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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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Table 1. List of fungi which were used in this study

HotAloh fAim el

2291 glucose, fructose, galactose, maltose, sucrose, lactose,

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

ammonium chloride, ammonium sulfate, ammonium nitrate 2
sodium nitrate 5 102 AH&SITh oA 47852 wiA] &
Hol| g A F2te] =71 Caliper(Digimatic caliper
500-180-30, Mitutoyo Co., Japan)Z Al-&-3to] =43} c}.

3. HitHol EA =y
a-Amylase &2 1% 7HA A& 2

Fxol| A SR Deta, Fge] MlddE 0.1 mL H7RE &
iA Hh-g-ol-S 0.1 mL #3}aL 40°CollA] 3027 Wk Wt
4L 0.1 mL F3k] zb2t a2 = g 10 mLol A7kt
t}. o] ¥hg-A-5 10 mm H]A TS A3 670 nm THol| A
E3e 1% @51' 3?— EA| F-2~7HWohlgemuth value)ol] 5=
218 AABIATHChoi YH et al 2012).

a-Amylase activity(units/g)=
{12.75 x (T3—Tp) = 30} x dilution rate

4. SHMz|

AL 3o g2 Z4sto] AAE P+ THAR e
Holch SHAFONS x|, 2%, dFD)7F SSHF(TA
A, Aag)d nXe S AF3H] A8l o|dEAt
4 (two-way ANOVA)S AA89 1, 794 Bl Dun-
can’s multiple range testZ p<0.05 Oﬂfﬂ dssiath 5

AlZ18]E SPSS 12.0 (SPSS Inc., Chicago, IL)= ©|-&3}3ith

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 26-4 Goseong-gun 46419
S5 Rhizopus delemar 58-8 Sunsan-si 46422
S6 Rhizopus oryzae 82-7 Gangneung-si 46960
S7 Aspergillus luchuensis 34-1 Andong-si 46420
S8 Aspergillus oryzae 58-11 Gunsan-si 46423
S9 Aspergillus luchuensis 74-5 Hwaseong-si 46958
S10 Aspergillus oryzae 78-5 Seoul -
S11 Aspergillus oryzae 37-7 Busan -
ST Aspergillus oryzae RIB40 Japan 44967
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Table 2. Various culture media used in this study

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
Yeast extract 0.5%, sucrose 3%, NaNO; 0.3%, K,HPO, 0.1%, KCl 0.05%, MgSO,4 - 7TH,O 0.05%, FeSO, - 7TH,O 0.01%,

CYA .
agar 2%, adjust pH 6.0~6.5, ImL/L TMS (ZnSO;, - 7TH,O 1%, CuSOy - SH,0O 0.5%)

CZA Sucrose 3%, NaNO; 0.3%, KoHPO4 0.1%, KCl 0.05%, agar 1.5%, adjust pH 6.0~6.5, 1mL/L TMS (ZnSO4 - 7TH,O 1%,
CuSO; * 5HO 0.5%)

DGIS Peptone 0.5%, glucose 1%, KoHPO,4 0.1%, MgSOy + 7TH,O 0.05%, dichloran 0.0002%, agar 1.5%, 110 g of glycerol/500

mL, chloramphenicol
OA Oatmeal 6%, agar 1.25%, adjust pH 6.0
YES Yeast extract 2.25%, sucrose 20%, MgSOs4 - 7TH,O 0.05%, agar 2.25%
ME20S  Malt extract 3%, sucrose 20%, mycological peptone 0.5%, agar 1.5%, adjust pH 5.4
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AR ATFE Table 3~69] A3 A} fol A 02 Behom(p<0.05) ME20S, YES WA
20T Aol e o] #A 89S 243 A% oA 50 mm el AL HAT Qo] sucroser} W7}
 Table 37 2t} Rhizopus % B35 5~85 mme] A ® wiAlol e ArkElx e wiHlol A uT we A A%

AHAE eI A, DGIS wiAlo A A =T frojd e s UEhiET), ole A% %29 sucrosew F3°] v
2 Y3 om(p<0.05), MEA, PDA, YES HjA[ollA thi-Eo] Al #A FEE wAthe Park 59 AT 2o A5kt
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Table 3. Fungi growth upon various culture media at 20C

Sample b Fungi growth (mm)
ay
No. CYA CZA DGI8 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° 10.7+£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°
S1
3 14.3+0.6° 11.042.6° 5.040.0° 15.7+0.6° 18.3+0.6° 15.7+0.6° 18.7+1.2¢ 22.340.6°
4 44.7+1.5¢ 20.0+3.6° 6.740.6™  24.3+1.2° 31.741.5° 22.743.1° 27.0+1.0° 38.3+2.9¢
1 11.7+0.6° 6.3+0.6" 5.0+0.0° 11.3+0.6° 7.3+0.6° 10.7+1.2° 12.740.6° 7.7+0.6°
2 37.748.1° 26.0+1.0° 5.0£0.0 62.3+2.58  54.0+3.68 35.742.1¢ 57.0+3.5 58.7+0.67
S2 ‘ . . ,
3 43.0+6.1¢ 58.7+1.2%¢ 7.342.5%  85.0+0.0' 85.0+0.0 68.7+1.2" 85.0+0.0 85.00.0'
4 767588  76.7+144°  14.0+6.0° 85.0+0.0' 85.0+0.0 85.0+0.0 85.0+0.0 85.00.0'
1 11.3+0.6° 5.0+0.0° 5.0+0.0° 10.0+0.0* 5.740.6% 8.3+1.5° 11.3+0.6° 6.0+£0.0™
S3 2 73.3+1.5% 21.740.6° 5.0+0.0° 63.7+1.5" 57.3+2.5" 38.041.0%°  64.3+2.9' 60.7+1.2¢

3 85.0+0.0' 55.045.0° 57406  85.0+0.0' 85.0+0.0 58.3+2.98 85.0+0.0 85.0+0.0'
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Table 3. Continued

Sample Day Fungi growth (mm)
No. CYA CZA DGI18 MEA ME20S 0OA PDA YES
S3 4 85.0+0.0' 85.020.0° 9.3£0.6° 85.020.0' 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° 10.340.6° 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" 49.042.6°
> 3 85.0+0.0' 62.0+5.2¢ 5.7+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° 6.3+0.6™ 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' 58.042.0% 6.3+1.5°  85.0+0.0' 85.0+0.0' 54.3+0.6" 85.0+0.0' 85.0+0.0'
4 85.00.0' 85.0£0.0" 7.0£1.7%%  85.0+0.0' 85.0+0.0' 85.0+0.0' 85.00.0' 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' 85.0£0.0'
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° 24.7+0.6%  41.0£1.0%  30.0+1.0™ 28.0+2.08 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° 6.3+0.6" 5.040.0° 12.0+0.0° 16.0+0.0° 14.3+1.2° 12.040.0° 15.7+0.6°
S8 5 24.3+0.6° 15.0+1.0¢ 15.740.6%  23.0+0.0° 34.0+1.0° 24.340.6° 23.740.6 35.742.1°
7 33.742.18 22.3+0.6° 25.7+0.6" 33.7+1.2" 50.01.07 3134231 26.7+0.68 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" 34.740.6 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™ 12.7+0.6"
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° 17.7+0.6° 11.7+0.6° 10.3+0.6™ 18.3+0.6°
Si1 5 26.7+0.6" 11.0+0.0% 19.3+0.6° 22.3+0.6° 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+0.62 50.3£0.6'
3 17.740.6° 10.0+0.0° 6.0£0.0° 14.340.6° 18.3+0.6° 18.70.6° 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 35.74+0.62 27.742.1%  26.3+0.68 40.7+0.68
7 38.3+1.5" 26.7+0.6° 24.7+1.5" 357412 53.3+1.5% 38.7+1.2¢ 36.3+0.6" 59.7+1.5F

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.



26(2): 125~140 (2016) A TFHAA 2Elgt F2& FFolo] ug 5 A+ 129
Table 4. Fungi growth upon various culture media at 25C
Sample D Fungi growth (mm)
ay
No. CYA CZA DGI8 MEA ME20S 0OA PDA YES
1 6.340.6? 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¢ 5.7+0.6" 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° 11.741.5%¢ 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 62.743.8¢ 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™ 5.040.0° 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% 5.040.0° 27.7+1.2° 21.3+2.3° 18.7+2.5™ 28.3+1.5° 23.741.2°
2 85.0+0.0°  543+12% 77429 85.0+0.0'  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' 85.0+0.0' 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' 52.3+£5.9¢" 6.340.6" 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/ 18.742.3¢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" 85.00.0 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° 85.0+0.0¢ 85.0+0.0" 85.0+0.08
3 22.740.6°  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 24.740.6° 33.00.0° 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+0.61 56.742.9° 35.04+0.0° 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° 8.340.6° 21.7+1.2° 39.0:0.0° 21.7+41.2° 22.0£0.0™  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° 41312 70.0+0.0¢
7 60.0+0.0' 30.7+0.62 343+0.68  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°  17.040.0° 6.0+0.0° 22.0+0.0° 25.7+1.2° 21.340.6" 21.340.6°  28.3+0.6"
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Sample Day Fungi growth (mm)
No. CYA CZA DGI18 MEA ME20S 0OA 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£1.7¢8 533+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° 3932065 61.7+2.9°
7 57.742.5' 31.3+0.6¢ 53.0+2.6 60.00.0' 75.0+0.0¢ 46,7432 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/ 36.0£1.0" 38.3+4.7 54.3+0.6" 64.020.0° 42.742.3° 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, 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.

25Co A iAol wh2 FFo] 74 BFes S A
= Table 49} 2T}, Rhizopus 45 #8075 20T A} vzt
7HAZ 5~85 mme] 445S YERI2H, MEA, ME20S,
PDA, YES HiA|elA] #jek 2Uxto] A AAsS Bk
Aspergillus 4 2307+ 6~75 mme] JAHLE YERJS]
a1, 20Coll A<} viR7ER] 2 ME20S, YES #jR]ol4] 70 mm W}
9] o AA5S Bt Park JY & Kim JG(2009)= 4.
parasiticusE 25°C, PDA vjA]o|A] 15 ZF wljekst 23 6d
A 2 g7 & ekl 2ol o o) freld oz Fot

Table 5. Fungi growth upon various culture media at 30C

34| gFsktta Baeh vl gl ol B A9} fAle A
Fto|th. L. ramosa= CYA, ME20S, YES wj#|o|A 2] A%
(85 mm)= K313, DGI8 viA|ol|A] A =rt feld o
wItH(p<0.05).

30CA viA] ol W Fgo] #A4 s SHST 2
£ Table 59} 2t} Rhizopus & FFo|F7F 73 A4S
Ho] DGIS, CZA, OA WA E A 93 ZE ujx]of|A] 2Y %
of A S2& YeMAT). Aspergillus <5 33°

A

Sample .~ 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" 2.7+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¢ 5.340.6" 55.3+5.0¢ 51.0+1.7° 13.0+3.5° 57.3+2.5¢ 53.3+1.5°
2 85.0+0.0° 85.0+0.0' 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" 85.0:0.08 80.0+5.0" 85.0+0.02 85.0+0.0"
4 85.00.0° 85.00.0' 60.3+4.6° 85.0+0.0" 85.0:£0.0¢ 81.742.9¢" 85.0+0.08 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" 85.0:0.08 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 D Fungi growth (mm)
ay
No. CYA CZA DGI8 MEA ME20S 0OA 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" 85.00.08 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° 85.00.0' 49.7£17.0°  85.0+0.0" 85.0+0.08 85.00.0" 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¢ 85.00.0" 85.00.08 85.0+0.0" 85.0+0.08 85.0+0.0"
4 85.00.0° 85.00.0' 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° 35340.6"  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 42.04+2.0° 23.7+0.6° 23338  35.7+0.6° 54.0+1.0° 353+1.5%  30.7+0.6° 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' 60.0+0.0 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 70.040.0°
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° 47.742.1%
S11 5 55.344.2° 43.0+1.7" 45.7+1.2° 58.7+1.58"  70.0+0.0° 54,0417 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 38.32.1° 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+1.2F 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" 58.7+1.58"  70.0+0.0° 56.742.9' 60.0+0.08 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 37T

Sample Day Fungi growth (mm)
No. CYA CZA DGI8 MEA ME20S 0OA 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% 59.3+8.1' 85.0+0.0" 85.0+0.0° 85.0+0.0" 85.0+0.0 85.0+0.0
1 32.042.0° 18.0+1.0° 17.01.7% 58.3:46.1% 85.0+0.0 8.342.3° 68.0+4.6¢ 74.342.3°
2 58.0+1.0° 66.7+5.8" 433£2.9" 85.0+0.0° 85.0+0.0° 76.343.28 85.0+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+1.2M  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 85.0+0.0° 53.7+1.57 20.7+2.1¢ 85.0+0.0° 85.0+0.0° 78.042.68 85.0+0.0" 85.0+0.0°
S3 i 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' 453425 85.0+0.0 85.0+0.0° 85.0+0.0" 85.0+0.0° 85.0+0.0°
1 70.7+1.2° 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 85.0::0.0" 45.3+0.6° 33.3£2.9% 85.0+0.0" 85.0+0.0" 85.0+0.0" 85.0:0.0" 85.0::0.0"
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° 78.0+2.0¢ 3574124 60.7+0.6° 80.3+1.5°
2 85.0:0.0" 60.0+3.08 30.0+1.7F 85.0+0.0" 85.0+0.0" 74.7+0.6° 85.0:0.0 85.0:0.0
S5 , )
3 85.0+0.0° 78.3+2. 9 47.3+4.0" 85.0+0.0" 85.0+0.0" 85.00.0" 85.0+0.0" 85.0+0.0°
4 85.0+0.0° 73.3+1.5' 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
3 85.0+0.0° 85.020.0' 37.3+1.58 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 24.0+0.0° 18.0£0.0™  21.3+2.5° 19.340.6°  39.0+1.0° 19.7+0.6° 28.0+1.7%  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+2.5%  21.0£1.0°  50.7+3.18 40.7+0.6 65.3+1.5® 353415 46.7+3.1" 70.0+0.02
3 27.340.6° 19.3£0.6™  25.0+0.0° 22.7£1.2°  46.3+0.6° 24.0£1.7% 260400 42,7425
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+1.7F 70.0+0.02
7 437412%  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° 15.3+0.6" 2934124 243+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+5.0C  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° 20.74+0.6™ 17.741.2° 37.7+0.6"
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Table 6. Continued
Sample Day Fungi growth (mm)
No. CYA CZA DGI18 MEA ME20S 0OA 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" 60.020.0' 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+1.2¢ 40.7£1.2° 37.3+1.5° 61.7+0.6°
7 423+2.1%  33.0£528  60.0+0.0' 50.743.1¢ 67.3+£2.5¢ 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° 443+43.8° 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£1.5% 0 70.0+0.0"  33.0£2.6°  40.7+12%  66.7£2.9°
7 46.7+1.2 41.7+0.6' 60.0£0.0' 50.02.0¢ 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, 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.

glstAt. L. ramosa= CYA, ME20S, YES vl ] ol A wjj <k
3t o) S Helom, webA ek 4d =zt Hul A
A4S BAd 25THT} 30CAA Adso] o 53 gl
Fieh dtdow Fgole] HA AYK2ee 8T AFE
A2 A )2 (Noh M et al 2013; Park JY & Kim JG 2009),
2ot Aol whet A Aol A YIS e Aer &
HA 3l

37ColA wjA ol whE Fgo =
= Table 62} 2t} Rhizopus & H3°]HF+ 30 C-J

Table 7. Fungi growth upon various culture media at 40C

A A ee BT, 59 20-30TA Hge] Hd
DG18 WAl A= 45.3~84.3 mmZ o A4S UERHSL
t}. dspergillus 4 F3°|FE A oryzae 78-57} ME20S HljA]
oA 75 mme] Ho JF-E HA o, o]E Al YA F
ol Aoz s u A el Hae

40C oﬂ/q vl =] oﬂ 2 Zgo] —T—b‘q] A x}.‘:_o_ z_@ s A3}

+ Table 72} 2t} Rhizopus 4 #3°|F+= 30T, 37 Ciﬂ- A
o] ANk o 7Hasidm, 25T RIS o] S5

Aspergillus & =305 T3+ 30T, 37CHT} Atz oz A

Sample .~ Fungi growth (mm)
No. CYA CZA DGI8 MEA ME20S 0OA PDA YES
1 2534257 11.0+0.0° 11.0£1.7% 19.3+1.5° 38.7+41.2° 17.343.1° 23.740.6° 41.7+1.5°
) 2 51.7+3.5F 373425 28.043.5%¢  43.0+0.0° 84.3+1.2° 39.342.1%  49.341.2° 85.0+0.0°
S1 ) } .
3 57.3+4.6° 563465 47.3+4.6" 73.345.8¢ 85.0+0.0° 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° 68.346.1¢ 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 85.0:0.0°
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+7.88  38.043.5%  78.043.5" 70.7+8.1¢ 47749.0%  49.043.6° 85.00.0°




134 A g - - = T R HotAloh fAim el

Table 7. Continued

Sample D Fungi growth (mm)

ay
No. CYA CZA DGI8 MEA ME20S 0OA PDA YES
S3 4 52.0+3.5 74.341.5" 443£45M 7574409 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 72.042.6" 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° 56.7+5.5° 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° 70.0+9.28 85.0+0.0' 85.0+0.0°
4 85.0:0.0 58.3+12.6"  32.349.5%%  85040.0' 85.0+0.0° 83.3£2.9" 85.00.0' 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°
2 643+12"  19.7425° 2334237 663415 85.040.0°  53.0+1.7  70.042.0"  85.040.0°
S6 _ , _ _
3 76.0+1.7 50,0644 36.7£2.9°%  85.0+0.0' 85.0+0.0° 66.742.9° 85.0+0.0 85.0£0.0°
4 85.0:0.0 68.3+x104%  51.0+1.7% 85.0+0.0' 85.0+0.0° 69.742.58 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+40.0°  32.742.1° 15.7+0.6™ 15.7+0.6" 35.042.6°
S8 5 25.3+0.6" 19.00.0° 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° 17.04+0.0° 40.3+0.6% 17.30.6  39.3+0.6" 17.0+2.0° 22.7+1.2¢ 68.7+1.2"
7 24.3+0.68  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¢ 21.00.0"  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 2N 20.3+0.6%  35.043.6° 27.0+1.08  383+3.57  29.7+0.6° 2534067 47.741.2°
7 34.0+1.0" 27.0+1.0 473438 37.3+2.11 41.043.6° 34.7+0.6" 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+4.08 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 25T
Fungi growth (mm, 25C)
Sample
No. by Galactose  Glucose  Mannose  Fructose Lactose Maltose Sucrose Ssct):rl(l:)llle Mannitol Sorbitol
1 50+0.07  50£0.0°  50£0.0°  50£0.0° 50800  50£00°  50+00° 5000  50:00"°  5.00.0°
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°
30 240517 310£L7° 29.0+£32°  17.04£2.6°  19.0+1.0°  25.080.0° 22.7432° 25315 273+7.5°  31.7+1.5°
4 35315 463215 417825 36.7£29"  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° 57306 10.0£0.0  5.7x0.6"
2 253345 493+12" 3404365 527435 44.0:£1.0° 447825 213+12°  20.7+12.9% 39.0£1.7° 22.3+6.8°
> 3 777832 85.0£0.00  85.0:0.0 85.0+0.0' 85.040.0'  85.0+0.0° 47.0+13.07 76.7t144" 85.0+0.0"  68.06.1°
4 85.0£0.0° 8504000 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° 10.0£0.0°  53+0.6°  83+0.6° 10.7+1.2°  9.7+0.6° 14.0:1.0° 147+0.6°  9.7+0.6° 14.7x0.6°
2 153+0.6°  40743.8"  273+12¢ 3771250 4034250 4234250 4774327 4474250 36.0+£1.0° 523425
> 3 5478258 85.0£0.00 78376  85.0+0.0' 85.0+0.0' 85.0:0.0° 85.0+0.0" 85.0+0.0° 76315  85.0+0.0"
4 850£0.0' 85.0x0.0  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 73+0.6° 103:0.6° 11.742.8"  87+1.5™  87+0.6°  80+L7° 163+12% 173+1.5° 8017 17.3+1.5°
2 50.0£1.0°  517x1.5" 727449 50.0£3.08 42340658 42.3+25°  59.3+12°  61.7+15°  40.0+0.0°  67.0+0.0°
> 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 850200 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 60£0.0° 10.0£2.0°  9.0£1.0° 10712 123106 53200 150£0.0° 17.0+0.0°  53+0.6° 17.020.0°
2 373:2.1°  557+432°  633x5.8"  5832.9"  56.7+0.6"  493+12°  56.043.5%° 62.0+1.0° 347+1.5%9  65.0+2.0°
. 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° 85.0+0.0"  85.0x0.0"
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%  73x06°  73+£12°  574#12°  137+12%°  16.0£1.0° 574120 14.7£15°
2 317+2.9% 447258 4932385 387+23"  363+3.8°  383+15%  457+5.1%  46.0+1.0° 32,0420 51.33.2f
. 3 75.0£1.0"  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° 783+7.6° 85.0+0.0"
4 827+40  850£0.0  850+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° 1133060  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° 167+0.6° 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% 277206 27.042.6"  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+1.7%  19.0+1.0°  257+23f
7 287£2.9%  343x0.6" 3171558 3074128 26.7+1.5  29.0+1.7%  37.042.60 407120 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" 14.000" 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 21.740.6™ 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* 277435 237415 19.0£1.0° 23712
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Table 8. Continued

HotAloh fAim el

Fungi growth (mm, 25C)

Sample
D Soluble

No. 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° 22.3+0.6° 16.3+1.2°  20.0+0.0°¢

S10 5 333+12%  32.042.0° 37.3:420 2874120 283+0.6 287128 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
30 19.0£0.0°  17.310.6™° 21.7+0.6%F 17.740.6°  14.740.6¢ 15.740.6° 22.3+0.6° 23.0+0.0° 15.740.6°  21.0+0.0%°

S11 5 340+17" 2534060 34.0+1.7%" 2432060 23.7+1.2"  24.0£1.7°  333+£1.2°  33.7412" 2474170 3434108
7 437412 363+128  453+0.6 3534061  353+12% 333120 4374128 46.7+1.5 357412 44.0+1.7°
30 15.0£0.0°  187+1.2°  203+0.6™% 17.7£1.2° 147+0.6¢ 153+0.6° 20.740.6° 19.0+1.7* 15320.6° 21.3+0.6™

ST 5 2674127 313+1.2° 36.0+1.7"  30.040.0° 243+0.6" 2704007 363+32"  357+1.5" 2474060  31.7+1.5¢
7 383+1.5 457412 473647  450+00' 323406  41.0+1.0° 503206  50.042.0 35.0+0.0" 41.3+5.1"

Y Symbols : Sl; 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.

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

Aol aslgar, §3d] CZA uiR|oA 479 37 =2 BRI, Rhizopus & 8ol 7= ©AYQ glucose, fructose,
UEhgl lactose, maltose”} T =& W, Wi 3Lzt Ao A5
(85 mm)= K01 WA, Aspergillus < H3°]FE glucose, ma-

A ME= nnose, fructose, sucrose, soluble starch’} FHFEHAS v =&

Table 9. Fungi growth upon various nitrogen sources at 25T

A9 BAE Ant= Table 89 L} AAes BAY 53] 4 oryzae 78-5% 54.3 mmol| 3=

Fungi growth (mm, 25C)

SE;IEIe 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° 50:00° 63£0.6° 6306 5706  5.0:0.0°

o 20 14.082.0% 1274250 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 4631218 50.042.6° 453435 493217 273325 3974150 48.0+£3.0° 4874127 34.0+1.00  52.7+12°

1 133221% 1134150 53+0.6° 1274219 5020.0°  6.00.0"°  5750.6° 20.0+0.0° 20.3+1.5% 143125

2 493+12"  537+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" 85.0:0.0' 81758 61.043.6° 85.0£0.0' 85.0+0.0 85.0£0.00  85.0£0.0

1 10.0+0.0° 103+0.6° 153+2.3°  83+0.6°  5320.6° 5000 197406 217415  13.3+1.5°  21.7+0.6°

2 40044.6"  583+2.9° 7274230 517+158  253+38° 57406 70.7+0.68 74706 4474068  71.3+1.2"

>3 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" 85.0:0.0' 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, 25C)
Sample
No Day  godium Ammonium Ammonium Ammonium . . Malt Yeast
: . . . Urea Glycine Lysine Peptone
nitrate chloride nitrate sulfate extract extract
1 10340.6°  133+1.2° 183+1.5* 103+0.6°  6.0+0.0°  5.0+0.0° 22.7+12° 25.0+£0.0° 15.7+£1.2% 19.7+1.2°
2 517+15" 6334217 85.040.0"  60.0£0.0" 22.743.1%  7.040.0° 76312 767+1.5 62748230 72.042.1"
S4 ) . ) . .
3 85.040.0  85.040.0" 85.0+0.0" 85.0+0.00 69.3+4.0° 41.742.9° 85.0+0.0' 85.0+0.0 85.0+0.0  85.0+0.0
4 850400  85.0+0.0" 85.0+0.0" 85.0:0.0 85.0+0.0° 80.048.7° 85.040.0' 85.0+0.0 85.0+0.0'  85.0+0.0
1 10.0£2.0°  13.0£3.5° 1974065 1132129  63+0.6°  5.0+0.0° 22.0+1.7° 2434060  17.0£2.6° 24.3+2.1¢
2 5574320 7334768 85.0+40.0"  60.0:0.0" 32.743.8% 197447 77.3+0.6" 79.3+1.5  58.7+5.5"  80.0+2.0'
S5 _ _ _ _ _
3 85.040.0  85.0+40.0" 85.0+0.0" 85.0+0.00 79.043.628 69.0+1.7  85.0+0.0' 85.0+0.0 85.0+0.0  85.0+0.0
4 850400  85.0+0.0" 85.0+0.0" 85.0:0.0  85.0+0.0° 85.0+0.0° 85.040.0' 85.0+0.0 85.0+0.0'  85.0+0.0
1 1L0£1.0°  13340.6° 17.322.1% 11.740.64  7.741.5°  5320.6° 19.0£1.0° 247406 17.740.6° 21.7+0.6°
2 4474255 583+1.5°  783+1.5%  59.0£170 347475 63423 6674290 79.7+0.6  56.7+4.7°  72.0+0.0"
S6 _ _ _ _ _
3 85.040.0  85.0+0.0" 85.0+0.0" 85.0+0.00 81.745.82 56.049.6° 85.0+0.0'  85.0+0.0 85.0+0.0  85.0+0.0
4 8504000 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
3 103+0.6°  10.740.6° 11.740.6° 11.0£1.0°  93+0.6° 13.020.0° 13.740.6° 20.3+0.6° 10.0+0.0° 23.0+1.0°
S7 5 173+0.6% 18.7+0.6° 193+0.6° 20.0+0.0 15.0£0.0° 20.7+£1.2%° 19.0+1.7° 353+1.5° 31.3+23°  37.0+2.6¢
7 25.040.0° 2504100 27.0+1.0° 28.740.6% 233+£1.2° 2474389 23.042.6% 543206 49.042.6  50.30.6°
30 163+0.6°  153+0.6°  20.0£0.0° 15.740.6° 183+0.6° 19.0+1.0° 19.7+0.6°  24.0+0.0® 21.0+0.0°  19.0+1.0°
S8 5 257+41.5%  213+1.5% 3074120 24.041.0° 2674150 34.0453°  27.0+1.77  37.044.4%  35.0+£1.0°  37.044.4%
7 343+0.60  23.042.0"  40.0+£5.0" 253415 3404360 4574400 37.042.6° 53.7+1.5°  48.042.0'  56.7+2.9%
30 10.040.0°  113+1.2°  12.0£0.0° 10.7£1.2*  12.0+0.0° 13.040.0° 15.040.0° 22.0+1.0° 22.0+1.0% 22.0+0.0"
S9 5 17.720.6%  20.0£0.07 203+0.6® 20.0+0.0' 193+12¢ 21.740.6* 20.7+1.2%* 373209 37.0:2.00  35.0+1.0°
7 247+0.6%  25.040.0° 29.3+2.1° 28.7+1.5%" 27.740.6% 2874129 253+0.6% 57.3+12% 433+12" 53.3+1.5%
3 18.0+1.0° 177406  21.0+0.0° 17.3+0.6° 19.320.6° 233+1.5% 19.740.6° 23.0£0.0° 233+0.6° 22.7+0.6°
SI0 5  32.0£20° 207+£12% 360+1.7% 263120 347425 4474500 30.0+00° 373459 40340.6° 37.0+1.0¢
7 5134310 223+12% 483+120  29.0+1.09  49.0£1.0°  60.744.0"  45.0+1.0"  58.0+1.7% 557412 62.042.0'
30 17340.6™  153+0.6° 237406  17.0£0.0° 18.0£1.0° 21.040.0° 23.040.0¢ 27.0+1.0° 22.3+0.0% 24.7+0.6°
S11 5 25340.6° 21315 36310.6% 2434065 30.7+1.2"  37.742.1°  38342.9°  39.7425% 280429 42.0+1.7°
7 363+128  22.0+1.0% 4574310 26.0+£1.0°  433+12 5174155 523150 593+12%  45.0+1.5"  60.7+1.2
30 1874125 163+0.6° 23.0+0.0¢ 163+0.6° 183+0.6° 20.0+0.0° 21.7+1.5* 267+0.6° 24.0+1.7° 24.0+1.7°
ST 5 313+12°  25740.6  383+1.5%  28.040.0° 29.740.68 353+0.6° 28.042.0% 39.0+3.5% 28742.9° 39.744.6%
7 457412  293+12 53306  29.7+1.2"  413+1.2  50.0+£0.0° 453+4.0" 61.742.1" 49.740.6  59.740.6"

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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oA 2do] 2,880 units/mg & 71 =8k11, 4. oryzae 58-11,
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units/mg2] & E T Noh IM 5(2013)8] Aol
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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, 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.
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