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ABSTRACT

We analyzed the cultural characteristics of isolated brewing fungi for developing fermentation starters. In a previous study,
we collected 87 domestic nuruk, from which 481 fungi strains were isolated and 11 were selected showing improved productivity.
After culturing these 11 fungi strains in several types of media, temperatures, carbon and nitrogen sources, Rhizopus sp. grew
well in MEA, ME20S, PDA medium while Aspergillus sp. grew well in ME20S and YES. Both Rhizopus sp. and Aspergillus
sp. survived well at optimal growth temperatures of 30 and 37C. Rhizopus sp. utilized lactose, glucose and peptone sources
while Aspergillus sp. utilized glucose, mannose, fructose and yeast extract sources. a-Amylase activity was excellent in L. ramosa
CNO044, R. oryzae 82-T(MEB), R. oryzae CN174 and A. oryzae 58-11(WEB) culture extracts. This study suggests that R. delemar
26-4, 58-8 and A. oryzae 78-5, 37-7 might be appropriate fungi strains for fermentation starters based on development of large

fungi bodies and their good enzyme activities.
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dextrose), MEA (Malt extract), CYA(Czapek yeast extract),
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Table 1. List of fungi which were used in this study
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291 glucose, fructose, galactose, maltose, sucrose, lactose,

mannose, mannitol, sorbitol 2 soluble starch 5 105, 24
D2 glycine, lysine, peptone, yeast extract, malt extract, urea,

ammonium chloride, ammonium sulfate, ammonium nitrate 2!
sodium nitrate 5 105 AFESIA T oA A2 vix] &
Hell PAdE TAR Heke]l Z7]1E Caliper(Digimatic caliper
500-180-30, Mitutoyo Co., Japan)Z AFg3ste] =% &}t

3. bgole] B2 B
a-Amylase A& 1% 7184 AE-EH 2 mLE 40T &
Zzol| A 5E7F dgsta, 2] vkl 0.1 mL Y71 &,
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4. EAXE|

APE 3o 7 St AAE P+ET

Ak SHAFERE WA, 5, L7t

e, BaE)el vl 9 HSEI

A (two-way ANOVA)= AAISHA L, 2143 H]2E Dun-

can’s multiple range testZ p<0.05 oA HAS3IAE 5
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Sample No. Species Strains Origin KACC No.
S1 Lichtheimia ramosa CN044 Asan-si -
S2 Rhizopus oryzae CN105 Seocheon-gun 45714
S3 Rhizopus oryzae CN174 Gongju-si 46418
S4 Rhizopus delemar Goseong-gun 46419
S5 Rhizopus delemar Sunsan-si 46422
S6 Rhizopus oryzae Gangneung-si 46960
S7 Aspergillus luchuensis Andong-si 46420
S8 Aspergillus oryzae Gunsan-si 46423
S9 Aspergillus luchuensis Hwaseong-si 46958
S10 Aspergillus oryzae Seoul -
S11 Aspergillus oryzae Busan -
ST Aspergillus oryzae RIB40 Japan 44967
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Table 2. Various culture media used in this study
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Medium Contents
PDA Potato starch 0.4%, dextrose 2%, agar 1.5%, adjust pH 5.6
MEA Malt extract 3%, mycological peptone 0.5%, agar 1.5%, adjust pH 5.4
CYA Yeast extract 0.5%, sucrose 3%, NaNO; 0.3%, K,HPO, 0.1%, KCI 0.05%, MgSO4 - 7TH,O 0.05%, FeSO,4 - 7THO 0.01%,
agar 2%, adjust pH 6.0~6.5, ImL/L TMS (ZnSO; - THO 1%, CuSOs + SH,O 0.5%)
CZA Sucrose 3%, NaNO; 0.3%, KoHPO4 0.1%, KC1 0.05%, agar 1.5%, adjust pH 6.0~6.5, ImL/L TMS (ZnSO4 *+ TH,0O 1%,
CuSO; + SHO 0.5%)
DGIS Peptone 0.5%, glucose 1%, KoHPO, 0.1%, MgSO, + 7TH,O 0.05%, dichloran 0.0002%, agar 1.5%, 110 g of glycerol/S00
mL, chloramphenicol
OA Oatmeal 6%, agar 1.25%, adjust pH 6.0
YES Yeast extract 2.25%, sucrose 20%, MgSOs - 7TH,0O 0.05%, agar 2.25%
ME20S  Malt extract 3%, sucrose 20%, mycological peptone 0.5%, agar 1.5%, adjust pH 5.4
Zo o 3 oA PDASH MEA HlA] 1] 4] A4se] 2jolv} 2
‘3%9}%3] ol A B =7t viAl FRET FEje] JF
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Table 3. Fungi growth upon various culture media

(Park SH et al 2001). Lichtheimia ramosa+= DG18 | X] o] 4]
BAso] frelA o Wskal, CYA viAlllA = Al Hds
(44.7 mm)S Hch

at 20C

Sample

Fungi growth (mm)

No. Dey CYA CZA DGI18 MEA ME20S 0OA PDA YES
1 5.7+0.6™ 5.0+0.0° 5.0+0.0° 5.7+0.6" 5.0+0.0° 10.74£1.2° 5.0£0.0° 5.340.6"
" 2 11.0£0.0° 5.0+£0.0° 5.0£0.0° 8.0+1.0° 7.340.6° 10.743.1° 8.7+0.6° 9.7+0.6°
3 14.3+0.6° 11.042.6* 5.0+0.0° 15.7+0.6° 18.3+0.6° 15.7+0.6° 18.7+1.2¢ 22.3+0.6°
4 447£15° 20.043.6° 6.7£0.6™  24.3+1.2° 31.7+1.5° 22.743.1° 27.01.0° 38.3+2.9¢
1 11.7+0.6° 6.3%0.6" 5.0+0.0° 11.3+0.6° 7.320.6° 10.7+1.2° 12.7+0.6° 7.740.6°
2 37.748.1° 26.0+1.0° 5.0+0.0° 62.3£2.5%  54.0+3.6° 35.7+2.1¢ 57.0+3.5° 58.7+0.6
> 3 43.0£6.1¢ 58.7+1.2% 7.3£2.5%  85.0£0.0' 85.020.0 68.7+1.2" 85.020.0/ 85.0£0.0'
4 76.7+5.8%"  76.7£144°  14.0+6.0° 85.0+0.0' 85.020.0 85.020.0' 85.020.0/ 85.0£0.0'
1 11.3+0.6" 5.0+0.0" 5.0+0.0° 10.00.0™ 5.7+0.6" 8.3£1.5" 11.3+0.6° 6.0£0.0®
S3 2 73.3£1.5%  21.7+0.6° 5.0+0.0° 63.7+1.5" 57.3+2.5" 38.0£1.0°  64.3+2.9' 60.7+1.2¢
3 85.0+0.0' 55.0+5.0° 57£0.6®  85.0£0.0° 85.020.0 58.3+2.9¢ 85.020.0' 85.0+0.0'




128

M
A
ol
1z
2,
ne
i3
)
&1_1‘/
2

R AL SRl o} RAREETE

Table 3. Continued

Sample Day Fungi growth (mm)
No. CYA CZA DGI18 MEA ME20S 0A PDA YES
S3 4 85.0£0.0' 85.020.0° 9.3£0.6° 85.0+0.0' 85.020.0 85.020.0' 85.020.0' 85.0+0.0'
1 12.3+0.6° 5.0+0.0° 5.0+0.0° 9.7+0.6" 5.0+0.0° 10.3+0.6° 12.0£1.0° 5.7+0.6°
2 71.3£1.2 24.0+1.0° 5.0£0.0° 6231328 343206 40.7+4.0° 62.0£2.6" 49.0+2.6°
> 3 85.0+0.0' 62.0+5.2¢ 57£0.6®  85.0+0.0' 75.7+1.2! 66.7+4.6" 85.0+0.0/ 75.7+1.2"

4 85.00.0' 85.0:£0.0" 12.0+2.6° 85.0+0.0' 85.0+0.0' 85.0+0.0' 85.0+0.0' 85.00.0'

1 10.0+0.0° 5.7£0.6" 5.0+0.0° 9.0+0.0° 6.30.6™ 10.3+0.6 11.7+0.6° 7.0+0.0™
2 67.0+1.0° 22.3+0.6° 5.0+0.0° 60.0+0.0 53342.18  38.0+1.0%  65.3+2.9' 59.3+0.6"
S5 _ _ _ _ .
3 85.0+0.0' 58.0+2.0% 6.3+1.5%  85.0+0.0' 85.0+0.0 54.340.6" 85.0+0.0 85.00.0'
4 85.00.0' 85.0:£0.0" 7.0£1.7%%  85.0+0.0' 85.0+0.0' 85.0+0.0' 85.0+0.0' 85.00.0'
1 12.0+0.0° 5.0+0.0° 5.0£0.0° 8.3+0.6 5.040.0" 10.0+0.0° 11.0£0.0° 6.0+£1.0°
2 78.7+2.3" 26.3+2.1° 5.0+0.0° 60.7+3.8%  54.7£1.2' 37.7£1.2% 5934128 63.3+1.5°
S6 _ _ _ _ _ .
3 85.0+0.0' 57.3+7.5% 5.0+0.0° 85.0+0.0' 85.0+0.0' 73.0+4 4! 85.0+0.0' 85.0+0.0'
4 85.00.0' 80.0+0.0°" 8.3+0.6™ 85.0+0.0' 85.0+0.0' 85.0+0.0' 85.0+0.0' 85.00.0'
3 12.00.0° 5.740.6* 5.0+0.0 12.7+0.6° 19.0+0.0° 17.3£1.2° 8.0+£1.0° 14.7+0.6™
S7 5 27.0+0.0° 12.040.0° 12.0£0.0° 2474065 41.0+1.0%"  30.0+1.0" 28.042.08 34.7+0.6"
7 41.7+1.5 18.0+1.7° 19.0£1.0 34.3+1.5" 60.0+0.0/ 37.7+1.2 38.742.9' 55.0+1.7"
3 8.0+0.0° 6.340.6" 5.040.0° 12.0+0.0° 16.0+0.0° 14.3+1.2° 12.040.0° 15.740.6°
S8 5 24.3+0.6° 15.0+1.0¢ 15.740.6%  23.0+0.0° 34.0£1.0°0  24.320.6° 23.7+0.6 35.7+2.1"
7 33.742.18 22.3+0.6° 25.7+0.6" 33.7+1.2" 50.01.07 313423 26.7+0.6° 52.3+2.11
3 12.0+1.0° 5.7£0.6" 5.0£0.0 15.0+0.0° 19.3+0.6™ 15.0+0.0° 12.340.6° 15.0+0.0¢
S9 5 22.7+1.2° 12.040.0° 11.3+0.6° 28.0+1.0¢ 41.0+0.0° 26.7+0.6 27.3+1.28 32.3+2.5"
7 38.0+2.0" 18.0+2.0° 18.01.0 39.3+1.2 59.7+0.6" 34.7+0.6 35.743.2" 44.3+4.0'
3 13.0+1.7% 11.3+0.6™ 5.040.0° 10.3+0.6" 11.7+0.6* 12.0+1.0° 9.0+0.0™ 12.740.6"
S10 5 27.742.1° 21.740.6° 7.7+0.6° 233+0.6°  303+0.6%  26.3+0.6° 28.3+1.5¢ 33.3+1.2°
7 41.7+1.5' 30.3+1.2" 15.0+0.0° 34321 50.7+1.2 37.3+0.6¢ 39.7+1.2' 54.0+1.7
3 15.040.0° 6.3+1.2° 8.0+0.0® 12.3+0.6° 17.740.6° 11.7+0.6" 10.3+0.6™ 18.3+0.6°
Si1 5 26.7+0.6 11.0+0.0% 19.3+0.68 22.340.6° 34.3+0.6" 20.7+1.2¢ 20.0+0.0° 36.3+0.6
7 39.0+1.7" 16.740.6° 31.7+1.5' 33.0+1.0" 49.0+1.7 28,741,588 27.7+0.6° 50.320.6'
3 17.740.6" 10.0+0.0° 6.0£0.0° 14.340.6° 18.3+0.6° 18.740.6° 15.0+0.0¢ 19.7+0.6%
ST 5 28.7+0.6" 18.0+1.0° 16.7+0.6° 25.7+0.6" 35.7+0.6° 27.7£2.1%  26.3+0.6° 40.7+0.6°
7 38.3+1.5" 26.7+0.68 24.7+1.5" 35.7+1.2 53.3+1.5% 38.7+1.2¢ 36.3£0.6" 59.7+1.5%

n Symbols : S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R. oryzae CN174, S4; R. delemar 26-4, S5; R. delemar 58-8, S6; R.
oryzae 82-7, S7; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST; A.
oryzae RIB40.

2 Statistical difference is marked with superscripts in a row, p<0.05 by Duncan’s multiple range test.
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Table 4. Fungi growth upon various culture media at 25C
Sample D Fungi growth (mm)
ay
No. CYA CZA DGI8 MEA ME20S 0A PDA YES
1 6.30.6" 5.0+£0.0° 5.0+£0.0° 5.7+£0.6" 6.7+0.6" 6.0+1.0° 5.340.6° 7.742.1%
) 2 29.3+1.2¢ 12.7+2.1¢ 5.740.6" 20.320.6° 30.3+0.6¢ 16.740.6*  23.0+1.0° 34.740.6°
S1
3 39.740.6° 30.7+2.1° 11.7+1.5%¢ 4134238 57.340.6° 26.7+1.5¢ 45.3+0.6" 63.7+1.5
4 85.0+0.0' 52.0+1.08 16.3+1.2%"  57.043.5" 85.0+0.0° 33.0+1.0° 64.0+1.78 85.0+0.08
1 23.343.8 11.0+1.0% 5.0£0.0° 25.0+3.5¢ 25.342.5° 18.3+1.5™ 32.342.5° 28.0+1.7%
2 55.3+4.5" 55.3+4.0" 9.3+2.1%°  85.0+0.0' 85.0+0.0° 46.742.9" 85.0+0.0" 85.0+0.08
S2 _ .
3 62.7+3.82 85.0+0.0 25.7+5.9¢ 85.0+0.0' 85.0+0.0° 85.0+0.0¢ 85.0+0.0" 85.0+0.02
4 80.7+3.1" 85.0+0.0/ 39.0+10.4"  85.0+0.0' 85.0+0.0 85.0+0.0 85.0+0.0" 85.0+0.02
1 23.3+0.6™ 6.3+0.6™ 5.04+0.0° 25.3+0.6° 24.7+0.6° 15.0£1.0° 28.3+1.2° 23.741.2°
2 850+0.0'  483+15 5.0£0.0° 850400  85.0:0.0"  56.7+58"  85.0+0.0"  85.0:+0.0°
S3 , , .
3 85.0+0.0' 85.0+0.0/ 11.0+1.0*¢  85.0+0.0' 85.0+0.0° 85.0+0.0¢ 85.0+0.0" 85.0+0.08
4 85.0+0.0' 85.0+0.0/ 14.7+1.2°%  85.0+0.0' 85.0+0.0° 85.0+0.0 85.0+0.0" 85.0+0.08
1 25.340.6° 8.3+1.2% 5.04+0.0° 27.7+1.2° 21.3+2.3° 18.742.5% 28.3+1.5° 23.741.2°
2 85.0+0.0'  543+12%  77429" 8504000  85.0+0.0'  70.7:0.6  85.0:0.0"  85.0+0.0°
S4 , , .
3 85.0+0.0' 85.020.0' 22.0+4.6% 85.0+0.0' 85.0+0.0° 85.0+0.0¢ 85.0+0.0" 85.0+0.08
4 85.0+0.0' 85.00.0' 38.3+8.1" 85.0+0.0' 85.0+0.0 85.0+0.0 85.0+0.0" 85.0+0.08
1 21.3+1.2° 7.741.2% 5.04+0.0° 23.0+1.0° 26.7+0.6° 20.0+2.8° 30.3+0.6¢ 27.0+3.0¢
2 85.00.0' 52.34£5.9¢ 6.310.6" 85.0+0.0' 85.0+0.0 52.346.8° 85.0:0.0" 85.0£0.0¢
S5 , , .
3 85.0+0.0' 85.0+0.0' 10.0+0.0°  85.0+0.0' 85.0+0.0° 85.0+0.0¢ 85.0+0.0" 85.0+0.08
4 85.0+0.0' 85.0+0.0' 18.7+2.3¢F 85.0+0.0' 85.0+0.0° 85.0+0.0 85.0+0.0" 85.0+0.08
1 23.740.6*  6.3+0.6" 5.0+0.0° 31.0+1.0° 25.3+1.5° 16.3+1.5*  28.3+1.5° 28.7+1.2%
2 85.00.0' 57.0+2.6' 5.340.6° 85.0+0.0' 85.0+0.0" 66.742.9' 85.0:0.0" 85.0+£0.0¢
S6 . _ . :
3 85.0+0.0' 85.00.0' 13.744.7°%  85.0+0.0' 85.0+0.0" 85.0+0.0 85.0+0.0" 85.0+£0.0¢
4 85.0+0.0' 85.0+0.0' 16.7+1.5%"  85.0+0.0' 85.0+0.0° 85.00.0 85.0+0.0" 85.0+0.08
3 22.7+0.6°  11.3+0.6 8.0+0.0° 21.7+0.6 37.741.2° 23.343.5° 25.74+0.6° 30.340.6°
S7 5 43.340.6" 20.3+1.2¢ 19.7+0.6° 39.3+41.2° 70.0:£0.0 38.3+1.5¢ 43.0£2.6" 70.0+£0.0¢
7 60.0+0.0 31.7+0.6° 32.3+0.6° 60.0+0.0' 70.0+0.0° 55.3+1.21 53.3+3.8" 70.0+0.08
3 23.0+0.0° 14.0+1.0° 12.3+0.6 24.7+0.6° 33.0+0.0° 21.740.6° 19.7+0.6" 33.0+0.0°
S8 5 38.3+1.2° 24.7+0.6 29.0+1.0° 42.3+0.6 56.742.9° 35.040.0° 32.342.1¢ 63.0+2.6°
7 4734258 37.0+1.0" 44.7+0.6 50.042.02 68.0+7.28 48.3+1.5% 33.04+2.6° 73.0+1.7%
3 21.0+0.0° 11.0+0.0° 8.3+0.6" 21.7+1.2° 39.0:0.0° 21.7+1.2° 22.040.0°  31.0+0.6°
S9 5 44.7+0.6 22.0£1.0°  20.0+0.0° 39.7+0.6° 70.0+0.0" 32.740.6°  413+1.2¢F  70.0+0.0¢
7 60.0+0.0' 30.7+0.62 343+0.6%  60.0+0.0' 70.0+0.0f 51.0£1.7%"  51.7+1.5" 70.0+0.0¢
S10 3 21.3£0.6°  17.0+0.0° 6.00.0° 22.0+0.0° 25.7£1.2° 21.340.6° 21.3£0.6°  28.3+0.6"
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Table 4. Continued

sokAl o} fertifaarit

Sample Day Fungi growth (mm)
No. CYA CZA DGI18 MEA ME20S 0A PDA YES
5 43.7+0.6F 31.0£1.08 19.3+1.24 38.743.2° 58.7+1.5° 407£12%  39.0+1.7° 61.3+2.2
S0 7 60.0£0.0 43342.9' 37.3+1.2 60.0+0.0' 71.0£1.78 533+3.0"  47.745.5° 75.0+0.08
3 26.0+£0.0° 14.3£0.6° 15.7+0.6° 18.3+1.2° 33.0+0.0° 21.3%1.5° 223+1.2%  34.3+0.6°
S11 5 45.0£1.0° 22.3+1.2° 36.0£0.0" 35315 58.0+1.7° 34.7+0.6° 393206  61.7+2.9°
7 57.742.5' 31.3+0.6¢ 53.0+2.6 60.00.0' 75.0+0.0¢ 46.7+3.2" 51.742.9" 75.00.0"
3 28.7+0.6° 13.7+0.6° 12.740.6°  20.7+0.6° 36.3+0.6° 21.0+1.0° 23.7+0.6*  39.7+0.6™
ST 5 50.7+1.2" 26.0+1.0° 25.740.6° 37.7+0.6° 65.720.6" 31.3+1.2° 39.7£0.6"  70.0£0.0°f
7 60.0=0.0/ 36.01.0" 38.3+4.7 54.3+0.6" 64.020.0° 427423 56.0+1.0' 70.0£0.0°
b Symbols : S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R. oryzae CN174, S4; R. delemar 26-4, S5; R. delemar 58-8, S6; R.

oryzae 82-7, ST; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST; A.

oryzae RIB40.

? Statistical difference is marked with superscripts in a row, p<0.05 by Duncan’s multiple range test.
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Table 5. Fungi growth upon various culture media at 30C

37 ghelth Bag vk e, ol ¥ AT} fA 2

ot} L. ramosa= CYA, ME20S, YES BjA|o| A Hth A%
S(85 mm)= B33, DGI8 wiA| A g =7t frejA o=

LIl (p<0.05).
30Tl A viA] < el
= Table 59} 2t} Rhizopus & Sl F/7F 53 4%
Ho] DGI8, CZA, OA BRI & AL BE ujA|oA 2¢
o Hol S5 YR ATt Aspergillus 3
70 mm= W<k 3L}l = 207, 28 CHL} Ao

=2 Ay
2 F350]

& wolfie 17~
Cioad

Sample Day Fungi growth (mm)
No. CYA CZA DGI8 MEA ME20S 0OA PDA YES
1 16.0+0.0™ 5.0+0.0° 5.0+0.0° 16.0+2.6" 22.7+0.6" 15.342.1° 14.3+1.5° 22.04+0.0°
) 2 63.7+0.6" 33.340.6° 14.0£1.0°  453+£1.5° 68.0+1.7" 33.7+1.2° 46.7£2.5° 69.742.5¢
S1
3 85.0+0.0° 60.0+0.08 28.3+1.5% 73.3+5.88 85.0+0.08 40.3+1.5% 76.7£2.9 85.0+0.0"
4 85.0+0.0° 75.7+1.2" 42.7+1.5 85.0+0.0" 85.0+0.08 56.3+41.2° 85.0+0.0° 85.0+0.0"
1 473425 22.0+1.0¢ 5.3+0.6" 55.3+5.0¢ 51.0+1.7° 13.043.5° 57.3+2.5¢ 53.3+1.5°
2 85.0+0.0° 85.020.0' 28.043.6¢  85.0+0.0" 85.0+0.08 77.342.5" 85.0+0.02 85.0+0.0"
S2 _
3 85.0+0.0° 85.0+0.0/ 43,0+5.3° 85.0+0.0" 85.00.08 80.0+5.0" 85.0+0.02 85.0+0.0"
4 85.0+0.0° 85.0+0.0 60.3+4.6° 85.0+0.0" 85.0+0.08 81.742.9%  85.0+0.0° 85.0+0.0"
1 57.0+1.0° 14.7£1.5° 5.040.0° 64.7+0.6° 59.0+1.7° 41.7+0.6° 55.3+2.1¢ 65.3£0.6°
S3 2 85.0+0.0° 79.742.5' 12.3+2.5%  85.0+0.0 85.00.08 85.0+0.0" 85.0+0.02 85.00.0"
3 85.0+0.0° 85.0+0.0/ 19.7+4.5*  85.0+0.0" 85.0:0.08 85.0+0.0" 85.0+0.0¢ 85.0+0.0"
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Table 5. Continued
Sample b Fungi growth (mm)
ay
No. CYA CZA DGI8 MEA ME20S 0A PDA YES
S3 4 85.0+0.0° 85.0+0.0' 26.3+6.84  85.0+0.0" 85.0-0.08 85.0+0.0" 85.0+0.08 85.0+0.0"
1 64.3+1.2¢ 17.3£1.5% 7.3+1.5° 68.3+2.3 47.042.6° 38.742.3° 64.0+3.6° 55.7+1.5°
2 85.0+0.0° 79.7+4.6' 28.3+7.6¢  85.0+0.0" 85.00.08 85.0+0.0" 85.0+0.08 85.0+0.0"
S4 _
3 85.0+0.0° 85.0+0.0 49.0+8.5" 85.0+0.0" 85.0-+0.08 85.0+0.0" 85.0+0.08 85.0+0.0"
4 85.00.0° 85.0£0.0' 64.0+12.85  85.0+0.0" 85.0+0.08 85.0:0.0" 85.0+0.08 85.0:0.0"
1 57.3+1.5° 19.042.6° 5.0+0.0° 58.343.2¢ 61.7+2.3%  423+1.5¢ 57.3+2.1¢ 64.0+1.0°
2 85.0+0.0° 85.0+0.0/ 15.045.0°  85.0+0.0" 85.0:0.08 85.0+0.0" 85.0+0.08 85.0+0.0"
S5 _
3 85.0+0.0° 85.0+0.0/ 343+4.0%  85.0+0.0" 85.00.08 85.0+0.0" 85.0+0.08 85.0+0.0"
4 85.00.0° 85.0£0.0' 49.7£17.0°  85.0+0.0" 85.0+0.08 85.0:0.0" 85.0£0.0¢ 85.0:£0.0"
1 58.342.1° 14.3+2.5° 5.0+0.0° 51.740.6° 54.3+0.6° 32.7+0.6" 49.32.1° 62.7+3.1¢
2 85.0+0.0° 56.0+3.67 14.3+0.6°  85.0+0.0" 85.0+0.08 79.3+1.21 85.0+0.02 85.0+0.0"
S6
3 85.0+0.0° 74.3+4.0" 32.3+3.2¢ 85.0+0.0" 85.00.08 85.0+0.0" 85.0+0.08 85.0+0.0"
4 85.00.0° 85.0£0.0' 47.346.8 85.0+0.0" 85.0+0.08 85.00.0" 85.0£0.0¢ 85.0:£0.0"
3 32.7+1.5% 17.740.6" 19.0+1.0° 35.741.2° 60.7+1.2° 35.3+0.6% 34.7+1.5° 51.3+0.6
S7 5 60.7+1.2f 30.0+0.0° 38.30.6° 60.3+0.6" 70.0+0.0° 543+0.65  533+12°  70.0+0.0°
7 60.0+0.0° 37.3+1.57 60.0+0.0 61.743.5' 70.0+0.0° 61.7+2.1" 55.7+1.2 70.0+0.0°
3 42.0+2.0° 23.7+0.6° 23338  35.7+0.6° 54.0+1.0° 353+1.5®  30.740.6° 53.7+1.2°
S8 5 61.3£1.2 47.0+2.0' 41.3+5.5¢ 55.3+0.6" 70.0:£0.0° 52.3+0.6%  41.3£1.2° 70.0+£0.0°
7 62.0+2.0° 48.3+1.5' 60.00.0" 60.0+3.0M 70.0:£0.0° 59.0+5.2%  41.343.1° 70.0+£0.0°
3 30.0+0.0° 17.0+0.0° 19.7+0.6" 32.740.6°  61.3+1.2° 36.3+1.5°  40.0+0.0° 53.3+0.6"
S9 5 56.3+3.2° 29.7+0.6" 40.0+0.0° 56.0+1.0® 70.0+0.0° 49.7+2.5¢ 61.3+1.28 70.0+0.0°
7 60.0:0.0" 43.742.9" 58.3+2.9 60.0£0.0" 70.0:£0.0° 58.743.2¢" 61.3+4.0°8 70.0::0.0°
3 34.0+1.0° 26.3+0.6° 18.7+0.6" 31.3+1.2° 50.3+0.6° 38.0+1.0° 31.3+1.2° 50.7+0.6°
S10 5 56.0+1.7° 39.3£1.2%  41.0+1.0° 453+0.6"  70.0+0.0° 52742.1%  46.7+3.1¢ 70.0+0.0°
7 60.0+0.0° 40.0+0.08 60.0+0.0 56.3+1.2° 70.0+0.0° 59.3+1.28"  60.0+0.08 70.0£0.0°
3 327412 24.0+0.0° 24.7+0.6° 34.740.6*  51.342.3° 33.742.3 30.3+0.6° 47.7£2.1°
S11 5 55.344.2° 43.0+1.7" 45.7+1.2° 58.7+1.58"  70.0+0.0° 54.0+1.7  47.0+4.4° 70.0+£0.0°
7 60.0+0.0" 54.0+1.0 60.0+0.0" 65.00.0/ 70.0+0.0° 57.0+1.7% 60.0+0.08 70.0+£0.0°
3 38.342.1° 18.0+0.0° 20.7+0.6°  39.7£0.6" 58.0+0.0° 35.041.0°  35.0+0.0° 57.740.6°
ST 5 30.0+1.0° 66.3+1.2¢ 41.0+0.0° 62.0+2.6' 70.0+£0.0° 44.3+1.2¢ 52.340.6° 70.0+0.0°
7 60.0+0.0" 34.042.6° 60.0+0.0 58.741.5%  70.0+0.0° 56.7£2.9% 60.0+0.0° 70.0:0.0°

n Symbols : S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R. oryzae CN174, S4; R. delemar 26-4, S5; R. delemar 58-8, S6; R.
oryzae 82-7, S7; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST; A.

oryzae RIB40.

2 Statistical difference is marked with superscripts in a row, p<0.05 by Duncan’s multiple range test.
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Table 6. Fungi growth upon various culture media at 37°C

Sample Day Fungi growth (mm)
No. CYA CZA DGI8 MEA ME20S 0A PDA YES
1 24.7+0.6?  10.3+0.6™ 11.7+0.6* 19.342.1° 38.0+0.0° 16.742.1° 24.3+1.5° 39.0+1.0°
) 2 82.0+1.0° 33.3+1.5¢ 28.0£2.6  61.7£7.6°  83.7x1.2f 46.0+3.6° 57.346.8° 81.0+1.0°
S1
3 85.0+0.0° 65.7+2.1" 45.0+5.0" 85.0+0.0 85.0+0.0° 67.740.6" 85.0+0.0° 85.0+0.0°
4 85.0+0.0 81.742.9% 59.348.11 85.0+0.0° 85.0+0.0° 85.0+0.0" 85.0+0.0 85.0+0.0
1 32.0+2.0° 18.0+1.0° 17.0+1.7% 58.346.1% 85.0+0.0 8.342.3° 68.0+4.6¢ 74.342.3°
2 580+1.0°  66.7+5.8"  433+29"  85.0+0.0"  85.0+0.0'  763+32¢  850+0.0"  85.0+0.0"
S2 ) .
3 85.0+0.0° 76.3+5.5" 65.3+1.5 85.0+0.0 85.0+0.0° 81.7+5.8" 85.0+0.0° 85.0+0.0°
4 85.0+0.0 80.7+1.28  84.3+1.2' 85.0+0.0 85.0+0.0 85.0+0.0" 85.0+0.0 85.0+0.0°
1 57.742.5° 15.740.6° 5.741.2% 61.0+1.7% 73.0+1.0° 37.3+2.3¢ 57.342.5° 71.7+2.9°
2 850+0.0"  53.7+15T 207#21Y  85.0+0.0" 8504000  780+2.6°  85.0+0.0"  85.0+0.0"
S3 X
3 85.0+0.0° 85.0+0.0" 31.3+4.20% 85.00.0" 85.0+0.0° 85.0+0.0" 85.0+0.0" 85.0+0.0°
4 85.0+0.0° 85.0+0.0' 45342.5" 85.0+0.0 85.0+0.0° 85.0+0.0" 85.0+0.0" 85.0+0.0°
1 70.741.2° 13.7+1.2% 11.0+1.0°  63.0+1.0° 81.0+1.0° 46.7+1.2° 72.7+4.6° 76.7+2.9°
2 85.00.0" 45.3+0.6° 33.3+2.9% 85.0+0.0" 85.0+0.0" 85.0+0.0" 85.0:0.0" 85.00.0"
S4 . X
3 85.0+0.0° 68.7+1.2" 53.3+2.3% 85.0=0.0" 85.0+0.0° 85.0+0.0" 85.0+0.0" 85.0+0.0°
4 85.0+0.0° 73.043.0' 65.348. 1% 85.0+0.0 85.0+0.0 85.0+0.0" 85.0+0.0 85.0+0.0
1 57.042.6° 15.742.3¢ 7.0£1.0°  55.742.1° 78.042.0° 3574124 60.7+0.6° 80.3+1.5°
2 85.040.0"  60.0+3.0°  30.0+1.7°  85.0+0.0"  85.0+0.0"  747+0.6°  85.0:0.0'  85.0+0.0"
S5 , X
3 85.0+0.0° 78.3+2. 9 47.3+4.0" 85.0=0.0" 85.0+0.0° 85.0+0.0" 85.0+0.0" 85.0+0.0°
4 85.0+0.0° 73.341.5' 66.7+6.7* 85.0+0.0° 85.0+0.0° 85.0+0.0" 85.0+0.0" 85.0+0.0°
1 66.0+3.6" 8.3+0.6 5.0+£0.0° 43.3+0.6° 75.742.1° 33.7£1.5° 53.742.1° 71.7+1.5°
2 85.0::0.0" 43345.8° 22.3+0.6% 85.0+0.0" 85.0+0.0" 74.7+0.62 85.0:0.0 85.0:0.0"
S6 X X X A X
3 85.0+0.0" 85.00.0' 37.3+1.5° 85.0+0.0" 85.0+0.0" 85.0+0.0" 85.0+0.0" 85.0+0.0"
4 85.0+0.0" 85.040.0' 49.7+3.1M 85.0+0.0° 85.0+0.0° 85.0+0.0" 85.0+0.0" 85.0+0.0°
3 24.040.0° 18.0£0.0™  21.3+2.5° 19.3+0.6°  39.0+1.0° 19.7+0.6° 28.041.7%  54.740.6°
S7 5 33.7+0.6¢ 19.0+£1.0°¢  35.3+0.6° 31.00.0¢ 56.7+1.5° 34.01.0° 39.3+1.2" 70.0+£0.0¢
7 423£25%  21.0+£1.09¢  50.7+3.1¢ 40.7+0.6" 65.3£1.5%  353+15° 46.7+3.1" 70.0+0.02
3 27.3+0.6° 19.3£0.6™  25.0+0.0° 22.7£1.2°  46.3+0.6° 24.0£1.7% 260400 427425
S8 5 39.0+1.0° 30.0+0.0® 36.0+1.7° 39.041.77  70.0+0.0 36.0+1.0° 37.0+1.7" 70.0+0.02
7 4374128 30.3+0.6™  60.0+0.0' 60.0+0.0" 72.3+2.1" 44.0+6.9" 37.7+1.5 70.0+0.08
3 25.0+0.0° 15.340.6" 203+12%  24.3+1.2° 43.342.5° 20.0+0.0% 20.741.2%®  57.3+2.5¢
S9 5 38.3+1.5° 21.3£0.6% 45.0+4.41 40.0+5.00  64.0+1.7" 29.740.6° 29.3+].2° 70.0+0.08

7 48.0+2.0/ 24.3+0.6° 60.0+0.0' 56.7+5.8" 67.743.18  41.0+1.7" 38.3+4.9" 70.0+0.0¢

S10 3 22.7+0.6° 18.0+1.0°  28.3+0.6% 16.7+0.6° 37.0+1.0° 20.7+0.6% 17.741.2° 37.740.6"
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Table 6. Continued
Sample Day Fungi growth (mm)
No. CYA CZA DGI18 MEA ME20S 0A PDA YES
5 33.0£1.0° 28.7+1.2° 54.3+1.2" 26.0£1.7° 58.0+1.7° 36.0£0.0° 277415 64.3+1.2"
S0 7 44.7£0.6"  33.3+2.3" 60.0£0.0' 32.3+2.19 70.0£0.0" 423225 37.0+3.6° 75.0£0.0"
3 247406  20.0£0.0™  26.7£1.2°  23.0+1.7"  34.0£1.0° 25.0£1.0° 237412 38.7+1.5°
S11 5 33.3+2.1¢ 29.3+4.0° 46.3+1.2° 36.3+1.2° 53.3+1.24 40.7£1.2° 37.3+1.5° 61.7+0.6°
7 423+2.1% 3305528 60.0+0.0' 50.743.1¢ 67.342.5¢ 46.7+2.9¢ 44.0£4.0"  70.7+2.1¢
3 29.0£0.0° 17.0£0.0°  30.0+0.0° 23.741.2° 44343 .8° 20.0£0.0° 24312 40.0+£1.0°
ST 5 41.3+1.0f 29.3+0.6" 51.3+1.2¢ 37.7£15% 0 70.0+0.0"  33.0£2.6°  40.7+12%  66.7£2.9°
7 46.7+1.2 41.740.6' 60.0£0.0' 50.0£2.0¢ 73.3+1.2 52.0+2.0" 52.3+2.1° 66.7+2.9
b Symbols : S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R. oryzae CN174, S4; R. delemar 26-4, S5; R. delemar 58-8, S6; R.

oryzae 82-7, ST; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST; A.

oryzae RIB40.

? Statistical difference is marked with superscripts in a row, p<0.05 by Duncan’s multiple range test.

glstAtt. L. ramosa= CYA, ME20S, YES HjA] oA ujj <k

Lol Aol 473E B or], aebd WY 4L Ao Aol 4
)& ugd 25THY 30CAN 5ol U S B

©:

o
=
STk gut o s gsgole] A AgLEE 28T AFR
2k 2] 91 2™ (Noh JM er al 2013; Park JY & Kim JG 2009),
o uiR| o] e} FA ool FA IS W Ao o
24 sick

O

37CAA wjA o] whE FFo] dA FdsS S A%
+ Table 63} 2t} Rhizopus < =8| F+ 30T A3

Table 7. Fungi growth upon various culture media at 40C
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Sample Day Fungi growth (mm)
No. CYA CZA DGI18 MEA ME20S OA PDA YES
1 253+2.5%  11.0£0.0° 11.0£1.7°  19.3£1.5° 38.7+1.22 17.343.1 23.7+0.6" 41.7+1.5°
) 2 51.7+3.5F 373425 28.043.5%¢  43.0+0.0° 84.3+1.2° 39.342.194  49.3+1.2° 85.0+0.0°
S1 ) ) .
3 57.3+4.6° 563465 47.3+4.6" 73.345.8¢ 85.00.0° 57.0+2.6" 76.343.2 85.0+0.0°
4 85.0+0.0¢ 85.0+0.0™ 57.7+4.0 85.0+0.0' 85.0+0.0° 68.36.1¢ 85.0+0.0 85.00.0°
1 16.7+1.2° 8.740.6" 13.343.1°  21.7£29®  85.0+0.0° 40.045.0¢ 5331957 50.3+3.5°
2 51.0+1.7 31.043.6°¢  24.045.6%  71.746.7¢ 85.0+0.0° 65.0+0.08 82.342.5 83.342.9°
S2 _ _ _
3 76.3+1.5 483429 313497 85.0+0.0' 85.0+0.0° 82.7+4.0" 85.0+0.0 85.00.0°
4 83.3+2.9¢ 64.0+5.3%* 36.0£11.1°%  85.0+0.0' 85.0+0.0° 82.7+4.0" 85.0+0.0 85.00.0°
1 19.0+1.0° 6.340.6° 9.3+1.2° 30.0+0.0° 34.0+2.0° 24342.1%°  24.0+1.0°  583+1.5°
S3 2 41.0+4.0° 27.0£3.0°¢ 253429 623449 68.0+9.8¢ 47.042.6%  40.3+4.7 85.00.0°
3 43.043.6° 49.0+7.8%8  38.043.5%  78.043.5" 70.7+8.1¢ 47749.0%  49.043.6° 85.00.0°
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Table 7. Continued

Sample D Fungi growth (mm)

ay
No. CYA CZA DGI8 MEA ME20S 0A PDA YES
S3 4 52.0+3.5 74.341.5" 443£45M 7574402 85.0+0.0° 53.7+11.87  58.0+8.2f 85.00.0°

1 31.7+0.6° 10.7+0.6* 14.0£1.7%  35.7+1.2¢ 57.7+0.6° 36.7+0.6° 52.742.3° 66.7+0.6°
2 66.3+2.1" 34.7+0.6%  29.7+4.5%  85.0+0.0' 85.0+0.0° 67.7+6.7¢ 85.0+0.0' 85.0£0.0°

S4 ) . . . )
3 72.0+2.6" 56.048.5"  413+£7.1%  85.0+0.0' 85.0+0.0° 85.0+0.0" 85.0+0.0 85.0+0.0°
4 77.0+2.6 69.0+7.94 45.0+£8.7" 85.0+0.0' 85.0+0.0° 85.0:0.0" 85.0+0.0' 85.0:0.0°
1 23.3+0.6™ 5.7£0.6" 6.7£2.1 40.3+3.8° 56.745.5° 27.7+2.5 30.3£0.6° 66.7+4.5¢
2 58.0+7.82 25.3+1.5% 19.7+4.0°  85.0+0.0' 85.0+0.0° 443124 63.7+£1.28 85.0+0.0°
S5 _ _ _
3 69.0+3.6" 41.0£6.6% 277468  85.0+0.0' 85.0+0.0° 70.04+9.28 85.0+0.0 85.0+0.0°
4 85.00.0 58.3+12.69  323+9.5%%  85.0+0.0' 85.0+0.0° 83.3£2.9" 85.0+0.0' 85.0+£0.0°
1 21.7+0.6% 5.0+0.0° 5.740.6° 24.7+0.6° 47.0+1.7° 23.741.2®  29.0+0.0°  59.3+0.6°
2 64.3+1.2" 19.742.5° 233423  66.3£1.5 85.0+0.0° 53.0£1.7°7  70.0+2.0" 85.0+0.0°
S6 . . . .
3 76.0+1.7 50,0644 36.7£2.9°%  85.0+0.0' 85.0+0.0° 66.7+£2.9¢ 85.0+£0.0 85.0+0.0°
4 85.0:0.0 68.3+1044  51.0+1.7% 85.0+0.0' 85.0+0.0° 69.742.5¢ 85.0+0.0' 85.0+£0.0°
3 16.0+1.0° 11.0+1.0° 26.3+1.5° 11.7+0.6" 25.741.2% 14.3+1.2% 15.3+0.6 39.742.1°
S7 5 22.3+0.6° 15.7+1.2¢ 47.3+0.6° 17.040.0¢  35.7+0.6*  23.043.0° 21.740.6¢  69.3x1.2"
7 26.0+1.0' 19.3+0.6™ 60.0+0.0" 21.7¢1.2 48.7+1.28 35.3+0.6" 25.040.0° 69.0+1.7"
3 19.0+1.0° 12.040.0°  23.3+1.2% 12.0+0.0°  32.742.1° 15.7+0.6™ 15.7+0.6" 35.042.6°
S8 5 25.3+0.6" 19.0£0.0° 37.0+1.7% 18.3+0.6° 49.0+1.08 30.7+1.28 25.340.6 58.3+1.5
7 29.3+0.6 21315 433£1.5° 27.7+0.6" 59.3+1.5" 35.7+1.2" 27.342.1¢ 69.7+4.5"
3 16.340.6™ 12.0£0.0°  233+12®  13.3+0.6° 27.0£1.7% 13.7+1.2% 15.3£0.6 42.3+0.6%
S9 5 20.7+0.6° 17.040.0° 40.3+0.6% 17.30.6°  39.3+0.6" 17.0+2.0° 22.7+1.2¢ 68.7+1.2"
7 24.340.68  21.7+0.6' 54.3+1.28 21.0+1.7°F 50.0+1.08 20.3+2.1° 27.0+1.7% 70.3+2.5"
3 11.0+0.0* 13.040.0*  21.7+0.6" 11.0+0.0° 25.0+0.0° 13.0+1.0° 13.340.6" 27.7+1.5°
S10 5 18.3+0.6¢ 21.0+0.0" 403+0.6°  20.0+1.0° 34.740.6%  28.3+1.58 20.3+1.5° 44.0+1.7¢
7 23.0+0.0'® 27.7£1.2 59.3+1.2" 2674062 39.3£1.5° 30.0+0.02 24.742.1° 61.3+2.3%
3 17.7+0.6% 14.04+0.0° 20.3+2.1° 16.0+0.0° 26.0+1.7% 13.3+2.1% 16.3+0.6" 29.742.1°
Si1 5 24.7+1 2" 20.3+0.6%  35.043.6° 27.041.08  38343.5  29.7+0.6° 253206 47.7+1.2°
7 34.0+1.0' 27.0+1.0 473438 37.3+2.11 41.043.6" 34.740.6" 33.0+1.0" 66.7+1.5"
3 18.7+1.2¢ 11.0+0.0° 22.740.6" 16.3+0.6° 28.3+1.2° 10.70.6* 15.0£0.0°  28.7+1.5
ST 5 26.0+0.0' 18.3+0.6 42.742.5° 26.0+0.0¢ 38.7+1.5" 17.7+1.2¢ 25.740.6%  43.7+2.1¢
7 32.3+2.1" 26.7+0.6 55.3+4.0¢ 34.0+1.0' 48.7+1.5¢ 39.3+1 .21 32.0+1.0" 62.342.52

n Symbols : S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R. oryzae CN174, S4; R. delemar 26-4, S5; R. delemar 58-8, S6; R.
oryzae 82-7, S7; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST; A.
oryzae RIB40.

2 Statistical difference is marked with superscripts in a row, p<0.05 by Duncan’s multiple range test.
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Table 8. Fungi growth upon various carbon sources at 25C
Fungi growth (mm, 25C)
Sample
No. by Galactose  Glucose  Mannose  Fructose Lactose Maltose Sucrose Ssﬂlrlgllle Mannitol Sorbitol
1 50+0.07  50:0.0°  50£00°  50£0.0°  50£0.0°  50£00° 5000  50:00°  50:00"°  5.0+0.0°
o 2 13.0£1.0°  14.0£2.0°  167£17°  5.0£0.0°  8.0£2.0°  93+12°  14.0:£1.7° 13.0£1.0°  8.0+52°  16.0+1.0°
30240517 31.0£L7° 29.0+32°  17.04£2.6°  19.0+1.0°  25.080.0° 22.7432° 25315 27.3+7.5°  31.7+1.5°
4 35315 463x2.1° 417825 36.7829°  36.7£29° 457475 397425 400507 4774600 46.05.3°
1 50£0.0°  133+21¢  50+00° 133157 12.742.1°  10.0£0.0°  50+0.0°  57+0.6° 10.0£0.0°  5.7£0.6"
2 253345 493+12" 3404365 527435 44.0:£1.0° 447825 213+£12°  20.7+12.9% 39.0£1.7°  223+6.8°
> 3 777832 85.0£0.00  85.0:0.0 85.0+0.0' 85.040.0'  85.080.0° 47.0+13.0¢ 76.7t144" 85.0+0.0"  68.0+6.1°
4 85.0£0.0° 85.0+0.0' 85.0+0.0° 85.0:0.0' 85.0+0.0' 85.040.0° 553+25.7° 85.0+0.0° 85.0£0.0" 85.0+0.0"
1 50£0.0°  10.020.0°  53x06°  83x0.6™ 10.7£12°  9.7+0.6° 14.0£1.0° 147+0.6° 9706  147+0.6°
2 15320.6° 4073.8" 27312 377425 403+25° 423425 4774327 4474250 36.0£1.0°° 523125
>3 3 5478255 85.0£0.00 783476  85.0+0.0° 85.0+0.0'  85.0+0.0° 85.0+0.0" 85.0+0.0° 763x1.5¢  85.0+0.0"
4 850£0.0' 85000  85.0x0.0° 85.0£0.0' 85.0+0.0' 85.0:0.0° 85.0+0.0° 85.0+0.0°  85.0+0.0"  85.0+0.0"
1 7340.6° 103+0.6° 11.742.8°  87+1.5°  87+0.6°  80+1.7° 163+12% 173+1.5°  80+1.7° 17.3+1.5°
2 50.0+1.0°  SL7ELS" 7274490 50.043.0°  423+0.6° 423425 593+12°  61.7£1.5°  40.0£0.0°  67.0£0.08
> 3 85.0£0.0'° 850£0.00 850:0.0 85.0:0.0° 85.0+0.0' 85.0:0.0° 85.0+0.0" 85.0+0.0° 85.0:0.0" 85.0+0.0"
4 850+0.0' 85.0£0.0  850+0.0° 850£0.0' 850+0.0° 85.0:0.0° 85.0+0.0° 85.0+0.0° 85.0+0.0"  85.0+0.0"
1 6.0£0.0° 10.0£2.0°  9.0£1.0° 10.7£12 123£0.6°  53+0.0° 15.0£0.0° 17.0:0.0° 53106 17.0+0.0°
2 373:2.1°  557+432°  633x5.8"  583£2.9"  56.7+0.6"  493+12°  56.043.5%° 62.0+1.0°  347+1.5%9  65.0+2.0°
5 3 85.0£0.0° 85.0£0.00 85000 85.0+0.0' 85.0+0.0' 85.0+0.0° 85.0+0.0" 85.0+0.0° 85.0x0.0" 85.0+0.0"
4 850£0.0' 85000  85.0+0.0° 85.0£0.0' 85.0+0.0' 85.0:0.0° 85.0:0.0° 85.0+0.0°  85.0+0.0"  85.0+0.0"
1 7.0£0.0°  11.0£1.0°  73+12%  73206°  73+£12°  574#12°  137+12% 16.0£1.0° 574128 14.7£15°
2 317+2.9% 447258 4932388 387+23"  363+3.8°  383+15%  457+5.1%  46.0+1.0° 32,0420 51332
. 3 75.0£1.0"  85.0+0.00  85.0+0.0 85.0+0.0' 85.0+0.0' 85.0+0.0° 85.0+0.0" 85.0+0.0° 783+7.6° 85.0+0.0"
4 827+40  850:0.0  85.0+0.0° 85.0£0.0° 850+0.0' 85.0:0.0° 85.0+0.0° 85.0+0.0° 85.0+0.0"  85.0+0.0"
3 50£0.0° 103060 10.0£0.0° 1134060  6.0£0.0° 6306 12.0+0.0° 10320.6°  6320.6° 13.0£5.2°
S7 5 50£0.0° 17.3+0.6° 17.740.6° 17.0:0.0° 103+0.6° 167406 20.7+0.6™ 18.7+0.6° 12.020.0°  17.0+0.0%¢
7 7.0£0.0°  25.0£0.0°  233+0.6%F 23.74£12° 1774127 23.0+1.0% 277406 27.082.6"  19.7+0.6°  24.70.6F
30 120400°  163+0.6°  17.320.6°  17.3£0.6° 13.7£12°  13.0:0.0°  187+1.2° 21.0£0.0¢ 13.0£0.0°  15.7+4.9*
S8 5 217415 257+15°  25.043.6°  26.0+0.0°  19.7+1.5%  223+0.6° 283432  31.0+L.7%  19.0+1.0°  257+423f
7 287£2.9%  343:0.6° 3171558 3074128 26.7+15  29.0+1.7%  37.0+2.60 40712 23315 35.0+5.0°
3 5040.0°  10.0+0.0° 11.7+0.6° 11.0:0.0'  7.330.6'  60:0.0" 14.0+00" 11.0£0.0°  6.0:00" 10.0£0.0°
SO 5 50£0.0° 17.750.6° 17.740.6° 173+0.6° 13.0+1.7° 1574065 217406 17.0+0.0° 12.020.0°  16.7+0.6™¢
7 60£0.0° 247+0.6° 243+0.6" 237406 193+0.6% 227+0.6% 2774350 237415 19.0+1.0°  23.7+1.2
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Table 8. Continued

Fungi growth (mm, 257C)

Sample
No Day Soluble . .
- Galactose  Glucose Mannose Fructose Lactose Maltose Sucrose starch Mannitol Sorbitol
30 18.0+0.0°  18.0+1.0% 19.740.6™ 16.0:0.0° 16.0+0.0° 16.3£1.2° 20.7+0.6° 223+0.6° 16.3+1.2°  20.0+0.0°°
S10 5 333+12%  32.042.0° 373420 2874120 283+0.6  28.7+£1.28 3874120 40.0+1.0°  29.0£0.0°  32.742.5¢
7 443415 513431 507432 447406 43.042.0'  40.0+1.0°  53.0£1.0"  543+12'  403+15 447425

19.040.00  17.3+0.6* 21.740.6*" 17.740.6° 147406 15.740.6° 223+0.6° 23.040.0° 15.740.6°  21.0+0.0%f

W

S11 5 340+17" 2534060 34.0+1.7%"  24320.6° 23.7+1.2"  24.041.7°  333+£1.2°  33.7+12" 2474177 343+10¢
437412 363128 4532060 35340.6" 35312  333+12% 4374128 467415 357+12%  44.0+1.7°

W [

15.0£0.0°  18.7+1.2°  20340.6™* 17.741.2° 147+0.6¢ 15340.6° 20.740.6° 19.0+1.7% 15340.6° 21.3+0.6™
ST 5 2674127 313+1.2° 36.0+1.7"  30.040.0° 243+0.6" 2704007 3634327 35.7+1.5" 2474060  31.7+1.5¢
7 383+1.5 457412 473647  450+00' 323406  41.0+1.0°  503+0.6"  50.042.0 35.0+0.0" 41.3+5.1"

Y Symbols : S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R. oryzae CN174, S4; R. delemar 26-4, S5; R. delemar 58-8, S6;
R. oryzae 82-7, ST; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST;
A. oryzae RIBA40.

? Statistical difference is marked with superscripts in a row, p<0.05 by Duncan’s multiple range test.
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Table 9. Fungi growth upon various nitrogen sources at 25C

Fungi growth (mm, 25C)

SEKII:)I?Ie Day S(?dium Ammot.lium Amr.nonium Ammonium Urea Glycine Lysine Peptone Malt Yeast
nitrate chloride nitrate sulfate extract extract

1 508002 50£00° 50£0.0° 5000 5.0£00° 50400° 63£0.6° 6306 5706  5.0:0.0°

o) 20 14.082.0%  127425°  16741.2™  113£12%  10.0£0.0° 17.740.6° 18035 14740.6°  13.0£1.0°  14.7+0.6°
3 310£L7°  303+59°  313x1.2%  29.0+£1.7  18.0£17°  293x12°  323425%  32.0£1.0° 22.7£1.5°  35320.5°

4 463+2.1%  50.0£2.6° 453335 493217 273125 39.7+1.5%  48.043.0° 487+127  34.0+£1.0° 52712

1 13322.1% 1134150 53+0.6° 1274219 50200°  6.0:0.0°  5780.6° 20.0+0.0° 20.3+1.5% 143125

2 493+12"  53.7+12% 477484 62.0£20°  6.0£0.0°  7.0:0.0° 463£2.1°  65.0444° 623+4.0°  64.3+5.1°

> 3 850400 85.0:0.0" 85.0+0.0" 85.0+0.0' 36.0£9.0° 77+0.6" 85.0£0.0' 85.0+0.0 85.0:0.0'  85.0£0.0
4 85000  850£0.0" 85.0+0.0" 850000 817588 61.043.6° 85.0£0.0' 85.0+0.0 85.0£0.00  85.0£0.0

1 100+0.0° 103+0.6° 153+2.3°  83+0.6°  53:0.6° 50+0.0°  19.740.6° 217415  13.3+1.5°  21.7+0.6°

2 40044.6°  583+2.9° 7274230 S17+15F 253+38° 57406 70.7+0.68  747+0.6" 4474068  71.3+1.2"

> 3 850400 85.0:0.0" 85.0£0.0" 85.0+0.0' S1.7+5.8% 30.749.0° 85.0£0.0' 85.0+0.0 85.0:+0.0'  85.0£0.0
4 85000  850£0.0" 85.0+0.0" 850000 85.0+0.0° 78.7+5.1% 85.0£0.0' 85.0+0.0 85.0+0.00  85.0£0.0
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Table 9. Continued
Fungi growth (mm, 257C)
Sample
No. D&Y Sgdium Amrnor}ium Amrponium Ammonium Urea Glycine  Lysine  Peptone Malt Yeast
nitrate chloride nitrate sulfate extract extract
1 10340.6° 133£12° 18315 103£0.6°  6.0£0.0°  5.0£0.0° 227+12° 25040.0" 157£12° 19.7£1.2°
2 51715 633210 85.0+0.0"  60.0£0.0" 227+3.1%  7.0+0.0° 763x12" 76715 627823 72.042.1"
> 3850400 85.0+0.0" 85.0+0.0" 85000 69.3+4.0" 41.7+29" 850£0.0° 85.0+0.0 85.0+0.00  85.0+0.0
4 850+0.0  85.0+0.0" 85.0+0.0" 85.0+0.0 85.0+0.0° 80.0+8.7° 85.0+0.0' 85.0+0.0 85.0+0.0'  85.0£0.0
1 10.0£2.0°  13.0£3.5° 1974065 113212 63+0.6°  5.0:0.0° 22.0£1.7° 243+0.6° 17.022.6° 24321
2 5574320 733+£7.6°  85.020.0"  60.0+0.0" 32.7£3.8% 19.7+4.7°  773+0.6" 793xl5 587455 80.0+2.0
5 3 850400  85.0:0.0" 85.0+0.0" 85.0+0.0' 79.043.6° 69.0+1.7 85.0£0.0' 85.0+0.0 85.0:0.00  85.0£0.0
4 850+0.0  85.0+0.0" 85.0+0.0" 85.0+0.0 85.0+0.0° 85.0+0.0° 85.0+0.0' 85.0+0.0 85.0+0.0'  85.0£0.0
1 1L0£1.0™  13320.6°  17.3x2.1%  11.720.6°  77+15  5340.6°  19.0£1.0° 247406  17.7£0.6* 21.7+0.6°
2 4474258 583+15° 783155 59.0+1.7°  347+7.5° 6323 66.7£29°  79.7+0.6  56.7+47°  72.0+0.0"
% 3 850400 85.0:0.0" 85.0+0.0" 85.0+0.0' S1.7£5.8% 56.0:9.6° 85.0£0.0' 85.0+0.0 85.0:0.00  85.020.0
4 850+0.0  85.0+0.0" 85.0+0.0" 85.0+0.0 85.0+0.0° 82.3+4.6° 85.0+0.0' 85.0+0.0 85.0+0.0'  85.0£0.0
30 103+0.6°  10.7£0.6°  11.740.6° 11.0£1.0° 9306 13.0:0.0° 13.740.6° 203£0.6° 10.0£0.0° 23.0+1.0°
S7 5 173206™ 187+0.6° 193x0.6° 20.0+0.0 15.0£0.0° 20.7£1.2% 19.0+1.7°  353£1.5°  313+23°  37.042.6
7 250£00° 250+1.0°  27.0£1.0°  287+0.6% 233+12° 2474389 23.042.69 543067 49.0+26  50.3+0.6'
3 163+0.6°  153+0.6°  20.020.0° 15.740.6° 18320.6° 19.0+1.0° 19.740.6° 24.0+0.0° 21.0£0.0° 19.0£1.0°
S8 5 257+15° 213415 3074127 24.0£1.0° 267415 34.0+53°  27.0+177  37.0£44% 350£1.0°  37.024.4%
7 3433060 23.0:2.0"  40.0£5.0"  253+1.57 340836 4574400 37.0£2.6°  537x15°  48.042.0°  56.7+2.9%
3 10.0£0.0°  113+12°  12.020.0° 10.74£1.2°  12.0£0.0° 13.00.0° 15.0£0.0° 22.0+1.0° 22.0+£1.0° 22.0+0.0°
S9 5 17.740.6™ 2002007 203+0.6° 20.0+£0.0° 193+£12' 21.740.6° 207+1.2% 37320 37.0£2.0° 35.0+1.0°
7 247106 250+00° 293421 287+£1.5% 27.7+0.6% 28.7+12% 253+0.6% 573+£12% 433+12" 53.3+1.5%
30 18.0£1.0%  17.740.6°  21.040.0¢ 173+0.6° 19.3+0.6° 233+1.5% 19.7£0.6° 23.0£0.0° 233:0.6° 22.7+0.6°
SI0 5 32.042.0° 20.7£12% 36.0+1.7°  263+12° 347425 4474507 30.0+0.0°7 373445 403+0.6°  37.0£1.0%
7 513300 223+12%" 483%12°  29.0+1.09  49.0+£1.0° 60.7+4.0"  450£1.0"  58.0x1.7F  557+12 620220
30173406 153+0.6°  23.740.6"  17.0£0.0° 18.0£1.0° 21.0+0.0° 23.0£0.0° 27.0+1.0° 223400 24.7+0.6°
SI1 5 253#0.6° 213+1.5% 363+0.6° 24340.6° 30.7£12" 37.742.1° 383+29% 397425 2804297  42.0+1.7°
7 363128 22.0£1.08  45743.1°  26.0+1.0° 43312 517+155 523+15  593x1.2%  450+15°  60.7+1.2
30 187+12°  163+0.6° 23.020.0¢ 163+0.6° 183x0.6° 20.0+0.0° 21.7£1.5° 267+0.6° 24.0£1.7° 24.0£1.7°
ST 5 313x12° 257406  383+1.5% 28.0+0.0° 29.7+0.6" 353x0.6° 28.0+2.07 30.0£3.5° 287429 39.7+4.6%
7 457+12"  293+12 533406 297412 413+12  50.0+0.08  453+4.0" 61.7+2.1" 497406  59.7+0.6"
H Symbols : S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R. oryzae CN174, S4; R. delemar 26-4, S5; R. delemar 58-8, S6;

R. oryzae 82-7, S7; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST;
A. oryzae RIB40.
2 Statistical difference is marked with superscripts in a row, p<0.05 by Duncan’s multiple range test.
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FHE NS w 7o) stk el whet ?"ﬂl 47
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e b} ) o (Nam TJ et al 1999; Hwang JY et al 2009),
F2 lactose®} sucrose”} YIS TR &= AoZ AHA °]‘:1r
2 AT AFel & o] &} FAVSHAl Rhizopus & =F°|5F

=
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Aol ot om Ado] AV EH M T (Rhizopus 5,
Aspergillus 2, Lichtheimia %) 25 35222 glucosed] 4

o
g wkskTh

< £A1¢F Z3+= Table 99
ERARATE Rhizopus <5 =53] FE urea, glycineS |23+ 2
oA v 3L A}l H o 785 mm)S YERNA L, As-
pergillus <5 F8°] 5+ peptone, yeast extract’} &3 A=
Wl 55 mm Welol] Esle A4 eS BIAT) L ramosa yeast
extract, ammonium chloride”} X &= v XA 50 mm7} @
% A Atk Park SH 5(2001)2 I8 /2| £7]
9L Eo]zﬂ_ SE(1%)2 JA7lste] T4 AS A
73-14- yeast extract® W FBtA S o Th2 f7] AdLodET
A o] wekor, & A Az o]g} fALSIATH

4. HHo| g-amylase 24
B Aqro)] ALg-3F FFo]E 5% MEB(Malt extract broth),
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&<

5

e R s HoFA o} A IEE A
WEB(Wheat extract broth) Hj=]ol] Z+z} w3t & v ok o
a-amylase S =3 5ke] 1 AFE Fig. 1] AAISFI T
Rhizopus, Aspergillus & 5 8°]+= MEB H|X| Xt} WEB HIJA]|
ol A 1.5~32.68] Ao ] &k, L. ramosa= WEB H|A]|
BT} MEB HiA] 4] 2.88) &4Jo] T #34Th MEB B A] o] A]
£ Rhizopus & =307} Aspergillus HTF G224 o] H]
oA E:kovt, WEB ®iX|ANM = Aspergillus & +F°]7}
Rhizopus 8.0 E2g7do] w7 UYepsth 1 ol fr= %
o] THER ¥l T FEote AR TH/F =] &
Ql Ao B AAZILE BFE TFE AE-3F 4. oryzae RIB40-
2 Aol A AR FHET 484 0] % oH(OH
DS 2004), A& o 7Fo= R oryzae CN1747F WEB HJ|#|
of| Al /o] 2,880 units'mg o= 717
74-57} WEB HjA]o|A] 242} &/do] 2,420 units/mg, 2,073
units/mg 02 =A] YEISITE L. ramosa= MEB HIX|ol|A] 2,051
units/mge] A4S HY T} Noh IM 5(2013)8] AoM+=
Aspergillus 4 =33°]7} WEB 8|x| E.t} MEB 8| x| o]|A] o}d
glolA] &Ado] HlwA E& Aog Yeht, B a3 Azjel
zkol7F ATk ol gt AE Bl ARE-g Tt HHZ]
A et EaEgel Bl Jeh e @ 4 itk £, B

ol R AFES vheo] g S 4% ’é@oﬂﬁ
=(Huh CK et al 2014) Rhizopus & 3307} Aspergillus %

s

=1, A oryzae 58-11,

L

1__

ey
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HTh AE Bego] £ Ao Uehith X AT Avs)

ofe FREAL nAe) MRS ©, Bo] FrUZ a2
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nMNEB WEB

S6 S7 S9 S10

Sample number

Fig. 1. a-Amylase activity of fungi culture extract upon MEB and WEB.
Symbols: S1; Lich. ramosa CN044, S2; R. oryzae CN105, S3; R oryzae CN174, S4; R. delemar 26-4, SS5; R. delemar 58-8, S6; R. oryzae
82-7, S7; A. luchuensis 34-1, S8; A. oryzae 58-11, S9; A. luchuensis 74-5, S10; A. oryzae 78-5, S11; A. oryzae 37-7, ST; A. oryzae RIB4O.
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