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ABSTRACT This study was performed to investigate the changes in monacolin K content and antioxidant activities
of Monascus-fermented brown rice with different germination temperatures and periods. Brown rice was germinated
at 32, 35 and 37°C for 1~4 days, after white rice (WB), brown rice (BR), and germinated brown rice (GBR) were
fermented with M. pilosus 305-9 at 30°C for 20 days. The redness, yellowness and Monascus pigments increased
after germination. Total monacolin K content increased from 215.85 mg/kg of BR to 1,263.04 mg/kg of GBR (32°C/1
day), whereas monacolin K content decreased with increase in germination period. Citrinin was not detected in any
of the samples. Total polyphenol (TPC) and flavonoid contents (TFC) increased with increase in germination temperature
and period, whereas electron donating ability (EDA) and total antioxidant activities (TAA) decreased due to reduction
of Monascus pigment content. The TPC and TFC showed the highest values (13.80 mg/g and 1.30 mg/g, respectively)
in GBR (37°C/4 day), whereas EDA and TAA showed the highest values (22.16 mg Trolox equivalent/g and 62.27
mg ascorbic acid equivalent/g, respectively) in GBR (32°C/1 day). These results indicated that the optimal germination
temperature and period for increasing monacolin K content and antioxidant activities was found to be at 32°C for
1 day. In addition, it was found that M. pilosus 305-9 was a useful strain for increasing monacolin K content without
producing citrinin in functional foods and pharmaceutical industrial regions.
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[552% A2 &8 571 FolbA L vt AFo]of
A= 7154 98 EA 38 8438 monacolin
K7} X 3t¥ % monacolin K& 500 mg/kg ©ld &3l
citrinin 0.05 mg/kg °lsloiel 3}, dUHNFHFS F
monacolin K2A 4~8 mgl & +Asa ArH5).
Fay AP Ay Basdy F citrinin AAHS 7
A de FF iSRS s AT(6-8),
monacolin K B4 && S7HA717] A7k w5 &4, 714 9]
i R AR HA o] ek AFEo] FE o] FIL itk
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g AEEo] F7HEAY AAEEI e what vheke A
ol S7HH = Aol Jduka Basa glen, 539
H 3 y-oryzanol®|4} arabinoxylan, y—amino—
butyric acid, HE}Yl E 59 A& JEEo] Z7tslx
ol Fofl G427t @AdstElo] YRS Al F7F &
ol 5= Ao deA JrH15-17). 53 ok &
439 a-amylase$} glucoamylase® ¢1&}o] A E-o &
she} F37t Ao (9) T Wi Al F& BAYoR &

m&‘l

&3] T A9} monacolin K A ZEHS 71414 5= 9
2 oz PaHTh

Tt Wi Al Z1AZA wie] d@w gl ol n] & ARE-
alo T 414 9 monacolin K A% ¥stE A+e 23
7+ o ? AP o) ol ofgk JiFo] A ol ogh
AYE EE7) oH$H(1,12), TolxA S Gy dte] A
Z3 }?ﬂﬂle 7142 AR AtE Folr ) oy A
o)t

A 2 A A tdet A s e A
¢t monacolin K A%& S7HA1717] 913 714 = win|
| 9 woldn| o] 7HsAdS HAESIL, WolR w9 73S
g sto] Az doldu g o] §ste] a&H wotxA

& ANsu ek

B A% o) ALgE )= 20149 % S5 S A Ak
El A% W(Oryza sativa L) 57}
2HE Frsle] dw)7](FC2K, Kett Inc., Tokyo, Japan)
£ AHgste] dnlE AlFEQIT) Woli= Kim 5(18)¢]
of Wl dnE 20°Ce B2 FAEle] o] 54 S AAS A
1 23] BZolE At 347 ol A HAAA AT A
A Aol F5 85%% W Hol7]|(WGC 450, Daihan
Scientific Co., Ltd., Seoul, Korea)& ©o]-&3&to] &1 32,
35 @ 37°C, 7IZF 1~49¢] A0 7 oAz}, wloly
ulE= 50°CY 3 AZ7|(WFO-459PD, EYELA, Tokyo,
Japan)oll A 297+ AZA A AFESATH

== oY

ot of 7|7hg defsto] Al x5k ot n & 20°Cel
A 1247 21X 7 & AU o] E7)E AASIA air filter
7F §-24 H3 polyethylene bagel 1 kg® 4%-3}aL
121°CellA] 12023t Eatqlet. vg] EH3IE Monascus
pf/osus 305-9(KFCC 11410P) Hl%e! 100 mLE &gt
T RE 20%1°C, FE 7515%°] w7 A 20U 3F <k
shitt e ES 100°Col A 307t 24F A3k F 55°Ce]
A i ol 10% olsh7t ¥ =5 1%3kal 60 mesh o] &}
2 ekl S ol ’\]Eé AlzsH A

I SIS
FEAL D GUS BY AL AT Ve FERE
FFv], A % FALLAY] 2L 7} 5 go] 75% e

=W/v) 50 mLE 7tate] 1AM 33] 253 353 & o
IH(Whatman No. 42, GE Healthcare, Buckinghamshire,
UK)3te] Alz=atoitt. of ahellS 57 4] 255571 (N-1000,
EYELA)Z 40°ColA &mj& ¢ds] AA% & s241x
(Freeze dryer, FD5508, Ilshin Lab Co., Ltd., Dongdu-
-18°C W&o HslHA 48

PN

cheon, Korea) 3}aL
Alm= ARESF T

ME 3 SIMA =H

dets FEE9 A¥gE AAA(CR-200, Minolta,
Tokyo, Japan)E ©]&3}o] WMo x=E Vel Laklight-
ness), AMEE UEYE agk(redness), =S el

= bak(yellowness)& SA3I3ith ojuf A AL-&% 3%
32 1L=89.12, a=-1.35, b=9.009] #< 7}z 2
o] &5ty T A (Monascus pigment)= &S F=
B 5 9% E FHsled o3 (Whatman No. 42)3F & spec-
trophotometer(UV-1601, Shimadzu, Kyoto, Japan)& ©]
&3}y Z}z} 500 nm(red color group), 470 nm(orange
color group) & 400 nm(yellow color group)olA 3=

g S4ste]l 1 ge® YEt(19).
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Monacolin K 2! citrinin &2 &3
Monacolin K &% SA S 93 58 #Ax=
AE AW 2 RUEY K AIEHAL36.6 &
K)ol wpgt E0]stAeh5). & F=v], Ea3n] ¢
o} 7|1zhd Fapdoldn] Bk 7} 4 g8 50 mL 9
3l 75% o ¥H2 40 mLE ¥ & 1417 2L
E}. FEES 3,500 rpmoZ 1087 d4lEg
50 mL= 483kl 0.45 ym FHH<] E 2 o
, A EER X5l BAlo) ALgSlth TS
2438 monacolin K(Mevinolin, Sigma-Aldrich Co., St.
Louis, MO, USA) 10 mgS A 33| AFsle] 75% o &k
50 mLol| o] A %x&F e, A4 monacolin K& ©]
2 mLE F3to] 0.05 N o g-&4 FABIJER &9 0.5
mLE Y3 224 308 WAt A %33 vk Monaco—
lin K] 412 Avula 5(20)9] W& W3] AL8-319
t}. & HPLC(Acme 9000 system, Younglin Inst., Anyang,
Korea) #4Joll+= Mightysil RP-18 GP column(250%4.6
mm, 5 um pore size, Kanto Chemical, Tokyo, Japan)<
Abgslion, ZAHLT= 40°CE FA AT o] 5AS
acetonitrile® A=, 0.2% phosphoric acid& BZ 3&}o] %
7] 35:65°014 204 75:25, 214 100:0, 35 100:0,
3630l 35:65, 450l 35:659] 7]& 7|4 = S on Al
7 20 pLE FYste] 1 mL/mine] §%20 2 &EA]7]aL UV

o] g3} 237 nmellA 433t
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Citrinin % A4S A% F2& Alxe d47s4F
Al AlEY AIAIHAL2.5.4.1 AEZDGAITH)
o wet Fn|EFTHG). & Tan], FEHn] D ol o)

% 7} 2.5 g8 50 mL YA E-2 ol
J&hE 20 mLE 92 § 30817 =5 J} Z=Z3)9 )
1

rinm(Slgma—Aldrlch Co.) 10 mg= A
% W€ 100 mLol| o] Ax3k 5 3
Citrinin®] 48 Avula $(20)9] WS ¥t Alg3}
At} = HPLC(Agilent 1200 Series, Agilent, Santa Clara,
CA, USA) ¥4l i= Mightysil RP-18 GP columng A&
3o o] 54+ acetonitrile : 0.1% trifluoroacetic acid
=40:602.2 1 mL/min?] F% o2 &=A]7]aL fluorescence
detector® o] &3t o713+ 335 nm, =33 502 nm
A FAs

£ Effz ¥ ECtEL0|E &2 =4
F ZYy = ?:L%k% Folin-Ciocalteu phenol reagent”}
ol o3 e Ay Erd gy
A= S dElE #A48tH2D). £ 10 mg/mL
St ZF &8 100 plol 2% NaCOs &4 2 mL&
74k o 3% & <9F WA Sle] 50% Folin-Ciocalteu re—
agent(Sigma-Aldrich Co.) 100 uLE 7}8la 30& 3 w3
Ao FH%= ghS 750 nmol A SASAT. AFEADQ gal-
lic acid(Sigma-Aldrich Co.)& AFg&3le] AHAS 24335}
glor, & ZYHE I AE g T9 mg gallic acidZ
UER AT & S8R olE §HS Dewanto 5(21)9]
HE ¥t S48 = 10 mg/mLE A X3 =5
250 pLell 574 1 mLe} 5% NaNO, 75 L& 7}3h
5% % 10% AlCl3-6H:0 150 uL= 7}0]—01 64 W=
1 N NaOH 500 pLE 7}sFaic). vks- 118 HE-S- oo
X 35 510 nmollA AT EFEA Q] catechin(Sig-
ma-Aldrich Co.)& AH&-3le] HFdE A4 & 3 &
Rxol= &2 AR g 59 mg catechin® 2 YER AT}

ok QL' Ly
o K do mfn o

C Lo

-101

9 = AR EX
1,1-diphenyl-2-picrylhydrazyl(DPPH) &}
oz F4319522). 5 0.5 mg/mLE Ax
= 0.2 mLel 0.2 mM DPPH(Sigma—-Aldrich
Co.) %C’—'i 0.8 mLE 7}8te] Ao 608 FoF W3 3
520 nmolA FFE=E 54319 2, TEAC(Trolox equiv—
alent antioxidant capacity, mg TE/g)Z X33}t &
gAakslel > 2,2'-azino-bis(3-ethylbenzothiazoline—6-
sulfonic acid)(ABTS) cation decolorization assay %
21Dl st FA-sFA . ABTS 7.4 mM¥} potassium

persulfate 2.6 mM< 3}F &9 4o Wxsle] ABTS

Fol g FAAAZ F o] &AL 735 nmol
1.4~1.57t 5% /T2 348300 3 &
o | mL°ﬂ 0.5 mg/mLZ Az &2 =55 50 uyLs
Jlatel e MalE 0% Fo| Z4egon, ¥EEd
ZA L—ascorblc acidg 5% 718kl AEAC(ascorbic
acid equivalent antioxidant capacity, mg AAE/g)Z X3
33T,

ﬁBL

SAH X
EAEALS SPSS B A Z = 13(Statistical Package
for the Social Science, ver. 12.0, SPSS Inc., Chicago,
IL, USA)= ol&3dte] 7 SAwe] vy} widaks Ate
star Al 7+e] zbo] FH-E one-way ANOVA(analysis
of variation)2 #2138} ¥ Duncan's multiple range testE
o] &3kl Fol S HASATH=0.05). g 815 1+

273 A| = Pearson's correlation analysisE £3}o] £4

3 TH(~=0.05).
Zn o 0
Mz W EIMA WS
woldlv] AR o] A% W= Table 13} o] 4
AEsh A Aok @o)7h Eehon], woldv]E 7]
A% ol 8% A9 oleld Ax AAFE 2o FAAAL,
KR

Monascus % 4552 Ao Al Ao M-S wm(19), &
A2 E A9 monascin¥ ankaflavin, L #AA] A Q] ru-
bropunctatin®} monascorubrin, 42| rubropunctamine
I} monascorubramine & 109 & o]4e] AMAr} H§H2 o

2 FY50] UrH23). o5 MAPREE SolHel UV-

Table 1. Changes in the color of Monascus pilosus (305-9)
cultivated white rice, brown rice, and germinated brown rice
during different germination temperatures and periods

Germination .
Temp. Period Whiteness Redness  Yellowness
“C) (day) (L-value) (a-value) (b-value)
White rice (WR) ~ 45.1140.03°  1.68+0.04™ 0.15+0.01"
Brown rice (BR)  44.26+0.03° 2.88+0.03' 0.91+0.01™
1 37.67+0.03"  9.25+0.12° 5.99+0.028
- 2 38.88+0.04™  8.33+0.04" 7.25+0.02°
3 42.88+0.03°  4.17£0.01' 4.30+0.03"
4 43.54£0.01"  3.47£0.02 4.44+0.01
1 41.05+0.02"  5.61+0.04° 7.07+0.02"
35 2 39.73£0.02  7.06+0.06° 7.35+0.03°
3 41.71£0.02¢  5.11£0.03" 5.57+0.01"
4 4527+0.01°  1.16£0.01" 1.03%0.02'
1 39.27¢0.01'  7.43%0.03' 7.43+0.01°
37 2 39.8310.01; 6.87+0.017  6.76+0.02"
3 39.39+0.04°  7.59+0.05°  6.94+0.03°
4 42.04+0.01°  4.82+0.04'  5.43+0.03'

Different letters (a-n) in the same column indicate a significant
difference at P<0.05 by Duncan's multiple range test.
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Table 2. Changes in the Monascus pigments of Monascus
pilosus (305-9) cultivated white rice, brown rice, and germinated
brown rice during different germination temperatures and periods

Germination Red color Orange color Yellow color
Temp. Period group group group
(°C) (day) (500 nm) (470 nm) (400 nm)
White rice (WR) 0.122£0.001' 0.099+0.001' 0.181::0.001’
Brown rice (BR) 0.235+0.007° 0.178+0.004 0.353+0.010'
1 2.320+0.024" 1.909+0.017* 4.663+0.026"

10 2 1.669+0.038" 1.398+0.033" 3.760+0.075"
3 0.494+0.017' 0.420+0.014" 1.169+0.041"
4 0.432+0.003' 0.383£0.002' 1.225+0.010"
1 0.936+0.004" 0.815+0.004" 2.178+0.010"
35 2 1.289+0.017% 1.113+0.014* 3.074+0.048°
3 0.701£0.007° 0.597+0.005° 1.738+0.016°
4 0.129+0.002" 0.131£0.001% 0.415+0.004'
1 1.425+0.008° 1.230+0.007° 3.580+0.017°
37 2 1.189+0.014° 1.015+0.013° 2.705+0.034°
3 1.323+0.061% 1.111£0.051* 3.117+0.140°
4 0.664+0.009" 0.577+0.007° 1.74440.022¢

Different letters (a-1) in the same column indicate a significant
difference at P<0.05 by Duncan's multiple range test.
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Monacolin K2} citrinin &2F H35}

ol 2o} 7]7te] whE ol n] o ulgE 2] mon-
acolin K & W3} Table 3% #t}. % monacolin K
e dnlel 49 215.85 mg/kg 2 Wu] 9] 40.41 mg/
kgh o} 5.39] =2 S B 32°CollA] 1d43F wolA]
71 ol & v = 1,263.04 mg/kg o2 Foldn|of H&] 5.9
v =2 &= T7HE Bl ey dol 7)3ke] doj A
= Z monacolin K &2 7+A3%= 23S B3 on, 35°C
o Al 4zt oA 7l Holdu| & 24.57 mg/kglE 7HF
3o gaEs wolth &34 vl Al monacolin K& 849

acid form} H] ﬂ/‘”ﬂ‘ﬂ lactone form© & F&3&}H o]
2 Aty o7 6:59 ¥ H| S-S 7}A4 monacolin K9
A4 H7F AF-E %E}O}—E A 327F "ATH5). AFe] ok
AA(KFDA)NA T=m] Al zel AL = e 583
e TodS Monascus anka, M. purpureus, M. pilo—
sus R M. ruber®] % 35%°|H(5), ol& dFE 7|&9
THE &, ST, HH & F oA gt wE mon-
acolin K A% &3/ v]€44 38 monacolin K H]£&9]
ThEFstH(13). Kwak 5(12)2 3, &, 1], 32 4 s

[T LA A r2

Table 3. Changes in the content of activated and non-activated monacolin K of Monascus pilosus (305-9) cultivated white rice,
brown rice, and germinated brown rice during different germination temperatures and periods

Germination Monacolin K content (mg/kg) L
Activated type Non-activated type Total Citrinin content
0 i - k
Temp. (°C) Period (day) (Acid form) (Lactone form) monacolin K (mg/ke)

White rice (WR) 30.22+1.24 10.19+0.12’ 40.41+1.19" ND
Brown rice (BR) 113.82+2.13" 102.03+1.38" 215.85+2.91" ND
1 573.53+10.46° 689.51+5.28" 1,263.04+15.75" ND
- 2 424.89+8.81° 331.5545.27° 756.44+14.07° ND
3 72.95+1.14' 62.35+1.21' 135.30+2.35' ND
4 73.56+1.21° 108.79+5.82" 182.35+7.03' ND
1 137.14+1.43¢ 204.51+2.19" 341.66+3.62° ND
3 2 266.07+0.07° 269.45+0.52¢ 535.5240.59¢ ND
3 135.18+0.26¢ 123.21+1.57¢ 258.38+1.832 ND
4 9.9620.13 14.60+0.26' 24.57+0.39' ND
1 309.3248.29¢ 447.02+12.25 756.33+20.54° ND
37 2 204.63+2.48" 198.67+2.28" 403.30+4.76° ND
3 333.67+3.10° 248.84+3.13° 582.5146.23° ND
4 116.95+0.87" 128.04+0.51¢ 244.99+1.37¢ ND

ND: not detected.

Different letters (a-1) in the same column indicate a significant difference at P<0.05 by Duncan's multiple range test.
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M. purpureus CBS 291.34E5 w3t 23} A u)LEw )
A FE 2] monacolin K €&°] o =9tor, 383} 1
g9 e 47 20 mg/kg® 40 mg/kgol ot Wm =
2,890 mg/kgl. & 3ol 7] 3} vkt ol wE} monacolin
K AAdsFo] delrvty B udtv). &3k Park S(14)2
M. ruber KCTC61229F KCCM60141S 759 2AEF (2
opm], zopwn| 2, A, A7, AAIKA], dEn], HAR)
o vkt A3 A7t 42 47.24 mg/kgd 117.03
mg/kgl 2 71 A JEh oot &2 FFe e F
monacolin K A4 &3} €43 monacolin K H]&°] &3
th o HaE s 7 F FREY FHRIF e,
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W oot 2433 v ¥ monacolin K §HF W] &%= #
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i wo] #a(11), 7149 §AU SR glucosed] ©]&-
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Lt RuEJri(12). B Aol A Wuel du)rc
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Hell wpe} ARG ofyel AAY F FIIAd R A
2138 monacolin K A &o] 743 Ao = ke vi(11).
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Table 4. Changes in the total polyphenol and flavonoid contents
(mg/g) of Monascus pilosus (305-9) cultivated white rice, brown
rice, and germinated brown rice during different germination
temperatures and periods

Germination .
Temp. Period Total polyphenol Total flavonoid
C) (day) content (mg/g) content (mg/g)
White rice (WR) 0.31+0.01™ 0.08+0.00™
Brown rice (BR) 3.71+0.14' 0.350.00'
1 4.62+0.08" 0.43+0.01"
1 2 5.2110.11; 0.4910.011‘
3 7.32+0.09 0.69+0.01
4 8.84+1.24" 0.83+0.02°
1 5.86+0.08' 0.55+0.01'
3 2 7.33£0.11" 0.69+0.00"
3 9.14+0.12° 0.86+0.01°
4 11.53+0.08° 1.08+0.01°
1 8.26+0.14% 0.78+0.00¢
37 2 10.300.09° 0.97+0.01°
3 10.84+0.08° 1.02£0.02°
4 13.80+0.09" 1.30£0.02°

Different letters (a-m) in the same column indicate a significant
difference at P<0.05 by Duncan's multiple range test.
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Table 5. Changes in the free radical scavenging activities of
Monascus pilosus (305-9) cultivated white rice, brown rice, and
germinated brown rice during different germination tempera-
tures and periods

Germination DPPH radical ABTS" radical
Temp. Period scavenging activity scavenging activity
(°C) (day) (mg TE/g) (mg AAE/g)
White rice (WR) 0.56+0.01™ 1.56+0.03™
Brown rice (BR) 3.73+0.09' 10.47+0.13'
1 22.16+0.12° 62.27+£0.21°
1 2 13.23+0.08° 37.160.14°
3 2.31x0.08" 6.49+0.11*
4 3.1440.11° 8.830.10'
1 5.9420.09" 16.69+0.15"
35 2 9.35+0.07" 26.27+0.21°
3 4.48+0.12¢ 12.58+0.14%
4 1.37+0.14' 3.03+0.09'
1 13.24+0.17° 37.2120.12°
37 2 7.03£0.08° 19.75+0.08°
3 10.18+0.15° 28.59+0.11°
4 4.25+0.09" 11.94+0.10"

Different letters (a-m) in the same column indicate a significant
difference at P<0.05 by Duncan's multiple range test.
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Table 6. Correlation coefficients among Monascus pigments, color, monacolin K content, and antioxidant activity of Monascus pilosus
(305-9) cultivated white rice, brown rice, and germinated brown rice during different germination temperatures and periods

Asoo Ado Ao L a b MK TPC TFC EDA TAA
Temp. 04707 04937 05597 -0.558"" 05257 075977 0325 07427 07477 0336 0333
Period  -0.193  -0.180  -0.116 0.134  -0.140 0.126  -0.289 0.830""  0.8277" 0275  -0.279
Asoo 1.000 0999 0.988"" -0.967"" 0.965 07697 09697 -0.026  -0.017 0.966™" 0967
Ao 1.000 0.992"" -0972™" 0968 0.788°" 0.963" -0.007 0.002 0.960™" 0961
Ao 1.000  -0.983""  0.978"" 08417 0.940™" 0.070 0.078 0.9377" 0938
L 1.000  -0.996"" -0.887"" -0.897"" -0.092  -0.101  -0.889" -0.892""
a 1.000 0.8777"  0.899  0.064 0.074 0.8907"  0.893"
b 1.000 0.633™  0329° 03377 06227 06257
MK 1.000  -0.128  -0.119 0.997""  0.998"
TPC 1.000 0979 -0.115  -0.119
TFC 1.000  -0.106  -0.109
EDA 1.000 0.991""

P<0.05, "P<0.01, ""P<0.001.

Asoo, red color groups; Asz, orange color groups; Aasg, yellow color groups; L, lightness; a, redness; b, yellowness; MK, total
monacolin K content (mg/kg); TPC, total polyphenol content (mg/g); TFC, total flavonoid content (mg/g); EDA, DPPH radical
scavenging activity (mg TE/g); TAA, ABTS radical scavenging activity (mg AAE/g).
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