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Abstract

Bacillus amyloliquefaciens CGD3 was used as a starter for fermentation of amaranth and cultural characteristics
and biological activities of amaranth were investigated. The viable cells in fermented amaranth was 4.54~8.01 log
CFU/mL during 96 hr of fermentation period. Protease activities of amaranth showed the highest by 36.7 unit/mL
after 72 hr of fermentation. The total phenolic and flavonoid contents of amaranth increased with fermentation
time while its total sugar content decreased. The total protein content was the highest in amaranth fermented for
96 hr (0.25 mg/g). The DPPH scavenging activities, FRAP (feric reducing antioxidant power), and reducing power
of amaranth were highest in amaranth fermented for 72 hr, showing 84.46%, 551.91 uM, and 2.74, respectively.
ACE (angiotensin converting enzyme) and a-Glucosidase inhibition rates increased with fermentation time and showed

the highest after 72 hr.
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lysine $HeFo] @ 100 g3 5.2 g0 & 5534 9), 2
(32 gl HIg| Eom, 23U, EFEZ s, 8] TEA
Ao, A4, 99 9 Vg 48t AR F oY
88 715 A8ES Hrstal AUTks-10). o]¢F 2ol ofntgh
22 GF AT FHAAN & Ais Tt o
IAdiAbell B3} Qlom g oprgks AR QIAte] A7)
< A T 7P Aol thdgt 852 o]8o| 7hsdte] Al
A8 -, =, HIZA Toll Eete] ARE AL Q)
(11-13).
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Bacillus amyloliquefaciens CGD3(KACC92048P) i +& ©
3t

Starter Hi 2y =

olultA WG E A ZE I3 starter B -2 nutrient
brothE 121X 15%37F Eitd AA viA]ol| nutrient
agar(Difco, Detroit, MI, USA)Z 37°ColA] 244|7F F2F Hj <k
St B amyloliquefaciens CGD3E 13] &3 F, XEH| 7]
of| 5] 37T, 24A17F &<t B3t starterZ AH8-3FSA T

H2E= M=
LA e opupeks WEE AXE Ss) 2]
ofpfet TR 20 g& AZERRAAC YA At F 40

mLe] A5 713 v vlE] wiSE B amyloliquefaciens
CGD3 starter & 2% 5 F 37C & F7114 96113F
7HA RO H, YaE] wjgE S-S g A

23 o] BRE WARL FAAZ HAO
Az L2 -72°C B A AR

O

£ 8
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iin)

MAs =3
ofujgt g Eo] At AL vldd 1 mLol 0.85%
sodium chloride(Duksan pure chemicals, Ansan, Korea)-&<}

9 mLE Egsto] 108) X[ O g 343 thy, ZH2te
3]} 100 ULE nutrient agar(Difco)oll ZEsIA T, Bl 7]
oA 37°C, 24X17F Wi the FAE colony 5 A58t
I colony®l| E]Au4E 3] A]E mL% colony forming

unit(CFU)Z YeERA AT

Protease&d =%

Protease €/3-2 Kunitz'§(14)5 W ¥ st S50,
ot UG E-S AMNEE § AAg FHE a4
©.2 ARSI TE AR 0.5 mL2} 50 mM sodium phosphate
=8N pH 7.0)= ©]83F 0.6% casein £ (w/v, Duksan
pure chemicals) 0.5 mLZ 7}5}a1 A& 8+-2-<=2(BS-31, Jeio
tech, Seoul, Korea)E ©]-8-3}4 37T, 100 rpm °|A] 3043+
HH-S-A1Z1 % 0.44 M trichloroacetic acid(Acros organics,
Geel, Belgium) 1 mLE o] 37Col|lA 30%7F WH-& FA
Al7]3L ¥hg-hS A1R-2]7](1236MG, GYROZEN Co.,
Daejeon, Korea)Z ©]-83}4] 3,000 rpmoil A 108-7F L4
2] 3tk A5 1 mLE #3}ed 0.55 M sodium carbonate
anhydrous(Duksan pure chemicals) 2.5 mL%} 1/3 3|43k
Folin Ciocalteu -8%(Sigma-Aldrich Co., St. Louis, MO,
USA) 0.5 mLZ 7}8ke] 37°Co1A 305-7F walul-g-8 A]71
o2 #3337 (Ultraspec-2100pro, Amersham Co., Uppsala,
Sweden) £ 660 nmol| A EFEZE =A3FA ) Protease &
/32 tyrosine(Sigma-Aldrich Co.)& A 3Fsle] 233k E
FH o2 RE ALt on, 4G unine= 159 1 ng
9] tyrosines A= A9 Foz A3 Th

32 Folin-Denis(15) el w} A& 1 mLe] 1 N
Folin-Ciocalteu regentE Z33}3 20% Na,COs 0.5 mLE
A7Vt AoA 3087 HESAIRl & BEEEEEA
(Ultraspec 2100pro, Amersham Co., Uppsala, Sweden)= ©|
83to] 725 nmoll A FBEE ATt o] o & Z]9
= 32 tannic acid(Sigma-Aldrich Co., St. Louis, MO,
USA)E AFste] 245t &34 st g=s ALt
sttt

Z ZH o =8-S Jimenez 5(16)Y] WS 3873
o] A|& 100 pLoll 1 mL diethyl glycolS E&3te] 220 A
5%7F 9k 2171 5 0.1 N NaOH 200 L9} E3tshe] 37°C9)
A IAIZE RESAIZ] AL 420 nmoll A B33 EAE SEEE
S35tk & St =ol= S rutin(Sigma-Aldrich
Co., St. Louis, MO, USA)< g &ate] 243 410

SEER AT TS
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Aldrich Co., St. Louis, MO, USA)S A @3t ZAJ3E B+
F 0 2 HE ALbstAth

Z 9 3 EALS Saha9} Brewer(18)] Wy ol whet
phenol-sulfuric acid§ 2 Z A A8} = 5% phenol (w/v)
1 mL9} sulfuric acid 5 mLE Al 1 mL9} WHAIZ &
3333 = A (Ultraspec 2100pro, Amersham Co., Uppsala,
Sweden)E AFE3F 525 nmollA EFFEE =AHsa
glucose(Sigma-Aldrich Co., St. Louis, MO, USA)E *J &3}
o Zgst FFFA 2 RE AL AT

Feloto| AkEA

Frelobu| i Ake A15 02 gol| 80% ethanol 20 mLE- 7}3}
o] 24417k wHkeE F AAE 2] (4,000, 15338 4E
I HAAES EEetAth BEE AT S 45TCAA et
T35t o H=3F A|E= 0.02 N HCI 3 mLE #-83}
% 04 um membrane filter2 o ¥}5}ed opm]| it AFFHA 7]
(L-8900, Hitachi Co., Tokyo, Japan)Z 2]}t

-

HAS0is

AAEo %S Biois(19)2] el we} 1,1-diphenyl-
2-picrylhydrazyl(DPPH) 2] 2158 o]-8-3}o] A3}t
=, DPPH £-91-> DPPH 12 mg<- absolute ethanol 100 mLo]|
233k 3 dH,0 100 mL H7}ete] A|zst4t). ofupakx
TEE FAAZ BES FRTE 104 M5t A4
3 A58 A|8 0.5 mLo| DPPH reagent 5 mLE £33}
A2A 1587 WAIT - BRBEAR FREE S5

3 okefsh o] AskatAT

[e

EDA (%)=(1-

S . absorbance of sample at 517 nm
SB : absorbance of sample blank at 517 nm
C : absorbance of control at 517 nm

FRAP &%

FRAP(ferric reducing antioxidant power) =72 Benzie<}
Strain(20)¢] ol whet o3 o] SA3HATE FRAP
reagent 25 mL acetate buffer(300 mM, pH 3.6)Z 37 Cl| A
73k 2, 40 mM HCIo| £33t 10 mM 2,4,6-tris(2-
pyridyl)-s-triazine(TPTZ, Sigma-Aldrich Co., St. Louis, MO,
USA) 2.5 mL2} 20 mM ferric chloride(FeCls) 2.5 mLE 37}
sto] AzSFATE A & AR e 30 Lol Alxd

FRAP reagent 900 1L} 57 90 LS ¥ ¥ 37CollA

07 WESAIZ] & EZFEAE ©]-8-3Fe] 510 nmol|A]
FA} 5= =439k FRAPE FeSO,-7H,0(Sigma-Aldrich
Co., St. Louis, MO, USA)S A &3le] 23k AF4do=
HE AL

—_

2182 Oyaizu21)9] el we} o3 o] S8}
Aot dAlEE g A5 45 1 mLol 0.2 M phosphate
buffer(pH 6.6) 2.5 mL<} 1% potassium ferricyanide -8}
2.5 mLE 7FF § 50CollA 3027t ¥HEAIZA T vhg §
10% trichloroacetic acid -89 2.5 mLE 7}3 3 Q4]
H, 45 25 mLol /S 2.5 mLo} 0.1% FeCls&4 0.
71t & FFBTAE o]8-35Fe] 700 nmol| A §3%

ok

W
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a-Glucosidase *{5 &4

a-Glucosidase A 3]&4-2 Watanabe 5(22)2] Wl u}
gt Ssith dAEe & A8E5Y 60 pLell 02
unit/mL a-glucosidase &A¢} 50 pL, 0.1 M potassium
phosphate buffer(pH 6.8) 50 ILE &3}3lo] 37CollA] 205
&<t Ak 3+ T 3 mM p-nitrophenyl a-D-glucopyranoside
(PNPG) 50 iLE 7Fst the 37 CollA] 20871 ¥H3-A17] 2L
0.1 M sodium carbonate 500 pLZ ¥H3-2 XA F ) 405
ol FBEE S A58 H T T 58S
Yo Y ZTES 7F0E G4 AFTAS olge] 2og

AAbsti e

S-SB
C

a-Glucosidase inhibition rate(%)=(1- )x100

S : absorbance of sample at 405 nm
SB : absorbance of sample blank at 405 nm
C : absorbance of control at 405 nm

ACE ~ai&d

ACE(angiotensin converting enzyme) |3} €3-2 Cushman
9} Cheung(23)¢] WS I WY sl Stk 284
o2 rabbit lung acetone powder(Sigma-Aldrich Co., St.
Louis, MO, USA)Z 0.3 M NaCl& &3+ 0.1 M sodium
borate buffer(pH 8.3)°1l 1 g/10 mL (w/v)2] FE==Z 4CollA
24A)7F 323 U, 47C, 10,000 ipm o2 307 U4 2
st 5 AS ACE ZHEAN O Z ARSIt 7182 03
M NaCl2 §33F 0.1 M sodium borate buffer(pH 8.3)0l]
12.5 mM HHL(hippuril-L-histhdine-L-leucine, Sigma-Aldrich
Co., St. Louis, MO, USA)Z = 7|2 A8-3}%th ACE
AsfgAde QARG A8 A5 10 UL} 0.1 M sodium
borate buffer(pH 8.3) 45 pLoll 7125 100 uL F7}e+ 3,
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37T 3047t RESAI AT ¥ £ 1 N HCI 250 uLE&

of WSS AR A]7]AL ethyl acetate 1.5 mLE 7}5}e]
30%7F wHkale] 3000 pmOE 5EZF AR 3 T A5
S = Hﬁ}‘}i\‘/]— o] A5HS 120TolA A3 Ax
ST 1 mLE o] 83A17]aL 228 nmll A &3
Xéf?}‘}it‘r it ACE At A= 17kt %

ACE inhibitory activity(%)= (1- )><100

S : absorbance of sample at 228 nm
B : absorbance of sample blank at 228 nm
C : absorbance of control at 228 nm

SAXE

AF A= 33 Bk 24§ 3 tﬁ%ﬁx}i e
01, SPSS 19.0< o]-&-3} A
3t 3 p<0.05 25914 Dunc
A8 AT

M7= 3 protease &4

Ao 2 Re B2l® B amyloliquefaciens & -3
protease &S 7FX= B amyloliquefaciens CGD3E- ©]-&
stof opupghs RS A v S Al PR
FEFS AESH] 95t 96AZF LA T wFAIzHE At
T 3 protease S-S 578% A3+ Fg 13 2ok oprtet
2 g Eo] A= 27] 0417164 4.54 log CFU/mML S
o, @ 12247 o]F 4= 7.01 log CFU/mL 522
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Fig. 1. Growth curve and protease activity of fermented amaranth
according to fermentation time.

@, Viable bacteria cell; I, Protease activity.
The data are expressed the meanstSD (n=3).

0A1ZYol Hl3] 2 log o Z71eFQAAL 1 o]F WEA] 7}01]
ulg} =715k 72417100 A 8.01 log CFU/mL= 7V =4
YERSTE Yang 5(24)2] ATollA B subtilis CBD2E O]&
gk 37/ DEEY WjSFEANA RAESC] F/E A
F2loll AA o7 o] ol wpet 96417 LE IS
6.89 log CFU/MLE A7} Z718kthar Baste] &
AT} FARNSIT. Ed, 0-6113 ol W g
protease &3-S SHH A G} OH, 12~96A17F TE
10.12~36.70 unit/mL F7Fste] 724131 v oFat s W o)
Z =2 protease S eI o] REHE TAsE=
7S BAth

m'r‘ ol
l lo £

n:

rr

& E2jEs 9 & EClEL0|E 7
olpjgt Mg Eo| F ZuE ¥ F TR wo|E 3
T Table 13} 2t} F Z2)ls T2 0A3lA 41214
mg/100 g & YEltom, 12417t o]4 BEstS u
558.90 mg/100 g & & 0A|7toll A B} & Zus 3o
35.61% S7FstAth HaEA|TMe] SHEGE £ EEHE
ko Golxo g ZylslE AL JElY o, 9647
LEIAS W 58207 mg100 g S UERASATE ofviet
2 HaEY & ZetEolE S ofnf 0AIZH A
180.56 mg/100 golon WF 6A7H7kAE FA E T}
12A17F a3t S wf 254.95 mg/100 gO & WE %79
Hl 3l 40.38% S7FetAtE WaA|Zro] SIHEFE 97
o= 37 lohe & Z8lvls &+ Hslel fAkE Aaolle
, %ﬂlﬂi L E}EL ol=EE N2AIZE WE S
7} 627.99 mg/100 g 2 442.32 mg/100 g©. & 7}
8 a‘:~ UERH ATt 1L Gady ol MAE B
7FEur-g-ol 2J3l phenol ethyl =4 2 vinyl §=4]7}
AAEo] ZldE 9 Zgir o= o] Fr1sithe
ATF@25) 9t frAkeE BEs JER AT

MHE.:_‘EL

Table 1. Total polyphenol and total flavonoid contents of
fermented amaranth according to fermentation time

Fermentation Total polyphenol content Total flavonoid content
time (hr) (mg/100 g) (mg/100 g)
0 412.1411.89" 180.56+8.43'
6 42859+4.60' 181.61+0.80°
12 558.90+6.03° 25495+4.11°
2% 601.12+3.74° 34547432
48 613.52+491™ 411.79+8.17
7 627.99+3.72° 442324737
9% 582.07+7.24° 435124475

DAll values are mean+SD (n=3). Means with different superscripts (a-f) within the
same column are significantly different (p<0.05).
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& tA gl & o st
ol WAES] F N 2 Y FHE Table 29}
2Tk 0417 T 009 100 g¢] TN FEE Lhehy
SI1 olelelzs W AlRlo] Z7)eE Tl el ot
A BB Bgom 97k orkgks ML A] 025 g/100
g0 12 B B2 YT, o= A 56O
W W BEEE B BE BEEE 2UIN T
TF o 2n) A JERs oW, Bacillus, AspergillusS}t 2
2 | AE G D]—Hﬂ?ﬂ Bl g B 93 r)runzl lak
0] S7Veldtta HaEoe] B Ao M X protease A4t
21 B amyloliquefaciens CGD3E ©]-8-3}] wrasto =
/yq ol ghako] =71 3k Aol AlsHTh

% I 3RS 0A17HlA 2,816.67 mg/100 go] AL ofwlgk
2 S 2447 FasHAS W 2,102.73 mg/100 gO &

OAZFoll A Ko} 3395% 7143159, 48417 ha A & &
o] 1,643.31 mg/100 g7HA] 74300 48417 E AJ7H
o]Fo = FA3 ZAE BFHA Lot} o= HE =
o] n|AE] A8 0 2 lactic acid, acetic acid H 1
9] ofe] 2AEE HalAY vAEe] ZS EalElA A
Aoz o]g3owx IAdY FiFo] ZHAIItheE HI
(27,28)9} A A3S HYom, B Aol A ofwfgts

AIZPE HE Y-S AXEA AEARY] GFRY o)F
£ oUA Yo R o] &3 Ao AR HT

Table 2. Total sugar and total protein contents of fermented
amaranth according to fermentation time

Fermentation time Total protein content Total sugar content

() (100 g) (mg100 )
0 009" 2,816+61°
6 0.10 2,859+30"
2 0.14° 2,918+63"
% 0.18° 2,102+44°
48 021° 1,64322°
7 023 1,554+21°
9% 025 1,493+41°

DAll values are mean+SD (n=3). Means with different superscripts (a-g) within the
same column are significantly different (p<0.05).

Falofo|=o gt
ohufgte A3 O}U]‘I—"L% T8k 9)0] bioactive
properties”} 3£} TS} 0] =
A2 ITH29). ofnfekaE Wa o 24 Wslshe f
glopH| ks Ehelstarat HLE*] of w2 ofmjgh~ kg
E9] fgotu| ke 249 3ted Table 3] JERAAUTE A
AT 07 A ] frEfobr] At g2 119.49 mg/100 go]
Mﬁﬂﬂ 1 F Aot - 62.49 mg/100 go =
F frejotnieate] 52.30% 5 AFA|SHATE HEA|T] F

7vetol| whgt frejoln| =it dHake Fkshe AEs UER
Oiu} T3 9641 7F ol %ﬁ%cﬂw frelotr|=st g
2 886.94 mg/100 g© 2 7 =& ke Yepier
TOM AF 3L 517.54 mg/100 g O & f-2]ofbu| At
9] 58.35%5 AASHATE HE F fFEotr| =it F
leucine®] 126.67 mg/100 g2 7} =A YehiSla,
valine 102.37 mg/100 g, phenylalanine 94.27 mg/100 g,
isoleucine 70.02 mg/100 g 59| &= oAtk Kim 5(30)
2 B3RS o] &3l Alxst H BaAF fejolr|=

gl a3 Aun Batkn wskl & A9
AR A deision, ol w3 4EE o”ﬂ

Table 3. Free amino acid contents of fermented amaranth
according to fermentation time

(unit: mg/100 g)
Fermentation time (hr)
0 6 2 24 48 7 9%

Free amino acid

Taurine 413 486 447 419 456 448 483
Urea 000 000 000 000 000 5623 5220
Threonine 617 821 825 1177 1420 2375 26.10
Glutamic acid 597 489 1462 2525 2568 2947 3321
Glycine 320 498 537 756 761 923 1120
Alanine 915 1735 1732 1804 21.99 59.14 4768
Citrulline 040 043 107 272 375 367 920
Valine 1475 1503 1647 3662 42.05 4599 10237
Methionine 419 428 830 2307 2805 3872 6357
Tsoleucine 1230 1279 1269 2407 2943 5663 702
Leucine 941 956 1288 3585 6684 9385 12667
Tyrosine 907 930 1023 2272 2852 4083 69.76
Phenylalanine 899 004 1132 3175 3695 6094 9427
(-Alanine 637 675 145 124 101 152 591
y-Aminon-butyric acid 1452 1465 1481 1409 1304 1444 1460
Ethanolamine 349 371 400 285 277 213 204
&-Hydroxylysine 019 030 034 043 044 045 048
Ornithine 051 047 330 1339 1198 1697 2229
Lysine 423 413 508 1243 1383 1272 2121
Histidine 245 196 258 576 695 618 1333
Arginine 1230 1231 1219 2165 2384 2635 26.59

Total amino acid 117.04 136.73 163.97 312.04 400.7 643.16 873.61
Total EAA" 6249 6500 77.57 181.32 238.3 338.78 517.54
YEAA, Essential amino acid (Thr+Val+Met+Ile+Leu+Phe+Lys+His).
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isoleucine, leucine, lysine, phenylalanine, methionine, threonine,
tryptophan, valine 5¢] o}P|:=4ke 17Fe] Aol A A4
2] FAY AR S-S FFATNA Xe I
oh|ieAto 2 SAES FalA oS FF3 Fojordt
She ofFlatolth, B Aol HEES Fo) Booln]
sAbe] ghage] A3 F7sle] ojnlgs w3

=4
=
A o1& A3 G 7P} 2e Ao wad

ot gy

ofmjgk~ WEEFO HAFF, FRAP ¥ el
Table 40 YERASITE AASASS E48 A3 DaARE
o] F7etel wet AAFso] Tt ofnbghs
T2AZ HEEO] 8446% % 7P =2 BAS UERASIT
ol A Mo Hlgl 29% A= SIS FEv TS
ascorbic acid®} FrAFEE AAE S-S YER T FRAPS
AT A3} AT 047l A 32510 1M S8 7P B
35 YERIRIAL 7241 HEE A 55191 iME 7+
=& FRAP 3+-S Uit $HlES 2418 A3 ofw}
eo] avt AP E A 42 0AMA 2072 7P e
F49S JehIaL 7243 R EC] 274F TP 12
Fd9e ek Kim 532 T8 nAE] e
ET7FE FAMES] ditsl EAS Ui Ao BE
sk xxubo] g EhA] 2 TrHke] ti ] vl 2
24S etk Hausiy =, ol ZEdE sE
e HEo] Jdokal B askdth Kang®t Kim(32)<
phenolic acid®] €& caffeic acid, p-courmaric acid 53}
flavonoid € -<1 catechin, quercetin, catechol & chlorogenic
acidE X3St 7[e} slsA] Ed0] AALEolsd #ost=
AL Z Harste] B AgroA] BEATl i it &4
9] Z7}= wa A7l w2} phenolic acid9} flavonoid &3
o] F7IE QIg o= AlmHTh

O

r

(

a-amylase®]] &J3l o|FF

Table 4. DPPH radical scavenging activity, ferric reducing
antioxidant power and reducing powder of fermented amaranth
according to fermentation time

Fermentation time (hr) DPPH (%) FRAP (uM)  Reducing power
0 543241560 325104636 2.07+0.01°
6 5570:171° 328061630 2342009
12 5372172+ 43458+851° 2.42+004°
2% 65.13:090° 508904575  2.64+0.03°
48 7163+1.02°  51551+4.94°  270:0.06"
) 84461043 5519148.16"  2.74+0.08"
96 73.12¢036°  51093+649°  2.69+0.04°

YAll values are mean+SD (n=3). Means with different superscripts (a-d) within the
same column are significantly different (p<0.05).

2 FalEa, HEH O R aglucosidase” o|FHE THEF
2 Fagozm 2% §EE FE & o= ofF
n=2 oJg{ &3l 4% a-glucosidase®] A&/ &
b ot F4E AGAA AF et 545
7 AL AT Rus s Jrk33). B 7ol
= obrterz Fa ATt wE B EE-9] a-glucosidase #]3f
242 Fig. 20] UERRI oluldag 0~72417F Wi}
A= W a-glucosidase A3]&/do] frolH o2 Frteittrt
T2AZE HE A 8141% = 71 F2 AEAS eI
or, W 96X EH idhe B BAATh
ACE(angiotensin coverting enzyme)+< renin®l| 2]} A}
’J ¥ angiotensin [ S ZFH C- ¥ dipeptide(His- Leu)ES
ZhriEs Ao EA FEst darSAES Yele
angiotensin 15 4§43t} Angiotensin 1= Ao 2
Hots AsA|7|E 2, ACE 84 A3 E E5te] 9
U HEF T A IS A & 5 ok AT
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Fig. 2. a-Glucosidase (A) and ACE (Angiotensin converting enzyme)
inhibitory activities (B) of fermented amaranth according to
fermentation time.

Means£SD (n=3) with different letters above a bar are significantly different by Duncan’s
multiple range test (p<0.05).
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A= protease XAt ) B amyloliquefaciens CGD3E
ofulgtzaof AFate] WAEATM| mE WEE2] ACE A3l
DS ST A7 BB Ate] S5 ACEA A
o] F7kske AES BYoH AR HEENS W TR
sl7] BT} 5l o) F7Fst] 79.09%9] =& AEAS
B HFig 2). Jung 5342 A7 A3, LEAEo] Aol
o we} %2 ACE Aslig/do] yepiet] £ 79 9
st Aes Uehldth gRko R T 5 dF A%
A& Fo] 9 o] proteaseol] 23l 71 - EH o] &
Heto| =& A/gA1Z ol et ACE AsiE/d-s vebdthaL
H35)E o] B Adis dldo] 7 =HA] #
A Al weEl ACE A3 &/de] S71s A o= AR

o OF
el =

A= o 2 Be 2|8 B amyloliqueficiens CGD3E ©|
g3lo] oppjAs wrgsigon WEAT] WE Ha s
o] o|g}std 5744 2 AYEIS ARSI ofnpeks
A 0A7 oMY AHE 4.54 log CFU/MLE YO ™
T2AIZE W E A 801 log CFUMLE 7 &2 Ad-E
LERN 1AL, protease 42 72417 vl S8FAS wf 36.70
unit/mLZ 7} =94t F ZPjds 2 F SR ol
S W aARro] STt wet FUkete] 72417 R
Al 24z} 601.12 mg/100 g L 442.32 mg/100 gO. & 713
FOH T2AZE o|FHE FHhde AYS Bt T &
W gl aAIZre] 7SS S8k 96A1ZT HE
Al OAIZE Boh 2,78 S A ghsfo] Flston, & &
e WE 1243 o|FRE F43] aste BES
Aok frejobredt g daAgte] SIS S71s)
REH 0417 el A 119.49 mg/100 go] AL 96417+ LA
886.94 mg/100 g& 2 Z7}5lATh HAF A F, FRAP ¥
A 72217 a7t A 247} 84.46%, 551.91 ytM
9 2742 7P gHiksle g o] 98l 3ith. a-glucosidase A]
3124 B ACE A& EaE 71243 7Rt A 242t
81.41% 2 79.09%<] AeME3-S vefdlo] a3 Azt
ds stk

e

AL =

T WEF9} S AFA ] A AR
FIArFoE FE A2 7 (No.2013H1B8A2032215).
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