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This study was conducted to investigate antioxidative and physiological activities of two stage fermented Chinese
Yam (TSFCY) by Monascus sp. MK2 and Lactobacillus brevis HLJ59. The extracts from TSFCY were measured to
examine pigments, monacolin K contents, total polyphenol and flavonoid contents, DPPH radical scavenging
activity, reducing power, ACE inhibitory activity and GABA contents. In this study, the results show that Monascus
sp. MK2 and Lactobacillus brevis HLJ59, with Dioscorea batatas Dence. As the substrate can produce pigments
(yellow, orange and red), monacolin K contents, total polyphenol and flavonoid contents, DPPH radical scavenging
activity, reducing power, ACE inhibitory activity, and GABA contents at 14.03 (yellow), 13.88 (orange), 15.71 (red),
487.9 (MK, mg/kg), 723.8 (TP, mg/kg), 326.4 (TF, mg/kg), 81.7 (DPPH, %), and 1.5 (RP, O.D), respectively. In
addition, the showed ACE inhibitory activity and GABA contents was 86.9% and 977.4 mg/kg in EtOH extract,
respectively.
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ul(Dioscorea sp.)= WS n}a}AlE(Dioscoreacea) 2 EAY
104 6509 Fo] &&A Jlom thad) Y4 2oz JAANA <
| © oI Xl A da] E3x2Sh= A]5F ZEE 4] (Pursegolve,
1972), S-2uete] AA A F oF 70% A=7t A& E5A
oA AR lar, Fhdol A= A, A WA ol &
stal A4, 3%, Al AR, o)k, 435, Futelgd] &3t
= Aoz dEA QlthJung, 2007). "K(Dioscorea batatas
Dence)9] 8 o2& Aol YAF9| 8-24%, Hd=0]
0.6-2.4%5 AR5, 2F-8/J-2.0 E1= amylose, cholin, saponin,
mucin 50| Zg5 0] JrhKim et al., 1991). HH v}o] 9 oF
AR oZ AA steroidal saponind F¢t W TS g
(Back er al., 1991, 1994), §| 2] DNA E¢i#io| 2 }x]ah af
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S0l A8 T T Aol Hosh= Aoz dHA
Uch(Lee ez al., 1995). ut9] 7]5Adof et AF=Z vt HAE|
224 AAS T Angiotensin Converting Enzyme (ACE) *]3}|
9= Jebdtis B 1(Ha et al., 1998)9), 2 AHE AslE
i, A B3l aa Ased 9 3 sddHe] @4 Fol Hilgof
It (Kwon et al., 1999, 2003; Lee et al., 2006). &L} 0= 0]
3 WFEAEo] B3 A= Lee and Kahng (1995), Kim 5
(1998), Lee 5(1999) % Lee 5(2011)¢] A Qo= A9 =
AAolH, & A" E Tant 23S F7RE 842E)
A2 g mate) i Btk vt QckJeon er al., 2011).

wehg 2 A ok 7hEAE A7) Yo wado
o 7|22 E gt Hste] R &, thdRt o
Al AT IR W Sl= F=H(Monascus sp.) T fAES
ol-gsto] npe] 1ch a2 WA E Fof ol Wante] H
A 4L monacolin K AJAHF, gHAESE &4, ACE AsdA 4
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GABA (y-aminobutyric acid) st 59 A2&A a1-=
2AY3197] ol 28 ol .
W

M= W A2

H A o] ARE-3E Folin-ciocalteau’s phenol reagent, DPPH,
tannic acid, GABA (y-aminobutyric acid), angiotensin converting
enzyme (ACE), hippuril-L-histidine-L-leucine (HHL), mevinolin
(monacolin K) 52 Sigma-Aldrich (USA)o|A 3}t AR
shom, 1 9o Aleke B3 U AF Aok Agatat

A =23 YUY

2 A Mg FFe 2 AN A EEd 45
Zo A Z=A 4 AAbso] =5 Ao ZANE Monascus sp.
MK?2 #3F(Jeon et al., 2006)2} ACE A& &2 AAso] &4=3t
Aoz ZAVE Lactobacillus brevis HLI59 d5(Jeon et al.,
20108 thin} Aol WE FH2 Aelo] & Aglo] A3}
At wrante] A 25 Y8 Monascus sp. MK29] ZHufjoF 7] &
X2 3% rice powder, 0.15% NaNOs;, 0.1% MgSO4+7H,0 ¥
0.25% KH,PO4, pH 6.02 1435 Lin’s v X](Lin, 1973)& A&
stg o, 2wk A gt gt Lin’s ¥jX] o] Monascus
sp. MK2 A #j A& 2% (v/v)E HEE F 27] pH 6.0, viF
2= 30T oA 130 rpm 22 5UZF X7 v efsto], Wrante] A
%2 95 £70.2 AT,

L. brevis HLJ59 3+ Lactobacilli MRS broth (Difco,
USA)°| &5t 37T oA 2442k 23] vjgste] F3E E4
BFAIZ] 3 ARESFAT

stsafe| M=

2 Aof ARESH Hf A E= 2011 A5 HgollA Auligt wgnt
(Dioscorea batatas Dence)S Fstaon, ¢ FZ 4Co
W% el A Ao] AHsih SRS AlZel) et
th= 32 Foll Aldste] fe] EH) F2kd o] 58S §lofi
Ut BET AAE AAT F, o3 mm =2 desia 60T
oA FeF Axste] P ET StHA ARSIt dante] A
2 AzE e B AR £ ELS Pglen, A T &
B71E AT L 100 g2 HjekEo] A ol F 121T
ofl A 1587F 71t Etstal A0 2 WZA|Z] v Monascus
sp. MK2 B AL 5% (viw) 2 HE 3 F 30T oA 787 da
3t A(1t & 8)9} Monascus sp. MK2 8|2 5% (viw)2
AZ 3 3 30C oA 797 EasH oFS L. brevis HLIS9 435
5% (viw)E2 FEot 247 Hag FQd ¥wm), £ L
brevis HLI39 455 5% (viw)2 4E5le] 247 ¢ta st 49
(1k ¥|) 9} L. brevis HLIS9 7435 5% (viw) 2 &35t 24
7+ i35 TR Monascus sp. MK2 B9 5% (viw)2 HE
shod 7907 MR F-QE W) Tt 242 LS AN
shon, wleAlel Goiz) B4 WIS Sisl skl 32 7214
o2 5o oot HavE 4=EH Fol= 60T oA sE3=F

10% olst=2 AT ¥ Bafste] Yerd shaA dHo) 28
3 A2 2 A3y

waate| Mi =3

SavlERE Mac] 2L 80% o 27 230
FZEU26,000xgol| A 1087 G4 Eajste] A2 F5HS &
vljs=7}A] 848} UV-VIS spectrophotometer (Hewlett Packard
8453, Germany) & ARE-SLe] A A A= 400 nm, L HR] A
=470 nm ¥ X A= 500 nmol| A ST 4T e 7+
Zko] M4 gho 2 Ve Qiet. 5k A4 40 SR 24 0] Y
/3%S 500 nm/400 nm & HI&2A i H 0 2 v Wt 1.0
71202 o] T o]k A MAo] A Hlgo] w2 AoR
1 o]k A A A0] A Hgo] 22 A0 R Uriglon,
ol &34= (OD) 1.02 1 unit=E eI

HPLCEZ 0|&%t Monacolin K| a2t

ant2 58 monacolin K9] A=k i} 1 gofl 80% ok
20 ml& H7}5}e] 307C, 150 rpm 2.2 3A|7F E<F wHlslar X
A7 3 6000<gold 1087F 94 Befstel R AR
membrane filter (0.45 pm, Millipore, USA)Z oj3}5te] A|2 2
ARgEH 0 0], ofuf ALSF HPLC 24278 tho3 e},

Monacolin K9] A& Luna 5 p Phenyl-Hexyl column
(250%4.6 mm, Phenomenex Inc., USA)©] Z2+e HPLC (Sykam,
Germany)E ©|-23}4] flow rate : 1.0 ml/min, UV 237 nmo{|A]
AZ3HHA] injection volume 20 ulZ 3} acetonitile : 0.1%
Phosphoric acid = 55 : 452] B]&& 8% A]7] & ¥ monacolin
K (Sigma Co., USA)E ©|-&5}] peak®] HAH| ZX| v HF
AR

Z polyphenol % flavonoid &l2F

vranle] £ ZddE = 2432 Folin-Denist(Swain et
al., 1959y 47 WPste] SHsE AHET 459
=Y AR 50 plof| 2% Na,COs €9 1 mlS 713}, Folin &
Ciocalteu’s phenol reagents 50 pl& g3t th2- A0 4] 308
7+ ¥9EEAIZL F 760 nmoll A FEEE S5 2EEE=
%= tannic acid (Sigma Co.) & ARME5te] A| 29} TUSHHIHoZ
EAsto] 25t AR 2 27 E F polyphenol - A4t
%t} % flavonoid T3 &2 Jia(Jia et al., 1999)S I+
wgsto] 2Asiolch 2, BRI AEAS] F= AR 150
ulell 284 600 ul, 5% NaNO, 45 ulE 713t 3 687t 9x)38t
11, 10% AICl36H,0 150 ulE 718tgch 117X T 1 M
NaOHZ 500 plE 715122 510 nmof| A 4 =5 = .
FEHEE rutin (Sigma Co.)& ARGSH] A|29} 5T
02 BMste] AT HFHN L 2HE F flavonoid THE A
Ak,

e}

ol
ol
pach
o
=S|

DPPH radical A7{&4
dtgnle] DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 4~
718142 Blois (1958)9) W& A% Waste] 249t =,
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]

YA B3t A5 N0 =¥ A& 200 plof] DPPH 2942 800 ul Table 1. Pigments production of fermented D. batatas Dence by one
= 7}3te] T3 TS Al o] A] 1087 ¥E-SA]7] B 525 nmo| stage fermentation and two stage fermentation
A FFE=E 573I5) oldf DPPH radical £2A4842 A& Fermentation Production of monascus pigments (units)  Red/
7ot 7 A7 S8 AolE Hlaste] YERfiglon, form Yellow Orange Red Yellow
Control 0.15°+0.02°  0.1120.01 0.03+0.01 0.20
MK2 14.03+0.56  13.88+0.21  15.71+0.90 1.12
MK2/HLJ59 13.77£0.19  12.66+0.19  14.82+0.39 1.08
o HLJ59 0.14+0.02 0.11+0.01 0.02+0.01 0.14
HLJS9/MK2  0.25+0.01 0.22+0.01 0.33+0.01 1.32
* Means are three replication
® Data are expressed as mean+SE
Ak e )
29] 244y

Ferreira 5(2009)2] WS 383}

Al TRT-O Z ascorbic acidS A3 TH
Zal 1 AAbo] Blald Ao 2 Thssithe ol B B
KWy
i=Tha |

chloride 2912

Astgom, A7 g
drante] ACE Ald/d el £74-2 Cushmani} Cheung9] H
tH(Cushman and Cheung, 1971)& 45 HEP3lo] SA314 )

EhH(reducing power) EH
daute] sty £
of S dd 223 A5 =8 Al 1 mlof 200
mM Q1A hE8M(pH 6.6) L 1% 2] potassium ferricyanide 1
mlE 2 715 ohS 50C oA 3087k vhE-stgiet. of7]el
10% TCA &9 1 ml& 7}ste] §E§-& AA] A7l tha- 5,000%g
oA 5ETE YA EEtt ¥ A2 A4S 1 mlo) SR 2 ferric
ZH 1 mi# 3 % 700 nmo| A FFEE S AE FY AAM A= vjFr|Tte] B HA
° g9 = e 2 Uggich 8
e 7FA 22 o9 (Lin and lizuka, 1982), AR @2 AK
FE gl 2 A2 B2 77, FFE, 7IE
of o] 85|02 T (Ang-khak)?] ItHKim et al., 1991).
H HFo| A= Monascus sp. MK2 4522} L. brevis HLI59
F52 ol g3} vhe] 15 W ol 2% RS AXslgLom, o]
o) AAPE)E )2 RIS Table 1} 2eh,
Monascus sp. MK2Z 0]83}o] 1¢h @ha 5192 o 3, @
A 2 2 40| WAR=o] ZF2} 14.03, 13.88 L 15718
A 7 A JE o w, Monascus sp. MK2Z 15 Za s Al

ACE Xt
5, QAT ATHY F=E A& 100 plof] 100 mM sodium
borate buffer (pH 8.3) 100 IS 7}3t 3, 37 Coll A 557+ A vl
XA} of7]o) 7]ZZ hippuril-L-histidine-L-leucine (HHL,
Sigma, USA) -89 50 I8 W78 &, th] 377C ol 4] 3057k vt
SA1Z1 & 1 N HC1 250 plE 7}3te] 8- AR A F T} o 7]
ethyl acetate 1 mlE 7}3}o] 3027t vortexingdt Th3 1,500%g
o 1587 AR T F A5 800 )1 ek o] 45
g 120CA 4057 A3 7z A7 T BAZAY 100
mM sodium borate buffer (pH 8.3) 1 pl 7}ate] 23] 43 =4 o
AlA 228 nmellX FFES Z7g5}o] ACE A|BdE Aust :
At MKA
GABA &2 X HERIUE
wanke] GABA 3 £74-2 ofn| AR 4 7] (Amino acid o =
analyzer, Sykam, Germany)E ©]|-&3to] AT E X3¢ on, = B MKA
6.000xgol ] 1587F 94 Helstel Qe AFAL 045 ym ‘
membrane (Millipore) &2 oj7}5F & HA-& AR 2 ARE-5IT) MKL
Ao Y nE | §
reatel AiA £ o =
NEZUOIN 7H gol AHgH o] & Mt B g i wka
FAALEA T AP 5 PHAe EAZL AR wret A
ARo] TiFt AElAle] @77k FriE o R AEoAe) "l —
glon, o }g 4Fo] A}
Fig. 1. Monacolin K HPLC chromatogram by one stage fermentation
and two stage fermentation (A, monacolin K standard; B, one stage
fermentation; C, two stage fermentation).

SE= Aas AFARAANA G AF 7 E ol 4Rt
2

Ajax ARgFo] ALKH R F7HEL
Kim and Kim, 1997). &M 4:0] JHA0 2= 54 AE9 X,

o, e g G R A A ARt ndEe] At
AT FE 0|7 o, I FollA] vl

pa)
She naE 4

oo} A8-S SAYE A8E S Grkdudie, 1987;
e
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Fig. 2. Monacolin K production of fermented D. batatas Dence by
one stage fermentation and two stage fermentation (Data are
expressed as mean+SE. Control, Not fermentation yam; MK2,
Monascus sp. MK2-one step fermentation; MK2/HLJ59, Monascus
sp. MK2—L. brevis HLI59-two step fermentation; HLIS9, L. brevis
HLJ59-one step fermentation; and HLJS9/MK2, L. brevis HLI59—
Monascus sp. MK2-two step fermentation).

A8}l L. brevis HLIS9 452 2@ W8 £ 3192 7 -$oll= 3
A, QAN 9 A Ao K] 77} 1

14.822 X Monascus sp. MK2E& ©]&3}o] 19 W& e
wokE o7 WolAl]i slglot 2 ks g Ao 24
ZAck 23y L brevis HLI59 o2 19 34HE 3192 wj<} L.
brevis HLI59 52 19+ 28 3 Monascus sp. MK2E ©]-83}
of 20 WA S F=8HHE ol L brevis HLISO 57} A
A= Ako] ¥k 2 Monascus sp. MK22] Z4]o] o] 3 €A
Bz ARso] We Ao AZFEIC meby Mzs] RS
Monascus sp. MK2E 0|83t 1tk &+ = Monascus sp. MK2
219 HFEE AASHAL L brevis HLI59 F-32 2t dhasis
Aol £ Ao AzHL;

HPLCE 0|23t &50te| Monacolin K AAt

Monacolin K (Lovastatin, Mevinolin)= I X|dZ X 2A|2
AMEETL Q= Ao = 1979 Y29] Endo 47t AL A
EZ 2 A cholesterol A3t 7 Z o)A HMG-CoA reductase=

A

800

600

400

200

Total polyphenol contents (mg/kg)

Control MK2 MK2/HLJ59 HLJ59 HLJ59/MK2

Eoldog AAIFe RN 73t cholesterol A A 528
& 31= 21 02 B EIckEndo, 1979; Bilheimer ef al., 1983).

HPCL E4 723} Fig. 13} Fig. 2 Z°] Monascus sp. MK2E&
o] g3te] 1 ¥a 3192 w monacolin K&] JAHso0| 487.94
mg/kgZ UEFG O™, Monascus sp. MK22 19 Wt & Al A3}
I L. brevis HLI5S9 TF=2 2¢ ¥aEs 3192 A=
monacolin Ko AAHso0] 481.71 mgkgz uyEbdo| wzh
Monascus sp. MK2& o]-831o] 18 3192 off Eop= o7
SolAl7]= slot Hlasl vhA R 2 Wl gl o=
ENE RIS

IS L. brevis HLIS9 452 1H & a 3192 W} L. brevis
HLJ59 #5352 19 %8 & Monascus sp. MK2E ©]-835}o] 2t
e s FEYE Fole L brevis HLIS9 w527} A Adsk=
Aol G3ko 2 Monascus sp. MK22] Z2]o] o] Q& M49}
7 FR] 2 monacolin K Ag4to] o] R0 2] G2 Z 0 & AR

gt

waole] & Edluis U S22 0|E S

3 o)A SIS TloRet FR0E BAE 712 oAt
AREE AEAC dE] EEEo] 32w free radical A AT
22X ASEE oAste] SAA] A D ASHY AEHAE
sfo} ghet, R, e BPA) W AR oS ke 50 A
g EAE gEA Lo AE, JE, 3E 5 B2 EoF
of| &85 37 Qlch(Hertog et al., 1992; Ferreres et al., 2009).

Fig. 3¢} Z+0] Monascus sp. MK2& o] 83} 1t vtg 314
< & ZTuE FEL] F7Fo] 703.65 mg/kgE YEFGS
™, Monascus sp. MK22 15t &85 A A|3} L L. brevis HLI59
FH2 2 WEE SRS Aol T Bus shekue) B
0] 723.77 mg/kg 2 ERG ol wet Monascus sp. MK2E o|-8-3}
of 1% 95 42 ) HTke ha obAlr)E shgoLt 2 3
Fo ¥st= gle Ao R ZAME I

Z EgHeolE 3 GA| F EFHs IFEL A
2 Monascus sp. MK2E o]&3lo] 1o Wta 39S ot
Monascus sp. MK2Z 1 W85 ARX|S}AL L. brevis HLI59 o

(B)

400

300
200

100

0 1N

MK2/HLJ59 HLJ59 HLJ59/MK2

Total flavonoid contents (mg/kg)

Control MK2

Fig. 3. Total polyphenol (A) and flavonoid contents (B) of fermented D. batatas Dence by one stage fermentation and two stage fermentation
(Data are expressed as mean+SE. Control, Not fermentation yam; MK2, Monascus sp. MK2-one step fermentation; MK2/HLJ59, Monascus sp.
MK2—L. brevis HLJ59-two step fermentation; HLJ59, L. brevis HLJ59-one step fermentation; and HLJS9/MK2, L. brevis HLIS9—Monascus
sp. MK2-two step fermentation).
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TESE L. brevis HLIS9 W52 19 ¥a 8192 w9} L. brevis
HLJ59 52 19 98 $ Monascus sp. MK2E- 0] 83}o] 2t
SES $EUS Aol 3 Sels HEE Sehuiol
9] geFo] 2+ 265.49 mg/kg, 258.78 mg/kg L 94.81 mg/kg,
79.26 mglkg @2 ekt ol 2T o A1) FEE] B
Eojolsa EepR ol =9 o] ZH2t 265.66 mg/kg, 107.9
mg/kg Q2 79 e R oz zARgo| wa} L. brevis HLISO ¢
T T Evs SRET S o E IRMEY A= 3
ol gl Ao AlRET.

ursnte] DPPH radical A7{EH

DPPH:= 31814 © 2 QFA 3} H free radicalS 7HA| AL Q= &
4 EZEA 515-525 nm EZoA I FFEE A= B
A 9] 3I3LEZ ascorbic acid, BHA, EZH|E, H3FE olulH
ol 9J3) FrElo] A& Hapdo] 2y o B A ghita) £21 9
AR A& 53T o ALE-Hrh(Blois, 1958).

Fig. 49| A&} Zro] o} 214 $225E-9] 7-¢ DPPH radical 47
ZAo] 66.4%°] 2L Monascus sp. MK2E o]83}o] 1¢ 9t
8 392 u DPPH radical 2A&40] 74.7% =2 YEFGS
Monascus sp. MK22 19+ 95 & A A3}l L. brevis HLIS9 o
F2 2d I8 E 519S 4-fole= DPPH radical 2AE/0]
81.7% 2 Z7}sh= A o2 ZAFE|QTh

TESE L. brevis HLIS9 @32 19 ¥a 8192 w9} L. brevis
HLJ59 52 19 ¥t8 $ Monascus sp. MK2E- 0] 83}o] 2t
s $E5t9E 3ol DPPH radical AAZAo] Z4z)
62.8%2} 58.9% = LtERTE o]8]gt Z3k= Chung (1999)9] B
TOA] BALEE AR T free radical AAZFE 3] FTTA
oA EjuE gkl vlFste] &40 FTFThAL BIUSHH o
o, Kwon 5-(2008)-Z AFAFUT & B3E 5o & dlad=
o] 7} =Y F& £ &4 7P %2 DPPH radical 27
92 Uehf ook B39k AX|5194ck. thekA] DPPH radical

100

DPPH radical scavenging activity (%)
2

V-C0.01% Control MK2 MK2/HLJ59 HLJS9 HLJ59/MK2

Fig. 4. DPPH radical scavenging activity of fermented D. batatas
Dence by one stage fermentation and two stage fermentation (Data
are expressed as mean+SE. Control, Not fermentation yam; MK2,
Monascus sp. MK2-one step fermentation; MK2/HLJ59, Monascus
sp. MK2—L. brevis HLJ59-two step fermentation; HLJS9, L. brevis
HLJ59-one step fermentation; and HLJS9/MK2, L. brevis HLI59—
Monascus sp. MK2-two step fermentation).

2ck avke] gy 33

A2AZA 9] HLoll= Monascus sp. MK22 1¢F WFa & AA|5}
31 L. brevis HLI59 9t+2 2@ 8 E Fshe 2o F2 AL
2 Aledoh

drente| sy &3

YUY Fe’' 0] 28 Fe'' o] 20 2 AN 7= 5L 24
sk A0 & g o] 245 e FASAIZL Hed ol =gt
Ao A= A 4T BHo] Je AR d#A 3l
o 22 Y-S VA= 2L FEE A7 =4 vEY
Al FHGordon, 1990).

Fig. 50l Uehd viel o) uh 244 2259 H-¢ T3 glol
0.87°]Q. 24} Monascus sp. MK2E o]-&35}o] 1t & st
o 4% gro] 1.322 Ve O™, Monascus sp. MK22 1
g E ARSI L brevis HLI59 #5222 U6 & 5192 7
foll= B #ol 15022 F7tsls A o= A QI

TESE L. brevis HLIS9 @32 19 ¥ha 3192 w9} L. brevis
HLJ59 #5352 19 98 & Monascus sp. MK2E ©]-835}0] 2t
I8 s FEstgS A-ole 8= 7ol 2209190812 1
ER5itt 0|49 Ai}+= DPPH radical 22724 o] Z7te} Y 2]t
= ALE Ao, Hisy sghEo| FAsksol 24 &
AT 7|2 0] B 19} SASFATHKIm ef al., 2004).

—=

HrS0t9] Angiotensin converting enzyme (ACE) X{SHEHM
ACE-+= renin-angiotensin-aldosterone system®] 523t §4
EAZA EFXF 2 angiotensin-[2ZHE] C-terminal o A]
dipeptide @] His-LeuZS E&A|A 71838 gozA 74 &
F=22+2-9 3= angiotensin-I1E AJAst=d], LS A4
7] bradykining EZASIA = E4AEA A B0
g}l ¢i9lo] E 1 9)tk(Noh and Song, 2001). weha] ACE #|3|
A= ACE ZAE AT OZA angiotensin-119] AJAIAI 3,
aldosterone 2] #-H] Z+4~, E3}H&HAFA| Q] bradykinin®] £7} 59
RAE Foto] AFEIE YA UEFY widE EXAA

2.0

0.8
0.4
0.0 -

V-C 0.01% Control MK2 MK2/HLJ59 HLJ59 HLJ59/MK2

Reducing power (OD 700 nm)

Fig. 5. Reducing power of fermented D. batatas Dence by one stage
fermentation and two stage fermentation (Data are expressed as
mean+SE. Control, Not fermentation yam; MK2, Monascus sp.
MK2-one step fermentation; MK2/HLIS9, Monascus sp. MK2—L.
brevis HLJ59-two step fermentation; HLJ59, L. brevis HLJ59-one
step fermentation; and HLIS9/MK2, L. brevis HLIS9—Monascus sp.
MK2-two step fermentation).
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Fig. 6. ACE inhibitory activity of fermented D. batatas Dence by
one stage fermentation and two stage fermentation (Data are
expressed as mean+SE. Control, Not fermentation yam; MK2,
Monascus sp. MK2-one step fermentation; MK2/HLJ59, Monascus
sp. MK2—L. brevis HLI59-two step fermentation; HLIS9, L. brevis
HLJ59-one step fermentation; and HLJS9/MK2, L. brevis HLI59—
Monascus sp. MK2-two step fermentation)

S 2 WEE Wiol F 4 900, o) 2] AuBAL U ¥
S 5 1EYT o] - AT X Eshed AHEE
4= QtHOh et al., 1997).

Fig. 69] LFEF wke} gro] o 4] 2229) 3% ACE A
EAJo] 53.9% 9|1 2L Monascus sp. MK25 o]835}e] 1¢ gt
B 39 v ACE Asj&Alo] 71.9% & Jebt o™, Monascus
sp. MK22 1T 8HE 2 A A|S}TL L. brevis HLIS9 @22 20 ut
BE St -9oll= ACE Asi&/do] 86.9% 2 F7ot= A2
2 ZAE
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Fig. 7. GABA contents of Fermented D. batatas Dence by one stage
fermentation and two stage fermentation (Data are expressed as
mean+SE. Control, Not fermentation yam; MK2, Monascus sp.
MK2-one step fermentation; MK2/HLJS9, Monascus sp. MK2—L.
brevis HLJ59-two step fermentation; HLJ59, L. brevis HLJ59-one
step fermentation; and HLJI5S9/MK2, L. brevis HLIS9—Monascus sp.
MK2-two step fermentation)
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Fig. 8. Gama-aminobutylic acid chromatogram of amino acid analzyer
by one stage fermentation and two stage fermentation (A, GABA
standard; B, Not fermentation yam; C, Monascus sp. MK2-one step
fermentation; D, Monascus sp. MK2—L. brevis HLJ59-two step
fermentation; E, L. brevis HLJ59-one step fermentation; F, L. brevis
HLJ59—Monascus sp. MK2-two step fermentation )
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peptide A@ 2] ACE A3 EHo] J3F& v} o= AFRHL}
(Jeon et al., 2010).
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(Flora et al., 2004), Al E-o]| A= EX2}(Hsueh et al., 2006) S
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A lth(sato and Kunio, 2000).
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