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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 (ferric 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.

Key words : Bacillus amyloliquefaciens CGD3, fermented amaranth, protease activity, ACE inhibitory activity,

-glucosidase inhibitory activity
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lysine o] Tl 100 g% 5.2 g0 2 4434 g), 2
(32 gl Hl8l Fom, ~F4d, EFED s, v TEA
2o, /AR, del 9 7]g kst AR 5 oY
Fr8&e 7158 s ek Aks-10). o] ¢k o] ofnfgt
25 IF AT SN & AT Tt o
A tAbel] E37F 9lom B ofnbed s AR {iAte] =7
= A F 7P Aol theket SR o]go] 7hsdte] Al
A-g EE, =7, H| 2 A 5ol E3ete] AREE AL ok
(11-13),

webA] 2 Ao e FF EaH AlF TS Sl
A FAol dstoz oulgdrE JUYUeR o
protease S AYAVS}= Bacillus amyloliquefaciens CGD3 = it
Fotlon WFAI wWE wFELY 7154 59E

A

NEET

AN E

2 Ao AR ol s QA7) A E A
5 53 PUERE A FU3}o] o] BA S
71(J-NCM, Jisico, Seoul, Korea) = &4} 5}l 40 mesh
THAE SHAIA AFESHTE ofnfgts MR E 93
AHEE MAES Ao 2R HeFA st Basel
Bacillus amyloliquefaciens CGD3(KACC92048P) & ©]
ERIpia=

e Mo 2

Starter H{H H =

olul A HFE A|ZE 93} starter W -2 nutrient
brothE 121TCA 15&3F Btg HA| wjx]ol| nutrient
agar(Difco, Detroit, MI, USA)Z 37°CollA] 24A|7F F<F vj <k
St B amyloliquefaciens CGD3E 13] &3 5, & 7]
AlA 37T, 2447t Bt vl starter2 ARSI T

Zetade] Yo A F 40
2] WS B amyloliquefaciens
CGD3 starterd & 2% & 5 37°C @] g7]4 964]F
742 wEEI o, HEEo| vy 52wl Al
2 2353tk vjge] daE YEES TANZ 9o
o, BAAZ B2o 7T BastaA Ao A188t9
=3

MEs &5

opnf WEES] A 54 Mg 1 mLol 085%
sodium chloride(Duksan pure chemicals, Ansan, Korea)-8-<}

9 mLE E&3te] 108 AR o r 3|A g Ty, 7H2te]
3]A 4 100 ULE nutrient agar(Difco)ell HZt3A T M7
of| A 37°C, 24A17t vkt T3 P E colony & AlS3H
31 colony®ll 3|4ul|4=E F3led A|&E mL% colony forming

unit(CFU) = LERR AT

Proteaseg&d &3

Protease /-2 Kunitz' (14)S ¥ 3 slo] S 38191 0,
ofulgts WEE-S YNEE F A AFdE 2a 49
© 2 AME3ITtE A& 0.5 mL2 50 mM sodium phosphate
AZ=8-MpH 7.0)% ©] &3} 0.6% casein 22 (w/v, Duksan
pure chemicals) 0.5 mLE 7}etal & 3FL=2(BS-31, Jeio
tech, Seoul, Korea)E ©]-8-5}°] 37, 100 rpm ©|A] 303t
HH8-A171 % 0.44 M trichloroacetic acid(Acros organics,
Geel, Belgium) 1 mLE %o 37Col|A] 3037 RE&-& F4
Al71aL 9S4 58] 7](1236MG, GYROZEN Co.,
Daejeon, Korea)S ©]-8-3}] 3,000 rpmol| 4] 1087 Y41 &-
2] stk 46 1 mLE #3kd 0.55 M sodium carbonate
anhydrous(Duksan pure chemicals) 2.5 mL%} 1/3 3] &t
Folin Ciocalteu &9 (Sigma-Aldrich Co., St. Louis, MO,
USA) 0.5 mL=E 7}ake] 37°Coll A 3087t dauk-g-2- A)7]
oS £33 =4 (Ultraspec-2100pro, Amersham Co., Uppsala,
Sweden) 2 660 nmol| 4] EF =S =%t} Protease &
/-2 tyrosine(Sigma-Aldrich Co.)< & &3l 2Hdet 1+
Tz ALteld o, AT unin= 19 1 ng
9] tyrosines A/ddt= A4 Fo= st

£ EgjdEs ¥ £ EgtErol= &2

3 He5d®d 9 F FdE ol e ofpnlgha
BE TAUZEY 02 goll T/ 10 mLE 7t 94
g T o3 AEAS AR o] &3l & s
s} #-& Folin-Denis(15) e wel A]& 1 mLol 1 N
Folin-Ciocalteu regentE Z35}3 20% Na,COs 0.5 mLE
A7kete] ALoa 3083F WAl & BB
(Ultraspec 2100pro, Amersham Co., Uppsala, Sweden)S ©]
&3te] 725 el FFEE ST o] W F EE]9
= &2 tannic acid(Sigma-Aldrich Co., St. Louis, MO,
USA)E g &Fate] 23 T4 ol <Jsto] dhaFs ALt
skt

% ZeR ol =8 e Jimenez 5(16)%] WS
o] A|& 100 pLell 1 mL diethyl glycolS &3tsfe] A
5%7F WS- AlZ1 % 0.1 N NaOH 200 pLo} &3]
A} A ZE BFS-A) ) 3 420 nmol| A BRFEA R &
St & SetE ol = S rutin(Sigma-Aldrich
Co., St. Louis, MO, USA)<S % @3t 243 Ea4lol

oJste] A4ratel

o N

&3
A
7°Cel|

=
=

ol R o oo
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s 244
Z ol o
<)

2
T oAt AT
A -2 Lowry (179
o2 =332 BSA(bovine serum albumin, Sigma-
Aldrich Co., St. Louis, MO, USA)Z A @sto] 2433 i
o2 HE ALbetdtt

Z & ek EAL Saha®l Brewer(18)2] Wl ulz}
phenol-sulfuric acid®] ©.2 A A3} T} S 5% phenol (wfv)
1 mL¢} sulfuric acid 5 mLE AlS 1 mL¢} ¥H-&A17] &
13333 A (Ultraspec 2100pro, Amersham Co., Uppsala,
Sweden)E AM&-3l] 525 nmelA FFEE HHsln
glucose(Sigma-Aldrich Co., St. Louis, MO, USA)E % &3}
o A FEJH BT E ALksiTh

¥

fFaloto|MEY
frelolu] =2k A1 02 goll 80% ethanol 20 mLE- 7|5}

ko 0170 o

Hkel 5] 9941 22](4,000xg, 15331 A&
7} etttk e E ASdS 45CAA 2
FEoI¥ e H%3 AlSE 0.02 N HCI 3 mLE %-&3F
% 04 yum membrane filter2 o] &te] ofn] Al A EEA 7]
900, Hitachi Co., Tokyo, Japan)Z #2]3}%] T}

J

[e.s}

(L-

HAS0is

AAF S-S Biois(19)9] Wil wat 1,1-diphenyl-
2-picrylhydrazyl(DPPH)2] 182 o] §-3lo] =33t
=, DPPH -£-9-> DPPH 12 mg<- absolute ethanol 100 mL]|
&3¢t & dH,0 100 mL H7}ste] A| sttt ofnfpeks
TEE SA1E BEe SHRTE 100 st 4l
gt 35 AR 0.5 mLoll DPPH reagent 5 mLE &313l]
2ol A 1583 WHAIRl & AR FEEE 5%

Fef ok 2ol Alkatsd

o
=

(o]
m

S-SB
———)x100
c )
S . absorbance of sample at 517 nm
SB : absorbance of sample blank at 517 nm
C : absorbance of control at 517 nm

EDA (%)=(1-

FRAP &3

FRAP(ferric reducing antioxidant power) =72 Benzie$}
Strain(20)°] el whet b33 o] 573kt FRAP
reagent= 25 mL acetate buffer(300 mM, pH 3.6)5 37 Col| A
7F3k 2 40 mM HClo| £33t 10 mM 2,4,6-tris(2-
pyridyl)-s-triazine(TPTZ, Sigma-Aldrich Co., St. Louis, MO,
USA) 2.5 mL} 20 mM ferric chloride(FeCly) 2.5 mLE 77}
sto] Azt dalite] g AR A 30 plol] Al

3] A23d A4E (2016)

FRAP reagent 900 uL¢} S/ 90 L& ¥ 5 37 CollA
1083 W17 3 B33 =A1 5 o] 831e] 510 nmellA]
FH3 =2 =% 319 th FRAPE FeSO,-7H,0(Sigma-Aldrich
Co., St. Louis, MO, USA)S g &dte] 2443t EaAo=
HE] Akl

#alsy 54
132 Oyaizu2)e] Yol e} ot o] St

Aot fAEe] g A A5 1 mLel| 0.2 M phosphate
buffer(pH 6.6) 2.5 mL<} 1% potassium ferricyanide -8}
2.5 mLE 7} £ 50CollA] 3023 RHEAI AT v
10% trichloroacetic acid £ 2.5 mLE 7}8+ 3 4] &g
9, 2ed 2.5 mLod| S/ 2.5 mLe 0.1% FeCls-&-<] 0.
mLE 7 § EBFEAE o]-83to] 700 nmel A 53
£ St

e o

W

[l

a-Glucosidase X al&y

a-Glucosidase #] 3l &4 -2 Watanabe 5-(22)2] #'H o u}
gt Sttt A & AEEY 60 uLe] 0.2
unit/mL a-glucosidase &A% 50 pL, 0.1 M potassium
phosphate buffer(pH 6.8) 50 ULE E3H3te] 37Tl A 208
FoF Aul< 3 3 3 mM pnitrophenyl a-D-glucopyranoside
(INPG) 50 ILE Z7}3F thg 37°Coll A 2087t vhg-A17)
0.1 M sodium carbonate 500 pLZ "8 A A A|ZI T} 405
mmol| A FFEE S5t A58 T 458
Yo gz3s J|Zow 5A A BAS ol Aow
ALkt

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 N34

ACE(angiotensin converting enzyme) #3ll2J-2 Cushman
©} Cheung(23)2] WH S A Wgste] S8tk 284
N2 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)°] 1 g/10 mL (w/v)2] F=2 4 T4
24X7F 33 TS, 47C, 10000 ipm -2 3087 94 B
sto] eda ACE 284N 0 2 ARGt 7142 0.3
M NaCl2 €73 0.1 M sodium borate buffer(pH 8.3)°]
12.5 mM HHL(hippuril-L-histhdine-L-leucine, Sigma-Aldrich
Co., St. Louis, MO, USA)Z 5] 7]d = A3} th. ACE
A g AR e A3 e 10 iLe}t 0.1 M sodium
borate buffer(pH 8.3) 45 pLell 712-& 100 uL A 7}e+ ¥,
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37°CollA 3027 ¥H-g-AlH T BES- = 1 N HCI 250 uLEs
/‘}9-6]—04 HE-S-2 HAJA|7] 2L ethyl acetate 1.5 mLE- 7}5}<]

Z7F wukskod 3,000 pmO. & 5% YARY] 3 & e

mLE Ho}“ﬂr o] FEAE 120CelA] k3] 1=
T SHRT 1 mLE gl &alA 7] 228 nmol| A 5%
5788}“ olu ACE A& A 83779
T-9] “J*E ztel & vl wato] ME-& 2 JeR)dT.

ol
ol

l

b 2>
N m\m rﬂ —_

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

E71|J'<'| F'-I

MSLU%, SPSS 19.05 o] 06}04 7y Al mzte s A
3t & p<0.05 4~ 4] Duncan’s multiple range testel] e}

A5,

Zdn o pE

A Eé protease &4
Ao 2 He ¥2l¥ B amyloliquefaciens % 5--3
7WA= B amyloliquefaciens CGD3E ©|-&
sto] ofnpetss FE3 W ES v RAE A A=
P HED] flste] 9641 R T v kAP At
4 4 protease &J-= 543 A= Fig. 17 2k ofwlgt
2 HgEe] AdsE 27] 0417 A 4.54 log CFU/mMLS],
om uE 1247t o] Fo]E 701 log CFU/mL S50 2

protease 5‘ R

9 40
B u
3
| rirg
G L {3 E
(] S,
95 =
= Z
=
= {20 ¢
= ]
g S
m 3 m
-] ]
r ﬁ/ 110 3
ﬁ B
=
0 ._ i ) I i i i i 0
0 1] 12 214 43 12 96

Fermentation time (hr)
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).

0zt B3] 2 log ©]7d 7t ar 1 o] LEA| Tt
ula} Z7}1ste] 7247 A 8.01 log CFU/mLE 7} =
Yelstth Yang 5(24)2] ATl B subtilis CBD2S ©] &
gt IR/ LEE W FEA A nAEEC] FHE A
2o gatH oz o] &3t ute} 96417t LR IH S
6.89 log CFU/mLZ A i3=7} 2718t tha Hasle] 2
AFA T} FARFATE B 0~6A13F otk TR E
protease TS S ER| Ykom, 12~96A|7F HE A
10.12~36.70 unit/mL Z7}ste] 72A17F vl st = o
2 ¥ protease 2735 YERNQILL o] FHE & H4ske
A B

=

Z Egds ¥ £ S22 o|lE #E
O}H}EP* WEEY] F EYdEs ¥ F SetExolE §
& Table 17} 2t} & Z2jolE T2 0A1K4] 412.14
mg/100 go 2 Uehton, 12417k o]/ wEstlS o
558.90 mg/100 g O & 0|7t A BT} = Za)d|s 3Heko)
35.61% =7Fstaith HEA o] S71E5 F s
6‘1—3]:0 0_42—1 oz __7]_0]_L- ﬁzg:g q.ﬂ.ul ouz] 96/\]7]—
LRSS W 582,07 mg/100 g S WYERH QLT ofnlet
2 WEE F FYiro|t S ofulgha 04t A
180.56 mg/100 gollom WE 6AIZA &= SA kot
12417t ¥rE 1S ] 254.95 mg/100 g & g Z7|0
H)3l 40.38% S 718tk WaA|Tbe] SIS 94
o= Fkhe & Eeuls & wstel AR Agolgle
o, & Zd9s 2 Ea}y_bolcb A 2E S
] zHz} 627.99 mg/100 g B 442.32 mg/lOO goz 7%

=2 TFE YA 1t DEHY SOl nAE Ee
7FdREg-o 28] phenol ethyl F=A 2 vinyl =47}

Beo) Eelols % Fefriol= ol
A7) FAE S T

Z7hathe

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° 435.124475"

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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TR 9 & of Bt

ojmjgtx g o] F il 9 Zr SRS Table 29

2t} 0AIZF 7 el A 0,09 g/100 g Tl ShakS el
=

= =
3L bt W A7Io] 374855 Tl o) ol

Op
OBY

A= S B om 9643t ofnfgh s ME A] 025 ¢/100
go 2 7P v S YT ol Ahn 5(26)°]
H] W E Stk HEEY IR Fote BRelA whd
St oF 2vl Al eVt o ™, Bacillus, Aspergillus®t %2
< PAE ) wad RelEa Buld ofs) T g
] Z7letgitka Base] B AF A% protease A4t
2 B amyloliquefaciens CGD3E o] g-3lo] wggto =
H G ko]l Fob gk Aolgk AtsErh

[¢]

[>
N HE
(=3
o
[\)
N
>
)
=
fol
_0|L
3R
o
2
“l\)
S
N
3
=i
=
S
[0)°]
o
fr

°] 1,643.31 mg/100 g7HA] 7HAsk3] 0™ 48417t E AIZE
o|Zdl= FA3% AAae FAFA] Git) o= WE T
Aol nAYE2] A8 0 7 lactic acid, acetic acid & 1
9] o] EHER HalAY v Ee] B EallEiA oyA|
dog olggozy A o] PirIte Hu
(27,28)9} A3 A eFE Helow, B AFoA] ofulgks
S A7 BRIy S AXAAN A &AL dEu o] R
£ dUAdoz o83 Hoz AtsHT)

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°

DAIl values are meantSD (n=3). Means with different superscripts (a-g) within the
same column are significantly different (p<0.05).

Salofo| it Bt

ofulgt e TR ofr|AbS F/d3kaL 9lo] bioactive
properties”} =0} theFstA o] 82 F U= NEZE FEZ
A= a1 9Ith9). ofrfgtas wEFto 24 Wglshe #
glopn| sk BRIstuAl BEA| T el W ofnjghs WE
9] Felop| ik B4 Shod Table 39 YeRRATE A
AT Aol A ] fre]oln| At -2 119.49 mg/100 g©]
Rew 1 F Fgoin| ik FHEFE 6249 mg/100 gO &
F Frelohvimite] 52.30% 5 AT WA ] &

3] A23d A4E (2016)

7¥ekel whet frejopn| it =

ATt Ta 96A12E ofrfgt s HF B A floln| At &
ZFO- 886,94 mg/100 gO & 7HF =& S Vel e
apotn| gt SHaFe 517.54 mg/100 go 2 frefoln| =it
o] 58.35% 5 AASHATE HE F fEon st &
leucine©] 126.67 mg/100 g© & 7P =A Yehfda,
valine 102.37 mg/100 g, phenylalanine 94.27 mg/100 g,
isoleucine 70.02 mg/100 g <] & o]tk Kim 5(30)
< HR S o] &3t Azt A EEAES Fejobrx
A o]l AT AR Bokttau Huste] # A3}
FARS S YeRfIlon, ofnfets E3 HEE B
Frefobr] At gheo] S71gE o' AbRETh A FoR
AFE S 5o opn ke F4E T A dA S

ogte FEetw 44 wude F4E & Ak 59

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 52| o}7]i=AkE Q17F] AUjol| A 3
H2] GAY HAH e FadE TSR Koke 2
ofriito 2 SAES BAlA Bads FHEl Folofrt
aHe obv|iAtolt), ¥ ATl WEE Fa) Wooln]
Ao ko] el Sk opld s MEES AEA
AR ol g8 B FUIAH 77} 23 Aoz BErE,

sats gy

ofufgx wrEEO] AxF
Table 4o YERHATE ARl 55 49381
o] F7gel wet AatF o] SR S
T2 7F HEEo] 84.46% 2 71 =& DS JERNQLH
ol HE Mol H|3l] 29% F= SV Fdul =T
ascorbic acid®} fAFe AAbgod &S JERNIth. FRAPE
293 Ay} AT 0217 A 325.10 1M &2 7 e
S e 72417 R EEC A 551.91 iMZ 7
=2 FRAP &S JehfIQlT Shlel-& 225 A3 ofa}
ghno] WE L ZGPHA] @2 0AIZ A 2072 7 W
=S e A 72413 g Eo] 2742 71 B2
98-S YRSt Kim 53D @s v Ed &
XLk AR gkl S vehd Ao M E
g Erulo] WFESHA] ke Fwute] Tz Hlg] &
& HeEptha Hausid =, o= E8E s5tE
stz #o] dttn B udit) Kang9t Kim(32)<
phenolic acid®] ¥ <! caffeic acid, p-courmaric acid 52}

flavonoid <& catechin, quercetin, catechol 2 chlorogenic

acidE 23t 718 dlsA E4o] AAgo o #oste
Ao@ Hysle] £ Aol A HEAll| w2 ghilsl &4
o] k= g A7kl Wt phenolic acid} flavonoid &HaF
o] VIR Qlg Ao g Al HTh

o'z, FRAP 9 Sl
)

a-Glucosidase % ACE A&
A E o 2HE AH 3 UFFE= aamylaseol 23l o]GF

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°

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