured cells on the IGUSA 

waste. As shown in Fig. 4， R. cohnii grew like covering the 

surface of IGUSA waste. IGUSA waste have characteristic 

Fig. 4 Light microscope observation of R. coh河iion IGUSA waste. 

R. cohnii was incubated f01・48h.

honeycomb structure and to contt叫 humidity[14]. In SSF 

process the solid substrate not only supplies the nutrients 

to the culture but also serves as an anchorage for the 
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strate) and 4399 U/ (g substrate) of glucoamy1ase activities 

were found in the media containing the rectang1e， rough 

powder and micronized powder forms of IGUSA waste， 

respective1y. As shown in Fig. 5A， when rough powder 

form of IGUSA waste was used in the growth medium， the 

glucoamy1ase activity was highest. The specific activity of 

glucoamylase was a1so highest in the medium containing 

the rough powder form of IGUSA waste than in the medi叩

um containing either the rectang1e or micronized powder 

form ofIGUSA waste (Fig. 5B). 

G1ucoamy1ase produced by A. niger was a1so influenced 

by the partic1e size of the wheat bran used as a substrate; 

when the size of the wheat bran was either too big or too 

small， the production of glucoamy1ase was found to be 

reduced [23]. Mo1ony et al. [24] reported improved degra-

dation of substrates with finer partic1es due to an increase 

in the surface area. In addition， Pandey et αl. [25] found 

that smaller partic1e sizes resu1ted in a high degree of sol-
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Fig.5 Effect of shape of the IGUSA waste on on the (A) 

glucoamylas巴production，(B) specific activi勿ofglucoamylase. 

R. cohnii was grown on large scale medium. Symbols used: 

(-.A.-)， IGUSA waste cut into one cm rectangles; (一@ー)， 

IGUSA waste processed into rough powder that maintained 

the honeycomb structure; and (ー富一)，IGUSA waste processed 

into micronized powder lacking the honeycomb structure 

The data shown in the五gureare the average values of three 

expenments. 

ubilization of the substrate. In solid cu1ture medium， the 

partic1e size of the substrate determines the void space 

which is occupied by oxygen. Since the rate of oxygen 

transfer into the void space affects the growth， the sub-

strate shou1d be of suitab1e partic1e size to enhance the 

mass transfer. Rough powder form of the IGUSA waste 

has increased surface area， that kept the oxygen supp1y 

on board because of its honeycomb structure. Thus， R. 

cohnii was ab1e to grow comfortab1y on the rough powder 

form of the IGUSA waste. 

We next compared how different substrates affect the 

glucoamy1ase production by R. cohnii. For this purpose， 

we used rough powder forms of IGUSA waste， ]apanese 

flooring mat and wheat bran as substrates. In these experi-

ments， R. cohnii was grown in the medium containing 

rough powder of IGUSA waste， ]apanese flooring mats， or 

wheat bran. As shown in Fig. 6A， the rate of glucoamy1ase 

production was highest from IGUSA waste， followed by 
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Fig. 6 Comparison of (A) the glucoamylase activity and (B) the 

specific activity of glucoamylase by R. cohnii using different 

substrates. Symbols for the different substrates used in the 

growth media are: (-.A.-)， IGUSA waste; (-111-)， Japanese 

flooring mat; and (-0-)， wheat bran. The data shown in the 

figure are the average values of three experiments 
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that from Japanese mat waste and wheat bran; however， all 

of them reached the same maximum level at 168 h. The 

maximum glucoamylase activity produced by R. cohnii in 

growth media containing the IGUSA waste， Japanese floor-

ing mat waste or wheat bran was 10577 U/(g substrate)， 

9204 U/(g substrate) and 10076 U/(g substrate)， respec-

tively. However， the specific activities of glucoamylase pro-

duced in the medium containing the IGUSA waste and 

Japanese flooring mat waste were higher than that pro-

duced in the medium containing the wheat b.ran (Fig. 6B). 

4. Conclusion 

In condusion， our study showed that the IGUSA waste， 

which is a by-product of the TATAMI industry， can serve 

as a good substrate for microbial growth. The IGUSA 

waste supported the growth of R. cohnii in solid state fer-

mentation and produced significant amount of glucoamy-

lase enzyme. The IGUSA waste was proved to be an excel-

lent substrate for producing glucoamylase. Thus， this 

method opens up new avenues for producing value-added 

products from the IGUSA waste material. 
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イグサ廃棄物:Rhizopus属による

グルコアミラーゼ生産用基質への利用

福田翼，佐藤貴裕，石野靖浩，堤一代，森田洋T

北九州市立大学大学院国際環境工学研究科

近年、イグサの廃棄量の増加に伴い、イグサ廃棄物

の新規利用法の開発が望まれている。イグサは調湿性

などの性質を有し、カピの生育に適している。一方、

グルコアミラーゼは食品工業などで利用されており、

有用である。著者らは、これらのイグサ魔棄物の

Rhizotus属によるグルコアミラーゼ生産用基質として

の利用を検討した。

使用菌株は、高グルコアミラーゼ生産蕗株であった R.

cohniiを用いた。イグサ培地を用いた際、 1034U/(g 

substrate)を示した。このイグサ培地に有機窒素源、特

に酵母エキスを添加した場合、グルコアミラーゼ生産

が約 3倍増大した。この時、プロテアーゼの生産が阻

害されていた。グルコアミラーゼ、の生澱粉分解部位は、

プロテアーセ、の存在により切断されることが知られて

(受付2008年 5月21日，受浬2008年 9月4B) 

〒808-0135福岡県北九州市若松区ひびきのトl

十F担 +81-93-695-3381.E-mail: morita@env.kitakyu-u.ac.jp 

いる O その結果、生澱粉分解能が増大する結果となった。

さらに、 R.cohniiにおけるイグサ廃棄物の形状の違い

(1 cm長にカットしたサンプル、ハニカム構造を維持

した微粉砕したサンプル、ハニカム構造を破壊したサ

ンプル)によるグルコアミラーゼ生産への影響を調査

した。その結果、ハニカム構造を維持した微粉砕サン

プルが最も高い活性を示し、 9204U/ (g substrate)で

あった。イグサ廃棄物、ゴザ廃棄物および従来のグル

コアミラーゼ、生産で利用されている小麦フスマでの生

産性を比較した結果、ほぽ同等の生産性を示した。以

上より、有機室素源の添加およびイグサの形状を考慮、

することイグサ廃棄物のグルコアミラーゼ、生産基質へ

の応用は可能で、あることが示唆された。
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