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SUMMARY

I. Title

Development of an airborne-ultrasonic solid state fermentor using koji for korean
traditional fermented products

II. Purpose and Necessity of Research and Development

With functionality, palatability and nutritional excellence, the market size of Korean
soybean fermented products 1s expending. Efficient production method that can
develop more excellent quality of koji is requested. The current level of Koji
production i1s very low and produced cottage craft system basis. The problem is that
even if same material is used for koji, the quality of koji is uneven seasonally and
regionally. Because the environment for fermentation is not controlled. The purpose of
this study is to reduce fermentation time and improve the quality of Korean fermented
soybean products through the development of an airborne-ultrasonic solid state

fermentor using koji for korean traditional fermented products.

II. Contents and Ranges of Research and Development

We have developed a device that ultrasonic wave in an atmosphere can irradiate the
particular area uniformly. And we have developed solid-state fermentation apparatus
including the ultrasonic wave irradiation device. We studied the effect of ultrasound on
Koji fermentation from the point of view of kinetics, microbiology and
physico—chemistry. Based on the results of the study of kinetics, we developed a
modeling of the mechanism of fermentation that can be irradiated ultrasonic wave. By
measuring enzyme activity and the number of microorganisms, we figured out the
optimum condition of koji production. We made korean traditional fermented
products(deonjang, kochujang, kanjang) using this koji and measured the quality of
products such as moisture contents, pH, color value, salt concentration, titratable

acidity, amino nitrogen contents during fermentation.

IV. Result of Research and Development
The result of the analysis of the enzyme activity and the number of microorganisms
by ultrasonic wave in model system is that koji prepared by treating 30kHz ultrasonic

frequency was the best level of biological activity at second day of fermentation (30



C). Based on this result, We have developed a device that ultrasonic wave in an
atmosphere can irradiate the particular area uniformly. We made koji using this device
and evaluated the quality. A remarkable effect of ultrasonic wave treatment was
observed in the quality of korean traditional fermented products(deonjang, kochujang,
kanjang) using this koji made by this device. ultrasonic wave treatment reduced the

fermentation time and improve the quality of fermented products.

V. Achievement of Research and Development and Design of Achievement Application
In case of koji produced by small-scale manufacturers, the quality control and
standardization of the technology is poor. There are restrictions on its development.
The ultrasonic solid fermentation device that was developed in this study is excellent
for mass production of koji and quality of koji. So the ultrasonic wave technology

could contribute development of fermentation industry not only koji.
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Fig. 2. Z&3 @A e} BdA o o] 23 A W

(th MR 5 =7
D F Fol = 573
F Bol & FHL AACCHl F3hol AFgAsuz gn g o A
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-
PDA(potato dextrose agar) WA & WhtEolA WHitd & A8 5gs stomacher ©-&¢ Fit
pouchell #3 t}& 0.1% peptone water 45mlES 51l stomacherE ©]&3lo] 287+ 233k
%, 108 sl oeg A ste] ZF ddS wjAo 0.lmlE ¥ =t 37T incubatoroﬂ
A ABAIZE v e = A EHE e E ATt ith
@ T+ 54
%—‘E—’F% PCA(plate counting agar)¥j #|el] HE3}e] 37C 9 incubatorol] Al 48A4] 7k ujj o3k
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¢
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7hH d

Kojiel 24284 EE A7 9ste] AR 10goll THFT 100mlE D 2ol A 4471
St AGFET F 4T 17,000xg= 1083 AR ete] A2 FAAE grHo0w 319
t}.

D Amylase &4 =4

Amylase &2 1% soluble starch£ < (50mM phosphate buffer, pH 7.5) 0.9ml®] 0.1ml

o] 23 ANE HIbste] 30TAA 1AIZE &< vEgAI7l & AAdE F TS DNSHOe=E =
AR EaN ImlolA 187 uM 9] glucoseE 88 W= lunit® 3o}

@ Protease &4 =4
Protease &4 pH 7.0 T+ pH 3022 A3 06% casein £ 3mlE 30T, 277¢
dAste] ZFAN 1mlE H7FE & 30ColA 108 w-$A]7]a, 04M trichloroacetic
acid(TCA) bmlE FH7Fste] 30Tl A 301"?—7‘* WA ZL S ofFete] of el 2mlo] 0.4M
Na;CO3; 5 mL¢} folinAleF 1 mLE &3 & 30TCAA 30% &< HAAIA 660nm=E FHFE=E

=435l 4N 1 mLolA 157 1 uM9| tyrosines 8 W& 1 unit® sk}
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o},
@ 7Hde] A=z
g Az 98 wigHlE Table 194 2tk kojiZ 40ColAM Ax3 F 2g&Eo] 933
of Fep~g &7]0 wol 30T 235 7|oA 5083 8 A71H AAstdt
Table 1. 97, 1157, 139 Wi (91 2
w7 s AT
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o) 7} 5 - - 225
Koji 200 87.5 90
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2EE 104(5Be) - -
5 - 612.5 675
AET7E - - 45
A 784 857.5 1,080

DO &3

1Y 2 13 Als 3gs FHstY AAUtEAzH S o8&t FA WIHS vTo=
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9 2 a34e] ME= Hunter AAE ol &8 MEZ747](CR-300, Minolta, Japan)&
AbgEEg o 7hke]l A= ol X)) A2} A (NE4000, NIPPON DENSHOKU)E o] &3lo] =43}
Ak ZF Almel AE ZAeta Hunter A A2l ™ X=(lightness), A %(redness)® A%
(vellowness)E A A8l L, a, bt o2 YERAAT
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2. 47 43 ¢ @
o mAANA 2gshel ME 31X MR A% 54 % T %E G 2
(1) 28348 AT A% Aeabn e zx9 v B JREY AT

(b zgst Fosrdd =4 v gTe] YEBHE00)
D #%el EA 5
—

—e— control
—— 20kHz

25kHz

log CFUfg

—#— 30kHz

—=— 35kHz

o 24 48 72 896 120

Fermentation time(hours)

Fig, 3. 30CelM 9 Z&3E Adshx] &2 sx9F 20, 25, 30, 35kHz9| =

&g Aol AxG A FFo] TAF

Fig. 3 & 30CelM 9 2&us Aelstx g axs 24 FAFNIEE 2595 A2 s}
AxE A Bl LATE e aozold, mE AR BFEE YRS W, 27 ¥
° e Z ek

A4 oF 451 log CFU/go.2 Al&ale] wrg 1241 7Fxbo] <F 164 log CFU/g ¥
°F 6.15 log CFU/g® ZA4E debuidth & 1d9xte oF 7.88 log CFU/gel ZAFE
Uetiglon g 2930 oF 854 log CFU/gel EA+E Yehigich Hrz oz vy 2
datoll 7HF =2 ZAFE Uetdlen o ol F AA8] A4S agEE Fa ¢
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Fig. 42 30CoA e =35 HgsA &2 ZA 9 72t FuFUaE 2205 Aste] A
Z3g 349 ?gt&xﬂfwg Ve TZEfEolth BE AR Fis RS W, 7] #FE
°F 536 log CFU/go.2 Alztale] wbg 12A47kabol oF 091 log CFU/g W Z718ke] ¢F 6.27
log CFU/g8 A#FE Jerddoh 28 193 o= ¢ 743 log CFU/ge #45 YEeErdA o
=15 2017‘4011&— oF 857 log CFU/gel w5 Yelddth Had oz 2g 2dxd 714
2 #E HEUer 1 ol AAE] FAatE IYEZE B o4 ¢ Utk
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@ 20 AsA g =AY WE L= FF] HFIA
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loty CFLg

25°C

-t 35°C

o 24 48 72 o6 120 144 168

Fig. 5. 289+ Aelshd @ mAe 2a =y Fgol 4334

Fig. 5 2838 Agshx @& mxe g e5¥ 3o YFIHS tehd aezol
ok 20, 25C+ 0, 12, 24, 48, 72, 96, 120, 144, 168h FA o2 =43 F3laL, 30T+
48, 72, 96, 120h tA o= FHAF o, 35T+ 0, 6, 12, 18, 24, 48, 72h
Atk 20CAA = 4 AHE ZH7} 470, 461, 575, 747, 8.22, 829, 841, 840, 855 log
CFU/g o A5 Yeldd. 25TelA = 54 bAE=Z ZH2F 471, 470, 719, 757, 815,
825, 826, 834, 833 log CFU/g ¢ A4S vehjgch 0TelME 24 048z 247
440, 6.21, 752, 869, 8.18, 8.19, 843 log CFU/g ¢ A& YHeUAH. 3BT+ 54 3¢
AW 747y 439, 544, 7.15, 740, 864, 835, 826 log CFU/g ¢ XZA+5 UER AT
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@ 2&oHOKH)E Aelste] A2e mA9 wE &8 F%o] JFFA
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,_
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Fig. 6. 283 735 30kHzE Austel Az zA9 BE S8 #3ol

-
R A

Fig. 6= %239 Fu4 30kHzE Agdte] Alx3 mx 9 wg 25 FFo] AFIAE
ekl gz olt) 20, 25CE 0, 12, 24, 48, 72, 96, 120, 144, 168h 7+ZA o2 =As) FaL,
30C+= 0, 12, 24, 48, 72, 96, 120h (FA & FAs|F3om, 35T+ 0, 6, 12, 18, 24, 48, 72h
Ao 7 ZAFAL. 20ToAME =4 rA"82 Zh2 485 516, 576, 741, 843, 852, 857,
860, 8.71 log CFU/g ¢ XxA4E YeldAdth 25T = 4 pA-E= 7h7F 450, 4.70,
6.96, 7.24, 8.16, 8.29, 8.32, 8.35, 841 log CFU/g ¢ ¥A+E Yerdt) 30Tl = 54 3¢
AWz 7bzb 459, 6.16, 7.88, 8.40, 8.25, 8.15, 8.14 log CFU/g ¢ EA+Z Yehddet 35T
e =24 vA4E 8 7+7) 458, 6.15, 715, 7.31, 8.25, 8.39, 853 log CFU/g & FAGE UEY

ATt
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——20C

o 24 48 72 96 120 144 168

Fig. 7. 2898 Ags 2 149 Wi 258 AWATF JIIHA

Fig. 72 259E AgstA &2 749 #g &=l dvAlds 44345 vebd 192
ot} 20, 25C+= 0, 12, 24, 48, 72, 96, 120, 144, 168h +A &2 FA F3iL, 30T+ 0, 12,

24, 48, 72, 96, 120h tA o2 A& T o 35T+ 0, 6, 12, 18, 24, 48, 72h (+A o2 =A
FAT 20TolM= =4 Ad= 727k 556, 556, 562, 7.52, 8.06, 8.17, 8.22, 831, 8.42 log
CFU/g ¢ #E Yelfdd 25T s =4 t4d=2 747 557, 576, 7.16, 8.15, 8.25, 8.25,
825, 8.28, 834 log CFU/g °| & YEHATH 30TCTAA = 54 A" E 247 547, 6.07,
740, 869, 858, 844, 852 log CFU/g ¢ w45 Yelldd. 35T e =4 tade 747
5.22, 552, 7.25, 7.32, 8.23, 832, 8.35 log CFU/g ¢ #+Z Yethldct
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—=30°C
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g. 8. 23 F34 30kHzE A glslo] A x3 mA]o] wa
S|

Fig. 82 Z&3 S35 30kHzE A elste] A3 Axef &7 == dibAds =54
= Wed ol 20, 25C+= 0, 12, 24, 48, 72, 96, 120, 144, 168h +A o5 A3 3

I, 30CE 0, 12, 24, 48, 72, 96, 120h A2 A& FJ o, 35TE 0, 6, 12, 18, 24, 48,
72h 7tAow ZAFAt 20T E =4 A" E 247 558, 534, 557, 751, 8.38, 8.40,
850, 851, 853 log CFU/g ° w4E Wetldt 25T 54 A" = Zh7; 547, 6.44,
717, 831, 818, 811, 834, 828, 836 log CFU/g ¢ w5 YEWAL 30TolM = =4 14
a2 247 537, 6.34, 767, 852, 856, 8.36, 833 log CFU/g ¢ #45 YelUdt} 35T =
= Ad =" 7zt 513, 546, 7.19, 7.48, 8.36, 856, 8.61 log CFU/g ¢ #42 Ve
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(2) 2595 Ager A} AHgstA e ZA Y AEY 2484 ¥
7h =<3 F35E Amylase activity 3}
O 235 AgetA ¥ A
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g == contral

Armnylase activity(unit,/ml)

Fermentation period (Days)

Fig. 9. 223E A gletx] %2 F A2 amylase activity.

|

Fig. 98 %2&3=2 AHgsx && 3749 amylase activityE YEFHSITE 0 xboll &= 4.687
unit/mlol A 19 xtol= 7602 unit/mlE 27}t 3 29 xbol = 9.864unit/mlE 7FE =&
amylase &4 S BT 3Y A= 7614 unit/mlzZ #A2sG o, 1 o]Fo = Al A3 7+

14
12 -
10
g3 - —4—20kHz

Amylase activity(unit/mL)

D T T T T 1
2 3
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=]
=
FES
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Fig. 10. &3 F34 20kHzE A& ste] Ax3 749 amylase activity.
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Fig. 105 %<3 F34 20kHzE Hglste] A %3 3749 amylase activity® YHEFU ST}
0 z}oll = 5437 unit/ml=Z Al 2ete] &g 1L Aol = 9.319 unit/ml2 S7Fstlon 2 2%}
o = 11.327 unit/ml® <7Fste] 7F4 =2 amylase 84S UEld S Q& 4 o). 1 o] %

9] amylaseZ S A A3 4TS & = A

@ =3 T4 25kHzE A g ste] Alxg =27
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g ——25kHz
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FEY
o

Fig. 11. 283} F3 25kHzE A glsld A|%3 ZA 9] amylase activity.

Fig. 11+ %53 F34 25kHzE A g]ste] A|Z3F FA] 9] amylase activityS YERH At}
0 Aol = 3.368 unit/ml= Al Zste] g 1YAFel+= 7.324 unit/mlE S7lstom T & %174
o= 10.759 unit/mlZ S7Fste] a7 & 714 =2 amylase 84S YRS 89
AUTE L o] Fel = amylase &g o] FHAsA T

ru°"

PN
T

L
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Fig. 12. 283} F3}4 30kHzE A glsld A%3 ZA9] amylase activity.

Fig. 12 %253 F34 30kHzE #glste] AF3 742 amylase activity®S YFERH ST
0 #foll = 3.538 unit/ml= Al Zete] g 1L Aol 14.569 unit/ml=E w243 S7lston &
¥ 2¢ Ao+ 18016 unit/mle] €4S YEFAT o= Fig. 9 7 128 EF H WA S #j(x
3 AYE A & AL, 23 FIF 20, 25, 30, 3bkHz) 7Y =S S48 S UE

=
JelThs Ae @ 5 Atk 3UAREE amylase B4o] AoBTHE AL FAT Ao

® ==
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Fig. 13. &3} F34 35kHzE A glsled A %3 =ZA]9 amylase activity.
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Fig. 138 %&3 F34 35kHzE A glste] A %3 749 amylase activity® YHEFU ST}
0 ZFoll = 3.175 unit/mlZ A 2Fete] whg 1Y Aol = 4.856 unit/mlZ2 F7Fet e &g 293t
o= 12.270 unit/mlZ +23] S7FsAh 1 ol Fo &= AEHow Aags & 5 3

zZkzbe]l Algol| WE amylase 245 WA RG-S W 2595 At ¥ AAHT 2
35 A ZA 9 amylase &Aool H =A UEEYUE AS Fig. 97 135 €3 & + 3
o} mgk Fukg 30kHzE A & 0}04 A Zz3 ZA7F 20, 25, 3B/kHzE A Elsle] Azxd zA <}
H W3S w, Wrg 29 Xo]A] 18016 unit/mloZ 7} =2 amylase 84S et = A
S 4 5 U ol 2SvE AHYshA &L ZA 9 HwE g S w 8152unit/ml, WHEe o
E2 amylase €45 UeddE 2SS ¢+ A

(W) =53 F3d¥ Protease activity ¥3}
O 2535 AgstA F2 24
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10 -

2 3 4 o

=]
-

Fermentation period (Days)

Fig. 14. 23& A slA &2 F A9 protease activity.

Fig. 142 2=&3& AgshA] &2 IZA Y protease activitys WEFHAT. a0
12.274 unit/ml= Al Ztste] &g 1L 3bo = 15530 unit/mle = <7+ 17]'?_5]'91 !y
o = 27.065unit/ml= L& 717F T 7FE % protease FAS YENIGE AL & ¢ A 2
2%t AS g F ¢

o] & o) = protease activity”’} - A
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Fig. 15. 283} F3 20kHzE A glslod A%3 7A9] protease activity.

Fig. 15 %23 F3 20kHzE A glsle] Al 23 749 protease activityS EFH ST 0
U zfo = 10.600 unit/mle.2 Al #ste] g 1Y xfo = 21.699 unit/mle2 S7Fetdich 18 il
kg 2dxbdd = olRY ¢ SU7FSEY 40274 unit/mle] FAS Hlom 1 o] 3YUAe =
24227 unit/mle 2 FAa8Ao] rsdu. 7H £ A4S YElE 2E 2949 g484
= 2595 AgstA F2 ZA e HluetdlS W, 20kHzo =535 Agg ZA7F 13.209
unit/mle] © Eoe RS

@ &3 Fug 20kHzE A gste] A x3 54

60 -
50 -
a0

30 - —4=—25kHz

Protease activity{unit/ml)

dk

10

D T 1 T T 1
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=]
=
wn

Fig. 16. &3 9 25kHzE A 83}e] A %3 F X 9] protease activity.
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Fig. 16& 2&9 Fut4 25kHzE A glste] A %3 3749 protease activityS EFITE 2+

04 Afel+= 10693 unit/mle] &4 el ow wg 1dAto+= olrt} ¢ F7hehd]
28971 unit/mlez F71st . w@a 2¥ o= 46.320 unit/mleZ HE7IF T M =&
protease FAS UEMZ At AS &d 4 9rh. 1 o]F g 3dAo = 443 TAa
3Fo] 21.204 unit/mlS YEFW O™ 1 o]F wtg 5A xR AAE] HASEE )

@ =3 F3 30kHzE A gste] A x3k 54

3

N
[=]

n
==

o
[=]

o8}
[=]

—f—30kHz

Isd
[=]

Protease activity{unit/ml)

=
=]
.

=]

0 1 2 3 £ 5

Fermentation period (Days)

Fig. 17. 253 F3< 30kHzE A3t A% 749 protease activity.

Fig. 17& Z&9 F34 30kHzE A gldte] A %3 349 protease activityS YFERU LT,
1 OC,):;];‘(]’OHT: 10.739 unit/ml= A 2Fste] &g 19 3bo]+= 30.181 unit/ml= H243] 718k
o Wy 2UAdE ol®tt ¥ F7lste] 55483 unit/mle] A S YEMUAL ol 2g9E

% of 259E Ags ZA BFE Hustds W Y =2 245 JEY
I YdokeE AL ¢ = v @HE 39A6E 3438 #Aske] 34925 unit/mlS YERH A O H
zZ
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B %253 Fa 3BkHzE A ste] Ax3d 7A

50 -
40

30 - == 35kHz

Protease activityiLunit/ml)

2 3 Z 5

Fermentation period (Days)

(=]
=

Fig. 18. &3} F3} 35kHzE A glslod A|%3 A9 protease activity.

Fig. 18t %23 F34 3PHkHzES A ste] AZ3 3749 protease activityS YEH ST}
g 0¥ Ao = 11.018 unit/ml= Al 2Fste] 2a 1Y xtol+= 21.158 unit/mlzZ S7Fst o v
2

Fig. 14 7 188 EFE W E}S v, 2595 Ad ZA < 253 T35 20, 25, 30,

3bkHz 7+7hS A elste] Alxs = T A

AxA}. 2 Fol A= BF 24 AN 71 =L protease TS YEFU Y sample
o

28418 unit/ml°] ¢ =t AHAS &l 4 9l
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A ) @

g g2~ u}
T

1A kinetic A
@l

Sl
£oE4d RElE mechanistic 29 gr2] empirical R&

of 7ste] 7jEgt)

dX

T

Fe HEhH t= A9

H o919} ) o714 XE #A
< YE = Arrhenius A&

2 h
A 25 Yeldo, a8l o 2xoEA

ANA e pe 277, BE @438 AUA, RS 71 A44(8314x107° kJ/mol K), T+ 4
2= (K)E ovdt) i empirical B@e S =g Ao vugH o]l vE
] Qo 71X qpa, T regression "WI/NWS M2 g @S YERAL

~ 1
T

Inpy =ag+a M

4 9] square root model (Belehradek)g Ab&3k 4= gt}

ANA ppe A AFEE, T
root model®] 71&7] & coefficient
S pol] HAgate] thea o AL

Inb=cy+c M

St primary model€] Gompertz model, Baranyi model ©]4} secondary model®! RSM, ~
s A8 = ged ofdf 3Eol| primary ¥ secondary model

A N |

—concepts ] oz RS
of A}&3 4 A= TS
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Primary model
Gompertz model logN—A+C exp—exp[—B ¢ (t— M)
—x— b( 7Tt A G B
Baranyi model [d(ﬂ) TP (q+1)( Imax)
0= (T =T, )1« g
t < An(N) =1n(V,)
Rosso model =AW =In(N,, )— 1n[1+(N[rC/“ —1) « exp(—p, . (= 2))]
Monod model N=N, » explk 0 t—t,)]
Secondary model
Response surface model k(Ta,) = G+ G T+ G T+ G, + C(a,)’ + G Tt
v-Concept v= Ml:pt =1) « ~(pH) + (a,)
Aexp(— }fT)
Scoolfield model Pnax = 7 7
1+A1exp(—R—”})+Ahexp(— R“;)

© o

Primary model& A[7Fe] ®Wstol] W& mAES] Aol AlES o Sates REES Wl
o thE Al 22 H Gompertz model, Exponential model, Logistic model, Baranyi model
5ol Ut} oyt BdA S o]gsle] HAAS o FIUS 4ot lag phase duration(LPD),
doubling time, Yo, Ymax, maximum specific growth rate(SGR)= A4t 4~ o}

Secondary model primary modelol| A Al4FE  parameters(maximum specific growth
rate, lag phase duration)E°] W3, ¢2¢l 4 (pH, €%, Aw S)o wetA o=@ A w3tst
=45 d3steE HAHS =3t d3E A< secondary model®Z+E  Polynomial model,

Arrhenius model, RSM, y—concept 5°] & AF&% 11 9)

ole gt RS nigo R 30TolA =535 AgstA &2 ZA ¢ 20, 25, 30, 35kHz9]

TITE AHPste] we ZAY wrav|it Foke]l #Eol X WstE FI nAdE
kinetic 29 & F535o] & o= = JEE S}
(2) Wi
(7}) Primary model and Secondary model
A. oryzacs RE3 kojiel +3ol & AE 7 FIE(20, 25, 30, 3bkHz) = A 3ko] 3

AN 7td o2 1974 2A3s & 19 1A o 82 59 %9 =Ad =} Primary model 2]&
modified Gompertz model (Eq.1)& AFE3F3 Yk GraphPad Prism software (version 5.0,
GraphPad Software, Inc., Sandiego, C.A., US.A.)E ©]83}4] modified Gompertz model®]
52 & = (Maxmum specific growth rate, SGR)¢} f%=7](lag time, LT)E 2t=38]53l o}
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Y = A+Cxexp(-exp(-B*(t-M)))
= A+Cxexp(—exp(-2.718*max)/cx(t-N)+1)) (Eq.1)

A initial number of cells(log CFU/g)

C : difference between initial and final cell numbers(log CFU/g)
Imax © Maximum specific growth rate(log CFU/h)

t : time(h)

Y : log cell(log CFU/g)

modified Gompertz model®] 7d-$-oll+= maximum specific growth rate(SGR)¥} lag time(L'T)
S AAts7] fEllA HaES ol &3l FIHA Q] AlLEE dlok stk SGRY LTE AlLtshr] 4
3l 218 Eq.2¢ Eq.39] YR A

Mmax ~ (B*C)/e (Eq2)
A = M-1/B*(1-exp(1-exp(B*M)) (Eq.3)

Secondary model& T+Z3l7] &A= Ratkowsky square root modelE o] &3l 2130
AL g Fuk4o] WEet A oryzaed] specific growh rate(SGR)# lag time(LT)9] A#aA =

T+ 3L th. Minitab ver. 145 o] &3}o] A4telg i a9 A2LS oS3 2}

Vitmax = b*¥(T-Twin) (Eq. 4)
}\‘ — eXp<b*(T*Tmin))) (Eq 5)

(1}) model A4 H 7}

AAR AP AT mdAA dFE oSS HAHFOEN modeld A5FTHE
AFaofstt). 89 Ado] A= modified Gopertz model®] A3AS H7EsH7] ¢804 Root
mean square error(RMSE)9} R? bias factor(B)$} accuracy factor?] ke ©]83tth RMSE

=
= AR ASgel AolaA 0o AAesF mde] APl $rHn B 4 9l

— 2
RMSE-= \/ E(Obsn redl 546)

obs : observed value
pred : predicted value

n : number of observation

Primary model? secondary®] &4 #7te AAAFRHS ol &3t Rl 19 717h%

T2 Aoyl =olztta B 4 9t} Bias factor(Bp) ke =3kt A3 gk Alol o] 4t xfol
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g wavl, 1o e P
% % ngssie,

B = 10210g(obs/pred)/n (Eq7)

Af _ 102|log(obs/pred)|/n (EQS)

(3) 22423 Kinetic modeling

(7} A. oryzaeE HE3F koji A &9 n = A5

t}. Accuracy factor(Ap @t A&z o =3ke] Hat=lo] g
B

A2 & FH54E 283 kojiiEH 98 A oryzaed #%o] EA4E GraphPad Prism
50 softwareE A}-&3Fe] modified Gompertz modelol 283}t Primary model?] 23+

Table 29} 3o YEFH AT

Table 2. modified Gompertz modelZ5-E] A& zk

=

j(;;; Allog CFU/g) B(1/h) Clog CFU/g) M(h) R
20 5.516%+0.1746 0.1511£0.0219 3.522+0.2105 11.79£0.9506 0.9841
25 5.471%+0.2304 0.1685%+0.03134 3.666+0.2785 10.95+1.11 0.9738
30 5.517+0.1875 0.1659£0.02575 3.63+0.2277 11.26+£0.9317 0.9816
35 5.445%+0.2263 0.1715%£0.03312 3.592+0.276 11.16£1.116 0.9720

Table 3. modified Gompertz modelZ5-E AF=% specific growth rate®} lag time

Growth parameters 20kHz 25kHz 30kHz 35kHz
mmax(log CFU/h) 0.1958 0.22727 0.22157 0.22665
Lag time(h) 5.21928 5.04407 5.25752 5.34711

zyzyo] Futprd R A& A3k modified Gompertz model Z5-E A& o =37k v

-1

ZZ Fig. 19 7 22¢] YER AT
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Fig. 19. 20kHz Frequencyol Aol A& 3 o F70e] vl
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Fig. 20. 25kHz Frequencyol Aol A& g} o F7ke] vl
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Fig. 21. 30kHz Frequency©olA el Agzta} o 57k vl

35kHz
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Fig. 22. 35kHz Frequencyol Aol A&y o702 Al

(1}) Ratkowsky square root model Z5-E predictive growth model T3
3k maximum growth

GraphPad Prism ver. 502 %Z%¥ modified Gompertz modell
rate(SGR) ¢} lag time(LT)S AF&3F% o] < kojioll Al Fukgro]l WE A oryzaed F241S
#d3k= secondary models F538H=t AFESES TR Minitab ver. 14 software= Ratkowsky

square root models ©]83}¢] primary model®! modified Gompertz model®l] W& SGR¥} LT
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£ AFEste] Table 4.9 YERA AT

Table 4. Secondary modelZ%-¥ A=9 3

Model Equation Bt A

SGR = (0.001895+(T+218.7))* 0.9938 1.03294

modified Gompertz model -
LT = exp 00T 69.0) 1.91153 1.91153

(t}) Validation
2do] o=4HS Hrtslr] f1ste] Bde] HFo] Q3 Yt modified Gompertz model®] <
HS dFsl7] Yete] 22, 33 kHzol A 22 Az =32 R’ RMSE, By, AiE o] &3}
F53 Tt

L

H

ol
pdt

2l

L e

Table 5. 22, 33kHzZ5-E 9ojx R?, RMSE, By, A%k

F3}42(kHz) R® RMSE Bt At
22 0.9809 0.2308 0.9853 1.0286
33 0.9726 0.3022 0.9767 1.0357

R® : regression coefficient ; RMSE : root mean square error ; By : bias factor A¢ : accuracy factor

log CFU/g

5 | | ] | L] 1
0 20 40 60 80 100 120

time(hours)

& observed value -- predicted value

Fig. 23. 22 kHzol A9 predictive growth curve?]

graphical validation
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Fig. 24. 33 kHzol A9 predictive growth curved
graphical validation
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b FREY

Za3 AY 2%, aFg AAY @, A 47 T o+

LFER AT

leF W3S Table 69

Mo
oot

Table 6. Water content of soybean paste and hot pepper soybean paste used by

non-ultrasonication and ultrasonication koji.

Water contents (%)

Sample Type
Day O Day 10 Day 20 Day 30 Day 40 Day 50

Non-uit
O 00 63040003 60.583H0.007 6119040010 63067+0005 62.803+0.001 62.63740.005

Soybean Sonication

paste Ultra

sonication

60.63310.011 61.023+0.003 62.123H0.005 634700004 63.537H0.002 63.653+0.004

Hot  Non-ultra
.. 6869810003  69.09240.007 68.814+0.011 70.264+0.008 70.55540.006 71.390+0.011
pepper Sonication

soybean  Ultra

paste  spnication

668.78240.004  69.38310.012 69.97440.003 71.484+0012 73.063H0.007 73.533£0.005

.....

Fig. 25. Water content of soybean paste used by non-ultrasonication and ultrasonication koji

9 Az AL FEEHFS 60630 T 60.633% 2 AlE ZFo] z2pol7b glglow A7)k whak
th 2eu9 mAY @7 FERS A 5094 62637%= oF
a2y @4 RS A 5094 63.603% = 3.02% F7}ske] ©

o

2

o|N

N

sl

ol

ol

rlr

o oX
ot

o

do |
R
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b ~ ) ; ® Used by ultras

Used by norma

3
)

i)
il
A
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(=]

FERMEMNTATION PERIOD [ D&Y)

ERIVIE

Fig. 26. Water content of hot pepper soybean paste used by non-ultrasonication and ultrasonication

koji.

4 9 AF 289 A 1547 nAe nFge) FEFLS 68608 T 68782%% 1}
rEe

Butar, A7)kl wel sl SUbete]l 4 50U A o] RS 2 Euk HIA Y aFFol
71.390%, &3 Ad 5ol 73533%E WEHNT a3 AP aFEe SUhEe] ¢ =7
LHERSE

(th A=

v A 9%, 1, N AAY 9%, 1534, HFe] A7 T A= WsE

Table 70 YEb AT
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Table 7. Color value of each samples used by non-ultrasonication and ultrasonication koji.

Hunter Color value
Sample Type
Value Day 0 Day 10 Day 20 Day 30 Day 40 Day 50
N L 5845+0.67 57.16+0.34 58844039 54.26+0.96 48324045 47.57+0.26
- r
on ut, ¢ a 4.89+0.18  6.19+0.15 7.6340.95 6.0840.37 6.2640.58  6.15+0.34
sonication
Soybean b 22834017 21754005 33.01+1.51 21.6440.97 21.44+1.17 20.45+0.65
paste L 54624037 53714044 51304028 49.8240.59 47.19+40.48 46.16+0.63
rasonic
: & a 6474049  7.214051 7.3340.07 8144007 7.8540.16 7.7740.13
ation
! b 21414074 22014014 19554043 17.9940.72 19.33+043 18.6140.28
_— L 47214066 47594037 A7.824056 45444031 43224046 42.65+0.40
on—ultra
Hot o a 22434039 22334063 22334030 23624022 22594034 22.78+0.31
sonication
bepper b 334941.16 31764043 31764051 27.85+0.24 28.8640.42 29.66+0.34
soybean Ulisason L 46954071 47484045 48394022 47.84+0.13 44514042 43.06+0.32
paste TUUUTE 4 21702008 22503043 22342034 23124066 23408045 23.14%0.42
10N
ato b 32304093 32714034 31.3240.60 30.85+1.01 31.55+0.69 30.45+0.33
N L 93224013 89414026 68.18+1.31 7474007 65.40+0.20 58.9140.02
n— r
on ut, 4 C0544001 -0.6140.03 0264004 0.17£0.03 0.1740.04  0.09+0.01
ni 10Nn
Soy ORI h 3164009 508002 11654006 13.13¥001 13.16£0.01 15024001
swee L 92874019 76.60+0.15 59.8240.69 75.77£0.04 60.1240.01 52.360.00
rasonic
. a  -0644001 -0024003 2024001 0924001 0434001 0.33+0.01
atio
o b 4414001 9714003 17.8640.12 17.7740.03 18.0240.01 18.47+0.01
O 9%
Al A= A 7|l S7Fstel weEl Ldightness)#t2 Fastes A4S HIo
a(redness) @t 718l AE¢FS Ho dF g o] A wel A o FYAH
qae] ZAsE Ao vegth 84 Ax 4F 285 v B3S 5845 283 A
B 54622 253 A @AEY v A @Fo] Latel ¥ ko A 50 A= 1
el B 4757, 29 Ay IS 461602 1 AAIF FoE AS T & Ay
253 v A J49Y agke =4 271 489904 HAak FUkste] 4 20€ A 76302 7MY =
& BE EATh 4 509A 615 44 Eoluch 4240 ZARGT 229 A 67
o) atke 44 2] 64704 A Sskel S4 0UA 81T A Re @S vehin 4

Z
T = =
A stk dwbdoR 2§39 Ay "9 AAEZE ¢ &S 3oR Uyt
b(yellowness)# < <7t 7H4E wh&EsiH tha 533l
Z o

S
=
o] bgtol w4 d 7|3l 2A ARbHow ¢ =2 S uEwl
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AFEFL L4 Z7] 217994 44 509 A 23142 AX Asgut. SAEE e E bite
A g 1349 A5 54 27 3349904 54 5044 206602 FAdte BEFS UERY
o 253 A nFEE 4 27] 323004 54 508A 30452 AT 29 A g
A v Y 23FY Loa, b g EF 2 zkol7k min &gl
@ 7+

e A 25T AP, vAE BT s47])3te] FUbstd we WEE UEhdlE Lk
AaF gaste g FFef 4 909A ghol & AolE yElYh 253 A e H=
7F vlx g ge] ghEo ok o v gs dERiYh vhd AR E el e agt> S7he)
TAaE HEIG o FAEE YEHE bk 5473t wet FUrstd e 289 Ay b
2ol grol ¢ =& AIFS YEdn

(2 G
zgst AY A9, 15, 43 wAY 8P, 15, e FHF T = wgE

Table 8 e AT}

Table 8. Salinity value of soybean paste, hot pepper soybean paste and soy sauce used by

non-—ultrasonication and ultrasonication koji.

Salinity value (g/g)
Day O Day 10 Day 20 Day 30 Day 40 Day 50

Sample Type

Non-ultra
7.33£0.06  7.33£0.06  9.33x0.06  8.00+0.00  7.67x0.06  7.33%0.06

Soybean sonication

paste Ultra
o 7.671£0.06 10.67£0.06 8.67x0.06  9.00+0.00  8.67x0.12  8.33%0.06
sonication

Hot Non-ultra
15.67+£0.06 12.00£0.00 9.67x0.06  9.00x0.00  9.67x£0.06 10.00%£0.00

pepper  sonication

soybean Ultra
15.33£0.06 12.67£0.00 9.67£0.06  9.33+0.00 10.00+0.06 10.33%£0.00

paste sonication

Non-ult
O 00334006 21.0040.00 21.0040.00 20.67+0.06 20.67+0.06 20.00+0.00
Soy sonication
sauce Ultra
TR 00674000 21.3340.06 21.3340.00 20.67+0.00 20.33+0.06 20.0040.00
sonication
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Fig. 28. Salinity value of hot pepper soybean paste used by non-ultrasonication and

ultrasonication koji.
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ALIMITY A

Fig. 29. Salinity value of soy sauce used by non-ultrasonication and ultrasonication koji.
23 Ay P v A g e 9e A% AT 20.33720.67%°l0 A, =4 FHE @A
A= 20.00% % A7) 7o wet 2 WH3rb gl
(7}) pH
223 AP 9%, 13, Y vAHE 2%, 154, e £471F F pH WEE
Table 9 EFH AT
Table 9. pH value of soybean paste, hot pepper soybean paste and soy sauce used by
non-ultrasonication and ultrasonication koji.

pH value
Sample Type
Day O Day 10 Day 20 Day 30 Day 40 Day 50
Non-ultra
o 5.30£0.04 4.87+0.03 5.05%£0.01 4.82£0.01 4.62+0.01 4.54£0.04
Soybean sonication
paste Ultrasonic
; 5.31£0.01 4.63%0.02 4.66%£0.01 4.57£0.01 4.55+0.01 4.32£0.02
ation
Hot Non-ultra
o 4.65%£0.03 4.25£0.02 4.16x0.01 4.01£0.00 3.99£0.01 3.92%£0.03
pepper sonication
soybean Ultrasonic
) 4.64£0.03 4.23£0.04 4.15£0.02 3.98£0.05 3.92+£0.10 3.88%£0.05
paste ation
Non-ultra
o 6.73£0.03 6.52+0.02 6.02£0.02 5.66£0.02 5.39+£0.01 5.34£0.00
Soy sonication
sauce Ultrasonic
; 6.79£0.00 5.80x0.02 5.45+0.04 5.32+£0.02 5.21+£0.00 5.15%£0.00
ation
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Table 10. Titration acidity of soybean paste, hot pepper soybean paste and soy sauce used by

non-ultrasonication and ultrasonication koji.

Titration acidity (mL)

Sample Type
Day O Day 10 Day 20 Day 30 Day 40 Day 50

Non-ultra
o 3.77£0.06 4.13+0.06 4.17£0.06 4.47£0.06 4.77+£0.12 4.80£0.00

Soybean sonication

paste Ultrasonic
" 4.40£0.00 4.70x£0.00 4.80+£0.00 5.03£0.06 5.30£0.00 5.30£0.00

ation

Hot Non-ultra
o 1.17+£0.06 1.20£0.00 1.47£0.06 1.67%+.06 1.73£0.06 1.93£0.06

pepper sonication

Ult i
soybean UILrasonic ., 21006 1.2740.00 1.53+0.06 1.77+0.06 1.83£0.06 2.03+0.06

paste ation

Non-ultra
o 0.20£0.00 0.60£0.00 0.60£0.00 0.60x0.00 0.70£0.00 0.73%£0.06

Soy sonication

sauce Ultrasonic
. 0.23£0.06 0.57£0.06 0.60£0.00 0.63x0.06 0.70£0.06 0.77%£0.06

ation
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Fig. 33. Titration acidity of soybean paste used by non-ultrasonication and ultrasonication koji.
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Fig. 34. Titration acidity of hot pepper soybean paste used by non-—ultrasonication and

ultrasonication koji.
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Table 11. Amino-type nitrogen of soybean paste, hot pepper soybean paste and soy sauce used

by non-—ultrasonication and ultrasonication koji.

Amino-type nitrogen (%)

Sample Type
Day O Day 10 Day 20 Day 30 Day 40 Day 50
Non-ultra 0.1391 0.2480 0.3859 0.4412 0.4769 0.4979
Soybean sonication +0.007 +0.014 +0.004 +0.008 +0.004 +0.004
paste Ultrasonic 0.2443 0.3600 0.4877 0.4951 0.5222 0.5432
ation +0.002 +0.004 +0.004 +0.004 +0.107 +0.000
Hot Non-ultra 0.0702 0.1044 0.1162 0.1337 0.1686 0.1825
pepper  sonication +0.004 +0.021 +0.004 +0.004 +0.004 +0.004
soybean  Ultrasonic 0.1191 0.1159 0.1410 0.1481 0.1900 0.2018
paste ation +0.005 +0.008 +0.004 +0.004 +0.011 +0.007
Non-ultra 0.0408 0.0607 0.0747 0.0887 0.1073 0.1097
Soy sonication +0.002 +0.004 +0.004 +0.004 +0.004 +0.004
sauce  Ultrasonic 0.0513 0.0817 0.1167 0.1353 0.1540 0.1680
ation +0.005 +0.004 +0.004 +.004 +0.000 +0.007
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Fig. 36.

AMIMO-TYPE MITROGEM

AMIMO-TYPE MITROGEM

......

® Used by ultrasonic wave treatment koji
@ Used by normal fermentation koji
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Fig. 37. Amino-type nitrogen of hot pepper soybean paste used by non-ultrasonication and

ultrasonication koji.
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Fig. 38. Amino-type nitrogen of soy sauce used by non-ultrasonication and ultrasonication koji.
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How F7hsh: 4FE BY
e

73 713bell HgEste] A&
A5 25y e I vA e e obvmE A
Z}z} 0.0513%, 0.0408%%5 YEtWow FFE3] 5 4 50 A el = 0.1097%,
0.1680% 5 YEFWHT =33 A o] ofm e} AigEFo]l 4 A

e e,

(o}) ABTSs radical 27 %

= O 3

A

[e)

75l gk WstE Table 12¢] YER AT

=3k Ae 9%, 13, AR AR 94, a3, ¢

% ABTs radical &

Table 12. ABTs radical scavenging activity of soybean paste, hot pepper soybean paste and soy

sauce used by non-ultrasonication and ultrasonication koji.

ABTS radical scavenging activity (%)

Sample Type
Day O Day 10 Day 20 Day 30 Day 40 Day 50

Non-ultra
o 11.49£0.26 9.88+0.51 18.28+0.16 22.30£0.54 23.24£0.32 23.99£0.21

Soybean  sonication

paste Ultrasonic
; 13.38%0.62 13.32+0.57 17.20£0.67 24.76£0.06 26.65%x0.25 27.05%x0.07

ation

Hot Non-ultra
o 5.62+0.18 9.77£0.15 16.45%£0.66 17.86%£0.34 19.44%+0.35 21.07%+0.21

pepper  Sonication

soybean Ultrasonic
) 6.26£0.25 10.43£0.27 17.26%0.16 18.82+0.27 20.14+£0.30 21.76%0.10

paste ation

Non-ultra
o 5.00£0.08 5.46%£0.08 8.34%+0.17 10.78%0.18 12.35%0.22 14.56%+0.28

Soy sonication

sauce Ultrasonic
; 5.39+£0.18 5.98+£0.07 8.58+0.22 10.87%£0.04 13.06%x0.12 14.84%0.21

ation
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Fig. 39. ABTs radical scavenging activity of soybean paste used by non-ultrasonication and

ultrasonication koji.
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Fig. 40. ABTs radical scavenging activity of hot pepper soybean paste used by

non-ultrasonication and ultrasonication koji.
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Fig. 41. ABTs radical scavenging activity of soy sauce used by non-ultrasonication and

ultrasonication koji.
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Fig. 42. Capsaicin contents chromatogram of standard solution.
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CAPSAICIN CONTENTS
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Fig. 43. Capsaicin contents(ppm) of hot pepper soybean paste used by non-ultrasonication and

ultrasonication koji.
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TOP VIEW

Fig. 50. 23 %A Incubatord] Ad A%
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7h A AR AA A gl whE A vAdE A5

i
oX.
HE,
4
e
kol
ax
ox
Mo
1

(1) AgA=
Aol Abgd F& I W=y JsdHc)E AFEE Y, 74 ARE 9T

Fol= Fan| AEREME A wF WS Aspergillus oryzae KCCM 602418 AM-&3F9) ).
Aspergillus oryzae KCCM 602412 26 Col A Malt extract agarel 3¢ &oF vk & A}&3}9)

7h
e 200gol] 7FE S EElste] 1.2kg/cnoll A 20 E<F autoclaving 3 & I oA ©
g E gl AL Wzae] 35740C7 FAS W 2mLe] spore suspensions HZ3}S
=3
(W) 229 Koji Alx
2= Xz 5 dolry] fa A kojis 20T, 25T, 30T, 35CNA zHzt 2
sl AT
(th "MAE + 54
T 34

] %
T SAS AACCHY Fsto] AFLdTEHE b33 22 o s AA5HS]
PDA(potato dextrose agar) WX & TFEolA] Hdt & AR 5gS stomacher -89 Ff
pouchol #3F t}& 0.1% peptone water 45mlE H 11 stomacherE ©]&3sto] 287 23}
S 100 AP or FAEte] zZF dAHS wiA|o 0.1mlE ¥l =LAt 37T incubatorol
A A8AIZE v e & B EHE JEaE ATk ith

Q@ FdF 34

F % PCA(plate counting agar)d #| ol HE3le] 37C 2] incubatorol A 48A]7F wlj <3
% 9 A3 colonyFE AlFste] F(CFU/mDE 3kt

.

o

J

(3) &3 2 2w Amylase, Protease &4 =4
aAs

Kojidl B4 E=E ZH4e7] Y5t Al 10gd S/ 100mlE 9 A -2oA 447k
oF XEFE3E & 4ToA 17,000xg= 107F YA ste] A& NS xaghqoz 3

@ Amylase &4 =4
Amylase @42 1% soluble starch-£1(50mM phosphate buffer, pH 7.5) 0.9mlel] 0.1ml
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o] g AdE HItste] 30Tl A 1AZF B ¥HA7l & AdE F FUFdS DNSHo = =
At TN ImlolA] 187 pMe glucoseE Fale W& lunit® 3}
@ Protease &4 =4
Protease &A1& pH 7.0 =+ pH 3022 ZA3 06% casein & 3ml= 30C, 287+
ddste] ZEhd ImlE H7FgE T 30CoA 10% ¥HEA]7]3L, 04M trichloroacetic
acid(TCA) 5mlE #H7ste] 30TelA 3083 HHEAIZl AS st oFH 2mie] 0.4M
Na;CO3; 5 mL¢} folinAl2F 1 mLE &% 5 30Tl A 30% &<k HAAA 660nmE SHE=S
Z=A3to] a4 1 mLoA 187 1 uMY tyrosines 2l W= 1 unit® 33tk
L AlAEA A Al xS AMEE 9, 1A, (P 4 SA4E T3 Alad HAs)
1) €94, 1574, 149 Azx
O BFe] A=x
A Azl Y5 wFvlE Table 139 2t} T FAISt HA A2l £ autoclaved ©]
&35t 121 CoAA 1A SAe e SAhE tiF5 30740C =2 4% * koji, &F, 25 Y3
npgste] & Mok & A2 @84S 2L ZEkay &) "ol 30T dadF7]oA 90Y
s AA7IH A skt

Table 13. ©% Azl 95 8jgH]

Ingredients Weight ratio(%)

Koji 21

5 (Soybean) 41

A= (Salt) 12

=(Water) 26

Total 100

@ Fe] Az
234 Azel AR WENE Table 149 2T AWAF B Ee] 60T A
AolFAA sl 55 An Aedd AT F 47, BY, D2 ki Brbeel @ 4
TR & A2 23S 2L EkaY &7]dd "ol 30T &=&57]dA 903 A7)
o AH5A
Table 14. 3154 AZxe] A& wjgn
Ingredients Weight ratio(%)

Koji 10

27} (Glutinous rice) 20

1137} (Red pepper powder) 15

A= (Salt) 8.5

E(Water) 45

& % (Starch syrup) 1.5

Total 100
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2 Az 98 wjgnl= Table 159 2tk kojis 40ColA 3 Ho] 13%7F 2 W 74X
Ax3 & 2gHAdg o] Yo AFEd @35t 2L Z2E £7]d "ol 30T F&57]
A1 90 F A7 A F s

Table 15. 7+ A zxo] 45 ujgy]

Ingredients Weight ratio(%)
Koji 18
A (Salt) 16
= (Water) 66
Total 100

B nFFe] AMxE ZFEWIHL=97.10, a=0.34, b=18)o = HAH® %A (CR-300,
Minolta Co., Japan)& A}4-3t¢] Hunter HAA1¢1 L, a € b #& A3

o] Mz A M AA (NE4000, NIPPON DENSHOKU)E o] 8319 L, a, bS5 5433
of XFHS L=97.04, a=-2.02, b=1.139] < 7}x WA#S o] g3 3it).

@ 9= 54

2, 15 2 A dEs AR 10go 90mle] SRFE he] dEsd EFAE d=
Az SAsAT
@ pH =4

04, 234 2 24 pHE A8 10gel 0mlo] SHFE 7heta wnkste] #dstsh
pH meter(ORION 3 Star, Thermo Scientific, USA)E ©o]-&3}o] =43}t

| bl
ZF nFF 2 e HAANEE pH A A8 20mlE FH3e] 0.IN NaOH®Z pH 8.37}A
AAstR o Alm 100gd 1IN NaOH &4 2] Av|ZFmloz FASHI .

& Formol A AWl o& =439} Az=
T 100mLE 2ol #dsAA . o] A& heating plateol] 4] 51t 7+
o

o]
S gt 42 A Eeisze] ARS 25mLY S AB Tl FF
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T 4A0mLES 2tk B Al ¥ Fo = 35% formaldehyde €9 (F£4) 20mLe SHF 20mLE A
bt o, Zh7+e] Algel phenolphtalein &9 oF 3%-&-& 7}stal 0.IN NaOH € o= 24

stk o] Hlo] Qi ARt 440 FUAL 2] oJASum Aol FAL e
5 ge Aol | WX fAsgon, v

Wx AAetd, o AL JEez sel B A
Aol oete] ofuliw) Ax FEe Aita

(V= V) X F<0.0014 X D> 100

S
V1 = EAE A4 51)F(ml)
VO = A" A A A8 F(mL)
F = 0.IN NaOH &9 97}
D = 3| 4ul4,
S = A5 AHH(g)
0.0014 = 0.IN NaOH &9 1 mlol 433a= 24 (g)

@ izt 24 54

@) DPPH radical 2~ €4

DPPH(1,1-diphenyl-2-picryhydrazyl) radical A4S Blois(1958)2] H'H S 830 2
Barsich 9%, 12, 1Y A= 7%7194 70% ethanol %% 0.2mL 0.2mM DPPH 0.8mlL
S Z3dteto] Ao oA 308z WXE T 520nmolA] 33X A(Optizen 21200V,

Mecasys)2 S3E=E Z43t9oH, %*liﬁ:ﬁ 22 2o FAske], ofwje] Aow
DPPH radical 2A g4 S AAsFS

NEANT FYE

AAEol5 (%) = (1— T T4 =

) < 100

@ ABTs radical 2~# 24

ABTs[2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)] radical AA%< 2.6mM
potassium persulfated] ABTS Al ¢S o] 74mM ABTS £9& wrEQlom 229k of A
24712 &9F WA|ske] radicals FAAFET AR A Al &3t 735nmel A

THTE 8

ABTs A]°Fe] &F3%=7F 1.0+0.030] H x5 3|4kl ALgetqiet. A%, 133, W A8 242
9] 70% ethanol F=% 2uo] 34 E ABTs €9 3mLE H7lsto] bAoA 3087 vH&A 7]
% 735nmoll A 3333 5= A (Optizen 2120UV, Mecasys)® T3 LS AP o FAITE
2o A A3 Y. ABTs radical 227 42 DPPH radical 24 &4 3 2 WHo
2 ALtst o

® AHA 54

A AES SoxhletH o2 AWE F53 §F AFEads Fxstd dAgsdda. =53 AW
oF 25mgS F8 FEo AU Helx WHEHEFEY ImLE H7FsEA T oo 05N wWEkE-A

-
ol o
bl

TG EFEY 15mLE 7
100C heating blockol A ¢F 5&7F 7}

54 F4¢ Bn EH o

s >
O T
239 olE Wzst ¥ 14% EYESFoEH dvEs

2



&9 2mLE Jheha oA AaE Bl F FA $4L P s 100TA 3083t
7Rkl o]of 30740CE W7ete] o] S g ImLE Jlete] AAE Foj¥e § F4%
Hi o] ERelA 3021 Ads] detdnh vE 54 23 ASYEF § SmLE 7heha
dag Bol¥e ¥ F4& 21 9GSt deor WAd § fIorNy RYd olias
B3E FERMUEFOR dadte] AgEdor gl

Capillary column(60m x 0.25mm 1D, 0.25um, DB-23, J&W)<S F2tal GC(Agilent GC 7890A,
Agilent Technologies, Santa Clara, CA, USA)Z +A3At. ¥4 FAS inlet &% 270TC,
detector(FID) &%=+ 280C= A A3 oven &%+ 50CoNA 187 §4 & 175C7HA 1#
T 25C 5= F 230C7HA] 183 4T S35t 553 FA3A . Carrier gast FEF/AE
ARESFR AL split ratiov 10:12 3FFTh ZF A AR Az A FF=A]HAHE7-component
FAMEs standard mixture, supelco)®} retention timeS H|u&lo] H#stgon drgko 7+
peak®] WA S A WiEEE ALsEAH

© Capsaicinoid

31537 AR 5gs methanol 50mlE 7Fsl w28 &3S 50mL volumetric flaskoll 2t 7]
%1l whatman filter paper(whatman No.2, Whatman International Ltd, Maidstone, UK)&

0.45um membrane filter2 o] 3t ¥ HPLCE o] -&3to] #4313

EAe o] 8% HPLCE DionexAe] U-3000S AH&-3tdom, 3333 &7](ExA=280nm, EmA

=320nm), ZH(C18 Symmetry reverse column, 4.6mm x 150mm ID, 5mm, Waters Co.,

Milford, MA, USA)e= FAHJAY. ZHHAY 2=+ 30CTE FASIASH ol

acetonitrile : water : glacial acetic acid(60:39:1, v/v/v)Z, %< 1.0 mL/min°]™ Alz9] <«

3 A 20U A

l

2]
39132 Dinitrosalicylic acid(DNS)®H el we SFFE 7Fste] 1008] A4S Alg F
ImLell DNSAIeF 3mLE 7kt § 100Ce] F84oA 583 +& 713 v 944
=439t} Glucose(Sigma, USA)E o] £3}9] 0.272.0mg/mLe &%
NA AAAe ZFEAFTA et A S A FeAh

of Ol
f Qo &

D #5HA

gt Aol e 9, 25, g FA A E GolnuA H5PAE 0 A 5

Soieta A EAP N AL T 209 Awstar. $47120] 098 1342 94
IBsith BAGEe A g % % ANYA/NEER T8 AEWE o
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2. 97 2% 2 1F

NE FA) AFFARE FRE G 447 o9 0%l de] FEE
Sk R A eA R A el ge) AdE bl (Fig. 53)F s
ok ARV 7h % 33kg/hola, Al Sskel of 45mel AAE B
FSERATE Tbs s z¢ = A0 ~ 1009%)el Wk wRF E2Ho| e

8 A7k o A7) wEe] wel s)Ee] $EE FAU 1

Fig. 53. 2t4-& 7+ 71(UH-303, HIENG)

Table 16. 238 7}571(UH-303, HIENG)2] A}

Bl AL
=17 W465xD150<H300
A} oF AC 220V 60Hz
Sl 340W
AH-&-TH A 100~135m’
A A 4~5/m
N oF 50 dB
V5 3.3 kg/h
s AT 2,500~3,000 A7k
EER S 3kg/en o] 3}
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(2) AA Ao} A=l A D Az
h 239 1A LE
Fig. 54+ 249 19 i—%E Ao} =] AA AR ot} WF 7] Wi x99t FEE A

A
R = j=4
A7} Z3E o] AAE &5 F5E FAT & Y52 3= ControllerE A 25k T}

ol
—|—‘

() ZA WA =52 d 2)
Fig. 56 B2 2 374 vl Al="e] HA A

o]
e LESt FES 28T F JEF AGAYG 2

% chel = 144ﬂ
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Fig. 55. ZA] wjF Al2=®le] Ao xX] (%

=12)

O A0 AESY

El FATERLL

W H
~BEINE &M
= MWW
(N T R T
NN TN % &
DARELEAE e et S BN S CODLER FAN 18
(8 LR LT i - 14 CHAGEER W R0l D18 &V18 BE MmN
! MUNE § EIA) CHAMBERE B
L |
B R RN 1 PR
L 1 .
| lv.l L] HE smsaa = A1 9N AN W PR
Wi RN | f Fliw i by W S0 RTRE D A COOLER W
1AMM L eEE i | W ROTAE N RASATCeE
W LR 1]
ik
iy A W
| ! - AT N CRAMDETTE ANWEN N
| 1/ 1 A CHAMBIER 4 9 8 1
ity [ {
= WE i aaEE i m .......... - [
1 P | | H L]
| ANl = 0LV CHABER o W B s
gXBE-2 j i ! A Ziw 1 Q0T WSLAL M0 AN MY W,
s PAE LS B R . |
1
b
P % -
1 | T L ke
anesd i
! i
- HE I aYER By - - - b
I
|
BXRE4 |

() AT Za7vle A % A
(b 259 A FEFA (

A wF A zwle] Ao AR (v

ol
=
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Fig. 57. 253 A4 254 (24 1)

27§97 B/ META PulE AT A ANE B nipas Ave 7
Mol FHlEE 209 f9 2 T8 TRHE T2YAS 29 Ju= ALHAT 2O
g §9e Segon Ao FolA RS 4NN TulE 9E @4 virje 4] uiy
of 25 283 ~9AS Eaas Ar] 2gw 297= vile FARe] wH st

U4 w FE A7) EdolE Fa dwe :A Aol el Edold 1g@ow i
HE T FFR 4R Heh 285 FUA 2AE 2& el AstEE Aol A 7
sgte] 2837 49 Uiel w2 REHT oo wep 283 FUAA 2SI A}
g Ao wAGE AAT BAL 7aA7

aheAol= & dxo] viFel T718 THE T2
I Al A Wi FRAEHE AAskE T B e s SRR wEste
FE4AE 2¢sta Ak
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;A
s
300 '
310 320
42\0 ” ) J 200
g 510
210b—] —
210{5 0o, =
500 —g‘?ﬁ F‘@ :1 ‘_!.11000
140 = =l | 5
130,132 a@%‘ : LJ 1528

Fig. 58 Z&3 14 I3 = A E, B, Al 2HE, C. 25

I} 34| ‘%E%’M ?i (100 7T, 1200 371 HH%?, 130: #7855, 132: &+, 1400 124

FA, 1500 A A, AW, 2100 FHaH=x ] 300: =<3 310: Wi, 3120 AAHE:, 3200 259 2~

A, 400: z ] 410: FZ=FY, 420: $x], 440: F-9 3, 500 Ed ], 510 T &
A,

lL QH
[":',
;_
N
w
(@)
o\-)f
O{H

TxE
5, 5200 AFH-Al, 6000 Ao, 7000 =R
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TOP VIEW

. A SIDE VIEW

Fig. 59. 253 nALad=o] A4 =d
(L) ZA g Al =F (R 2)

Fig. 60& =74 W Azslel AF ASELS thebd Aol w, Fig. 61 o] :A] g A2

o =g verd el
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Fig. 60. ZA] #jF Al=g(R2d 2)

7.CONTROLLER

2,544 COOLER

14, =8 FAN 1. XY EFE CHAMBER
13, HANDRAIL
ﬁ\\\\\ 855,002 ZHI|
s r"/

12.NOTEBOOK 2 |Tj

— 4. ZS Y CONE

/— 9. DAL I SIEVE

4. 893 Wy

™ 10.2% == sensor

o) & i @
/ = \ # "
5. EH3 11.SENSOR 22 TRAY

6.EYd W S 8E PUMP 3.CHAMBER Y& T8 PUMP

Fig. 61. A #j¢k A28 =W (=g 2)
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L AR A A St W 24 vAE AS

|
oX,
)
N
2
kol
2
oX,
M
1%

(1) ZA ] nAES] HESA AF

(7}) =30 EA &
O 30CoNAY 232 AgstA & 7k 100, 120, 140% % H 7 ate] A xd 7A o &+
o] ¥apS W

1000

9.00

800 d I

700 4
® 305, control, 100%
u 3

s00 - 30K, control, 120%
30L&, control, 140%

500 4

400 -

300 - T T T

o 1 4 5

Fermentation time(Days)

log spore/g

Fig. 62. 30TColA ¢ &35 Aeeh#] & 7k 100, 120, 140%= H7bste] Al x3k 514 €]

&3
i3

@
L\D
w
S
3
=2
)
o

%‘ 5 AgskA &3 7haEF 100, 120, 140% = H7bste] A= =
& YEd agzolnt. 374 AR 27| o] EAFE 444 log
Azato] FAF ZF71E Holw oF 3 log spore/g =7F8tch WE 29 A}
< | Ex}“}ll% Rolw Z}gF 100, 120, 140% Al5®@ = Z+7F 861, 875, 8.68
log spore/gs WEFHITE W& 294} o] Fol= o] A= A A S AT
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@ 30CelAe =53 F34 20 kHzE At 7H+7F 100, 120, 140% %2 H7Fsto] Az
A o] wgo] EAg 3}

1000 -

900 -

) ) ] ]
B8.00
I

7.00
B 30E, 20 kHz, 100%
[ §

— 30k, 20'kHz, 120%

30, 20 kHz, 140%
5.00 -
Iz
400 -
300 - . T T T T 1
[+] 1 4 1

Fermentation time|Days)

log spore/g

Fig. 63. 30CoIAY %S3 F3¢ 20 kHzE Atz 7F4= 100, 120, 140%= FH7bste] A =3¢
A 9] FHFo] Ex W3}

oo
=
-lN
A,L
BN

Fig. 632 30TeIA 9] = 20 kHzE A=t 7= 100, 120, 140% = #7}ato]
Azg #A o] FFo] A WHstE YERd e zo|th 37FA] AR 27| #%o] IxFE
4.28 log spore/golil Wa 11U G243 F71E Hol oF 3 log spore/g S 7FstAt 7F
100, 120% A &= HE 2akel| A 7 =& #3830 XAFE B ow 7heEEF 140%00 A =
E 3YAfelA 7MY =2 wFo]l EAFE YEATE THE =S w3 xATE T
100, 120, 140%° A Z}2F 875, 8.82, 8.79 log spore/ge UWEIHRAT. 7MY w8 ¥ A+E YE

7}
Joo]lFaE A8 Hadta JSS 2YZE B3 & 5 gtk

M
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@ 30CelAe =53 F34 25 kHzE At 7H+F 100, 120, 140% %2 H7Fsto] A x5
A o] wgo] EAg 3}

i0.00

9.00
I x

BOOD i
i 700 1
g ® 30K, 25 kHz, 100%
H 600 - ® 30, 25 kHz, 120%

30k, 25 kMz, 140%
5.00
i
400 1
300 +— - ar . ! - }
o 1 4 5

Fermentation time(Days)

Fig. 64. 30ColA 9 =53 34 25 kHzE At 7F= 100, 120, 140%= F7lste] A=
A 9] FFo] Ex W3}

Fig. 64% 30ColA9 =3 T34 25 kHzE A3t 7FF 100, 120, 140% = 3 713814
Azgt FZA o] Fo] XA WStE UEhd agixelty. x| %ol EAFE 459 log
spore/golal g 1dzel] FA43% S7HE BRI or JF4EF 100, 120%2] A g-ol= 2a 293k
of 7b¢ =2 #Bo] XAFE YEMWAIL ke 140%= T E 3d Ak M =

A5 e A Y. M =8 Fo] A= Zha 100, 120, 140% Als 7F 8
879 log spore/gelAtt. 7Hd =& #Fo] EAFE H o]Fo= A HIATES & F 3

o},
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@ 30CelAe] =53 F34 30 kHzE At 7F+F 100, 120, 140% %2 H7Fsto] Az
sA 9] ggol TAF Wt

i0.00

500 4

nE

- 1 1 .

800 I

7.00
® 30, 30 kHz, 100%
s

00 30, 30 kHz, 120%

30, 30 kHz, 140%

500

) .

300 ; : : :

o 1 4 5

Fermentation time{Days)

log spore/g

Fig. 65. 30T %S3 F3 30 kHzE Atz 7F4= 100, 120, 140%= FH7bste] A =3k
A ] FFo] Ex W3}

Fig. 65+ 30CAA 9] =53 F35 30 kHzE Aglsta 7ke=F 100, 120, 140%= 3 7138k
Az Ao F3Fo] T WstE yebdl a2 Zojty. x7] H¥o] EAFE 466 log
spore/gol™ & 1Yxtol A 43 Frtetlon wa 29t M =8 330 2AFE
UER AT HE 2 2fe A g 'F:" ] XA 7FeE 100, 120, 140% A= 2h2F 845, 8.61,
8.45 log spore/g= YEISITE ® 29 %} o] o= HFo] EAFTE AAME AaTS o F

AT,
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® 30CAAY =53 F3 35 kHzE A st 7F-%F 100, 120, 140%= F7tsko] Az

aAe) gHol EAS W3
z e I
W30k, 35 kHz, 100%
B30%, 35 kHz, 120%
* 30, 35 kHz, 140%

2 3 4 5
Fermentation time(Days)

1000 -

9.00

800 -

7.00

600 -

5.00

1
400 -
5_m afutn -y -
o 1

Fig. 66. 30CoA¢Y %S3 F3 35 kHzE AHgsta 7F4= 100, 120, 140%= FH7bste] A =3k
A o] FFo] ¥ A3}

log spore/g

Fig. 662 30ColM 9 &3 Fu4 35 kHzE A 7k 100, 120, 140% = 3 713}
Aze FZA o] FFo] XAF WHstE yEhd g ze|th wE 1Yo o] EAFTE 54
3] F7Fsk o 74 100, 120, 140% Al &¥8 2 Z+zF 827, 8.25, 8.37 log spore/g® XA
YER Atk HE 19k M e F3o] IAFE YE ) A48 astdes 1

g Fa ¢ 5 Atk

=

il
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® 25CoNM el &3 Fa4 30 kHzE 7F¢% 100, 120, 140% 2 H7Fste] A Z23F 729 F

9.00
[ REi Rl R
800 N
I i
¥
E B35 30 kHz, 100%
)
[ ]
£ oo 355, 30 kHz, 120%
255, 30 kHz, 140%

5.00

400

300 . : ; " ;

o 1 2 5 & 7

Fermentation time(Days)

Fig. 67. 25ColM 9 =55 F34 30 kHzE Hesta 7k 100, 120, 140%= H7bste] A|lxg
sA o] wge] A g

Fig. 678 25ColA 9 =&3 Fa4 30 kHzE A gt 7F4% 100, 120, 140% = H7}Fslo]
Azt ZA 9] #Fo] ¥4 WEE yeid gzt g 193l g4% FUME RolH

g 7°‘x}77}xl A E) F7HeHS &4 = Uk 30TolAE BE 29 oA 78 =& F3o] %
A2 e AA R Yo 25TolAE wE 7URA MY e FBo] TALE UEHS
# At 9 A= Ea zZA AR Al AHEHE 25+ 30C7 0 HEgs Ao dAud

_wz
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@ 3BCAAN =53 Fi4 30 kHzE 7Fr#F 100, 120, 140%= H7tsto] Axd 7249 +

1000 -

8.00 -

700 -

W 355, 30 kHz, 100%
W35, 30 kHz, 120%
355, 30 kHz, 140%

log sporefg

600

500

4.00

300 +— = —r—

12 18
Fermentation time{Hours)

=]
o

72

Fig. 68. 35TCoIA¢Y %S3 F34 30 kHzE Atz 7F4= 100, 120, 140%= FH7bste] A =3k
A ] Fo] EZA WS

Fig. 682 35CelA 9 =53 F3k4 30 kHzE At 7k=F 100, 120, 140%= 3 7}ato]
Az A wge] A WMEkE vEbd Jd el g 3AdATA AL ShE B
AL & & 9k BFE 3UAIA Y FFo] TALE JFEE 100, 120, 140% A= ZH7E 851,
852, 850 log spore/gS LEF AT
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(th) Gut At
@ 30CelM ] ==
Jb At WS}

g AsA @w JHEF 100, 120, 140%2 H7ksked Azd @Al <

1000 -
9.00 1
L I - 1

B8.00

7.00 :
]
E B 30L, control, 100%
=]
2 ]

600 4 30L&, control, 120%

30k, control, 140%

5.00

4.00

300 - T T T T T 1

o 1 4 5

Fermentation time(Days)

Fig. 69. 30CAAA 9 &35 He|shA] &L 7k 100, 120, 140%= H7bske] Az mZx]o] Ut
A4 Wa}

Fig. 69= 30TCelAM 9 =35 AdstA & 7k 100, 120, 140%= 7pste] Alx=3t =
Ao dut At WIS aezoltt, 27] ARb Alxt= ¢F 549 log CFU/gol 3l
TE 2dAke A 7Y w2 dE UEA ojwl e wae Tk 100, 120, 140% A& 7
7} 866, 8.79, 865 log CFU/gellow Ta 29x ol % w7t AAs] Zasts 2d2E &

s & 4 vk
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@ 30CoANAHY =3 Fu4 20 kHzE Agsta 7Fe%F 100, 120, 140% = 71t A %3

_?_
A o] ARE Ayt W3}

10.00 -

9.00 4

I b z
800
700 -
30, 20 kHz, 100%
6.00 B 30%, 20 kHz, 120%
30K, 20 kHz, 140%
500 -
400
300 - - T T T T
o 1 2 3 4 L

Fermentation time(Days)

log CFU/g

Fig. 70. 30ColM e %S9 Fu 20 kHzE At 7143 100, 120, 140%% F7}ste] Al zx3%
A o] AWt Al W3}

Fig. 702 30CelM e Zg3 F34 20 kHzE Adsta 7% 100, 120, 140%= % 7hsko]
Azd @A Ank A4 WstE el g Zelvh Z27)iE oF 538 log CFU/gel™ @
294NN AgHow SR Folt 2aTE & Ak MBS #4545 Holt 2

29 3ol A 7k 100, 120, 140% A& 2H2he] b= 872, 877, 872 log CFU/goltt.
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@ 30CoANAHY =& Fu4 25 kHzE Agsta 7Fe%F 100, 120, 140% = H71ste] A %3

_?_
A o] ARE Ayt W3}

10.00
900
BOO

700
W30k, 25 kHz, 100%
30L&, 25 kHz, 120%

30L, 25 kHz, 140%

log CFUfg

6.00

5.00

400

3.00 +—

Fermentation time({Days)

Fig. 71. 30CelA 9 &3 Fu 25 kHzE A stal 7F4%F 100, 120, 140%= #H7bste] Az
A 8] Auk Al W3}

Fig. 71 30TCelA e =53 F34 25 kHzE 7Fr&F 100, 120, 140%= H7tste] Alzxgh
sAe Ak AT WEE e aexelth 2715 o 543 log CFU/gel® ¥ 19
Aol FAT FAHAT BE 2N FAE o F FAFASS & F ATk VR 297
A1l 7k 100, 120, 140% A= Zh2be] st 863, 8.70, 865 log CFU/gel™, o #k&
2% B9 A Be Beolnh
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@ 30CANA 9 =&

F3k 30 kHzE Agstal 7kE=F 100, 120, 140%%= 7bsko] Az
SR At Mg Wst

1000 -

800

i I . 1

800 4

Fo0
® 30T, 30 kHz, 100%
=30, 30 kHz, 120%

6.00 3 z,

"30L, 30 kHz, 140%

5.00

400

300 < T T T T T

o 1 4 5

Fermentation time{Days)

log CFU/g

Fig. 72. 30CoA Y %<3 Fat¢ 30 kHzE Agsta 714= 100, 120, 140%= FH7bste] A =3k
A o] Auk Al W3}

Fig. 72& 30ColA 9 &3 F34 30 kHzS 7F% 100, 120, 140% & # 7}8to] xﬂza
FA ] Adnk Mty WelE Yebd agZo|t 27] #5E 9F 534 log CFU/gel™ %3 1
zhell F A% TS Rolw #g 24 b =L dgE YEREY olwe wgE b
100, 120, 140% A& zHzb 843, 861, 852 log CFU/golH, & 29U} o]Fo|= A3
7b Aase adEs B ¢ stk

¥ off me ot
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® 30CNA 9 =&

Fuk 35 kHzE Agstal 7kE=F 100, 120, 140%%= A 7bsko] Az
SR At Mg Wst

1000 -

900

! 1 I I
8.00
e

F.00
=305, 35 kHz, 100%
L |

500 30, 35 kHz, 120%

30L, 35 kHz, 140%

500 -

400 4

300 -~ T T ¥ T T

o 1 4 5

Fermentation time{Days)

log CFU/g

Fig. 73. 30CoA Y %<3 Fa¢ 35 kHzE Agsta 714= 100, 120, 140%= FH7lste] A zx3k
A o] Auk Al W3}

Fig. 73 30ColA 9 &3 F34 35 kHzE A star 7k 100, 120, 140%=2 3713}
Az FZA o Ank A WEE Uebd agizo|t, 27 ﬁ = ¢ 529 log CFU/g 1\#
g 193] 4% S/ BAa B E 22U g BE w5 E BT o] uo] 4
7F4=F 100, 120, 140% A& 247+ 842, 847, 8.36 log CFU/gol™, W& 293} o]Fo= #+5
7F A8 iS4 4 Atk
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® 25CoIAM 9 =53 F34 30 kHzE 7k 100, 120, 140% = H7tsto] Azxg 249 o
gE Al ¥ st

1000

900 A
P i & I 1
BOD N
I

7.00
»
E B 255 30 kHz, 100%
=
2 =255 30kHz 120%

6.00 . z,

25k, 30 kHz, 140%

5.00

400

300 - T T - T T

o 1 3 5 3 7

Fermentation time{Days)

Fig. 74. 25CoIA 9] Z&3 F34 30 kHzE Aest 7k+%F 100, 120, 140%% H7bste] Az
A el ARk Al wst

Fig. 74 25ColA 9 =53 F34 30 kHzE A2l 7= 100, 120, 140% =2 3 7}8ho
AzF zmA o] AW Ay WEE YEhd g Zoelty 2735 oF 544 log CFU/gol™ &
g 1A w4 S B AAE Frbete] wE TAAEA ASAR TUME RAE
& 4 Qo wE 7R A FE 7FE 100, 120, 140% AlE 77 838, 841, 8.35 log
CFU/go]t}.
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@ 3HBCAMe =L3 F34 30 kHzE 7F% 100, 120, 140% 2 H7Fsto] A z23F mx 9] o
" Al A3

1000
900 4

B8.00

e 2
. A

7.00 -
=355, 30 kHz, 100%
L

€00 355, 30 kHz, 120%

35K, 30 kHz, 140%
T

500 - I

4.00 4

3.00 T : T T

0 6 12 24 48

72

log CFUfp

Fermentation time(Hours)

Fig. 75. 35TCoA¢Y %S3 F3 30 kHzE AHgstx 7F4= 100, 120, 140%= FH7bste] A =3k
A o] At Al W}

Fig. 75+ 35CoA ¢ &3 F3 30 kHzE i%“/]“'c?}"’ 7k 100, 120, 140% = # 713l
Az ZA Y At Al WstE YEbd g zeolt 27| 9F 516 log CFU/gelw
E 12A3RA A F A F7hE Bon BE 3YAEA AA l s7tdE & & v 2E 3
Axfol A o] Ak At 7k 100, 120, 140% A& 742 8.49, 861, 855 log CFU/ge]tt.

- 100 -



(2) ZA ] MAES] a4 W}

(7}) Amylase activity = 3}

D 30CAAMe =535 ABskA ¥ 7 100, 120, 140% = H7Fste] Al xgk 749
amylase activity 3}

22~
30%, control, 100%

Pl
(=1
1

B 30k, control, 120%

[y
(6]
L

B 30k, control, 140%

| 1
] e & _
-k
- I' l
o 1 2 3 a s

Fermentaticn pericd (Days)

Amylase activityunit/ml)
S
S M B @
i i

R & 0

=]

Fig. 76. 30ColA¢ %&aE Agstx ¥ 715%F 100, 120, 140%= H7tste] Alzxst 549
amylase activity ¥3}

Fig. 765= 30CelM e 2535 AgstA @il 7k 100, 120, 140%= F7bete] Alzx=g =2
A 9] amylase activity ¥ &S YeEbN 28 Zolt}h 0L zfoll = 7= 100, 120, 140% A& zHzt
4312, 4.360, 4.300 unit/ml ©]a2 A A3] F7Fste] @a 29X 71 =2 amylase activity S
B, wg 2939 amylase activityi= 7FF% 100, 120, 140% Z+zF 8956, 9.235, 9.755

2]
unit/mloj o, T E 2atel] 7HE =2 ZAS B Fole MM AATE & 5 v

7}
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@ 30CoNA9 =53 T35 20 kHzE A sta 7F=F 100, 120, 140% = 3 7Fsle] A x3
A9 amylase activity ¥ 3}

22 -
S 30, 20 kHz, 100%
A E 30, 20 kHz, 120%
B 305, 20 kHz, 140%
16 -

14 -
12 -

10

il
I L
-
i =
4_
2
u T T T T T
0 1 2 3 a 5

Fermentation period (Days)

Amylase activity{unit/ml)
oo

Fig. 77. 30CoA9 &3 Fu4= 20 kHzE Aol 7F=3 100, 120, 140%=2 H71ste] A x3k
F A 9] amylase activity ¥ 3}

Fig. 77 30ColM 9 &3 F34 20 kHzE A s 7% 100, 120, 140% = 3 713}
A ze FA 9] amylase activity ¥3tE YERA Tagxzolny wg 0¥ Aol 7F# 100, 120,
140% A& Z+7; 4977, 3913, 4.2838 unit/mle]t}. W& 2¢A71A] amylase activitys= 44 2
2 ZF7Fstal o] wje] amylase activitys™= 7 100, 120, 140% ZH7 9.984, 9.501, 10.287
unit/mlo] ok L& 24 7 =2 A4S Bl Fol= AT FAaEgs & 7 drh
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@ 30CoNA9 =53 T34 25 kHzE A3t 7F=F 100, 120, 140% = X 7Fsle] A x=3
A9 amylase activity ¥ 3}

22 7

. 1305, 25 kHz, 100%
. W30 25 kHz, 120%
fe =30, 25 kHz, 140%

Amylase activity{unit/ml)
o B e
i i i i i

I
I.
& L als
44 - i
1B
o . . . . .
0 1 2 3 a 5

Fermentation period (Days)

Fig. 78. 30CoA9 &3 Fu4= 25 kHzE Aol 7F=% 100, 120, 140%=2 H7}ste] A x3
F A 9] amylase activity ¥ 3}

Fig. 782 30CNAe &3 F34 25 kHzE AHlsta 7% 100, 120, 140%= 3 7}Fa}o]
A ze FA 9] amylase activity ¥3E YERA T zolr g 0429 amylase activity©
7F=F 100, 120, 140% A5 Z}7ZF 3.635, 4.143, 4.300 unit/mlolt}. &HE 22712 AlEH o2

Z7}sle] olwe] amylase activity® 7F5E 100, 120, 140% A& zHzb 11.013, 11.484, 14.230
unit/mle]th. &g 293} o] Fo= Aol AAFH T
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@ 30CoNA e =53 F34 30 kHzE At 7=k 100, 120, 140% = H7kste] Al =3

A9 amylase activity ¥ 3}

22 -

%1 | 30, 30 kHz, 100%

] M 30L, 30 kHz, 120%
5 I B 305, 30 kHz, 140%
= 16
=
€ 14
= =l
i 1 I 1
=

el

B 10
[ 1]}
m 8
=
£ 6 '

A

2 -

u T T T T T

0 1 2 3 4 5

Fermentation period (Days)

Fig. 79. 30CoAM 9 &3 F34 30 kHzE Agsta 7147 100, 120, 140%=2 7138k Alzx3
H 8}

FA 9] amylase activity

Fig. 792 30ColM 9 %g3 Fu4 30 kHzE A 7% 100, 120, 140% = 3 713l
A Zx3 FA 2] amylase activity ®3E YERW gz o|th wE 0L A= 7= 100, 120,
140% Al= Z+zy 3901, 4.130, 4.227 unit/mle] amylase activity® WEFWH o™ g 2U 2714
<7Vl &g 29 3o M =2 amylase activityE H o 7 100, 120, 140% A=
Z+7} 16.044, 18.016, 19.600 unit/mls YEFHSATE E& 2 A o] Fol= A o] A A|3] FHAs)
Art BFE 2UA MY 2L9E A etA i A X3 FA 9 amylase activity e} B K
s oW oF 2d =2 EAS MR dew 2E9 Fuag FoAE 30 kHzrF MY =2

amylase activityS ® &S <4 4 otk
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® 30CAAY =53 F3 35 kHzE A st 7F-%F 100, 120, 140%= F7tsko] Az
A9 amylase activity ¥ 3}

229

I
el
& A I ar
2
0 T T T T
0 1 2 3

Fermentation period [Days)

305, 35 kHz, 100%

Pt
[=]
1

B 30L%, 35 kHz, 120%

[
[x:x]
I

W30, 35 kHz, 140%

[ = | =t
=] P o+ =)
1 1 1 1

co
I

Amylase activity{unit/ml)
H

F ey
1

Fig. 80. 30Tl 9] Z=&v Fuk5 35 kHzE AHelstal 7k 100, 120, 140%= H7bshe] Azxd
F A 9] amylase activity ¥ 3}

Fig. 80 30CelA 9l =53 F34 35 kHzE At 7bE=F 100, 120, 140%= 3 7ha}o]
A Z3 FA 2] amylase activity W3S YeEbd @ Zolth wg 0d o= he= 100, 120,
140% A& Z+7; 3.840, 3.937, 4.276 unit/ml®] amylase activityS YEFWHom 23 22U 271X
ALH oz F7tste] o] wf 7P =& &S UERUATE o] w9 amylase activity® 7FrE
100, 120, 140% A b 11.533, 15.826, 18.729 unit/ml ©]t}, & 2UX} o] Fofl = o] A

_—

N

% 77
Nel age & 4 sl
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® 25CAA Y =53 F34 30 kHzE A st 7F=F 100, 120, 140%= F7tsko] Az
A9 amylase activity ¥ 3}

22 -
i 25, 30 kHz, 100%
E 255, 30 kHz, 120%
18
B 2550, 30 kHz, 140%
15 -
14 -

=t =+
] %]

Amylase activity{unit/ml)
o

Ll
| I N
|
. | B
2
0 S T T T T T T T
0 1 2 3 4 5 B 7

Fermentation period (Days)

Fig. 81. 25Cel Ao zga F
s}

=9 F34 30 kHzE At 7FEE 100, 120, 140%= F7bsko] Alx=3
F A9 amylase activity ¥
Fig. 81 25Co|A9 253 T34 30 kHzE AH2lsta 7= 100, 120, 140% = 78t
A Zx3 FA ] amylase activity W35 YERA Zgzo|th, wg 0dRPell A= 7 100,
120, 140% Al= ZHZF 4784, 4.880, 4.191 unit/ml®] amylase activityE YEeEFW o™ g 4=}
THA AlEH o2 F7FstRal 1 o] Fele &Ado] AT MY =2 45 Bl 4U At
A 7FEEF 100, 120, 140% A= zhz; 12537, 12.609, 13.589 unit/mle] amylase activityE R
o g 493} o] Foll= & o] A s AT

- 106 -



@ 3HTAAY 253 F3 30 kHzE 7F# 100, 120, 140%= H7tste] Alxg 14 9
amylase activity ¥ 3}

22 -

el 35, 30 KHz, 100%

T B 355, 30 kHz, 120%
B 355, 30 kHz, 140%

16

14 -

12

=
(= B
I

Amylase activitylunit/ml]
o

1 I
& L. = 5
1
4 -
2 -
ﬂ T T T T T T
0 B 12 48 72

Fermentation period (Hours)

Fig. 82. 35CAIA e &k #3445 30 kHz& Aejsta /b7 100, 120, 140%2 H7bste] Azt
4] 9] amylase activity W3}

Fig. 822 35Tl el &3 F34 30 kHzE Aglsta 7k 100, 120, 140%= 7 713te]
A z3 FA 9 amylase activity W3S YERA Zzolth g 0ol A= 7FEE 100,
120, 140% A& zFzF 5110, 5.207, 5.159 unit/ml®] amylase activity® EJ o o3& 64 7HA}
of 7HE =2 E4& KB ofF AAE 4TS aAUEZE B3 & F Atk TE 6 IFAfol A
o] 7h=F 100, 120, 140% A& Z+7F 9.864, 10.263, 10.843 unit/ml®] amylase activityE H %
A7 30CoANA 2] 223 F3+4 30 kHzE A ste] A %3 7% 2] amylase activity2} H] nl 3|

[e) S [e) [e}ie) I~
BHS of, ¥ 48 23 &8 ¢ F ST
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(\}) Protease activity =3}t
O 30Co Ao =535 AHeshA & 7H=F 100, 120, 140% = H7sko] A xd 3%] 2

R4

protease activity ¥ 3}

70 A

30, control, 100%
B 305, control, 120%

50 305, control, 140%

30 A

Frotease activity (unit/mL)
5

20 A

I
o
1 = T
s
ol i i
(4] T T T T T
1) 1 2 3 4 5

Fermentation period (Days)

Fig. 83. 30ColAe &35 A@siA & 713 100, 120, 140%= 718t Az3 549
protease activity 3}

Fig. 83 30TCelAM 9 =35 AdstA & 7k 100, 120, 140%= 7pste] Alx=3 =
Z] €] protease activity W3S veb @ otk 0d b= s 100, 120, 140% A& 7t
7 11.902, 12.274, 11577 unit/ml o] A A3 Z7tete] w& 294 7F4 =& protease
activity S E Gt @& 2939 protease activity:= 7FE% 100, 120, 140% Z+2F 26.599,
27.065, 28.739 unit/mlo|th, WE 2UA 7MY =& EAE HI T = AAE gATS &

g
F gk,
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@ 30CAAe =439 =34 20 kHzE A st 7= 100, 120, 140% = F7}she] A =3t
A 2] protease activity W3}

70

305, 20 kHz, 100%
B 30, 20 kHz, 120%
i B 30, 20 kHz, 140%

30 A

I
20 I
I' I' I
gl I
o . . . T .
o 1 2 3 4 5

Fermentation period (Days)

Protease activity (unit/mL)
&

Fig. 84. 30CoA9 &3 Fu4= 20 kHzE Hgstar 7F=% 100, 120, 140%=2 H7}ste] A x3
F A ] protease activity ®3}

Fig. 842 30CelA e &3 F3 20 kHzE Aglsta 7% 100, 120, 140%= % 7}3k4
A %3 A 9] protease activity W3S UE @ Zolth wrE 0datol= s 100, 120,
140% Al& ZFZ} 11.949, 12.600, 11.902 unit/mlo]th. @& 2¥UA71A] protease activity= S
Ao F7Fsta o] w9 protease activity:= ZFF% 100, 120, 140% Z+ZF 28553, 32.925,
35.855 unit/mlelth. HE 2U Ao 7MY =& S-S Bl Fole AAE TATS ¢ Ut
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@ 30CAAMe =39 34 25 kHzE A3t 7= 100, 120, 140% = F7}she] A =3t
A 2] protease activity W3}
70 -

= 30, 25 kHz, 100%
B30, 25 kHz, 120%

H 305, 25 kHz, 140%

30

Protease activity (unit/mL)
5
i
—

20

= 1
] .
0 T
0 1

T T T T
2 3 4 5

Fermentation period (Days)

Fig. 85. 30ColM ¢ 2&3 Fu 25 kHzE Aelsta 7152 100, 120, 140%= Hd7}ste] =3t
F A 2] protease activity ¥ 3}

Fig. 85+ 30CAA e =3 Sy 25 kHzE AHglstal 7F+= 100, 120, 140% = 3 7}38}o]
Az A A2 protease activity W3S yElH 2ot} g 02 2}e] protease activity=
7} 100, 120, 140% A& ZFz; 12553, 12.553, 11.949 unit/mlo|t}. @& 2L 2}7pA] AlE&4 o

2 F7Fke] olwl9] protease activity= ZFF= 100, 120, 140% Al& 27+ 39.204, 39.669,
40506 unit/mlolth. &E 292} o] T = A o] AT
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@ 30CoNA9 =53 T34 30 kHzE A3t 7F=F 100, 120, 140% = 3 7Fste] A x3
A 2] protease activity W3}

70

30%, 30 kHz, 100%

B 305, 30 kHz, 120%
50 - I E 30, 30 kHz, 140%
30 I I
: 1
20
] -I.
a T T T T T
0 1 2 3 4 5

Fermentation period (Days)

Protease activity (unit/mL)
5

Fig. 86. 30ColA 9 =53 F34 30 kHzE HEsta 7}54% 100, 120, 140%= HA7bste] Azt
F A 2] protease activity ¥ 3}

Fig. 86 30TCAA el =53 T34 30 kHzE AHelsta 7= 100, 120, 140%= H7Fso
A Z3 FA 9] protease activity W3S YEl 2 Zo|th wE 0Y o= b= 100, 120,
140% A& Z+zF 10.693, 10.414, 11.297 unit/mle] protease activityE YWEFWH o0 wg 2 =}7}
A F7 ek wE 29 atol] 7bE =S protease activityS B ow 7= 100, 120, 140%
A& ZhZy 49483, 54.413, 57.017 unlt/mlv* eIt 28 293} o] 3 o= EAdo] MAs 7
23k g 29 Aol Y 2eHE AgetA ¥ A X3 FA Y protease activity 2} H] ul
af Bets uw oof 2v) =2 &4 3 ZHA AL Qlow 259 Fuka Fol Ak 30 kHz7F 7MY =&
protease activity® RIS & 4 Ath
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® 30CoNA9 =53 34 35 kHzE A st 7F=F 100, 120, 140% = 3 7Fsle] A x=3
A 2] protease activity W3}

70

&0 - 30, 35 kHz, 100%
B30, 35 kHz, 120%

=30, 35 kHz, 140%

30 I
20 +
! I )
ol
D T T T T T
0 1 4 5

Fermentation period (Days)

Protease activity (unit/mL)
5

Fig. 87. 30ColH el %S9 Fu4 35 kHz2 A @stz 7}k 100, 120, 140%% H7}sle] Alz3t
F A 9] protease activity ¥ 3}

Fig. 872 30ColA e &5 F3 35 kHzE Helsta 7k 100, 120, 140%= % 7}+3h<]
A Z3 FA] 9] protease activity W3S YEA Tzolth wrg 0dzjol = 7hF 100, 120,
140% A& Z+7F 9.763, 11.670, 10.646 unit/ml9] protease activity®S YElH om 2g 27}
A AlEHo R Frkste] o] wf M =2 &4dS YER AT o] w9 protease activityx 7F
T 100, 120, 140% A= Z+7} 29.576, 35.948, 43.064 unit/ml o]t} 2rg 2=} o] F o= &4

5 44
o] MA3 Pate & 4 Ak
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® 25CAA Y =53 F34 30 kHzE A st 7F=F 100, 120, 140%= F7tsko] Az
A 2] protease activity W3}
70 -

60 - 255, 30 kHz, 100%

E 355, 30 kHz, 120%

a0 250 30 kHz, 140%

30 A

I s
z &
20 A I
I I
10 4 IiI
0 A T T T T T T T
o 1 2 3 4 5 B 7

Fermentation period (Days)

Protease activity (unit/mL)
5

Fig. 88. 25ColA 9] %&3 F3 30 kHzE At 7% 100, 120, 140%= FH7tate] Az
F A 9] protease activity ¥ 3}

Fig. 882 25ColA ¢ %&3 F3 30 kHzE 7F=% 100, 120, 140% = H7}sle] Ax3 =
A ] protease activity W3S Vel 2gizoltt wE 0ol A= k= 100, 120, 140%
A& Z+ZF 9.391, 9.763, 8.786 unit/mle] protease activityS WERW o™ g 4L 2}7tA] Al S A
o2 FUMSR A 1 o]FolE o] TAaSATE TP =L A4S Bl 4YAAA T
100, 120, 140% Al& ZH2Z} 36.506, 35.529, 39.018 unit/mle] protease activityS H. At @& 4

A} ol Folt= Bl NAF i
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@ 3BCAAY 253 F3 30 kHzE A st 7F-=F 100, 120, 140%= F7tsko] Az
A 2] protease activity W3}

70 -
35, 30 kHz, 100%
50
B35, 30 kHz, 120%
50 - =355, 30 kHz, 140%
40

30

4 e
20 T I I
I
nl Ii l
ﬂ T T T T T T
O o 12 18 24 48 72

Fermentation period (Hours)

Protease activity (unit/mL)

Fig. 89, 35ColA 9 &3 F34 30 kHzE HeEsta 71545 100, 120, 140%= HA7bste] A=t
F A ] protease activity ¥ 3}

Fig. 892 35Tl &5 Fu4 30 kHzE A#stal 7= 100, 120, 140% = 3 7ta}e]
A Z3 FA 2] protease activity W3S YERW g Zolth wE 0dxtol A= Jh 100,
120, 140% Al& Z+Z} 8646, 9.018, 9.158 unit/mle] protease activityE H o g 124]7F
ke 7 = S5 Hl olF AMAE TATS aHEE S8 & ¢ Aok wE 12A A
ol A2 ZF=2 100, 120, 140% A& Z+ZF 29.204, 29.576, 32.274 unit/ml®] protease activity =
BAA T 30CoA e 253 35 30 kHzE A gste] A2 FZA] 9] protease activity e} H]

wel] Woks w9 SAS 2t s 4 Uk

oL
ftlo
N
~
K
o
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(3) @A 9] < HW s}
OhH 2&3E AgeA & 74 (30T, 7FEF 100%)

= I

Day 0 Day 1

Day 4 Day 5
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(30C, 7+ 120%)

Day 4
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(th 2&39& AgsA &2 724 (30T, 7F& 140%)

Day 0 Day 1

Day 3

Day 4 Day 5
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Bl

Day 0

Day 1

Day 2

Day 3

Day 4

Day 5
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(") 253 F3k4 20kHzE A gste] Azt 24 (30T, 7Hr%F 120%)

Day 2

Day 3

Day 4

Day 5
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(1) 253 Fak4 20kHzE A gste] Azt 24 (30T, 7Hr% 140%)

Day 2

Day 3

Day 4

Day 5
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(Ah) 253 Fak4 25kHzE A gste] Azt 24 (30T, 7Hr%F 100%)

Day 2

Day 3

Day 4
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(oh) 23 F34 25kHzE A g sto] Az 4 (30T, 7Hr%F 120%)

Day 2

Day 4
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(Zh) 23k Fap4 25kHzE A g sto] Az 24 (30T, 7HrF 140%)

Day 3

Day 4

Day 5
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(2 23 F34 30kHzE A g sto] Az 24 (30T, 7HrF 100%)

Day 3

Day 4

Day 5
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(7h &3 F34 30kHzE A gste] Azt 24 (30T, 7Hr%F 120%)

Day 1

Day 2

Day 3

Day 4

Day 5
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(B}) &3 T3 30kHzE Aglste] Az 34 (30T, 7HrF 140%)

Day 0 Day 1

Day 3

Day 4 Day 5
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(sh) =

53 T34 3BkHzE

ol
ol

A ko] A ze 7A (30T, 7FEHE 100%)

Day 2

Day 4

Day 5

- 127 -




259} Fub= 3BkHzE A gste] A x3 724 30T, 7F% 120%)

Day 2

Day 4

Day 5
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(M) 253 F34 3BkHzE A gste] Azt 24 (30T, 7Hr%F 140%)

Day 1

Day 3

Day 4

Day 5
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(4) BZaA A Azxd ZA(1xpd =)}

(7}) amylase activity H] il

AlASEA A Az A 2Ahd =) B4 vl

Table 17. 1xF Y= A A Z3 kojiel amylase activity

(&4 : unit/ml
Fermentation time (days)
samples
0 1 2 3 4 5
control 4.687+£0.673 7.602+1.248 9.864+0.343 7.614%+0.400 7.96510.441 7.130+0.283
20kHz 5.437+0.515 9.319+1.270 11.327£0.565 10.263£0.424 10.408=+0.282 8.557+0.400
25kHz 3.368+0.042 7.324%£0.233 10.759+0.504 6.634+0.531 5.957+0.247 4.965+0.233
30kHz 3.538+0.096 14.569%0.689 18.016%+0.951 13.758+1.447 12.029£0.939 6.985+0.384
35kHz 3.175£0.181 4.856+0.454 12.270£0.597 8.170+0.697 7.989+1.019 5.195+0.327
Table 18. 22t A=A A ZT koji® amylase activity
(¢4 : unit/ml)
Fermentation time (days)
samples
0 1 2 3 4 5
control 4.300£0.472 6.828+0.236 9.755+0.267 7.844+0.709 6.622+0.537 5.642+0.158
20 kHz 4.288+0.233 8.944+1.006 10.287£1.166 8.751£0.590 7.735x0.546 6.743%+0.055
25 kHz 4.300+0.158 7.457+0.310 14.230%+1.204 8.545+0.379 6.126+0.151 5.533+0.221
30 kHz 4.227£0.192 15.524+0.617 19.600£0.866 14.061£0.418 12.198+0.459 8.412+0.654
35 kHz 4.276%0.337 15.584+£0.440 18.729£0.327 14.653%£1.249 12.041£0.524 7.384+0.202

Table 178 12 WX A A X3 FA ¢ amylase activityS YEFH Fo|th 12 dxEoA]s=
0T oz IAE Axss W 7P a7 Fhow 53 2535 A2eA F2
A Hlste] 2F9 Fug 30 kHzE AZstds wWe zx|7F 2E 2940l A amylase
activity7} 7F =455 2 4 ARt} Table 18+ 22 Wxo| A A %3 74 2] amylase
activityE YEMH 3ol 23 WZd A= 30T, 7FHd 140%=2 ZAE Axz39S o 714
amylase activity7} =™ 12 dEe} o] g 2¢UAoA 253 3 30 kHzE A

3RS w7} amylase activityZF 7F8 =4 UgSS &0 = A amylase activity7F 7F

A =o vty 2dxto A 2839 Fu 30 kHzE A g3 7% 9 HolgE vusnd 11
Lo A= 18.016 unit/ml ©]™H, 23 WX A= 19.600 unit/ml ©]t}. °F 1584 unit/mle] <7}35}
Aes Selgd 4 Q.
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(1) Protease activity H] il

Table 19. 12} XA A X3 koji9 protease activity

(&9 : unit/ml)
Fermentation time(days)
samples
0 1 2 3 4 5

control 12.274+1.266 15.530+1.674 27.065+2.771 18.181+0.639 15.204£0.161 12.414£1.653
20kHz 10.600£1.128 21.669x2.107 40.274£5.251 24.227+2.908 21.576x5.915 17.623+6.803
25kHz 10.693%0.426 28.971x2.928 46.320x7.689 21.204x1.955 17.623%£2.914 13.204%1.556
30kHz 10.739£0.950 30.181+0.777 55.438+2.033 34.925+1.830 32.739+1.266 27.344+1.047
35kHz 11.018%£1.203 21.158+1.219 32.413+£7.126 27.576+0.426 24.314+3.441 12.600£1.968

Table 20. 22 Y=o A A X3 kojiel protease activity

(&$] © unit/ml)
Fermentation time (days)
samples
0 1 2 3 4 5

control 11.577£1.170 16.181£2.256 28.739+6.279 17.669£0.818 15.204£0.818 13.530+1.047
20 kHz 11.902+0.738 16.553%£1.975 35.855+4.404 22.97211.341 18.321£2.558 15.437%£2.019
25 kHz 11.949+0.929 18.088%0.449 40.506x1.470 27.669+2.246 23.762x2.421 20.832x0.608
30 kHz 11.297+0.161 27.995+3.279 57.017+4.826 49.483+1.531 40.553%1.543 23.809+2.131
35 kHz 10.646+0.639 27.623+1.057 43.0641£1.794 37.436%3.929 30.181£2.193 19.948+2.497

Table 19+= 1x WdXo A #A|Z3F F A2 protease activitysS YWEH Fo|t) 13 dXEoA =

30Ce o=z AxeAS wf 7FE 237 £dom 2535 AEshA &2 IZA 9 Hlsho]
Z&9 F34 30 kHzE A @3 749 protease activityZ} & 29zfoll A 714 =& 7S
HAAS & 4 Qo g 29A A 253 Fi 30 kHzE AZste] Azxg 349

protease activity—

55.438 unit/ml ©]Ath. Table 20= 22} WA XA A &3k FA] 2] protease

activity® UERH 3Folt}t. 22 dZoAM= 30T, 7 40%= A& o=
protease activity”7} 714 =4S & 5 AT 23 ARG E 12 W} o] #g 2¢U=x
ol &9 Fu¢ 30 kHzE Hgd A9 protease activity’} 7F& =gom 1 e
57.017 unit/ml ©]th. 12 WXE ¢} o]y} vl oF 1579 unit/mle] S7Fetdles &
T A
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Table 21. Changes of moisture content(%) of deonjang, kochuwang prepared with ultrasonic wave-treated

koji during fermentation at 30T

moisture Aging time (days)
content(%) 0 15 30 45 60 75 90
2 C 61.46+0.32 62.1840.14 62.04+0.27 63.10£0.15 63.09£0.62 64.25+0.37 64.01+0.25
K S 61.20£1.02 60.38+0.43 60.09£0.19 59.71+0.49 59.64+0.44 59.18£0.46 59.11+£0.34
‘T’“ C 48.24+0.27 50.41+0.15 51.37+0.15 50.94+0.09 52.15+0.26 52.88+0.11 52.77%+0.36
;'o; S 48.75%0.25 48.89+0.06 52.31£0.11 52.60£0.16 52.75+0.05 53.61£0.09 53.78%0.51

=3l aFe 61.20761.46% % Al Zte] Zol7t Aoy A7l FUbE S

3t o cEge SRS %A 90LA] 64.01%= Z7]o) us) o 255%] %7}

W oSEge R SA 90U A6l 59.11%= of 2090/4 das Rt B

Ao sRERe ta e e eigen W Fol% A 14

e} b B8 Aow e BF B3 Az Ad Mg 23
ksl o

==

o{l

Jz

I o E
4

(n]
rin
o3 oX
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\+\l =5l
60 - £ -
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m [s)]
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H
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Fig. 90. Changes of moisture content(%) of deonjang prepared with ultrasonic wave-treated

koji during fermentation at 30C
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Table 22. Changes of color value of deonjang, kochujang, kanjang prepared with ultrasonic

wave—treated koji during fermentation at 30C

Aging time (days)
0 15 30 45 60 75 90

C 61.37£0.32 61.12+£0.63 60.34£0.18 60.40£0.39 59.30£0.22 58.32£0.69 58.25%+0.26

- S 54.11x0.13 53.90£0.11 52.16%x0.14 50.65x0.45 48.90£0.15 46.77£0.24 46.57+0.06

=] C 4.60%+0.24 4.76%+0.23 4.9940.10 5.23%£0.31 5.684+0.46 5.70%+0.06 5.64%0.16
G ! S 5.95+0.19 6.01+0.14 6.28%+0.09 6.94%+0.18 7.92%+0.08 8.294+0.14 8.27+0.11
C 21.49+0.21 21.34x0.72 21.47+0.47 22.31£0.07 21.81£0.59 21.81+£0.61 22.62+0.30

’ S 20.65x0.28 20.75x0.17 20.74+0.26 21.50£0.18 22.70£0.29 21.68+0.54 21.5710.08

C 37.90+0.22 38.83£0.54 39.60+0.18 40.31£0.17 41.19+£0.41 40.99+0.01 40.26%0.59

- S 38.99%£0.48 39.63x0.27 40.25%+0.38 41.22%+0.23 41.06x0.42 41.78+0.23 41.77%£0.18

,;J.. C  24.55%+0.64 25.55x0.84 26.02+£0.48 24.78+0.02 25.89+0.15 24.99£0.08 24.68%+0.41
;ci' ! S 25.41+£0.36 25.51+0.22 25.76x0.06 25.78+0.16 25.82+0.54 25.39+1.20 25.33%0.17
C 24.88+0.50 26.76+£2.57 28.08+0.35 28.56+0.28 30.14+0.96 30.28+0.22 29.90+0.98

’ S 26.62x0.73 27.42%£0.39 29.28+0.20 30.28+0.38 30.43%£1.09 31.20+0.60 31.75%0.24

C 97.01£0.01 93.80+0.02 86.02+£0.10 78.08+0.06 66.99+£0.12 66.53£0.52 65.42%+0.03

- S 97.07x0.01 95.37£0.05 85.58%+0.14 71.48+0.03 65.57£0.13 64.78+0.46 64.21+0.02

7h C -0.33x0.01 -0.45£0.02 -0.13%0.02 0.90+0.01 2.22%+0.05 2.49%0.06 2.88+0.01
K ! S -0.32x0.01 -0.72+0.03 -0.03%£0.04 1.75+0.01 2.64+0.02 2.95+0.06 3.04%+0.05
C 0.89+0.01 5.74+0.02 12.87+0.10 17.96%£0.02 21.82+0.13 23.12+0.22 24.78+0.03

’ S 0.90+0.01 5.88+0.03 13.67x0.01 20.74x£0.06 24.05+0.03 27.26x0.10 28.35x0.02

O A%

949 AS A7l F71Eel wEl  Lightness) kS 7H4 8} °

a(redness)#t2 S718te A3S Hol ®do] MYL HAdo] A7
qaMol FrslE AoZ eyt @ Alx 2% tﬂﬂﬂ AL 6137, 257 Ay 9%
54.11= zg Ag] AR v AY @] Lol o Eghow &A 90
2 5825 2oy WAL 46572 #E FITFS HATH 90°‘ u?*é ? H]
4 =719 H] 3ol 1.049] F71E HYoH, 2 2
e ®4o b(yellowness)uk% <7t FAE wHES)
A B39 bt T 4 A A FE st

@ 1773
nFge ARl s FARL F F S FLF 2otk nFge HEE Bl L
@S A% W 27 P sgkon £/ metk AR Frhstot A gase 25
e Vet AAES el age 471200 we F7bsh as wEehy Bga
%S detdont ta v ol & wth 280 A nFF ag &4 60U A7
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90
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13.00

75
12.67
13.00

60
12.00
12.33

Aging time (days)
45
13.00
12.67

30
12.67
12.67

15
12.67
12.33

10.00
10.67

Table 23. Changes of salt concentration(%) of deonjang, kochujang, kanjang prepared with
C

ultrasonic wave-treated koji during fermentation at 30C.

Table 23] YEF ST}

10.50 10.17 10.00 10.00 9.17

10.17

10.33

~

-

=

|

7

9.00
22.33
22.00

=

b o,

°©

9.00
7}

=

22.00
22.00
S

13.00% =

9.33
22.33
22.00

-
T

9.67
21.33
22.00

10.00
21.00
21.67

10.00
20.00

20.33

10.00

20.67

20.33
A% dx=+ 10.00710.67% o s 909 Al

o}
=1

R

=
)

i

=9

g

o] el 4}

wmo

0
HH
{

0

4

i?

%

10.00710.33%°]

ATt
- 142 -

[s

el

1

.

Aoz vt ey 1 ol

HZE dAl A= 9.0079.17% =



)~

OR !
23 Ay 783 v AE g Fg AF dEE 20.33720.67%C1 A1, %
ME 22.00722.33% 2 578k T

ox
Y
o\
.
)
o

(vh) pH
Z29 HE(S) I, 23, H3 v AHEC) 9, 13, HEe] £473F F pH W3
Table 24 e AT

il

Table 24. Changes of pH of deonjang, kochujang, kanjang prepared with ultrasonic

wave—treated koji during fermentation at 30C

Aging time (days)

0 15 30 45 60 75 90
C 5.78+0.01 5.41£0.09 5.40%£0.05 5.40+£0.01 5.40%£0.01 5.30£0.01 5.25x0.02
i
S 5.54+0.06 5.25+0.04 5.00£0.01 5.05+0.01 4.95+£0.01 4.85+0.05 4.87%£0.03
C 5.30+0.08 5.12+0.01 5.05+0.04 5.04+0.01 4.98+0.01 4.97+0.01 4.91+0.01
25
S 5.06x0.05 5.05+£0.01 4.99%£0.02 4.97+£0.02 4.91£0.02 4.91£0.01 4.87+0.01
C 6.62+0.01 5.96+£0.05 5.43+0.04 5.52+0.03 5.38£0.02 5.37£0.01 5.21+0.01
%
S 6.35+£0.01 5.91£0.01 4.56%+0.02 4.58+0.01 4.58+0.02 4.53%+0.02 4.47+0.01
e
"ol pHel Mais Ayl #Agle]l 47170 FARFE AAMoR gasts A
2 ngon 2o WAL Bgel Wl &3t Ael Ao pH Ax HE GEske] &4
909 Foll WA W] pHE 52590 WA 285 Azl Hde] A9 pH 4879 £E& nYl
o 28 Azl B4e] pH Wz} A fgel va wE Qe mAze A JTe v
A f71ke] FrhstEA G4l wel A s Qo melr

) 15 30 45 &0 75 a0
Aging time{Days)

Fig. 92. Changes of pH of deonjang prepared with ultrasonic wave-treated koji during

fermentation at 30T
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Fig. 93. Changes of pH of kochujang prepared with ultrasonic wave-treated koji during

fermentation at 30T
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Fig. 94. Changes of pH of kanjang prepared with ultrasonic wave-treated koji during

fermentation at 30T
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90
15.00
19.00
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12.00
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Table 25 &

75
15.00
19.50
11.75
13.00

3.50
6.25

60
13.25
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10.75
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3.75
5.25

11.75ml,

45
12.75
16.00
12.00
12.25
3.25
5.00

W %4 7)gbe] o)

b

Aging time (days)
[e]

2

30
11.75
14.50
9.75
11.50
3.50
4.50

A2 @

15
9.75
13.50
9.50
11.25
3.25
3.75

7.50
5.50
8.20
10.00
0.15
0.15

Table 25. Changes of titratable acidity(IN NaOH/100g) of deonjang, kochujang, kanjang
S

prepared with ultrasonic wave-treated koji during fermentation at 30T
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Table 26. Changes of amino nitrogen contents(mg%) of deonjang, kochujang, kanjang

prepared with ultrasonic wave-—treated koji during fermentation at 30T

Aging time (days)

0 15 30 45 60 75 90
- C 238+8.9  245+16.8 280+19.1 329+27.0 343+9.0 350%+13.8 357+8.8
e S 224+22.8 288+30.2 294+12.8 328+6.2 350+40.2 371+85 411+30.4
. C 210£7.5 243+£2.2  245+21.1 294426.7 308+14.1 412+£32.1 420£28.5
ST S 266+22.1 322+10.1 336%+15.5 434%+16.1 476%5.8 454174  438%+14.2
- C 119+£5.4  140+24.8 287+48.5 336%19.5 378%18.2 448+46.5 444+%18.2
o S 119+10.8  273+4.1 399+8.8  420+11.2 434+246 476%x7.0 481+9.9
© 2%

717kl Wt Axp E7hske]l A4 0L A= 357, 411lmeg%S YEFITH 283 Ag @
obm =B A4 gho] A A7) 7ke] AA ¥ e ¢S vy

500
% 100 g
E
=
o
E 300
8
H e |
g" 200 =
E =SS
2
-= 100
£
o

o T T T T T 1
o]} 15 30 45 60 75 90
Aging time({Days)

Fig. 95. Changes of amino nitrogen contents(mg%) of deonjang prepared with ultrasonic

wave—treated koji during fermentation at 30T
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=238 4= 9lal, aqueous phase®t organic phase EFoll % &o] 7}ssly ZTFEEH Algo
2 FEEL AgH vt Jhsetthe AAs AYal vk 259 A2(S) 9%, 134, -
H X 2(C) B4, 154, 1+ 5473 5 ABTs radical 27 %5°l] i3k W3S Table 270l
LR AT

Table 27. Changes of ABTs radical scavenging activities(%) of deonjang, kochujang,

kanjang prepared with ultrasonic wave-treated koji during fermentation at 30T

Aging time (days)

0 15 30 45 60 75 90

an C 32.25+0.27 32.20£0.36 39.67£0.22 38.49+0.18 32.20+0.14 32.70+0.33 34.76+0.21

S 36.61+£0.13 37.09+0.16 41.51+0.23 39.28+0.26 41.46+0.21 39.97+0.18 46.52+0.31

- C 35.30+0.49 37.82+0.30 39.56+0.05 41.40+0.14 43.44+0.20 43.58+0.38 46.63+0.10
S 41.61+0.22 41.94+0.44 44.87+0.61 46.06+0.39 47.13+0.22 47.55+0.13 47.61+0.13

- C 1.80+0.15 16.52+0.11 27.59+0.60 37.98+0.04 49.78+0.17 50.72+0.28 62.60+0.24

S 1.74£0.09 23.70+0.25 38.64+0.35 51.29+0.16 61.87+0.32 69.40+0.27 72.50+0.41

o) 2%

H74e] ABTs radical 2752 &3 HAg @49 4 a5 27| 3225%A

A Aol 39.67%= 7}XL 2 @S e & AA Aasoor YA thAl Fotst

Fe Uit 253 Ad 932

M %A 909 A 4652% % T = @S U
4

@ 153

LFY dF 2715E H470%k0 E4e] wek MAE Frhste A@e wgv 289 A
2 nEAel A% wE 27158 $4 44 0 AA o Be e el 299 A
FRA LA ENE FAY + A

o o3k A Hgel A
ARyl 5y AAAA7 How 1 A
o7 HaH #H gtk

@ DPPH =% ~AF

DPPH radical #A2lo] 7}A] 11 ¥ odd electrone® <13 520nm H-oll A &3 =7} =tj
st DPPH A o] AA7F <A Aei7E 7] wiiol A dAE PolEol= AAS

ZEA 2 ok, wElA o] Yz EibstE Ay whg-slo] RS WAl HW hydrazine & E| 2
org sl =z sty o] e AMo] B Anmz g8 Aryl aAslE 2 o] DPPH radical £
Aoz dHA Aot =253 AHE(S) 94, 1534, HE3 v A 8(C) 94, 1533,

’ b
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Table 28. Changes of DPPH radical scavenging activities(%) of deonjang, kochujang,
kanjang prepared with ultrasonic wave-treated koji during fermentation at 30T
Aging time (days)
0 15 30 45 60 75 90
g C 19.54+0.70 14.69+0.76 22.62+0.22 26.82£0.31 24.44%1.14 32.40+0.91 32.88%+0.26
e S 28.29%0.92 29.79+0.41 27.95+0.32 32.12x0.58 29.52+0.76 36.16%£0.75 34.31%£0.40
o C 40.72£3.31 42.16x£1.02 42.77£048 47.03+£1.56 49.32+0.84 49.39+£0.46 50.00£0.75
e S 45.03%£1.87 46.01£091 47.67+£0.64 49.10x£2.27 49.171£0.48 50.75£0.20 53.09%£0.32
- C 4.18%0.21 12.79+0.20 14.40£0.18 19.71x£0.50 25.92+0.64 34.75+0.59 39.17+0.14
o S 007£0.01 11.94%£0.12 14.44+0.24 15.03+£0.21 32.85x0.17 41.50£0.40 44.56%0.55
b B4
Hge 4 7)zko] F7Hgel Wt radical AA A0l FUtstE AES BHAYh =4 27 2

w3 A2 282 2829%, 23 HAY @32 1954%0 ey HE dA A
w4 32.83%, Bl A @ B 3288%F Z7tetrh e &4 A 7|3k
9] DPPH radical 2A &4 o] o &2 7S Yehy .

go s BAS olmaat GeFD AA4ES %—Xé,é}—t—tﬂ, nF4 P 27
2] :113%¢ DPPH radical iﬂb—"— 45.03%, WA g
3 v A g 2

A mEgel

=
wgel grol o gk 283 Al wd

N ‘W'
o o

=
=)
a
-
Q
[N
o
=R

o Azt aFge] Gakst ;s; % %%‘ T As FoR noy, uF Ax A FEUIE A
o =& & F dS o= AsdHT

& 1+

gl "= %x7] DPPH radical 2752 23 A8 o] 0.07%, vAe] -2 418%
2 253 v A o] o =2 e vElley, 4 7Itte] Frhsel wey A48l St
ato] %A 90 Aol = 223 Hel 1 4456%, vl A e 1+ 39.17%9) #S JERT 289
A2 el FUbEe] ¥ 2 AES dEhiTh

riol
o
ofl
‘E

Za3 A(©S) B4, 154, H A0 9%, 154, g 4713 T

s}5 Table 299 YER ST
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Aging time (days)
30 45 60 75 90

33.45+0.09 34.84+0.07 31.25+0.08 27.58+0.05 24.36+0.13

15

23.40+0.08  31.02+0.21

Table 29. Changes of reducing sugar(mg/g) of deonjang, kochujang, kanjang prepared with
C

ultrasonic wave-treated koji during fermentation at 30T

L

™

31.30+0.04  30.25+0.50

36.30+0.06  35.86+0.01

22.90+£0.04 36.30+0.12  39.81+0.01

S

52.99+0.06 48.25+0.06 47.84+0.06

36.33£1.14  38.05+0.07 48.25+0.01

31.50+0.12

C

~

i
|

34.98+0.07 37.57+0.02 40.00+0.05 60.54+0.05 53.32+0.12 51.24+0.02 51.42+0.07

S

20.55+0.06  20.17+0.61

21.54£0.08 22.21+0.08 2257+0.04 21.28+0.03 21.04+0.11

C

—~

~

23.40 mg/g ©]

[e)

T

e B

%A 3094 39.81 mg/go® AU
4594 3484 mg/go 2 HiS e

22.90 mg/g, Yl

v

ke
T

[e)
o

T

1

BA

18] H%

23.17£0.02 23.00+0.10 22.93+0.02 22.59+0.03 22.83£0.04 22.83+0.08

22.72+0.11

S
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1
EE AES FASE B dFor Tud, H3, 947, FUA=gustel= 2 otz

=4 30¢ A9l 2257 mg/gE 7MY =2 @S UEWH Y9 97148 S oA LSt
= oo
Ea AdE mAE] o) AAdH

El
o171 &3kn, Hg F o %‘r% = e =4 %
% = =

He
o
ol
2 °f
o;
>
ﬂ
HU
job)
3
<
QO
w0
D
1o
e
o,
i

(=}) A4k

253 AZ(S) @4 vA-Z(C) B w4717 T AWAE MEtE Table 3001 YERA AT
Fig. 982 ¥ Ao A AFE¥ AWt Standard Supelco 37 comp. FAME Mixe] A ZvwlE 1
EEl=

PA 1

§ 10 15 20 25 mil

Fig. 98. GCE o] &3 %" Standard Supelco 37 comp. FAME Mix

32 SFA] AR
S HYow =4 90gAdE 21 =
176%00 4 275k 7ta2 wEagon %4 0AAdE 187%2) H&S Ax e »E
sk 3t
2% HAY 94, 2534 94 EF AU Foll A palmitic acid7F 11.1715.2% =
74 = A GER T

= A EZ XAl oleic acid?F thERTol A 20.4723.1%H o <=A] 7]
Zholl wha} 2 W37F gl 289 AHg @49 oleic acid B &2 1847222% oW, &4 %=
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E X3 AW Fol A= linoleic acid’} 7F =2 H| &S AR @A AWat Foll A
Bt Hbo] 2 A Sk= HlEo] ZSIA BT, A7 AHEgle]l 70%0]/dE AA| s
=3

Al AdEa JF Ao Az deEgde] Auik 248 2 23 linoleic acide ZHF

52.17%, 49.24% oleic acid= 20.7, 22.86%% 1L T} S =2 palmitic acid, stearic acid= YEY
Aol w23t AyE et 28y Park 50 90U SAA7 @] A upAbS A
3k A3} oleic acid’} 385746.9% %= 71 Ee H| &S AASY AL, th9] stearic acid®
14.8721.4%, the-©] linoleic acid®} palmitic acidis= 83714.3% = YEFW 21 linolenic acid+
7.0%m WrolAthal ®arsk ok A ake] FRE vlsmsky 1 sheFol Al xbol b LpERRTH

Table 30. Changes of Fatty acid contents(%) of deonjang prepared with ultrasonic wave—treated
koji during fermentation at 30C

(unit: area%)

Aging time(days)

fatty acid
0 15 30 45 60 75 90
o Cc 11.3£0.1 11.1+£0.2 12.5x0.2 11.7£0.1 13.4%£0.3 12.8+0.0 15.2+0.1
palmitic
S 12.2+0.0 13.5£0.1 11.5+0.1 11.8%£0.1 12.7£0.2 11.7£0.1 12.84+0.2
_ C 4.4+0.2 5.2%0.2 5.7£0.1 5.7£0.2 5.3+0.0 6.81£0.2 6.1£0.0
stearic
S 5.4+0.1 4.4+0.0 4.3%£0.1 5.1£0.0 5.2+0.1 6.1+0.1 5.9+0.1
o C 22.1£0.0 23.1£0.0 20.4+£0.3 21.0£0.3 22.9£0.1 22.5+0.2 22.7£0.1
leic
S 18.4£0.0 20.1£0.0 20.4%+0.1 19.8+£0.1 21.1£0.0 22.2+0.1 21.5%0.1
Linole; C 46.6x0.1 47.6£0.1 48.9+0.1 49.4%+0.3 46.7£0.2 46.4+0.1 44.6%0.2
noleic
S 51.1£0.1 50.2+0.1 48.4%+0.2 48.8%£0.2 50.0x0.0 49.6+0.1 49.8+0.1
C 5.4+0.1 5.2+0.3 6.0£0.1 6.1%+0.1 4.7£0.1 4.0x£0.0 4.6%£0.0
Linolenic
S 4.9%+0.2 5.0x0.2 5.7+0.0 5.8x£0.1 5.1%£0.1 5.6x0.2 4.84+0.1
C 10.2%0.2 7.8£0.1 6.5£0.0 6.1£0.0 7.0+0.2 7.5%£0.1 6.8+£0.2
Unknown
S 8.0£0.1 6.8£0.1 9.7£0.2 8.7£0.2 5.920.0 4.84+0.2 5.2£0.1

(7}) capsaicinoids =

159 gt AR F M Fas A2 mlents e A8A A capasaicinoidsol o g
ZAF 159 vf@uke capsaicin?} dihydrocapsaicin©. ZF-E 7]¢l1gtctar 2 A ¢lth. Fig. 99
2 B Ao AFE-H capsaicin dihydroca7psaicin®] A ZvlEIF o2 760% HEH Y
A7} capsaicin®] 1o, 9765 =% I A= dihydrocapsaicin®] 31 th.

capsaicinoid®] %S capsaicin® dihydrocapsaicin $F#e] o w2 YEh o xSuk A
Z(S) 2F47 B A (C) 139 5473t T capsaicinoid®] ¥ WsHE Table 3101] L}e}
Aok

capsaicin®] =2 3.1773.49 mg/100g, dihydrocapsaicin®] $F#2 3.5774.07 mg/100g HH =
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Beom gy A aFAe] capsaicin?t dihydrocapsaicin® &l =A YEOL 1
kol mmlet ATt 253 vA g L3S 5470l wep Frbsiohrr 54 hAAEY 3
Aot oy =259 A 1FFE A ASLATIA] Frtsiorr iAok SUFE WwhESte] Eqf
2k S Ve

08
'

Fig. 99. HPLC chromatograms of capsaicinoids Standard using fluorescence detection. 1 is capsaicin

and 2 is dihydrocapsaicin.

Table 31. Changes of capsaicin and dihydrocapsaicin contents (mg/100g) in kochujang prepared

with ultrasonic wave-treated koji during fermentation at 30C

Aging time (days)

0

15

30

45

60

75

90

Capsaicin

C Dihydrocapsaicin

3.19%0.02

3.71£0.01

3.26x0.04

3.77£0.02

3.2710.04

3.82%0.01

3.3410.04

3.87x0.05

3.36x0.06

3.88+0.04

3.24%0.01

3.88%0.03

3.17£0.05

3.74%0.02

Total

6.90+0.01

7.03+0.03

7.09+0.02

7.21+0.05

7.24+0.05

7.1220.02

6.91£0.03

Capsaicin

S Dihydrocapsaicin

3.25+0.05

3.67%0.01

3.17+0.04

3.75x0.03

3.27+0.01
3.83+0.07

3.48+0.03

4.07£0.05

3.44+0.02
4.00£0.02

3.49+0.02

4.06%0.05

3.84+0.03

3.57+0.01

Total

6.92+0.03

6.92+0.03

7.10£0.04

7.55+0.04

7.44+0.03

7.55+0.03

7.41+0.02
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o] A¢ WAR7HA 10609/ ¢ (5EXEH, 2013)S A&ttt AT =92 20129 5E =
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T & T 7R =4

1 F37}A(9)8, Tray, Control Box) 1 3,600,000 3,600,000
2 Cone &9 zl&=} 6 150,000 900,000
3 2=-5%5%4 Controller 1 1,000,000 1,000,000
4 3 HAGH 1 600,000 600,000
5 7+E 4] 1 800,000 800,000
6 %43} Generator 1 1,000,000 1,000,000
7 Zhsuld Bl A 1 100,000 100,000
8  FAAEAAGH B Tzt 1 500,000 500,000
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Table 34. &9 1A WaggAe] dA7F o] &H|&

Bl 259 A HagA
X744 (") 11,220,000
A7F 2] 1,332,375
o]zt 448,800
a2AgH) (/) AEn| (7)) 68,880
T2l H] 336,600
27 2,186,655
=4 43,492
W] (/9) e U400
AH(AF) 243,966
27 382,858
WAzko] &1 8(H/d) 2,569,513

(W) = g S5 w2 gakv] g

Zo0 1A BEGAE o]&F Ae 1229 IAE AN F doy wE S mEt o
gH&o o7k & 4= Qlth whebA] ofgf o] Table 350 ZA wE &k wE x&d 1A
g o] o] &8-S YERSITh

259 1A BEFAE o|§F A9 Hg §Ho] T G wt o] &u &L FASA TAa
s FAlolH, 47 o] o= TaAzE dukstA veEldth 29 o] gHl§ 127 g
Al 2141269/ ¢ 2 LFERYE:
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A a0 12 8 4 1
B (R ) 1,332,375 1,332,375 1,332,375 1,332,375
a) o] 21/ ) 448,800 448,800 448,800 448,800
= RERICIASY 68,880 68,880 68,880 68,880
FEu|(d/9) 336,600 336,600 336,600 336,600
ol 2AD) 2,186,655 2,186,655 2,186,655 2,186,655
j ] =1/ 43,492 28,992 14,496 3,624
X z E A=A (/D) 95,400 61,200 30,600 7,950
]:] X AEn|(/d) 243,966 162,648 81,324 20,331
2A1(8/9) 382,858 252,840 126,420 31,905
o] &1 &AL/ ) 2,569,513 2,439,495 2,313,075 2,218,560
71 A& A (/-0 214,126 304,937 578,269 2,218,560
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