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. . " QI di d QI QI d .at.31 .q QI 

Uti~t11miiv~'Vll1lJf1'Wl'W 15 1'WlJ(j'Vl1ifll'WVtlf1Clfl'1'lf'W DPPH radical-scavenging effect tm~ FRAP 
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~ q ~ u 
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f 9/ I f 
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ii-11~litJ1~1v'lfll" ~ v '.i H mtitt ii 1t1'lfil'1 tidH 1 ':i~\Pl rnn nil 151m ~ti~ tt ii' n 1 mm ii-ti ff l tJHI 



Abstract 

This study aims to screen the suitable Monascus fungus that can ferment soybeans with 

high monacolin K content and low citrinin production. The optimal fermenting process for 
0 Monascus-fermented soybeans using the incubation temperatures at 25, 30 C or two-step 

temperature-shift cultivation for 20 days were also studied. The quantities of bioactive 

components (pigments, monacolin K, citrinin, phenolic compounds and isoflavones) and 

antioxidant activities as evaluated by DPPH radical-scavenging effect and ferric reducing 

antioxidant power (FRAP) were also determined. The results found that the soybeans fermented 

by Monascus sp. PSRU03 showed the highest monacolin K content (29.98 mg/kg DM) when 

compared to those fermented by PSRU05, PSRU08, and PSRUlO (6.83 - 17.76 mg/kg DM). In 

addition, a small amount of citrinin production was found in the samples fermented with 

PSRU03. 

For the fermentation process, soybean fermented by Monascus sp. PSRU03 at 30°C for 

20 days showed the highest content of pigments and total phenolic compounds. While antioxidant 

powers as determined by DPPH radical-scavenging activity and FRAP reached the significant 

level after 15 days of fermentation. Drying Monascus-fermented soybeans at 70°C provided 

better pigments and antioxidant properties than those dried at 50 and 60°C. Though, total 

isoflavones (daidzin + glycitin + genistin + daidzein + glycitein + genistein) were not 

significantly different in all drying temperatures. Most of isoflavones found in Monascus-

fermented soybeans were aglucoside type with daidzein as the most abundant (53-54% 

proportion), followed by genistein (36-38% proportion) and glycitein (10% proportion). 

At the optimum fermentation and drying conditions, the concentrations of monacolin K 

and citrinin in soy fermented products were 38.87 and 1.60 mg/kg DM, respectively. These 

results reveal that Monascus sp. PSRU03 is a potential strain, which can be used to produce 

fermented soybeans with high contents of health benefit components. However, safety concerns 

from citrinin content should be taken into account before utilization. 

Keywords: Monascus, soybean, fermented soybean, pigments, antioxidant, monacolin, citrinin 
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t.1 f111iJ&i1iAin&m~fl11iJti1ft'ru'UfJ'lifwl'i1 v v 

' "" 1J'Yl'YI 1 

unll1 

Monascus 1rl'W ·n~ i .fi'i 'Wm ~1J1'W flTH·li'i91tnl'i1'.il'i11mrn~iim'.iil1i1.li .fi'i 'W ~91 ffll'i m rn 

' ' .!\ i ' "' 1'1 j/"" jl i 1'1 " m111'.iW;l~tnmn'IUY1'.imrn.1 t'Wti'l'illfl t..1'.i~tt1Nm'.it'il'.it\j'\Jtin11~n.Jfl1'.iff'.il'lffl'.i!lJ911 1J rn91 

l'J~VtJiJ (secondary metabolite) l'iilltl"lflJ~~ii'l.l'.i~·iV'lf11~till'lflltl i~m'i1l'll~tl~l'l~'lffl'.i 
~ ~I dd. o Q.I i a1 i o "1 ti monacolin K C)f'l!IJ'Wffl'.i'VllJlJ'VllJTYlfflflt\J 'Wfl1'.it.11Jtl'lfl1'.i'Vl1'11'W'\Jtl'IW'W !C)flJ 3-hydroxy-3-

" methylglutaryl-coenzyme A (HMG-Co A) 'lmi'W91tl'Wfl1'.iff'l!fl'.il~l1'ritirnfft91tl'.iV"1'l'Wll'lflltl 
Q.I ~ & d " Q.I QI 

(Alberts et al., 1980; Endo, 1980) ~'l'W'W'il'llJfll'.i'l"lfml'il'.il'ilJfl'illfl Monascus 'lmnnmn i'.ifl 

<'9 ' 
fltl!flfft91tl'.itl"1~'1 (Wei et al., 2003; Guardamag11a et al., 2009; Venero et al., 2010) '.idlJfl'l"lf'Jtl 

"1~Vlfl1'.i'\Jti'I hrimllJ~'W 1'11191~'1 (Rhyu et al., 2002) um: hrivrnt1~1iiv~'l11i'il (Wei et al., 
" 2003) 'Wtlfl'illflU'l 'W'.i~l'i il'lfll'.i !'il1ty'\Jtl'l'.i1 iJ.Ju iJ ffflffrl'lff!1'1'.i'lfll91QffU~'I (pigment) 1rl'W ffl'.i 

'l j/"" "''l "" i d "' d l'iff1i'.i '.ill"lf191 'W Vll'ilrn'1~lJff'.i'.il'ltJW 'Vll'lt.11 'Wfl1'.i'1~fl11l.ltfftl'l'\Jtl'lfl1'.i tfl~lJ~I H (Yasukawa et 
• 'j) Q.I d. ~" Ct. d" 

al., 1996; Akihisa et al., 2005) 911'Wfl1'.it!ntff1J (Yasukawa et al., 1994) U'1~lJ(j'Vl1i911'W~'1'W'Vl'.itl 

(Martinkova et al., 1995) '.il Monascus ffllJl'.i()ff!l'I y-aminobutyric acid (GABA) ~'liifffil'ltJW 
'lf1v'1~ri11J.J~'W foi191 i'mflu'1~i1ti'ln'W hriJ.J~t~'I i '.iflm~~fll'l'.i'W i rnl11 'l'il i rnrfo iC)ftJ.Jv11rn~ .. q 

i'.iflfl11lJ~ll~tllJ '.i1lJ~'lfl1'.iff!1'1ffl'.i~l'Wtl1.fJqJ'1flff'.i~~tl dimerumic acid U'1~ dihydromonacolins 

' 1'1 d i ' "' (Endo et al., 1985; Taira et al., 2002) mm !'.ifl911lJ 'W'.i~l'i11'1fl1'.i!'il'.iUl'\JtJ'l'.i1 Monascus l'llJ u 

91 a dc.t.a a d a ~ ?t dct c. • Q.I 1tf 
fll '.i ff '.i 1'1ff1'.i citrinin l'i '.i ti 'VJ lJ "lftl I '.i tlfl ti 'W fl ti monascidin A C)f'ltu'W ffl'.i'VllJl'l1'191 tl911JU'1~ !91'\JV'I 

" i ""' . . . jl ,J 1 k "d h .,6 ?t lJ'41'ltl ~ti bl 1'.i c1trmm \jflff'.il'l'\J'W'illflfn~1J1'Wfl1'.i po y eh e pat way '\JV'l'.ilC)f'ltu'W 

" fn~1J1'Wfl1'.il~V1n'Wn1Jfl1'.iff!l'lffl'.i monacolin K U"1~'.i'lfll91QffU~'I ~'11foi'WV1l'i1'.il111fl'illfn1 
& 'J) d dct i r/ I I I I QI' d ~ Monascus fl'IUlJ'il~lJffl'.i'VllJil'.i~ tl"lf'W 91 tl'.il'lflltltltllJlflU91lJ fllJ fl 1'.i il'W l1J tJ 'W '\J tl'I ffl '.i citrinin .. 

i 1lJ tid¢11VlfflJ ti 'l 'W ti 'ii ~'Li'WV'I iliiimn1i'i91t11l'i 1'.il'i 11 fl 'illfnl Monascus ff~il'.ilfl'illflffl'.ifi'hl 
" . ' i ' ?t "' i JI"" - I ~ JI "" a ' citrinin ff1'W l'ityl1J'W fl1'.if111JfJlJfn~lJ1'W fl1W"191 l'ilJfll'.ilJ'UllJtJ'W'\J tl'I citrinin 'W tJV'Vl"!~l'i'.itltl~ 

'l 'W '.i~~lJ~ il11~'W-eJ''W 91'.iltl~ tlll'lflltl~'lffllJl'.iflvll i¢i'i~vfi~1iivnmt.1fr'W,f '.i1 Monascus ~iim'.i 
'JI ~. Q.I ... IQ.I Q.l'lv ., JI 

ff'.il'I citrinin 911'.i 1lJfl1Jfl1'.i IJ'.i1Jff fl11~fl1'.il'ilJ fl l'ill'ilJl~fflJfllJfll'.iff'.i 1'1 monacolin U'1~fl 11Jfl lJ q 

fll'.iff!l'lffl'.ifi'hl citrinin i M tid'l 'W '.i~~lJ~~l 
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" . 
'lfWfl°t1.::Jffl'ilfl hrvhn lrw (isoflavone) 1rn:::ffn1h:::flfl'lJfJ'Wfl'1 (phenolic compound) Yiii 

ff':i':i'Vrnwm.:itni'Wm':ifmn hru..1:::1~.:i (Gotoh et al., 1998) t':ifllrnflfl!~flflM1i~ (Potter et al., • 
1998; Park et al., 2003) t':ifl!'Ul'Yi'Jl'W (Liu et al., 2006) 1rnm:::~m·qu (Potter et al., 1998; 

Ishimi et al., 2002) 1rn:::i~11'.Ju phytoestogen im1~.:i1't1'ttl.Jfl'lh:::~11$lfl'Wl~ (Morabito et al., 

2002) lJ 1i~!1'.J 'W 1~ t1~'lJi'Wfl1'i 'tt ii fl t fl ti i ,.r fl 'JllJ ff 1fl'UJn'LIfl11 lJ iJ '1 flfl fi tl'1 fl'! Hil ~.ti W ct1' ~ 1 fl • u 

ffl':i~'l:l citrinin ~'Jtlfll':ifffl'l:llfifll~flml Monascus ffltl~'W{~iiflnff!1.:iffn~'l:l citrinin ~1!!~ 
!JI 1lJ !JI I °' ~ °' i !JI °' j/ ffll.Jl'it1ff':il'lffl':i monacolin K !fl~'l':i'Jl.Jfl'Ufll':iflfl'l:llff.fll'J:::fll':i'ttl.Jfl 'tt!'ttl.Jl:::ffllfl'Ufll':iff':il'I . " ffn~h tllfJ'1Yiiiil':i::: tt1'JfU~fl'i1.:imt1 m1::: 1~~fltlflfl'll'W1'1uVJuj 1u ~fll':i~rorn 111'.lu Hil~.tiw ct1' 

.!i "' .I .,,, 11"' !11-k 11"'" ~ ,,ji" fll'ttl':i!'l"lfl"!'1flTVH!'1:::lJfl11lJlJ'1flflfltlfl'Jtl!'Vlfl !'W '1tlfll':ifl'U!!'tt'IO]f'l!'Vlfl !'W !'1tl~'W'l'J'Wm !'\"lfl 'tt 

ffllln t1i'l11 ilil':i::: ~fll'i'i ~i 'W fll':i Hil~ i 'WI ~'l'l"llW'l1Vi 'W iil'1fl'I m'tt l':i 1 ff~ll"l'1fll'l"l t fltl~ ':i 'l'tt ~fl i ~ 

! 1'.J 'W ff 1':i ! ~fl iJ 'W ! ff~ lJ tJ W ti 1'VlHtfl'11'W1fl1':i i 'W fl 1'tt1 ':i ! .y; fl "l '1fl1 '\"l '11 U fl~ 'W fl fl fl~ 1'ttiJ1 ti 

mu i u il':i:::tmY'tt~flff 'lflflfl~1.:iil':i:::!'Vlfl'.ff 'IH'1 i ,.r ffll.ll':it1!!~.:i,Ju i u~mfl t'1fl 1~ 

1.2.1 

1.2.2 

1.2.3 

.a Q.I .a Cl.I o'd 'JI ~ 
!'\"lflflfl!Bflfl':il Monascus sp. ffltl'l"l'W~'Vlff':il'I citrinin ~1 . . . 

di ~ ~ d i ' QI .a QI jl 
!'l"lflMfl'l:ll'ttl~W'tt.fJlJ!!B:::nm'Vl!'ttl.Jl:::irn 'Wfll':i'Ul.lm!'tt'1fl'l'ttl.Jflfl1tl':i1 Monascus 

! .y; flfffl'l:l ltJ w ti l'Vl 1'1tfl'lf'W1fll':i~1 fl ff l'i :ih tl.J!'1 fJ '1 h,1 ~ 'J!'tt ~fl 'I 'tt ii fl tlJ !! 'W fffi ff 

~flffl':iff, monacolin, isoflavone irn::: phenolic " " ... """ compound ':i'JlJ'Vl'lt)'Vlli~l'W 

flflflClflfl<i'W DPPH radical-scavenging activity 1m::: Ferric reducing antioxidant 

power 

1.2.4 !.y; flfffl'l:Jlfl':i:::'lJ'J'W fll':i t.iil~~ 'J!'tt ~ fl'l 'tt ii flt lJ !! 'W fffi ff'lfU fl H'l~iitJ w ti l'Vll.::J 1.n 'lf'W lfll':i 

m1m:::il'1flfl.tit1 .. 
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1.3 'lltllU'llVl'lltl~ lfl'l~fll'll~f.I 

~l'U i~trd' *!'W 'U fffl1'llfll'jft fltifofl Monascus sp. ffl fl~'U1f~ff~ 1~ ff WVi1'l ~lttl'immHl 
'J} VJ 'J} .,j 0 VJ 'J} o' d 'J} l i "' .:, ... ... 

ff'jl~ffl'j monacolin K tflff~t'YHJ'U1 i'lli'lf1.h::; tfl'lf'UtU'Uflrtlt"IHl 'Ufll'jf'lr!\Plfl'H'ttrtfl~'ttllfl trn::; .. 
QI 4 .et, d. i Q.I ~ .d 'JI ~ 'l 'J/VJ 'J} 
ti fl rn fl flfJW 11 XJ1ltrn::; rm l'Ylt'tt m::; ffll 'U fll 'j'tt llflfl 1m rt fl~ fl 1fl'j 1 Monascus sp. rrrn '11 tfl 

' tJ ' ' 
H ~\Pl fi w ct1-Yi fJfl lJ ~ 1 flff n ~ l'U fl fl flcJf tfli''W nll Vi'~ fln fffl1'l 1fJw11 tJ iJ fl'U u i1' ~ti 1t 11 ~fl~ mJ'n-Yi 

t'tt lJ 1::; ffll i 'U fll 'j f fl1'J lffl'j ~ l'U fl flflcJftfl<if'W nfl'U U 1 i iJH~\PI t~'U H~IPlfitu ct1 ~1t '11 ~fl~'ttlj fl Monascus 

"1 'JJ Q.I o'.de:1 ... I Q.I .ct 
1.4.1 tfl'jl Monascus sp. fflfl'Y'l'U~'YllJt111lJlJ'1flflfW'11fl citrinin trn::;lJffflflfll'YHl~ 

i 'U fln l'l~\Plfll'tt n11irfl~i1ffn fl flfltJ'Ylef 'Y11~;1mY1~ i1il 'j::; tfl'lfU IPifl'.i 1~mfl~ ~ . 
"' I "' Monascus 'Ylt'ttlJl::;fflJ\Plflfll'jf'lrl\PlffU 

fl flfltJ'Ylef 'Y11~;1m'Y'l~i1il'j::; tfl'lfu 1Pi fl'.i 1~ mfl~ ~ 

1.4.3 i~H~\Plnwct1~1m~fl~'ttirfl Monascus 'lfUfl i m.i~mmrntl1 i ilil'j::;~fl~i<Nt~'U 
"' OJ o' "' "I i 'J) =" I i "' OJ o' _,j 111 'J} Hr! \Pl .fl w CVl fll '11 n t ff 'j lJ'tt 'j fl 'If t1J 'U ff 1'U Hff lJ 'U Hr! \Pl .fl w CVl fll '11 n t YI fl "I'll .fll'Y'I i fl 

11 mfl11ri1m~fl~111 il wi m ;f ~Y11w'Jfv 

1.4.4 tl1 i il~fll'j '1fl fl'lf~'Yln'l.'J\Pl'j m::;'U 1'U fln H~\PI~ 1t'tt~fl~'ttirfl 111m1 Monascus ~ij 
~ w fi l'Yl 1~t.fl'lf'U1 fl n ~ ~ trn::; ii rt fl fl fi fl '11 fl citrinin 

1.4.5 i~ Hrl~l'U flU l~ fl~ ffllJ n fltl'lfltt'Y'l '.ii 'U ~l'U iJ'j::;'ltlJfflJlJ'U ll'lflflU 'j::;~'U'lfl~ 



' ... 
1J'Yl'YI 2 

' ' ""' ... ""'"" ...... 91 
U'U1fl~'Ylq'H.QU1;1~~1'U111fJ'YIAflfJ1"llt>~ 

~ .:I ~Q.I 

2.1 m.rJfll'lrtq'U.Q~llA1'\UJ 

Monascus sp. d~l u 'J i~'l .ff'l u f.l\P1 ff1'11 m '.DJ t11'11 l'.i 'ttiJ mrn::aflff'lfi'Ylt11t ~ti~ 'ii imnmrn 

ff ! 1 ~ ff 1 '.i t ll \P1 11 u 1 ~ ~ l'J 91 v 1J iJ 'tt ~ 1 v 'lf iJ ~ ~ 11 u '.i ::: 1 v 'lf tl ~ ti -:i 1 ~ n 1 v t 'If u pigments ff 1 'J ~ ~ 

fltln'lfft\P1t1Hl~ monacolin ffl'J~tJU'J:::ffl'Yl y-aminobutyric acid trn::: ffl'J~ 11.J t!tp.j ~ Uff'J::: 
1 I 11) d j/ o' .C\ ~dj/ 0 GI 

dimerumic acid trn::: dihydromonacolins U\P1tlV1~ trn\P11llnl'Ji'lfU'J::: lV'lfU'illn'.il'lfU~Ull'IJtl'illfi~ 
.9 "' v "" .1 v ., v 'i 11) o' "' "" "" .,;,,. 'i o' tUtl~'illfillnl'Jff'Jl~ffl'J'rlEJ citrinin 'IJU'rl'Jtlllfi'Unl'Jff'.i'Hffl'Jtll\P11 t'IJ rn\P1fJ\P1VjJll'lfU~'YllJU'J::: tV'lfU 

,, "' 
ffl'.iflEJ citrinin l1fl1111i~ufiEJ~t1'.i:::uu~uu~::: 1'1'1ltl~ll'4EJU '.i1ll'Vi~l1q'Ylii'l unu~1u nut'il~ty . ,, . 
'llti~~iiu'Yl'l u'lfu ~~u ~lui~V"u 1~il1'J11mmmfo'fi ~1um'.iti~t~t1nfl1111mm'.it1 'l u m'.i ff!1~m'.i 

citrinin ~1 (tn~m'.i, 2554) m~t1vt1~~1ui~v'l<ffi~un~114t1'ttirn ~1m~t1~~~t~uVi'lftnEJ\P1'.i~ 
tJ} .ct.d.ct ... 1 ,.. o' f I .C\ I "\ ... 1 .ct 

f.l~ll ~ 1V'rlt] fiEJ t flll'Yl ll u 'J::: tV'lfU \P1tl'J 1~ nlV'tt ~ lV'lfU ~ t'lfU rn 'J \P1U, isoflavone trn::: phenolic 
,, . ,, 

compounds ~~iJuo1m~t1~'ttiJn lllUUfff'iff~~t~Unl'J'J1lltJWU'.i::: lV'lftlTI~'11n'.i1 lllUUfff'iffirn::: 

~1m~t1~trn:::mm'.it1il11 uu'J:::~n~'l .ff'l Uf.l\Plffl'tt m'.illtll'tt nt~ti~'llm'rl 1~~ti 1 u 

11 limutTAtf 
'Jl lllUUfff'iff~~t1~'lu1~ff Monascaceae nzjll Ascomycetes nzjllVtlV Plectomycetidae 

-eiu~u Eurotiales ~irff Monascus t~u'J1~l11~u'lvuuul1v-iir~nu U\PlfiU'IJU~mnmv 'IJUl~ 

i~u~1R'uunm~ 2-s 1111mtll\Pl'.i irtm'il~wuum'tt1rn~~11:::uuu:Ji~nuf'.hmm'.i nVuivmvtl'tiv .. ., q 

"'"' ..i .J • 1d ?t "' 'i ., V • I o'll) V i ., llff'll11trn:::i11t1mvmn'llu 11:::tu~vumw:Yu~~ '.il 111u u ffflffffllll'.itlff'.i l~ffu m t~'Yl'IU uu mR'v 
q ,, 

t'rlR'trn::: 11-imilfot'rlR' nl'J ii'u-Wu nu 'IJ'IJt11ffm'rlR''IJtl~t.;jfm1111u u fftim~u m'.i fff HU tiff 1 fl ffUtif 
q ,, . . 

... lll'f I .ct.el O d d d d ~ £!1 1'I ld.e:::t.i ,. j/ e:id QI tJ} .cl d I 
iu t'IJ tl11lllffU1\Pll~'tt'JtlffU~~'tt'Jtlffffll'ttHl tllllff u tfl'.i~ff'Jl~'Ylll~fiEJW:::flmVQ~'Ylt'JVfi11 
Utlfflflmfu (ascocarp) 'tt1t1ut1fftiff (ascus) ~l1iu-:i1~n~ll~tfi~u'Wll1u (stalk) ~11-i11l11t1iiv-iir~ 
~u ii'llm~U\Pl n~ l~flU~U num~m'J t 11 ~qj U1'11l'Unl'Jff'IJ'W'U iuuu 11-imff'm'VlR''J 1 lllUU fff'iff11::: 

V 'j "' el V 'j "'""'i • .I o' 'j "" el el °' • 111) I d °' ff'Jl'l tflUt~V (conidia) 'IJUnlU tflU~ rnrttl'.i (conidiophores) tflUt~Vll~fiEJtu:::iu t'IJtl11JlltlU 
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t~fl111~v~vti'm1'.llJtlf11~ ~-m~ 2-61flut~fl 1~mnm'Jn i1Hrnu~trlvmQmn~\JVl'iltU~fllJt1'.llJ 
~ ' 

iYu~~11~viYtlw11"flv\J i~ cti'qittpn, 2546) ciuVi 2. o 

(c) 

..; 
'YllJl: tf)~f11l (2554) 

1 "' y "' ... "' 'I ii 'I "' l1 lJU \J ffffffffllJlHlffl 1~l ~fl11PlQ'ttltlff1HY.fl1fl ! '1.Hff\J tflUfl:::\}f1'U'Utltlf1lJ1.fl1fl\J tlf1 

1lJiUl~fl11PlQ~t1'.llJ'\Jtl~t'ttfl1'Yl1~itil~'lltl~U"1fltff\J1flfh1-tt't~\J 1fl 1i;,ih1'.l\JffU~~ ciu~ 2.2) 
A ~ , .:!t QI d ~ .c::l 

tlltlt'Vn:::mfl~'U\Jtll'ttll t'lf\J potato dextrose agar 'ttltl sabouraud agar 'il:::ff~tf1\Plt'tt\Jf11l'ttfl~ff1lff 
'JI 9J 'JI I 

u~ ~ v vn 111tr~m111l t~ fl~ t .;;v11~~nnt't'l1::: t ~fl~ \J 1\J 40-48 oif 1111 ~ 1 \J il 'il ~ -U \J ii n U't'l 'U l 1 
~ ' ' 1mt\Jffflffl1~'ttll~ 58 ffWlilJ{fit~'Ui~fi American Type Culture Collection v~1~h~mm1 

1lltt\Jffflff~UfllJU1lJ1H~\Pltll'tt1l'ttiJni'.i 4 fflfl~\J{~ff1flqjfltl Monascus purpureus M. ruber 

1 ~ "' .,...,;,,. 'I Y'I "" "' 
M pilosus tm::: M froridanus ~fl M. purpureus t'U\JffW't'l\J~'Yl\Jflll !'lf !\Jf11lHfl\Pltl1'111l'ttllf1 

lllf1~"!~ (Blanc et al., 1995; Lin et al., 2008) 

iu~ 2.2 ~n11w:::Hfl11PlQfl1fl1\JtfflJ1fl (a) tm:::~n11w::: 1fl foil (b) 'UV~t4v Monascus sp. 'U\J 

,! ~ "" Q 
Vl'tt1l tflfl~t'lftl'lf\J~U'U~ 
' 

Vi111: m~ml (2554) 
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1. a-11 hn.n lfl~'U (monacolin) 
~ .,,/ Q d 'i Q> 'JI ,l i I C> 

ff11 monacolin l1J'Wffllflflfltj'Vl1i'Vll~'l11.fll'VfYl111lJU'Wffflffff1l~'ll'W 'U1~l11l~fll1l'il1qj 

U'1~l rlu ff ll ~ii fl 11lJfflflqii'U<ti1 'Ul.fl ff'lfl 'Yl Ul <ti 1Ufll1 fl flflt]'Yl f fl TU fJlJ .fll 1~, 'll iJ 'U i mi1 fl~ 
l Q.I 'j) QI " ' 

\1~ (Endo, 1979; 1980) 111lJU'Wffflffffll~ff11 monacolin 14 fllfrl'Wli l'lf'W monacolin K, 

monacolin J, monacolin L, monacolin M, monacolin X U'1~m1h11,U'llfl~ hydroxyl acid form 

t'lf'W dehydromonacolin K, dihydromonacolin L, compactin, 3-U-hydroxy-3,5-dihydromonacolin 

L (Li et al., 2004) Uff~~ tfll~ff~l~'Vll~tflii'llfl~ff11fllfW'W1f monacolin i'W1,U~ 2.3 

OH OH 
{ii) {b) 

OH {c) OH {d) 

OH 
{e) 

1,U~ 2.3 tfll~ff~l~'Yll~tflii'llfl~ff11 monacolin K (a) monacolin J (b) monacolin M (c) 

monacolin X (d) tm~ monacolin L (e) 
d . 
'YllJl: Lm et al. (2008) 
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ff11monacolinK1-tl'Wfl'4~inl'~iiiJ1~iY'Vliifl1Yl~iy~i'Wf11Ht~flm~m9lfl1~rni'Wt~fl~ l~fJ 
,, 

ffllJ11'1V1JV.:Jf111vll.:Jl'W'llfl.:Jtfl'W 11lJfll 3-methylglutaryl coenzyme-A (HMG-CoA reductase 
.k ?I 111 a' d 'I !il'I QI a' o 'I !ii"' Ql""'I _ !"" 

inhibitors) llJf.:J!IJ'Wtfl'W illJfl.J'Vl i'l1i'Wf111ff.:Jtml~'Hflmmn91fl1fl~'Vil1'Hl.Jf.J\Uffl.J1J9l i'Wf111~~1J1lJlOA ,, 
flflrnfft9lfl1fl~ i'Wt~fl~ 1~ ff11 monacolin K iiH~~flf111~~~.:J'llfl.:JflutmH9lfl1fl~Vl.:J'Hl.J~ 

1911fl~!llJffl 11fi' 1~ ll'l 1iJ1~'U~iifl1ll.J'H'WlUii'W~l (low density lipoprotein cholesterol; LDL-C) 

trn~i~ ll'l 1iJ1~'W~iim1l.J'H'WlUii'Wi;x~ (high density lipoprotein cholesterol; HDL-C) l~fJ LDL-C 

1-tl'Uflflmff!9lmfl~~Vi1 i..1'1~fl~flfl9l~flfl'Wt-tl 'W ~l.J u~~tm~~ ~ ~ Hir .:it ~'Wt~fl~t-tl'Wmm~ imy~Vi1 
'l!l/QI !l/<!I " J'o'l!l/ 111"' <!j 111 1 1 '1!l/<> QI 111 H'W .:J'llfl.:Jtff'Wm fl~fllfJ i'W'H'Wl'll'W'Vll 111 m1 mm1fJ'W'llfl.:Jmfl~ il.Jff~~1nnfl i mn~mrn~9l'W 'llfl.:J q 

! ~'WI~ fl~ ff1'W HDL-C 1-tl 'W fl flmfftflfl'j fl~~~!~ fl.:j 'ii lflvll'H tr l~il lfl flrnfftfl fl1fl~~11.l ~it-ti 'W ~fl ,, 
ll.:JfllfJflifo 1iJ~~rnt~1imilfJflflfl'illfllHfllm~fJflm~ 1J1'W fll1ii11 reverse transportation of 

cholesterol ll1i'Wll.:JfllfJii1~~1J HDL-C ~1ni1 35 iJ~~flll.J~fl 100 iJ~~~911 'il~iifl1ll.Jt~fJ.:J~fl 
fll1t-tl'U hm~'Wt~fl~im'l'l.Jfl.:JU~~M1i'il~~~'W (iym1~, 2545; Erdogral and Azirak, 2004) . . . 

.c:1 a .c:1 a .c:1 a ' ,- .e:t. .c:i.i- A 

ff11 monacolin K l.J'IJ'tH1fJflfl'Wflfl'H~lfJ'lffl t'IJ''W !~1lfftf19l'W (lovastatin) tl.11 !'W~'W (mevinolin) 

~ "" .. !fU~fffl'W (cholestin) U~~tl.J1lflfl1 (mevacor) (Akihisa et al., 2005) 

2. 'Hfl1'VIQ'tt1fltrl1if (pigments) 

11 ll.JU'WffflffffllJ11'1ff~l.:JHfll91Q'Hlflff11ff~l'W'Vll.:J polyketide pathway 3 fl~l.J 1~uri 
Qld a .c:1 • Gl.c:id a 

1.:Jfl191QffU~.:J flfl ff11ff rubropunctamme trn~ monascorubramine Hfl191Qfft'H~fl.:J flfl monascin 

trn~ ankaflavin u~~Hfll91Qff~l.J flfl rubropunctatin trn~ monascorubrin (lflHff~l.:J'Vll.:Jlflii 

Uff~.:i'l'WiiJ~ 2.4) (Lin et al., 2008) Hfl191Q'illfl11 ll.JU'Wffflffi~i-tluffHffl.Jfll'l1111l11l.J'IJ'l~U'Vl'W 
"'QI !lll!l/d "' -1 QI 1111?1 I Q .k 
ffff.:Jtml~'H i~t'Wfl.:J'illfll.Jf11ll.JlJ~flMWi;x.:iu~~ tl.Jtu'Wff11flfll.J~t1.:J llJf.:J Chinese Ministry of 

111 !ii 'I !il'I !ii., ., <!I !ii =" ., <!I -1 'I "" ., .. Health !~fl'4t\Jl91!'111'11fl.:Jflfl'l11fl'lll1U~.:Jtu'W1f!Q!'ilfl1J'W (food additive) 1'WH~9lfl\UC\'lfll'l111 

iJ1~tfl'Vltif mY9ll iJm1rn~~1m~fl.:J (Ma et al., 2000) 11l.J~.:Jtfltfl.:i~l.JUfl~flmrn~ tfltfl.:i~l.JU~~ 
mm1 i'lf'W mm 11if tl11111'W 'Wl.J tl1H~1"' 1wJ.J~1 n'Wt;v.:i 'Wfln'il1ntlv.:iiim1i~.ui11u~.:i1-tl'W q 

ff1'WiJ1~flfl1J 'l 'WfJl~'W tfltfl.:Jfflfll.:JU~~ff~fll.J~1fJ (f1tJ, 2548) ff11 ff'illfl ll.JU'W ffflff'Wflfl'illfl i ~t-tJ'W ,, 
m1i..1'iln1rn'l11~u~1iJ.:iiiffn'V'lflW'Vll.:JfJl i'Wm1iJ1JiJ.:im11n~ l 1fll.J~t~ .:i 'l'W11'W (Yasukawa et al., 

q ~ 

1996; Akihisa et al., 2005; Su et al., 2005) 'lf1fJ1J11t'Vllfllfll1flfltff1J (Yasukawa et al., 1994) 
QI i A d.c:I .c:I ,/ 'J) 

u~~fJ1JfJ.:Jfll1t'i11ty'llfl.:JU1Jfl'VltW fJff9lU~~111~ (Matinkova et al., 1995) 
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(a) (b) 

(c) (d) 

0 

(e) 0 
(f) 

0 

monascorubrin (b) ., "' ... H fl 1~ Q ffl'IH'H.l ~ monascin ( c) !HI:: ankaflavin ( d) 

rubropunctamine (e) Ui:'l~ monascorubramine (t) 
' -Yim: Lin et al. (2008) 

.::t.4\ .ct,Qr,.ct, 4 
3. fl1~Uflil1Jltl~il n.nJfl1fl'H18t:Jl1fll1Jl (y-aminobutyric acid; GABA) 

?t d ., "''l y-aminobutyric acid 1 u 'W ff l '.i"Yl \] fHT .:i 1fl'J1 ~ l1 i 'W fl 'J ~ 1J 1 'W fl n decarboxylation 'llfl.:J 

m~fl~~llJfl~1f.llfl'W ta.Jflf catalyzing glutamate decarboxylase (Uff~~ lflHff~l.:J'Yll~lfllii'W'iiJ~ 
2.5) ffl'Jfl11Jll~'W mrnuflq'Ylf 'lht1'1~m1JJ~'W hli~ '1~mm1V'1 ta.Jfu.rn{ '1~fllfll'Jl~t11tiu 
'J~ u uiJ 'J ~ ff1'Vl-ff 1'W fl'1 i.:iu'1~1'1111 tl' i~1 ~ 'W ffl'J ~uiJ 'J ~ ffl'Vl ih iv~ l'W fl l 'J ~'J 1'il'V'l'U ffl'J mm i 'W 

flll1l'Jl111'fl'illml llJU'Wff'fiffi'WiJ~mw~ff~ (Kohama et al., 1987; Kono and Himeno, 2000) ., 

iiJ~ 2.5 lflHff~l~'Yll~lflihrn~ffl'J y-aminobutyric acid 
d . 
'Yllll: Lm et al. (2008) 
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4. i~1~1~1"1hri.nlflaiui (dihydromonacolins) 

'ffl'i dihydromonacolins \jflUt1fli~'lllfHlll1l'il'iirfl 111mHYflff t~'W'ffl'i~iHm·:iff~l·:i'Yll'I 
.aq ,, d QI _ 1 d el d61 v ~ 

tfl1J imUfW'lfl'U'ffl'i monacolin (tu'Vl 2.6) 1J(]'Vl1i 1'Wfl1Hll'Wfllpqjmlff'i~'\Jfl'I 2,2-diphenyl-1-
v v 

picrylhydrazyl (DPPH) V'UV'lfll'itfl~ lipid peroxidation (Dhale et al., 2007) U'1~V'UV'lfll'i 

.... " ff'ltfl'il~l'iflflt'1fft~fl'ifl'1 (Endo et al., 1985) 

OH 
(a) 

OH (b) 

iii~ 2.6 1f1Hff~l'l'Vll'ltflii'llfl'lffl'i dihydromonacolins L (a) U'1~ffl'j dihydromonacolins MV (b) 

d . 
'Vl1Jl: Lm et al. (2008) 

5. fl'rni~m03ijfl (dimerumic acid) 

ii'iltl'll'WfllH'l'U dimerumic acid 1'Wflll'il'il'iirfl 11.JU'Wffflff (~~'j 1f1Hff~1'1Uff~'11'Wlil~ 
?1 d "'" 'J/ ""' _, _!)j .... ""' 2.7) dimerumic acid tu'Wffl'i'Vlflflfl(]'Vl1i 1'Wfl1Hll'Wfl'l..HJ'1flff'i~'\Jfl'I DPPH uflufl'l~'U'lllflffl'il'l'hl 

v 
(hepatoprotective) U'1~V'UV'lfll'itfl~ lipid peroxidation (Taira et al., 2002) 

' Yim: Lin et al. (2008) 
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6. ;vi~ilu (citrinin) 

ffl'.i citrinin (t,11~ 2.8) t~'UffWViEJ~tnfl~lm1111uufffiff ~~\91'.i1~Vmfif~urn iuTI 1931 
'1.,; ".% ,,!.,.,. " 1'U"lftlffl'.i monascidin A \)f1ff'.iWll'U~1m1 Penicillium 'UVf1~1f1'Utl~ll'.ilfN1'Uf11'.iff'.il~ffl'.i . ,, 
citrinin ~lml"lfUflfl'U t"!f'U Aspergillus um; Monascus irmmm1tJuiilvmrn~ffl'.i citrinin iu 
mm1tJ1::u1'Yln\)J~"lf ~1U€l::rHl i~ ffl'.i citrinin i~um1~i1111€1 t1lmfJ€l~l tflt1i1111€1 t1lmfJ€1 

I QI .d.Q/ .d d .c:t <i!!I :\l)'J)'JI llJi/d. QI 0 

m1n'U 250 11€lnEJw::i:rnnt,t1i~11ffnrnv~rn11vu €1::€11t1ium 1fluvmm::€l::mt1 tflfl iu\911'Yl1€l::mt1 

~i1~1 i"lfu tll]ft~t111i~fl'.iVf1 tll]f~t~v~1~ rnmuvmrn::v::iiift\91 iuimrl' mm1mtJ~t1uili~irtvv'h 
tJ~n7t11nrnvlv{7nfi€1V i1~ t'Yl'Yl1ti'1t111fi€1V i 1~irn::i~ tfl'.irnmtJv{vvn tll]f~ tflm11~vui~uil 

,, 
o .cld. d. 'JI oQ/ 

'Ul\911€1 m~t11 im::ffufl~t~11 191111mfl'U 

OH 
HOOC 

d . 'Yim: Lm et al. (2008) 

citrinin t~'U ffl'.i~t~'U'ViEJ\9i V~rnm:: l\91 l fltlv'il i tt'tflflf11'.i~tlltl~ 1~V~tff'Ut~VflnV i tt'tnfl 

m1 t'Hm1t1u t€lli\9l~fl11n~im::v'i1 ii1'mrnfl€11l'Hfl~1 €lflu1mw in€1 tftt~u lw~rnm::i~11u7mw 
f1\1 lfiffim~Vfl (Krejci et al., 1996) ffl'.i citrinin mmrnaJf11Hl'Wt.u'1itJv~i11 l\9lfiV'Wtfl~mm::v'i1 
61 'J) Q "1 ' 2+ 0 d iC\. d 1'Htf1flfi111l 11JffllfJ€l~V~ Ca (Chagas et al., 1995) m1::'.i'Uf11'U'.i::'U'Uf11rn1mv~vmn1P1'.iV'W 

(Ribeiro et al., 1997) citrinin i1fi1 LD50 (u7mwm1~v'i1ii1'1fa1°'Ylfl€1V~\9llt1~VV€1:: 50 ~v~ ,, 
~iu1uvi'~'H11fl) il'i1n'U 50 iJ€liinf1119ivn1€lnf11iu11u'Ylfl€lV~ im:: 19 iJ€liinf11\9ivfi1€lnf11iu .. 

' el Q/ .cl ~ 'J) d. d .:le::\,.. ,.. QI QI rl 
m::\911t1 'WVf1~1f1'W citrinin t1~1l1J'Yl1i\9ll'WU'Ufi'Ylt'.imm::u'Ufi'Yl'.i 1vvl1~ '.il 11JU'Wfffiffff~tm1::11 

ffl'.i citrinin Hl'W'Yll~m::'U1'Wf11'.i polyketide pathway t"lf'Wt~tl1fl'Uffl'.iff iuil~~'Li'Wmrnil\91 ,, 
m11u11irf1~1m 1111u 'W fffiffi tt'i ~tVl ti~ ffl'.i Clflfitim ff!\91 V'.i V€1 monacolin 1 fl ti iiii1nutJu iii V'W 

ffl'.i citrinin v'i1i~t11n ffl'.i citrinin mmH1ffmt1~1i~~1tlft111J~Vmm::fiN lflt1ffmt1~1~ . ,, . 
fJWY!QiJ 175 V~ft'l!O]f€1!0Jft1ffi'Wff.fl11::YitJ11ft'~1ntl1 tm::YifJWY!QiJ 160 - 175 V~ft'ltll]f€1!0Jft1Ui'W . ,, 

t:!.d. 4 I 'J) • mn1::'Y11Jft111J"lf'W'.i11Jfl1tl (Kitabatake et al., 1991) 
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.. ' 
m11huilo1.nn1 citrinin 1uoO'nu~.:iut1~N~V1.ftwari8u 

d • I !i 'l 'JI "' "' .. ,,j 'l 1J'ilfl'11'Wfllrn'j1'iJ'Vl'IJfll'jlJ'\.H1JfflHll'j citrinin 'W'\J11U~.:iU'1~J:-HWlflf.UCVlf.l'W 'WlHllfl 

iJ'j~t'VJff 'illflfll'j1.ij'tJ'\Jf.l'1 Heber et al. (2001) 'Vl'IJ11~11u~.:i'Un~uflilci!"~~ll'IUW'l'W 
" ffl1i'imll'7miim'jiJ'\.JttltJ'Wffl'j citrinin tlQ'lw1h.:i 0.47 - 11.82 µg/capsule fll'j1.ij'tJ'\Jf.l.:i Xu et al. 
" (1999) l~ffl'j1'iJfll'jiJ'WllltJ'W'\Jf.l.:iffl'j citrinin 'l'W~11u~.:iyrnm'jll1~1'\.J1'W 35 ~1mh.:i 'Vl'IJ11 ii 

' " 'JI 0 <ii "' ' dd • I ~I 'i "'.I"' ''I I 
'\J11U~.:j'iJ1'W1'WlJlfltM 32 ~1f.lfJWVllJfll'jlJ'\.J11Jtl'W'\Jf.l.:jffl'j citrinin t~tllJlJrnlWf.l~ t'W'lf1'1 0.2 -

0 qQ.1 d ... 1 111 'j} Q.I ... I .c:! I rJJ d 

140 mg/kg irn~ Shu and Lin (2002) 'VJ1fll'j1'iltl'Vl1J'j~t'Vlff t~l11'WU'1~1J'j~t'VJff'il'W'Vl'IJ11'\J11U~'1lJ 

iJ1mtufll'jiJ'Winf.l'W citrinin tJQi'W'lh.:i 4.2 - 25.1 mg/kg ~~'Wt~'U!VitJ.:iiJ'j~t'Vlfft~fl1~f.lf)flfltj'ttlJlfl 
f.ll'ttl'jfll'tt'W~il7mw citrinin i'Wffl'jilhJU'Wffflff 1~flflf.lllii1'iim'j citrinin !ilin'W 0.2 µg/g l11tJ 

" 200 ppb (Lin et al., 2008) ffll'li''Ui'WiJ':i~t'Vlffl'VlmJ.:itilii'jltJ.:il'Wffl'j1'iJfll'lilmiltJ'W'\Jf.l'1ffl'j citrinin 
I ?t .I !i 'I 'JI .,_ <V o' J l<V i1 <V 

f.lfl1'1t1J'W'Vl1.:ifll'j fll'jlJ'\.JtlJf.l'Wffl'j citrinin t 'U'\J11U~.:iirn~1:·rn~flf.UCV1f.ll'ttl'j'\J'\.J f.l~fl'IJ'tt '1W 'il'ilfl 

1~m~'Vll~f.lV1.:i~.:imtJ~'U('\Jtl·n11lJU'Wfffiff Uff~.:ifl11llffll.Jl'jtl i'Wfll'jff~1'1ffW~lJ citrinin ~ 
U~fl~1'1fl'U'\Jf.l.:j'j1 Monascus 'lu~l'jl.:j~ 2.1 

M. purpureus 

M rubber 

M. jloridanus 

M lunisporas 

M pa/lens 

Mpilosus 

M. sanguineus 

M aurantiacus 
.,; 
Vll.11: Wang et al. (2005) 

fll'jff~H citrinin (mg/L) 

73-386 

65-160 

215 

68 

480 

127-169 

78 

239 

a Q.I d 1 'j) 61 'J) 'j} cl t 'j} C\,- d d 1 ?f 
'illflfll'j'jlfl.:j1'\.Jfll'j1~W'Vlfl'111f.ll.:j t'W'\J1.:j~'\.J'il~i'tt'W11J:-l'IJ'j tflfll.Jfldlllifffl.:j~f.J citrinin 11J'W .. 

' " 
tJV 1.:i mnYi 1111' n 1'jffflll11.ij fl'Yi mmrn r;i~ nn iJ uiil f.l'W '\JtJ.:i ffl'j~ £J ~ .:imi 11~ .:iii fl 111.J d1fi qiu'1~ 

' " ' ~1t~'WtJv1.:i~.:i 1n~.:it~llfitl'n1'Vlmff1tY~{1~tJn 'l °*1 um'j"~iJ7mw '\JtJ.:im'j citrinin i 'W ml1nl1il'n 
' " f'itJfll'jfi~l~f.lml hJU'WfffiffffW~'U(ih (wild type) Yifi~IWfl'illflf.ll'ttl'j'ttil'fl~'Uti'.itJ.:i 'j1l.Jfl.:jfll'j 
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'I 'JI 1 Q.I Q.I ,J I I .dll( 'J) d 0 'JJ d .t!I d .ck 
t '1171 lJU'W ffflfffflf.J'VfU '.q Hl!'Vlr:ll'Yl t~111fifll':i!'Vl'Wf.J1'W1~1m1ff .:i~1'tt':itJffl'j 1fllJ tl}f.:j 111m W.:il'W'IHJ.:i 

Jia et al. (2010) 'V'l'IJllfll':i!'tt~f.l1tl1 'ltt':il ilJU'Wff~fflfl~fll':i~lmri1Yi1 'lttmllJffllJl':ifl 'lum':iff~l.:i 

. _Gf Q..I .q.q ' v t' QJ 
u;);)tlfliJN'1Vl8fll'H1"'H:I citrinin 'IJM11 tiJUlUJfltl 

" 
':i w.:i 1u ~ u.:i ~ r:i ~'Yl li (2546) ':i::: 1J111 tl}ft~ r.JlJu:::;11P11P1 ff1mrn rJ'IJiJ.:im':i ff~ Hffn 

monascidin A ~fl.:i':il M. purpureus i~ (IPITn.:i~ 2.2) 1~r.Jffl':i monascidin A 11:::\}nff~l.:i~'W'l'W 
" 'JI 6' JI 

ri1u ~ u.:i 1-ffu'lmrn:::1:1:::1:11vuunmu~'l u mm':i 1~ v.:i1:i1u'l1i'l~m1:11 ii q 'Yl n'l u fll ':i iJ'IJ r'J.:i nn 111 ~ ty~ u .:i . 
d .cl d Q.I d, 'J) ''l I j,/ 61 ~ 

U'!Jfl'Yll ':i fJ ~w:::'Y1Hfl1\PIQffU~.:i 11:::\}fiff'j 1-:iu r:i:::ff:::fflJfl~ 'W ff1'W~U.:ilff'W tf.J 1rn::: 11 lfifll':ir'lfilll~fl.:j 

1'I 'JI ?t .:: I ~ ?1 - I "'"' d 'I .l Blanc et al. (1995) t~':iW.:il'W11J'WflHU':in11ffl':i monascidin A tl}f.:i1u'Wffl':iu{J'l11'W:::'Yl'V'l'IJ t'W1'11fl':i1 

1 QI a . ~ ~ ~ l d ~o 111 1 "' ol "' lJU'Wffflff flfl ffl':i citrimn tl}f.:itlJ'Wffl':i'V'lll111m'l1fl':illJq'Y11i'Yllr:IW':i:::'IJ'IJ t\PI ~f.J\Pl':i11111fl':il:::'tt'l1'W~ 

. " " fJJ.e:u:::I ol!!ld .i!!l 'l ' 
~fl.:iffl':i~1f.J11i HPLC 1rn:::1lJfllr:lf.J.:i1'11fl':i1 'Wfll'ttl':i!'Vlr:l1 yeast extract sucrose medium 'V'l'IJ11 

" 1:i1U':il M purpureus ur:i::: M. ruber ff~l.:iffl':i citrinin 'luiJ~mw 270 ur:i::: 340 ih'li1ni'lJ~ui1m . . " 
\PlllJiil~'IJ 'lu~w:::l'i1ijm~v.:i'lu~1111:::'ltt'iJ~mw citrinin 1vi1ti'IJ 100 ur:i::: 300 iJr:ii1ni'lJ~fl 

" n11:1 n i' lJ \PlllJ ii 1~ 'IJ 'VI i:r .:i m 'j li'u 'V'l 'IJ ij Yi 1'ltt'VI1:1w~hfJ'lttfl11lJ ff'W 'l 11t).:ifl11 lJ iJ r:lfl ~.ti fJ 'l u n n 'l <N 

" " ff1':iff111m:i1m11lJu 'Wff~ff'l u mmrn1n;iu 

. . " 
1P1u1.:il'i 2.2 Hr:i~u.:i ttl}f1~f.llJU:::;11P11P1l'iii~u~rn'l1 m':i111~ru nnHi11Plff ur:i:::fi1m':iiJ'IJiJ.:im1111~ru 

" ..::Sd , QI a 
U'IJfl'Y11W\Plflfll':i'ttlJn1'11fl M purpureus 

.. 
' ., ., 

fllOl'nllJtl'I 
.... "'"' (mol/L) nl'llil'H!l'\18'1UlJfl'Yll'ltl 

0.005 

0.01 

0.02 

0.03 

0.04 

Vim: ~iiqm (2546) 

5.5 

6.5 

7.3 

7.3 

7.4 

(mm) 

25 

22 

20 

10 

0 

u u 

.. 
0 ., v mimun Ul'l'il!OU'IN 

Jl (mg) l'lffl'll 

(mg) 

960 94 

1000 98 

980 107 

980 92 

980 81 

'Wflfi111fiffl':iff monacolin ur:i::: citrinin U~1711lJU'Wff~ffrJ.:iff~1.:iffl':i1lJ'Y111'1Jtr:l~l'J~f.ljJlJ 

g'Wfln~.:i11ff~.:i'lu1P11':i1.:i~ 2.3 



' 
\911':i1.:Jlfi 2.3 ffl':ill.J\9111Jtl 11:1~'\JtM':il hJU'Uffflff 

1. Dimerumic acid 

2. y-aminobutyric acid 

3. Chitinase 

Yim: ntyOJlll (2546) 

1. tf1£1fi''Ul'lltF.l".il hm'lHftltf 

m1.a tl'l nu mm t1 ncii '1fl 'If 
ffl'Hlfl fl111J ~'U l 'Ul ~'Ulii ti fl 

,, ~ 

QI QI .a .c:t, e:t.rl 
ff l'HJ'l.HJ 'I! 'If ti ~ '1 'U 'Y1 'HJ 
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Aniya et al. (2000); 

Kono and Himeno (2000) 

Wang et al. (2000) 

.,j 1 "' "" d 'J) 'J) 'J) 'I "" 'J) 'J) 'J) 111.1'1 !l.J {)'j 1 lJ u lJ fffl m 'ii 'j fl.l1J lJ llJ Ml '\J 1 '1'il:::: ff'j 1.:J l ff'W !f.J1J lJ H '1'11'W1 u '1 '1U 'V1'jffVl::::m'\J1 rn ! lJ u • 

d,, d ,, d Q,I •lrl!V QI d .~ad o QI,, 
ll.Ji'l ~'\J 1'1 l.Jfll':iff':il.:JffU~Nfll f.J'l1'1.:J 'illflf11':i1Jl.J l ~'Wl'W 3 '1'W ffl':i ff l'l1'11'Wll.Jtll.Jf11':i'W 1l.Jlfffl~~'1f.J 

mrn::::1:11mvmu t1'1'Vl1Ji1'I .:ifl1'\9lt1ffUfl.:J~ i~'il::::iif11mrn~n~uu ff .:iff .:i 2 <J11.:ifl~'W fiv~fl'11l.l f.11'1 . ~ ~ 

fl~'W 420 1m:::: 500 'W1 l'W!l.J\9l':i ':il ll.lll'Wffflff1J1.:Jfflf.Jfr'W{ lGJf'W M purpureus tm:::: M. anka 

ff~1n .:ifl1191QffUfl.:Jtll.l'lfl.ll:iUti'il::::fflmrn~~n~uuff .:i~fl'11l.lf.l1'1fl~'W 500 u 11 utl.l\9l':i~.:in11~ 
1 ., o' 'J) "' "' .:'Ji'l'JJ' .!I d 

420 m utl.l\9l':i 1m::::m.:imf.l'Vl'W1it11'ilff':il.:JHfl'1\9lflffUfl.:Jfl'1ic1r.:i 1'l1mmrn~n1:1uuff.:J'Vlfl'11l.lf.l1'1 . . ~ 

.!I 1 CV I CV "'"' 'I 'J) M. barkeri '11'Itl M kaoliang ':il l.JU'WffflffU\91'1::::fflfJ'Vl'W~l.Jfl'11l.Jffll.llrn !'Wf11':iff':i1.:Jffl'I'1~ 

fltlli'lffl\9ltl':itl'1 monacolin K ffl'Ifftm::::m'Ifill citrinin ~U\9lfl~1.:inu 'illflfll':ifffllll'\Jtl.:J Tsukahara 

et al. (2009) 'Vl1J11'I1ll.JU'Wfftlff16 ffwfru{'il1fl 29 ffwfru{~.Yhm'Ifffllllffll.ll':iflff~l.:Jffl':i 
' ,, ' 

citrinin i~IP'l1ni1 1000 µg/g koji tm::::ii!Vif.J.:i 4 ffwfru{rvhuul'iiinnff~l.:J monacolin K ~.:in11 

1 ,J ?I "' o'd 'J) "'lil 'JJ'I "" d 
100 µgig flf.ll'lftl M. pilosus llJ'l...\fflf.l'Vl'W~'Vlff'IN monacolin tm::::ffl':iff !~ 1uiJrn1tu~.:J'Vltlfl 

'\Jtu::::~ff~l.:Jffl':i citrinin 1~~1 (\911':i1.:J~ 2.4) 1m::::'illfl'Ilf.J.:Jl'W'\Jtl.:J Pattanagul et al. (2008) 'Vl1J11 

1 QI 'J) d Gt ... 1~ .d ' QI G) L'!t 
':il l.JU'Wffflffffll.Jl':iflff':il.:Jffl':i monacolin K, citrinin tm::::ffl':iff 1'Uurnltu'V1U\9lfl\91Nfl'W !'W\lfll~tlf.J 

l~f.J M purpureus DMKU ffll.Jl':iflff~l.:Jffl':i citrinin i~Utlf.J~tl~'\Jtu::::~ff~l.:Jffl':i monacolin K 

i~l uiJ~mw~mn~tt~ 
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d .. f.Q d .: I Q.I ,/ 

~TH:J'Vl 2.4 1J':il.Jltl.!'Ufl.:J citrinin, monacolin K m1::::ffl':iff'Ufl.:J!'lffl Monascus ~1-:JfflfJ'VfU~ 

QI ti~ citrinin monacolin K ... 
ffW'Vi'U~!'lffl Hfl1~fl 

(µg/g koji) (µg/g koji) • 

M. purpureus NBRC4485 346 20.8 0.73 

Mpilosus NBRC 4521 82 8.3 1.20 

Mpilosus NBRC 8201 101 75.0 1.30 

M ruber NBRC4483 108 15.0 1.40 

M ruber NBRC4532 75 50.0 1.46 

M pilosus NBRC4480 104 314.8 1.48 

Mpurpureus NBRC4484 398 0 1.52 

M.pilosus NBRC4487 100 0 1.57 

Mpurpureus NBRC4489 161 0 1.59 

Mpilosus NBRC4520 165 565.3 2.17 

Mpurpureus NBRC 6085 721 nt 2.39 

M ruber NBRC 9203 59 202.5 2.56 

M. ruber NBRC 32318 36 405.5 3.31 

M ruber ATCC 20657 50 57.0 5.03 

Monascus ATCC 16434 65 0 7.77 

"' Vllll: Tsukahara et al. (2009) 

... "" 2. 'lf'\,l~'Utl.:Jtl1.JO'&V11VI 

Q.I ~ cv ~ J d ?f d i ~ 'J)f:JJ A 
m1;n1m'lffl':il lll!!'Uffffff'U'Uflll'iTHmm'lfti'V111J'UVl'l1lrn'U-:i'U'Utln~'il::::h'U11 m1::::llnn 

, j/ d QI .11!!1 di 'J) a d Q.I jl lf1 'J)~ 21 Q.I I d, d I 
'lf!ll'1~1ity'Vi'lffl'U'Uflt1l.llmmH'Vlt1'Un'U'Ul1 Palo et al. (1960) i~nmHu'il'iltl~l.:J"l 'Vlmrn~flfll':i 

'j) d ' d. ' .QQ,IQ.l',dl J j/\ql 

ff':i Hffl':i ff'Ufl.:J M. purpureus 'Vi'U1lff m1::::'Vlml.Jl:::: ffll~flfll':i i:..1'1~ fl.:Jflnflflfllfl1lll'lf'U'Ufl.:J'Uld ill 
IC:l 'J) .el I l ~, Q.I A jl cl \I) I 

m'Urnt1'1:::: 50 'Vi!fl'lffl~':i::::1111-:i 3.0-7.5 fJtl.!'11.fJll 'Ufll':i'ttlln 27 iMffl!r:ifmOJmff 1m::::'U11m'Ut11 ill 

mm::::n'Um1tl1m1~'U i'ff1J11l!nfl'-:ift'n 'Utu::::~ 1 lt1-:i l'U'Ufl.:J'lfhl'Ul (2518) ~ t~'Vl~ '1 fl.:J m1 ff~ l-:im1 
,,. , j/ I QI fl' I j/ .e! QI ,/;: QI o' .Q jl d1 
ff'U fl.:J M purpureus 'U '\111~1.:Jffltl'Vl'U ~'Vi'l..J1l'Ul1!'11'U tl1'Vi'U ~!'Utl1~'Vi'U ~'11 flllll::::mm::::'Ul1ty~'U 
, g/Q.IQ.l.e:I 'J), gJd Q.I Q.IQ.I " d QI r1:f 619'~ ti 

11 v-:i fl nm1~-:i 1 '\Ill nmflt1-:i n'U 1m:::: v-:ifln 'il ln'U11m 'U tJ1'Vi'U ~ 1 'U t11~ 'il:::: 111n'1'U11 flll 'U fl.:J rnm'Vl fl':i 
r/ IQ.I QI 'J) QI r/ ~, d,jJ QI r/ lq'J),'J)QJ CV d..e1c1, 

1m:::: 11 fl'1nfl eJfl'1mnn11fl.:Jfl n 'illn'Ul1'Vi'U ~mnrn:::: '1 'U 'Utu::::'Vl'Ul1ffltJ'Vi'U ~ 1 m m 11 fl.:Jfln'Vlllff 

11~-:i1m::::fl1lll'l1flllU fltJW.h ri1'U t1i'tt111'1::::fltu:::: (2531) 1w-:i1'U 11tl1mw fl::::iJ1'1ff1 'U!~~'li'11~ u 
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'j} ' Q.I rl ,!!!( ' .:::. 'j) ' Q.I rl 
'HHHt~ 24 !'lf'W 'Y'l'W~!lHHJ.:J 148 fi'\125 mm~fflJfltlnl'HHWl'\JldU".:Jl.JlfiffJl'Y'l'W~ fi'\17 Ui'l~ 

'\JT'rnt1nl.l~i1 105 Ui'l~'il1m1t1.:Jl'W'\Jt1.:J1:Jf"i'mrn~fH.u~ (2519) 'Y'l'.UlTLI1mw 1u'.i~uiu1l.l~";i11i'.j 

1~ rM'Y'I ti~ t1m'.iff~ 1-:J ffl'.i ff~.:J 1:i.i ~11 tlu ~tl.:J!~l.l 1uulflu1~mtlmm ri .:J '\Jtl.:J 1u1fl '.i rnu i 11' n'.IJ'.i 1 

1lJU'W ff tiff 

u t1n'ii1n'li11u~15.:J iim '.i 't ~f1'lf1nflfl '.i 'lfU "~ui tlu iflq~u 'tu mn1lYn1l.lu u ff ti ff¢11v 

1" fl'Y'I i'l 1vufl111 i'l~ 'l.J'l>l '.U 1 (2534n) 1¢lf1nfl 1m'.iff~1-:J ffl'.i ff u" .:J 1" vm '.i 11lYn1 l.lu u fffi ffi u 
1l.l~";i111'Y'I" lYurmr l1uff1u~11'1'.:J lYuNf.:J 511~v1 51m~t1.:J 'li1TW1.:J Ui'l~'\J'WlJU.:J 11.J~vrnrivu 

Q.I Q 'j} C\' CV Q 'J} c\ 'j} -' r/ num'.iHi'lfl'.IJ'W'\111 t"flff.:Jtnflm'.i!'il'.ity'\Jtl.:J'.il m'.iff'.iNffl'.iffUi'l~m'.iff'.iNffIJtl'.i'\Jtl.:J M. kaoling 

'Y'l '.IJ 11'\JulJ11.:J 'l 11' fl 1 il u" .:J m n~ q'" rn .:J m ~ t111 u N f .:Ju i'l ~ u i'l w'li 1111 tll.l lJ ~ii (fl n 1-:J~ 2.5) 

'il1nm'.iffn1'!1'\Jt1.:Jmffuf111rn~w~~ (2542) '.i1t1.:J1ui1mm'.it1il1mnl1mr1u~11'1'.:J mm'Yuu~'.i"Ui'l~ . ~ 

mnti'1m~t1.:Jm i '*1rluiff~11l1n iumrniiflHfliflQffU".:J'illm:.ift1'.i11l.luufftiff 1¢1 24.7 13.2 1rn~ 

1.8 m .. hv fl1l.l'11~u ui'l~'.i1t1.:J1u'\Jt1.:J~'.i1mwui'l~'l,f~m (2543) 'Y'l'.Ui1mnl1mhu~11'1'.:Jmmrn 

il1m i '*1rluiff~11l1n 1l.luu fftiffi um'.i Hmfl'.i .:JfliflQ 1¢11'11u1~v1nu 

fll'.iN~ 2.5 Hi'l'\Jt1.:Jmmrn~.:J'lfU"~1.:J"'] ~'ltium'.i11l1n~t1mrnnflff'\Jt1.:J M kaoliang 1rtm..il.l~ 

t1w11niJ 28 t1.:Jffw11miiifvff 1tlunm 12 1u . .. 

tli:nvoU'ntt ~1111~ii 
lll~~;f 11 fa~ 

oU'nrh.:i 
~u11tl.:i 

irumfl' 
irun1tl~l1ii.:i 

iJufJi.:i 

m111:Uu (%) 

32.62 

46.15 

34.64 

46.23 

54.70 

43.59 

68.95 

51.25 

72.93 

37.78 

49.16 

37.01 

78.94 

51.53 

46.99 

82.21 

50.99 

83.05 

6.20 

5.90 

6.25 

5.35 

6.50 

6.50 

5.50 

6.05 

5.70 
0 ' d d A I d 

11lJ1Vl'1HJ: * fll'IJ1W'illn fllnl':i'tj~fil1'1Jll1Hl'lfl11lJtJ11fll1lJ 500 nm x fllfl11lJl'iJO'il1~ 

~111: 'Vll11tJ11~111n=:1Jl-ll11 (2534n) 

4.33 

6.20 

5.40 

6.80 

7.23 

6.88 

5.18 

4.80 

5.80 

rllff~f1111Jr.J11 
... . 

fH1lJ 500 nm ~lfJ 

nf11u-H'.:i* 
317 

107 

105 

862 

17.5 

37 

213 

153 

502 
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' ' .::::i.d ' 'j) t=l ' ' d ' .Qd 
fJWl1t.Jll'Y1!'111Jl~fflJl91flf111ff11·HY11ff'il~fl~1~l111'1 27 - 30 fl.:!ffWlHUClWff U191fJWl1t.Jll'Yl 

' ""' "llJ"'i llJ ,,,I d 
mm~trlll91Vf111A'il1\1J!rn~irn:irnu 10Jfl.ln~ ifrn~ 11.Jrnff'il~ti~'Yl 35 - 34 t1-:iff110Jfm0Jfvff 'illn 

m1f1m:n'llt1-:i Tsukahara et al. (2009) vm11 fJWl1t,;iiJur:1~11miunw1fonr .. m~t1m1trfNtrn 

monacolin K, citrinin Ur:l~ff11ff 11 M pilosus 'il~fff 1.:!ffl'.i monacolin K Ur:l~ff11ffl~~!rlvnm1 

11l~vuullr:i-:ifJw l1t,;iiliu1~l111-:im1l1ii'n 1 flm~ll 'il1nm1iJlJ.u'11ufl-:i~ 30 t1-:iff110Jfm~vir ~-:iinu 
I JI I 1 j/ 

.::::.e::1 , .::::i. a e::1 ?I Q.I a 'J/ i """' ""' fJW l1 t.Jll'Y1!'111Jl~fflll91flf111!'il1\lj'Ufl.:!!'lffl111Jlf1'Yltyfl!lJ'W1~f.J~!1Cll 4 1'W !'rlflf1'.i~~'W l1!'1ftl11! 'il1\lj 

1~~ l1'1-:i'il1nif u r:iflfJW l1 t,;iili mn1iJmnu 23 t1-:iff110Jfm~vir ~-:iinu fJW l1 t,;iiJ~mm~irll~tim1 
' ,, 

" ' ... d ... ... " ""' llJ);'llJJi' ir11-:im1 monacolm K ur:i~Hfl1191Q'UW~'Ylfflmrnvuv-:im1ir11-:im1vrhl citrinin 1. !r1 
,, ,, ' 

'Wflf1'illffWV.:J'VlU111;';virf 1-:im1 monacolin K ur:i~ff11ffl1ltJHfll191Q 1~~imh-:im1l1ii'nYi 23 

t1-:iff110Jfm~vir lflvnm11~ll~'W'llt1-:iirni-:iu~iu~ 4 - 12 'Ut1-:im1l1ii'n 1rn~iuiu~ 14 'Uv-:im1 
... .,;. .1 ?t 'j .d II) Id j} ""' .1 

l1llf1'VlUff11 monacolin K !'Vlll'U'W~.:Jtyfl!1J'W 225 µgig dry koji tflf.J'Yl tllllf111ff11.:! citrinin !f1fl'U'W 

rnv ffflflfl~v-:inu11v-:i1u'Ut1-:i Chen and Hu (2005) ~'Vlu11fJWl1t,JlJ~!l11Jl~ffllium1irf1-:i 
d .::::..d ; ' .::::..d ' Q ,l ~ 

monacolin K flfl fJW l1 t.Jll'Y11911f111fJW l1 t.Jll'Y1!'111Jl~fflll9ltlf111 ! 'il1\lj'Utl.:!!'lftl11 OJf.:!.:!l'W'Ylflr:ltJ.:!'Ufl.:! 

llJ""' .I = "' " .d c1 .k Chen and Hu (2005) tflH'WUu1tJOA'tt.flllfll'.il1llf1'U11Ufl.:! 'Y1 20 25 30 Ur:!~ 35 tJ.:!ff1!0Jf'1!0Jff.Jff OJf.:! 
q .. 

' I ' l I d ..:I QI 0 i i/111 iJ 'j) dd .d 
'rlU11f111UlJ'Yl 25 V.:!ff1!0Jf'1!0Jff.Jff 'Wl'W 16 1'W 'il~'Yll '11 tfl'U11Ufl.:!'Ylllff11 monacolin K mn'Ylqfl 

d ... d ... i " ""' """"" irn~i 'W'UW~!flf.J1f1'Wf1ff11J1Hlf.JUf.J.:!f111ff'.i1.:!ffl'.i'Vlfl citrinin i 1 ifltif1'11f.J 

Ji 
4. fl"Jl'll'lf'U 

'Vlr:ll f.J!! fi' 1U'1~1.jfl U 1 (2534'\J) l~fff1fl lfl 11lJ4'W!~lJ~ 'W i 'W f111l1iJn.u'11Uf!.:J'UfJ-:i'.i1 

.d ' ''JI ~ .,.. d : d 0 i "" "" M kaoliang (191111.:!'Yl 2.6) 'rlU11!1Cll!!"l1'U11'Wl'W 8 'lf11m1rn~ff~!flfl'Wl 5 - 10 'Wl'Yl'il~'Yll l1'U11ll 
,, ' ,, a .c:t. 'j) 'JI , v .e:t. ctGI ' •!V .a bJ ... I o 

fl11ll'lf'W!rnl9l'W 1 vvr:i~ 41 mm~l9lt1m1tr1Nm1'1-:i u vn'il1nuv-:i'Vlu 11mrn'lf'll11mumu rn 'il~m 

i " d " ... <k ""' 11) - I 0 i """' " " " llJ I ?t "" I " "" 'tt!lJ '1fl'U11!fll~ nu u '1~f111 i:-i-:i r:llJ'W 1'W!f1'W !U 'il~'Yll l1 H1l1'Wl'U1111'11.:! !ll!U 'W Hr:lfl 19lflf111 ff1 N ff 

'illf111f.J.:!1'W'Utl.:! Johns and Stuart (1991) vm111rltil1iJf1 M purpureus FRR 2190 iu.u'YJ~" 
'JI I f I 1 

""' ""' j} I ... j} """' i """"""" ' ""' ""' .l.l'J' i j} fl11lJ'lf'W!1lJl9l'W!'Yllf1U1tJf.J'1~ 56 'Yl'Vltfl'lf 6 'ii~ l1fffl'YlffflU'1~'VlU11!lJV!l91lJ!uu !19l'W'1.:! 'W'U11'il~ 
q 

' ' ,, 
'lf1m.Wllf111fff1-:iffUfl.:! l~ Ul9lf1~NnU11f.J.:!1'W'UtJ.:! Chen and Hu (2005) Yi'Vlu11m1iJi'ufl11lJ~'W 

j} i'j) 1..d.j/ I Q.I O 19/,l 'J} lf)'J/ I 'j) .dctd 
'U v-:i 'U 11 l1 fl~'Yl rn f.Jr:l ~ 65 n tJ'W fll ':i l1 llf1 'Y11 m 'lftl ff11-:i ffl'.i monacolin K 1fl~.:Jf111'U11'Yl ll'Yl .1, ... ,, d ... d " llJ"~ '" fl11lJGJ1'W 'W1~f!U1flf.J'1~ 45 55 75 Ur:!~ 85 'UW:t!flf.J1f1'Wf1fl1Uflllf111ff'.i1.:! citrinin !'11911f111'11f.J 

q 
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. " . 
9l1'.i1.:Jfi 2.6 P.·rnmrn'lf~11lunm~W'l ~eimrni19lff'llfl.:Jt;$ei M kaoliang Vi~WMtJi'i 28 fl.:Jf'l'l 

mrn1'1f{f11 

(~11m) 

0 

2 

3 

4 

5 

6 

8 

10 

12 

• ...s. 91 
fl111J'lf'W1nl~'W 

(%) 

34.27 

33.51 

35.23 

36.54 

37.79 

37.6 

37.23 

35.69 

38.6 

36.59 

' n,d; a ' QI ii fi1 '¥lfl111JU11fHl'W 500 nm ~einrnutt~* 

' " ., 'IJ1J'IJ11'Wl'W 12 1'W lill{f 11mu 24 iu 

892 1588 

756 1801 

797 1618 

755 1569 

821 1585 

750 1573 

852 1119 

896 1628 

907 1772 

749 14053 
O I d .d d I d. 

'111J1tll'l1~: • !'11'U1tllll10 !'11n1'.i~~nfl'UlltN'l1!'1111JV11f'lfl'U 500 nm x !'11!'1111J!\JVllH 

~lll: vrn1m1fi'11m::'l.j1l'IJ1 (2534'1J) 

. " "'I I "'I i I "" 0 "1.11 ~, ll.Jfl'Ulll'lffl M purpureus i.t Humidity chamber 'V'l'IJ11flflfltl]j'l~'t.l\Jfl't.11 ru 'If i.t . " 
m::;u1um1111t.1i.~vhltt'eieina'.Hrni.tli.t Chamber 1'11'1.:J (Johns and Stuart, 1991) ff.:JH'1~flfl1'.i~'IJU.:J 

fl1'1JfJm::;~'IJ'llfl.:Jflflflttll~i.t~'.i::;~u 0.21 atm irn::;m{ueiui~rneinitl]j'fl'~1::;~u 0.02 atm 
'J) Q.I ,l 4~ct 

~::;mm::;irn~eimrni1flHfl1flQ fl1'.iff'.i1.:JHfl191Q'llfl.:Jl'lffl M purpureus ~::;'1~'1.:Jll.Jfll'.il.Jl.J 
~ " ?I Q.I ~ 'J) Q.I 4 ~ ~ .c9 Q.I 

flflfltl]j'rni.t"J .:J'lli.tl1Ji.t 1.2 atm irn::;~::;t.1'1Jt.1.:Jfl1'.iff'.iNHfl191Qlllflllflflfltl]j'l ~i.t "J .:Jtl.:J'.i::;~u 2.0 atm 
" . 

irn::;~1m1t.1.:Jli.tfl1'.i1rOt.1'lleM Tsukahara et al. (2009) 'V'l'Ullfl1'.il'V'l1::;l~t.l.:J'.i1 llJUi.tfftfoli.tffm1::;fiij 

I J 
6. U't'itHfll~'l.Jfl'U 

,, ,, " ,, ' 
Lin and Demain (1991) l~t.l'Jl.;fl'.il Monascus sp. TTWMB 6042 ii.tfl1111'.il~t.J'Jl;feifiii 
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: jl jl jl ' b] d l o : j/o cv 
Hin.1m~1'1mrn l~m'lll.l'll'U'HH:rn~ 10 m.1N 1rn~1m•1n:n1ml.lTH1mu1~1'1n~ 1flffiilhrintt'.i1J 

" " mwo1tyi¢i'~n11tl1m'1l.lf1'1 l~ff (Wong et al., 1981) tl1~rnn~ lflffQntl1m'l-N1~u1mri.:i 
ti di l ' QI d.c:t : ,. ?t ,J 11] jJ; 1 

fl 1'.i1J fl'U 1ufl.:J~1m'lffJ'.i1 mm '.i mrnv ff1J ff!~ '.i ~'VI l.l'U 1~ 1'1 l.l f1 '1 1~ ff! 1J u fl.:J fl ii '.i ~ nf1 u 1fl~1n 11 
' " ff1Jff!~'.i~Yi~tl1~1'1f1'11flff!~'UfJ.:Jrl'll'.i~f1fJ1J (Chen and Johns, 1994) .. 

' " " ~1f1f11'.ifff11:11'\JfJ.:J Carels and Shepherd (1977) Yii¢11vn~!~t1.:i1;'ff1 Monascus sp. 'lum'ttl'.i 

~~imri.:i iu l~'.it~u~1.:i'lfi1flnu l'ltJ111mri.:im'!11'.i~~f1.:ifi'il'.i~ffeJ1J'llf1.:JUf1l.l ll.ltUttl.l (NH4 +) irn~ 
" i wm~ (N03) U'1~Uf1l.l ll.ltUttl.l i ui~rn (NH4N03) ~H'1~f1mrnil~Hfli~Q'llf1.:J!~f1'.i1 lflmmri.:i 

i u 1~'.i1~u~1n i ui~rnri .:iH'1~f1m'.iff~1.:iHfli~riffufl.:i 'lu'llw~~ufJlJ ll.ltuttl.l'l11f1uf1l.l lmu tJlJ • 
I 

!'lf'U 

Vff~!fJf10JfU'Vl'.iflt'ttl.ll~fflJ~fJf11'.iff~1.:JHfli~QffUfl.:J (Broder and Koehler, 1980) t'Y111i'rnmri.:i 

iu l~'.irn'U~1milill~u~~mm~ffl.l~f1mrn~~Hfli~Qff!!fl.:J monascorubramine (Johns and 

Stuart, 1991) 'lfi1f!'llfJ.:Jffl'.i~!~'Wtmri.:i'llfJ.:Jiu1~'.i! ~'U'Wf1n~1n~diH'1~ f1f11'.iff~1.:iffl'.iff U~1il'.:i~ H'1 
I j/ 'J/ l I b] .,. cl I 

~fJf11'.iff'.i1.:Jffl'.i citrinin fl'Jtf ~1f1'.iltf.:Jl'U'\JfJ.:J Blanc et al. (1995) l'l1J11!!'11'1.:J t'U t~'.irn'UlJH'1~fJf11'.i 
" ' J ' 

H~~ citrinin 'llf1.:Jt;'fm1 M ruber lflttdjfJU'Vl'WYill.l lu lGJr1~ttl.ln~mtl.l~¢11mmri.:iiu 1~'.i!~'UV'U"'J 

flf) UfJlJ lmu vi 'U!~'.i~ u f)l.J ll.J!U tfl.Jfl '1 f), Hl ~1'1 ti u '1~!l.J'Vlh1 fJU 'U TI1J 11111 lJ1 w citrinin {If) '1.:J 

~1f1 120 iJ'1~f1i'lJ~fJ~\Pl'.i !~'U 100 42 17 !!'1~ 0 iJ'1~f1i'lJ~fJ~~'.i ~1l.Jii1~1J U'1~~1f1'.iltf.:Jl'U'\JfJ.:J 

Vidyalakshmi et al. (2009) TI1J11nn 'l 6*1l.l 1u1GJrt~ttl.lf1~~1!l.l~!~l.l 'l u 'ii'111~m ~uimri.:i'll fJ.:J 
91 I o 

, 'U 1~'.i ! ~'U 'l u f11'.i ! ~1ty'll fJ.:J!~fJ'.iTvl 1 'l-H'i¢i' H'1 H~ ~'ii'11Ufl.:JU'1~'.i .:Jfli~q ~ .:iYi~flti'1mil1 vrnYi tf1Jtl1J 

m'.it~l.lt'llu l~u vff~rnnCJ1u'Vl'.iflU'1~trnl.l lmuttl.l iut~'.i~ 

• 8. 'Yiltl'lr 
' JI JI JI 

flTWrn'lft1l.l~'U 'llfJ.:JfJl'\11'.i 1~t1.:i1;'ff1~H'1~f1f11'.iff~1.:iffl'.i !l.1~11 u i '1~'Vl~ttfliJ'llf1.:J!~f1'.i1 ~ln . .. 
I jl ..::!, lf)j/'l cl I d 

'.iltf.:Jl'U'\J~N Palo (1960) TI'l.Jdl M. purpureus ff'.iNffUfl.:J !fl 'UTI!fJ'lf'.i~'\111.:J 3.0-7.5 '\JW~'Vl John 

and Stuart (1991) '.iltf.:Jl'W11 M. purpureus ff~1.:iffi¢i'~~~fl~Virn'lftvi1nu 6.0 1rtf11Yivunu~VitfJ'lf 
d jl I ?1 11) l.c:l I 

3.4 !!'1~ 7.0 '\JW~'Vl'.iltf.:Jl'U'\JfJ.:JTI'11tf!!f11!!'1~'lJ1:11J1 (2534'\J) '.i~lplfffll'J~!u'Umfl !l.llJH'1~fJf11'.i 
'JI .... 

ff'.i1.:Jff!'tt'1fJ.:J'\JfJ.:J M barkari 
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uijmmt>t>fl~&~-M'u (Oxidation) 

fll'.i I fl ~HHJflolf !fl oi'U I~ 'U U ii n1 £11 'Yl l,ml i'.i'J ~ 11-J 1,HHJflolf ! 'ii 'U tl'IJ fl rn i 'UiJ 'U 'JfiJ fl iii ~ll \Pl 1 

uff1~111fl~1rlim~fi'tl1~m.l'IJ1 u tllrnfJ'1'\Jfl~ i1P1rn~10Jffl i 1fi'~fl~1 u i'1v:ifl111flmm1~ii i'1Vifl vh 
1 '11'm11111~flllfJWf1Wl (deterioration) tl iin1 rJlflflflolflfli'W~!flfl~'W!rlu i tlmh~fiflid fl~!rtfl 1 '1Vifl 

111flm1111 ff'll ~ffn'Uflflfloif rnu 1 u mflwr u\Pl 111~1'\Jfl~tliin1 v1flflflolf1fl<iu 'il~fiflwJ 1~lJ~u1~flvci 
Id fl~ 'ii 1 fH fl fl U ii n1£11 fi fl Id fl~ '\J fl~ fl lpqj '1 U ff '.i ~ (free-radical chain reaction) ~~ii fl '1 i fl fll '.i 

" 1nfltliin1m 3 iu\Plfl'U fifl 
" 

1. initiation !~'Wi'WIPlfl'Ufll'.i!flflfllP.!"Uff'.i~ (free radical) 

2. propagation 1rlutliin1v1fimdfl~'\Jfl~mp.J'1Uff'.i~ 
?t • I"'"'"' !II d o 'I ~·;_ 1 ., d'd ,,. ,l "l '"l ~ ?t ,,. 3. termination !1JtJu!jf1'.irJl"!fl'YllrJ'Yl'Yll m rn'.iflfl\Pl'Yl!flfl'\JtJ ill !fl!U'Ufllpqj'1flff'.i~ 

(non-radical products) 

U ii n1£11 I~ lJ ~ 'U '\J fl~ fl fl fl olf I 'ii tJ tl 'IJ fl '.i fl i ,J iJ tJ 'lf iJ fl iii~ lJ \Pl 1'il~VJ11 tt ! fl fl i eJ l fl '.i ! Ylfl { 

flfl fl i OJffi' (hydroperoxide, ROOH) l fl rJ i eJ l fl '.i m{ 'IJ fl'U \Pl H ~ 111'11iJ~~tJ1i ~ ~ 'f\lqJ! .ff rJ i eJ l fl '.i ! 'ii 'U 

fl~\PlfllJVi11 '11'1nfl1rlu m.p.J'1uff1~ 

• • R +H 

m.p.J'1uff1~ 

. " 
11'1~flflfl~!'iltJ 'il~1;i'1 i tlVi1tliin1 rnYiliu n~~1nfl1rlu diradical ~~ij 

H H 
I l 

R- C= C-It + 0 2 

H H 
l I 

R - C - c• -R' 
I o- o• 

" I ' 

11'1~'ii1nir u 'ii ~tnfltl ii n1 rn'\Jfl~ mp.i" uff1~n'Uflflfloif1 'ii u fi mu fl~ 1 tl11 tmci 

• ROO 
• • ROO +RH ROOH + R 

llJ!ll.?i .. "' • "l 'l .. "l ... ! fl I u 'U fl lpqj '1 l'Y'I fl '.i fl fl fl OJf (ROO ) 1 eJ 1 fl '.i l Yl fl '.i fl fl fl 1 OJffl (ROOH) 11 '1 ~fl '4 \! '1 

ie11 fl '.ifll {'Ufl'U (R .) m~ \! '1Uff'.i~~!flfl~tJ 111iiif 'il~lflflU iin1 v1fi fltdfl~tl'Uflflflolfl 'OU fi fl, tl 11'1~ 
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trl vi~~ Vtt l.J '1flff'j:::1J 1VilUBn1u1 nu tv-:i 'ii::: tn~ t ~ u ffl'S U 'S::: n V'IJ i '11 ii~ Iii I~ u Vit 1.J '1 fl ff'j::: 

UQfl1Ul'il:::'l1~~'1-:J !oJfU 

• • R + R R-R 
• • ROO + ROO ROOR+ 0 2 

• • RO + R ROR 
• • ROO + R ROOR 
• • 2RO + 2ROO 2ROOR + 0 2 

irl v 11iiiVtt l.J'1flff'S:::!'l1 ifo ff1'11 r 'IJ Vi lU B n1 Ul~ m d v-:i n'IJ mmclf t 'ii u u ~ 1 '111 m)-:i ii v v nclf t 'ii u 
l.JlffrlVV~~'il:::ttmn~u Bn1u1~u~ 1 fiv initiation reaction Viii tt'tn~V'4 l.J'1 flff'S::: ,~, '11 ii 
u B n1Ul1tl.J ¢( u -d'in ~~u, ~ ~ 1U!dv-:i'ii1 m ~u u B n1 Ul~ i '*'V'I il-:i-:i lU i u n 1'SVi1 '11ufru1i::: 'j::: '11 ll-:J 

m{'IJVUU'1:::t~1~'S!'iJU U'S:::mw 35 fi1mtf'l'1V1'11lV146 n1'1~'1/11J'11rn:::iJ-:i¢lv-:ii'*'V'lfl-:J-:JlUVfi 
• di di " I ... di "i "' ""' " 111_ Id ... I ,,j i " ""' ?t 'il1U1U'l1U-:J ctf-:JUVUfidl'V'l'1-:J-:JlU'Yl 'If Unl'S!\911JVE!fictf!'iJU!'lll rn'Yl'V'IUli:::f'l !'V'IV mn~!lJU diradical 

"' 
vrJi-:i h~\91ll.l'V'lil-:i-:i1u ~i'*'il :::'1~tl' vu'1-:i i um1:::~ ii 1 '1'11::: mu tctflf tt1vuir-:i.if 1ud-:i i tt'tn~ 
1~1\91vvnclf1~<ifu (photo-oxidation) (unu1, 2549) 

V'4 l.J'1 fl ff'S :::! ~ U ffl'S ~iif'l 111J lV-:J l 1 i Un l'S !fl~ U fin1 Ul! dv-:i 'ii 1n¢l V-:J fil'S ~'IJ ~ n'IJ 
Cl d .;. .t!l 'j/ ' d ' a'e;:J. _91 °" vrnn\91'SVUVU!'V'IV!'lll".!fffllU:::1m1u-s 'SNnlU'llV-:!l.J'4'l:JUl.J'S:::'IJ'IJUV-:Jnum-str:::ffl.J'llV-:Jffl'SV'41.J'1 
""' !II !II 1'I "" "' J ,,j .I"' i" 'i ., Vff'S:::~1unnff'SH!VU !ctfl.l\911U V'4 l.J'1 Vff'S:::'llU l.Jl!'V'IVf'l1'UfJl.Ju'SmW '11 v~ u -s:::~'Uffl.J~ '1 

vrJ1-:i h~mmrlv-ii-:imu1~i''IJ~-:im:::~u 'illnm-s 1~i''IJ:J.J'1Yi'l:l 'illn~-:iu 1~~ei:J.Jmuuein 1.ifu m-s . ~ 

ffl.JHffUff-:JU~~ nl'S".!'U'l.J'l11 fil'jfllJEll'l11'Sl'lllJU".!-:J Ell'l11'SU-:J rJ1-:i 'il:::ri-:i~rn~Vnl'S!ffUfflJ~'1iu 

m rn 1'1J fJl.lffl'SEl'4 l.J'1 flff'S:::1rn:::1n~m-s tr::: 'fYl.l i u -11-:im U'il u ei~-s :::~'IJ~t1 uni1 "oxidative stress" 

~-:!I~ U ff fl 11:::~ I~ U flt.A \91'SlU~El<J1-:J n 1 U! dei-:i 'ii 1nn1 'S Vi lU fin1 Ul'll El-:! ill 'S E1'4 l.J '1 fl ff 'S::: n'IJ 

t~ei~l.ltctf'1'1'~1-:i"l 'il:::Vi1itt'tctf'1'1'tn~m-s1~eil.ltrm'V'ltrn:::u11 u~f'l11:1.Jf:l~u n~'ll ei-:itctf'1'1'1rn::: -11-:imu 
' " ' ' 

1~i u Vi q'~ ~-:i tl' u~-:iii f'l11l.l~11~uVi~ei-:i1~ i' 'IJ ir1-s~ 1ueivnclf1~ iu tfil.lt~l.l 'ii 1nei1tt1-s 1 .Jiu 
1\91llJU!V 1\91llJUCJf 1\91llJUfl 1rn:::m-su-s:::nei'IJfJUE1'1 t~U~U 
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y ~ CV • • 
O'T'HJ!l'IU>f>fl"IUYl'lfU (Antlox1dant) 

' ,, 
ffl'j ~l'U mm~t\Ploif'U l1~Uffl':i~1'1.J u'4 \! rtflff'j~ mn vi1'1 ffl':iu1mru u uvVi mm 'j '1 ii't1 ii''I 

' tt~uilu'ln'Um':i tn\Pluiif11v1uun~t1P1oifmrn'IU'4\J'1flff'j~1~ (Halliwell, 2009) umi'lliilll'\JfNffl':i 

~i'Uuun~t\Ploif'Uuu'l1~ 2 u':i~m'Yl 1~un 
v "" .., .., J .:'I • I ~I ., o' ""' llJ " ' 1. O'l1'1'11Uf>f>flCUAYl'lfUO'·:um1~11 lu'Uffl':iu':i~flUtlrt'UfH'lff'llml~'tt 5 'lf'U\Pl 1\PlUfl propyl 

gallate, 3-butylated hydroxyanisole (BHA), 2-butylated hydroxyanisole, butylated 

hydroxytoluene (BHT) 11'1~ tertiary butylhydroquinone (~91':i LtlHff~l'l~'liu~ 2.9) 11'.J'Uffl':i~l'U 

U'4 \!" flff'j ~~il [JlJ i '*' 'U ~91 ffll1 mm Vll11 'j I~ uii't1i'I fll'j tfl\Pl u ~fi1 rll UUfl~l\Ploif'U '\J U'l l '\J:ir'U ~'I I i'.J'U 

mm~ i tt'mm':iiin~'U iY uri~'jff'lf1~~1u~v'U 111 ffl'jff '11m1~-ttm ri1ci'iiu'j~ff'Yln mvmri~wnlJ 
tl'I ~ 1~ 'I flllffl ':i ff fl\Pl 'il lfl'li ':i ':i lJ'lfl~u\Piii.u' u ~ lfl\Pl'\J U'I fll':i i 1J1 ~ U'l 'illflil qjl11 ~l'U t1 'JllJU rt U\Pln rJ i 'U 

fll':itJ1lfltl (Pokorny et al., 2001) 

(a) (b) (c) 

(d) (e) 

... 1.d ,.. ,, e:I ,, ~ QJ o' 
iu'Yl 2.9 1t1Hff':il'l'Yll'lltllJ'\JU'lffl':i9ll'UU'4\J'1Uff':i~ff'l!tl':il~l1 propyl gallate (a), 3-butylated 

hydroxyanisole (b), 2-butylated hydroxyanisole (c), butylated hydroxytoluene (d), tertiary butyl 

hydroquinone (e) 
d 
'Yllll: Pokorny et al. (2001) 
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v .Q v .Q .::'I 31 ~ Q,f .d ~vi, a "' o' 
2. tll'HJ!l'U66flO)fA~'lflHllfltiniJ'lfWI !u'Uffl'.ilH\HHlfl'llH~'lf'U'Yll'llJ L~'Yl-:1 'Ul'l'lf 'ff\911U~::; 

,, ' . 
~~1-.1'Y1'1v iil1''1fifl~11-.1iu"1fl-:111911iJ1-.11'lf1-.111911iJwilf 11911iJ1-.1~ 1IJ\911uf1hfi1-.11rn::;m1fil~1l1'tJwfi1 

m-:i 1fl'l1'Ultll'.i (non-nutrient) ~-:iii1m-:i'ff~1-:11~1-.1m1u1::;flfl1JVJ'Ufl~ 1~rmrn1::;fl~lJ 1l'l~VJ'Ufl~ 
I .J -' 7/ Ill) <> .d (polyphenols) l'lf'U isoflavones 1rn::; flavonoids GJf-:Ju'j::;flfllJ~1£l'Hlql nrnrnflGJf~'Yl!fll::;lJ'U 

v y ' v 
1-:l!lJ'U~'U (aromatic hydroxyl) ~-:iu~ 2 11~;i1-.1iu 11~-W-:ini1-.1 (functional group) mrl1ilii1J'Y11Jl'Yl 

"11fi'qi11-.1 mH1niO'IJmp..i~u'ff1::; !li1l1'!um::;~1-.1111flnfl1l1'1n~ui)n!mflflflc1f1~-i1-.11~1~vm111-1' 
,, ,, ' 

fl'4lql~ H" unfl'4lq!~fl'ff'j::; 'Uflfl111flUV'lffllJl'jtlfJ1JV'ltll'.ilfl~fl'4l.d~ OH" 11-.1ui)n!mfiiifl'4lq!~ 
'l <> OJ "I 2+ i+ ?I OJ .d 0 11) 7/'; 7/ OJ OJ 'l OJ I <> ?I 
rn11::;'Vl'.il'UGJf'l1'U flfl Fe 1rn::; Cu 11J'U\9111'H'U£J1'Ul i~ 1~£Jtll'.il"11111Jfl1J 1~11::;~-:iflm1m~11J'U 

.. I Cl 9i1 'JI ~ cv Cl 

'ffl'.iu'.i::;flfllJl'lf'IGJffl'U (complex) (Sanchez-Moreno et al., 2000) ff1Hll'UflflflGJf!~'l1'U'illfl1i'.irn'l11\91 

I ~i'lJ fl 111.J'ff'U 1111rn::;iim 1 llu fl ~lfl rl1-:imfl 1uii11~uu1iTfl-:i111flf! 11 m ~fl~ u i1iif111lJ u ~fl~ .tl ti 1 u 
tll'.ilJ llflfl lJlflflllffl'.i ~ l'U fl'4 lq! ~fl 'ff'.i::; a' 'I Im 1::;M 

' .c!it.S/ .Q QJ ' ' •• 
f;Jflti\Jll'U66flO)fA~'lf'U (Antlox1dant act1V1ty) 

q 'V1 ( ~ l'U fl fl flclf l~i'U m..i-:! l~! ~ 'U 2 U 1::; !fl 'V1 \91 llJ J:1 fl'hl ru::; fll '.i ~ l'U fl flfl elf!~ i1-.1 (Sherwin, 

1990; Yanishlieva, 2001) !~uti 

1. q'Vl(~l'Uflflflclfl~iuuimJiJ (primary antioxidant activity) 

1rl1-.1 m1,.., ~~11i)n!v1flflflc1f1~-iu1~vm11l1'fl'4l..!~1~ 1~11 'il'U (H ·) tt1flu1~fl\9lrn1-.1uti 
"" 'l di 01" "" .,, .1 "' fl'4lq!~fl'ff'j::; !~£J\91H (radical scavenging effect) 11-:l'Yll 'Hfl'4lq!~lfl~f11llJl'ffCW'.i"1'U ~'l'fflJfll'.i 

• R +AH ... RH 
• • RO +AH ... ROH+ A 

• • R +A ... RA 

• • RO +A ... ROA 

m1 ~l'U flflflclfl~ iu ~fl fl fl q 'V1 ( fi fl iO 1J fl'4 l.d ~ u 'ff'.i::; d1u 1 myfl fl m1u1::; fl fllJVJ'U fl~~ -:i fl flfl 

q'V1(~1u fl'4 lq!~U'ff'.i::; !~~ ~f111m .rilJ.riu ~lu~irt flf! 11m.rilJ.riu ~ -:i m11 fl flflq 'V1 i1rl1-.1 m1 !'ffllJ q'Yl( 

flflflclfl~i'Ul~ (Rajalakshni and Narasimhan, 1996) 
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~'J,J ~ Q,I .c::ir. .c::ir. 

2. t]'Y11i~l'UtltlflOJf!~'lfU'YJ~rltJlJ (secondary antioxidant activity) ,, 
ffl':i ~ l'U tltlflCJf!~.if'U iJ 1 ~!fl'Yl ij i·1h11iJ B n7 rn nu t1'4 lJ'1flff1~1 ~ V~1 ~ u~ ~~'!f-w ffl':i ~ 1 'U 

~1'UtltlflCJf!~i't.1iJjlJf.]iJVi1~1t.1imiflEJW~~l~"l (Gordon, 2001) i~wi ,, 
1) fJ1JfJ~f111Vi1~1'U'Utl~ singlet oxygen (singlet oxygen quenching) ,, ,, . 
frufr~iJun7mt1t1flCJf!~.if'U 1~vm1frufr~m1Vi1~1'U'\Jtl~ singlet oxygen 1~miJ~ri'U singlet 

oxygen (
10 2*) ittt1~it.1iiJ triplet oxygen (302) U'1~iJrit1riTI'1'~~l'U~i~f1Jt1t1fliiJit.1iiJtl'JllJ~tl'U 

1'1ft.1m1it.1nrjlJUfl h'fit.1t1ri1i' 1 llJ!'1fJ'1 ffllJlrnVi1iJun7ri1fiu singlet oxygen i~a~ 1,000 

llJA'1fJ'1 (Sies et al., 1992) 
.... 1.i=t.~ CJ) ct. 2) 'tt~~lJ{jflW1f111ff11~t1'4\!'1tlff1~ (chain-breaking) 

'tt ~~ iJ un7 Vltl tlflCJf !~ <if't.1l~Vfll1Vil'ttU1~I~'U;)1f 1J fl!~ fl~ 1tl'U~1 fl tl'4 lJ '1 I TI ti f ti tlfl CJ1 

(ROO •) 1'1ft.11~1iJt.1B (U-tocopherol; toe-OH) mmrni1v~nt.11gvi!mOJfml\)f1Virn1v~1niJBn7v1 

tltlflCJf!~.if'U '\Jtl~ 1'\JiJ'U~'JVf1111~t.1;J1f ufi1~f1~1tl'U ~1fltl'4lJ'1ATit1f t1t1nCJ1 ~~l iJ~ 2.10 (Burton 

and Traber, 1990) 

R-00-

. 
Yim: Burton and Traber (1990) 

Initiating } 
Event 
I Crrion-cenlered T Frtf9 Raditfll 02 R• 

lniUation 

Propagation 

Termination 
via 
Antioxidant 
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3) ~'l.Jn'l.J h11:::~ffl:JJ1':i()d'ltlun1v1uUflolf!~i't..1i~ (metal chelation) 

11~~tlun1v1uuflolf1~i't..11~vm':i ~u hmdiu Fe2
+ um: cu2

+ ~l'lrn u 1~11'lmn':i ii 'I 
.... IA.Q.Q A QI 0 i Y ... 1c.A.c::ii .q J 'J} t 

uUn':ifllUUflCJf!~'lf'U'Vll '11uUflW1!n~'IJ'U'lf1'1'1 !'lf'U flavonoids, phosphoric acid tm::: citric acid 

fl'1im1ff~'lit..1inm1':i (Sanchez-Moreno et al., 2000) 

HOY(A 

HO~ 

... d 
4) lffnlt]'Yl'li (synergism) 

I 1'.lt..1fl1rn Uflt]'Yl,'IJU'I ffl'j ~ 1 'U UUflolf!~i''U ~1flnl':i 'lf1vffu 'l.J ff~ 'U i '11' ffn~ l'U u Uflolf !~i''U 
0 \11 jl.c1J ' 0 • ' QI ,. d "I 1 

'Yll'll'U t~~'IJ'U !'lf'U fll':i'Yl1'11'U':i11J':i:::'l111'1 a-tocopherol fl'l.J ascorbic acid t~fl'YI ascorbic acid tlJ 

ffllll':i'Cll'll·:n'Ui'U':i:::'l.J'l.J hydrophobic i~miju'Un'l.J U-tocopherol U1i'il:::i'f1'tB1~':i!'il'UU:::~UlJUn 

U~lqj'1 U-tocopherol peroxyl ~!fl~'illflnl':il'lltlUn1V1':i:::'l1l1'1 U-tocopherol n'l.JU~lqj'1 peroxyl 

(ROO •) 1tJ~vt..1itJmi'l.JttJ11'.Jt..1 U-tocopherol ~fflm':ial'll'll'Ul~ (Frankel, 1998) ,, . 
5) vuv'lm':il'll'll'U'IJU'lrn'U iCJf1f fid '1tlun1 viu~lqj'1Uff':i::: (enzyme inhibition) ,, 

ffl':i~1t..1 uunolf1~i't..1m'lmjll i'lfu ffntl':i:::nuuVJt..1 U'1 mm':iavuv'lm':il'11'11t..1 'IJU'lrnt..1 iCJf1f 
""'i' "'"' 'l' j! ., ., "I d di .?1 'l' •• I o' '1 t'VlUUflCJf'il!'Uff (lipoxygenase) t~flffl:JJl':i()!'IJl'il'l.Jfl'l.J &UUU'U'IJU'l!'l1'1flCJf'l!u'U tfl!!rtll!~U':i (co-

factor) ff 'lrrn iM'rnt..1 tCJf1f ~'lni'i11 ilimm':ial'll'll'U i~ (Puerta, 1999) 

a11 isoflavone 1u~1matH 

isoflavone I 1'J 'U ff 1 ':i tJ ':i ::: fl U 'l.J VJ 'U U '1 ~'VI 'l.J i 'U ~ 1 I '11 fi U 'I I fl~ 'ii 1 fl fl 1 ':i ':i 1lJ~1 n 'U 'IJ U 'I 

phenylpropane nu malonyl coenzyme 3 1m'1fJ'1 ffl'j isoflavone ~'Vluit..1~1mfiu'lii 12 '!fiJ~ 

m.i'111'Jt..1 3 nzjll"] '1::: 3 '!fiJ~ fiu flzjll ~-glucosides tl':i:::nuu~1v daidzin, genistin tm::: glycitin 

nzjll malonylglucosides tl':i:::flU'l.J~1fl malonyldaidzin, malonylgenistin im::: malonylglycitin 

nzjll acetylglucosides tl':i:::flU'l.J~1fl acetyldaidzin, acetylgenistin im::: acetylglycitin tm::: 

nzjll aglucosides (111u aglucones 111u aglycones) tl':i:::fl\'.l'l.J~1tl daidzein, genistein im::: glycitein 

("J~':i 1flHff~1'1Uff~'li'WltJ~ 2.11) 
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OH OH 

•• 0 

Glucosides Aglucosides 

Compounds Rl Rl R3 isoflavones 

P-glucosides H H H daidzin 

OH H H genistin 

H OCH3 H glycitin 

malonylglucosides H H COCH2COOH malonyldaidzin 

OH H COCH2COOH malonylgenistin 

H OCH3 COCH2COOH malonylglycitin 

acetylglucosides H H COCH3 acetyldaidzin 

OH H COCH3 acetylgenistin 

H OCH3 COCH3 acetylglycitin 

aglucosides H B daidzein 

OH H genistein 

H OCH3 glycitein 

itl~ 2.11 
' ' 1 ~ ~ l ~ a "!IP'l'.i flHff'.il~'\JU~ isoflavones 'Yl'VflJ h!tl'Jll-H'W~ 

' Vim: Sakthivelu et al. (2008) 

ffl'.i isoflavone i~m'il'Wl~VvNt~ aglucosides ijm,Jii'~m~~1.fl1'W~fflflqj'l1'11tltl'.i~fl1'.i 

1~v1 ll "W1~ ud1~~~ffllii'~n1'.i~ 1u V'4 l.J" off'.i~ ~~ d~ H'1~ eif111llff1lf 1'.i at u n1 '.i ilu~nu i '.ifl ~ ij 

ff1!'11~~1flV'41.J'10ff'.i~ 1'11t.1 irnrna~~ (Gotoh et al., 1998) irn11'1u~1~um1'1l~ (Potter et al., 

1998; Park et al., 2003) irn1rn1111t.1 (Liu et al., 2006) hflm~~fl'W~h! (Potter et al., 1998; 

Ishimi et al., 2002) 1rn~l.ffd~lt.1 phytoestogen lt.1'11tY~ltJ'l1lJ~tl'.i~~11~m.Jl~ (Morabito et al., 
'l d .;, a I 'l 1_?1 'I I ,. 

2002) ffl'.i isoflavone !h!!lJ'1~fJ1!'11'1U~ff1h! 1'11qjl1Jh!ffl'.i !'l.Jfl'Jlf malonylglucosides imH'il'Wl~ 
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' 
mh:iti~ malonylgenistin (Lee et al. 2004; Kim and Chung, 2007) 'HJ~fl~l.Jl~tl (3-glucosides 

aglucosides trn::; acetylglucosides (Lee et al., 2004; Kim and Chung, 2007) '11lJ11trn::;tl1lJlill'Utl~ 

ffl':i isoflavone i 'U tlJ ~1151!'11 ~ti~ iifl 11lltttl1tl111.J ~ 'l.Hl ~tl'U 1::; v::; fl 11t'ii1 ty ff1 v-W 'U i q ~ fl11 
.I .d .I d ., 

tvn::;ll~fl fffll'U'Vlt'V'll::;u~fl trn::;ffm1::;m1::;m~fl11tfl'U1fllfl (Wang and Murphy, 1994; Hoeck et 

al., 2000; Lee et al., 2003; Kim and Chung, 2007) 1rtt1iim1'Ul1flmY1m~t1~ll~fllt1'il::;fflmrn 

ttlgvum1 isoflavone glucosides 1tlt1'.lu aglucosides 111v~~'W'Vl'1v~mff'vt1~iuri1u'Ut1~'11i~ 
I .ei 'J} I I I l 

fltl'U'il::;\Jfl~11CJ1llt'U1\pl~fl1V (Day et al., 1998) 'illfl11V~l'U'U~M Izumi et al. (2000) 1::;1_J1111~fl1V 

'Utl~ll'lfl:lVffllJl1fl~11Cif llff11 isoflavone aglucosides 1~i utl1mill ~ mmrn ::;1111t~1w.h flzj ll 
,, ' 

QI CV ~.,.. .r.! d, Cl I d I I lfl 'J} 
glucosides 11~ 'U 'U fll 1 'U1 tfl fl ti 1'tt 11 'VI ll ff11 isoflavone aglucosides ~~'ii ~ff~ l!-H111\91ti11~ flltl ! 11 

I 

lllflfl11 

~1m~t>~1'1"fl hmiurft'u 
ti' 1! 11~ti~11 lJ fltn'l::; H~ ~ fi ill en 'ii 1mt 1111~ti~11lJfl~11! 1'.J u tl11111t~ti~'Ufl1~ ~ii fl ill fi l'Vl 1~ 

Lfl'l1'Ulfl11~~tdt1~'il1m1'.lu1mri~'Ut1~ 1 tl1~u1rn::; i'Uiru~iitl1::; 1v'11tl'9lti11~mv 111vm~1::;mh~ 
' ' ,, 
ti~m11t1::;il1 'Wflff1::;li i~'il1flm111irndt1t1'Ut1~1:j/t1~ ~u 'Vl1viu1 ::;11iNm111irflv'l1'l,r11~mv~11Ci111 ,, . 
i~~lV 'Utlfl'illflUtl1t'tt~tl~11lJflU~t1'.lutmri~d1fi'ty'Ut1~ff11 isoflavone iuitl'Uti~ aglucosides trn::; 

JI ' ' ' 

phenolic compounds 1111 YI~ fflltl~m 1#1' 11.J ti~ :lq!fl flff1::;li1\l ~ fli1t11m ~ti~li iii r-hu fll':i 11 lJflVfl 
'J} I lf) d d d.c1_ I ,.. rl 1 I ' ~ 
111V (Lee et al., 2008; Lim et al., 2010) t!Vl~ 1rn~lllff11'111.fll~'Vlllu1::; W'l1'U\91tl11~fllm11m'U 

~'U i u ti'1m~t1~11irfl i utl1mill~tt\91fl911~tl'u~ut1~n'U11 mvil'il ~ v i'liu ffw'W'u {'Ut1~ti'1m ~ti~ mv 
oJ I o 

-Wu{'Ut1~1:j/t1~~u'Vl'1vYii -*i um111irfl 1rn::m::;'U1um1H~~ t11m~t1~11irm1111uufffi m1'.lumm1 
I 1 I J/ 1 I 

1Vlt1-q'llm~li tJ1111~1vm1'lf1111rnfJ fin ii tl1::; 1v'11tl' 91t111~mvYi'~'il1flt11m ~ ti~li i -*11'.lu i191Q ~ 'U i u m1 
... ii .l 'i ... 'l I ... I • I ~I 1111rnrn::;n11 ff1l~'U'U'Ut1~11 111umrnff u 1::;1111~m::;'U1lJ m111l.lfl t'l1'U ff11ll 1::;nt1'Urt'U ti fl m1 

isoflavone aglucosides ff 11fl11 fl tit fl ff t \91ti1 ti fl 
d. .ll!!f, Q.I fj/ 

monacolin ff11ff111tiHfl1\91q!!fl::;ff11~1 'U 

tltlfl~t11i''U (Rhyu et al., 2002, Kuba et al., 2005; Pyo and Lee, 2007; Lee et al., 2008; Lim et al., 
JI ' ' JI ' 

2010) u t1fl'il1nii H~\91nillcnnu tl1itl 'il1flt11m~t1~11irfl 11111 u fffiff 1-ifu iJ 1u 11t11m~t1~U'~~'Uff11 
fl JI I I I JI 

ti tlfl q 'VI n 'VI 1~'if 1fl 1~ t 11ri1Ull1 fl flil H~ 191fi ill cnfi U tJ 1itJ'iilfltl1! 11 ~ ti~fi iii ~1'Ufl1111 lJ mt 'U 'U~ ~ t~lJ 
"" ii . tlfl111fl (Lim et al., 2010) 

mm111irfl'illfl 1mtufffiff~iim1 monacolin fflll11fl 'l-*11'.luv1f mn 11fl i'Uirui 'Ut~t111ff~ ., 
'111 fl tltfl ff!~ ti rn fl '11lJ 11 LDL U fl::; fl 11fl11llt ~fl~ 'U ti~ fll 1tfl11hfl11 fl t111t~t111tt1 i 'iii 'U fl 'Uttfl::; 

ff'~1'Vl11flt1~ i~t1d1~iitl1::;ff'Vlnm~ 'il1flm1'Vl11 fl ti~ i ,rm::;9lwnu mm1~iiri1u Hffll'Ut1~'1i'11u11~ 
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O'l'J/ °' t 'l "I I 'JI J °' 'JI 'JI m 11 '.i~~1Jflvmm~rn·nnl'Yl~'Hl.l~ 'WmV~'llv~m~~rn.1'1~'1~'.imrn~ 25-40 'IJ'Uf11Jfl111.ll'lll.l'U'U 

'IJV~ff'J'Ul}-l'fflJ'IJV~,rl'J!!~~!!'1~V~'fflmrn'1~U1mw'llV~ LDL-cholesterol !!'1~~1~"11Ufl111Jl~tl~ 

'IJV~f11'.ilfl~ hfl'H'1V~l~V~'l11'l11'1~i~ (Wei et al., 2003) !!'1~111f1f11'.i'Y1~'1V~'IJV~ Wang et al. 
d 'l'J/ "" 'JI ?t "I I 'JI 'JI II) d II) d' 

(2000) 'Yl'Yl~mN 'H'H'Uf1'U'IJ1111~~11J'Unm 6 l~f.l'U 't'l1J11mm'.it1'1~m1:1.J1'\J:1.J'IJ'U'llf.l~ t~'.inmoirv t'.i~ 
"' 

'lw~i'lJ flVmfft~fJ'.ifJ'1"1fU~ VLDL (very low density lipoprotein cholesterol) Im~ LDL 'IJW~~'rl1J 
• I"' "" .0: J d 'JI ~ 11J v'l 'JI 'JI ""'i 
u'.ilJ1WflV!'1'ff!~Vrn'1"1f'U~ HDL l'rllJ'IJ'Umf1'WVtl f11'.i!'Tf11fl'Uf.l~ Qin et al. (1998) t~ 'Hfj1J'.i t.tlfl 

187 fl 'W fl'U ,r n11~~11~vti~r1 n~~\Pi v nm fll.!11'11 8 a'u~ 111' 'rf 1Jll,r 1111~~'lf1t1'1 ~u1m w 

"" .,: J 'JI ,!.,.,. 'l'J/'J/iJ 'i "''JI 
"Jf'U~ HDL l'rllJ'IJ'U'.if.ltl'1~ 14 'Uf.lf1111f1'Utl~l.lf11'.i'Y1~'1V~ 'Hfj 'Jtl t'.iflflfJ!'1'ffl~Vrn'1"J~f1'U'IJ11!!~~ 

'Yl~!!'Yl'Uf11'.ifl'Ut11i'm-n hflfiut11m~~'U (Statin) 11~1~f.llf11'.i,rl~l~t1~'\Jf.l~t11 'rl1Jll ,r11u~~'lf1t1'1~ 
" '.i~~1Jflvmm~vrn'1l1~11:1.J~'Uv~H'iJ1t1'1~ 1~!vt1'1~ 15 "'~u1mwflvmm~u'.if.l'1"11U~ LDL "'~ 1~ 

"' 
'J/ ~ I 'J/ d d ~ ~ "l!Pd. 'JI 
rnt.1'1~ 21 !!'1~tl~"lf'Jt1'1~f.llf11'.i'IJNlfltl~'Yl!f1~1llf1tll'ff!~~'U tflf.lf1~1tl (Venero et al., 2010) Im~ 

111nm '.i 'Yl~"' v ~ 'l 6*,r 1111~ ~ 'l u n n foEJ 11 rn fl um m~ v rn '1'ff~'lu1~ n'rl 1J ll ,r 1111~M mm '.i ti"'~ 
"' " 

u11J 1 W 'IJ V~ fl fJ1'1fft~ fJ '.i V'1 i~ 'H lJ~ 

II) 'JI I "".I "" "" 'l (apolipoprotein) '1~ t~Vtll~lJu'.i~ff'Yl'li.fll'rl (Guardamagna et al., 2011) 'Uf.lf1111f11}-1'1 'Uf11'.i'1~ 

" flVrnm~V'.if.1'11 'Ul~f.1~!!~1'.iltl~l'U'Uf.l~ Hong et al. (2008) V~'.i~1Jll,r11u~~'fflm'.it1V1JV~f11'.ilfl~ 
'i d G] 0 II) 'J/'l '111 'J/d 'JI 
t '.ifllJ~IH t'U'11 t'ff my !~Vf1~1tl 



.., ... 
3.1 1VIQ~'U 

' .,. 
1J'Yl'YI 3 

~-;imilv~ mv~'W{i:jhi~hnJ 60 'ilinffm1J''Ui~vVi'lfi~ ~~'tti~i;v~'l'ttij 

.!i ... ""J 
3.2 1'1Hl1J in.rn ·m 

Monascus sp. iv lCJfHl\Pl~ff~l~ffl'J'Vill citrinin ~l'illfif11':i'Yl~ffV'U¢!1vi~ Bioassay 
0 ., ..... 

screening 'ill'U"J'U 4 fflfJ'f'l'U~ trn PSRU03 PSRU05 PSRU08 um~ PSRUlO (m~m':i, 

2554) 

..t <!I _, • 
3.3 lfl18~llf>lli1~~1Jfl1W 

" 31 I ... 

~'UlU'lfV (Memmert, Germany) 
' ' ... .. 

!fl'JV~'ttl,j'U1'111fJ~ (Eppendorf Centrifuge 5403) 
' ' a Q.I .c::i. o ' 

tfl'JV~'H'YlfY'UfJl.J 4 \PllU'tt'U~ (Sartorius, Germany) 
' ' ... ., "" 

!fl'JV~'lf~'YlfY'UfJl.J (Wettler Toledo, Switzerland) 
31 31 
~V'U'11J':it:J'U (Memmert, Germany) 

' ... ' 
!fl'JV~t'\JfJl (Vortex Genie 2, USA) 

tfl~V~~'1ml tCJfun (Thailand) 
,,j 

imv~ Spectrophotometer (Spectrophotometerevolution 201, China) 

!fl~V~ Spectrophotometer Microplate Reader (KGW-961, Manufacture) 
" 

fll~Ul~'U (Stuart shaker bath, English) 

gJ .J ~ "' 
'tt1JV'U~fl111J~'U rn (TKA TEKNOLABO, MILANO, Italy) 

,,j . 
!fl'JV~ High Performance Liquid Chromatography (Agilent technologies 1100 Series, 

Germany) 

HPLC Column (Zorbax SB C18 150 x 4.6 mm, 5 micron, Agilent technologies USA) 

Mass detector system (Agilent technologies LC/MSD SL, USA) 



" " fll'l11'H~f.J-:Jt~fl potato dextrose agar (PDA) (Himedia, India) 

Butylated hydroxytoluene (BHT) (Sigma -Aldrich, Germany) 

Methanol (Labscan, Ireland) 

Gallic acid (Fluka , USA) 

Folin- Ciocalteu (Merck, Germany) 

Sodium carbonate (Nl!iC03) (Merck, Germany) 

2,2-Diphenyl-1-picrylhydrazy (DPPH) (Fluka, Germany) 

Linoleic acid (Fluka, India) 

Tween 20 (Fluka, Spain) 

Ammonium thiocyanate (Rankem, India) 

Iron (II) chloride tetrahydrate (Grade AR, Malaysia) 

Ethanol (Lab-Scan, Ireland) 

Hydrochloric acid (Lab-Scan, Ireland) 

Sodium dihydrogen phosphate monohydrate (NaH2P04.Hp) (Merck, Germany) 

Di-sodium hydrogen phosphate dihydrate (Nl!iHP04.2Hp) (Merck, Germany) 

... "'ll 3.5 t1111&fl1l:::'tt'U8\jil 

hl:mmlJfflt~'iliiJ SPSS 10.0 (SPSS Inc., USA) 

q q,cf.CSt, Q.I 

3.6 1::am.1tJ11i"JilrJ 

uij-:Jfll'j'Yl~'1t1-:it1t1mrl'W 4 ~ti'W f'iti 

' ' ' 
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q Q.I 4 QJ J ~ CV .::& SI oC!ti 0 SI 
Vl8'U't1 l fll1fl~&a8fltflrJ'W'U!p1n.mutTfltf't1tf1Htn1'rftJ citrinin VllU'il:::tJ11-!ltn1 monacolin K \1''3 

,! QI o'd p Q ~ ~ Q.I 11] v Q QI ' 

!'Vn:::rnf.l-:J Monascus sp. fflf.J'Vl'W'fi'Ylff'Jl-:Jffl'j'Vfhl citrinin ~lOJf-:Jfl~Uf.Jfl t~'illfl-:il'W1'ilf.Jfltl'W 
" '11tl'Tu (tfl~fll'j, 2554) ~l'W1'W 4 fflf.JTI'Wi f'iti PSRU03 PSRU05 PSRU08 um: PSRUlO 'l'W 

" JI ' JI 

fl1'111'jt~f.J-:Jt~fl potato dextrose agar (PDA) ijlJVj 30 fl-:Jfflt0Jf'1t0Jff.Jff'Wl'W 7 i''W 'illfl11'WHI cork 
j/ I r/ ~ .0. t:!!I ,l O "J ,! ,! 

borer 'U'Wl~tff'WHl'Wfj'Wf.lfl'11-:J 5 lJ'1'1tlJ~'jt'iJ1::: 1f11'1'W'Utl-:Jt"lffl'j1U'1:::'Wl ii1t'Vll:::rnv-:i'l'Wt11'11l'jt'1f.l-:J 
" " ' <l!!I ' ~ 'j/ ' ~ C!i~ ' ~ ~ QI 

t"lffl potato dextrose broth (PDB) (10 "l1'W1'W~tl 100 lJ'1'1'1~'j) lJlJ'Yl 30 fl-:Jffl!OJfmOJff.lff'Wl'W 7 1'W 
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v v • 
GJ' Jo d d IJ)d .Qd 

'11'1'1fl'j'l.Jt'Hl1'U1J'U1tllm'.iUW'l!'IHJ PDB !'lll!fl'HN stomacher 'Ul'U 30 'J'Ul'Vl fl'HNrn1mV11::; 

inrn::;mmn.fo{1~mhiiJ't6*1~tJfl~114vitJm·rnirmi'1milv'I 

. ... .., ... 
fll'l'&\JI 'nJJ.Jtl'JA'YliUl 'I 

I I I 'j/ 

tl111J~~o1milv'lmti~il'lui1'1nt1'1n1J1rn::;11J~~~'U u'li11J~~o1milv'I i tJtl 1 'ttJtJl'l'n 1 :4 
• v • 

tJ1tJ1l'i::;mru 16 r.if1 lll'I l1'1H1::;1~~tl1'Un~m~~o1milv'liri'ttJYlmfffi''lltJ1~ 250 i1'1~~\9l'i 

~1'U1'U 50 ni'll 1li'mi1 pH 'llV'l~1milv'liir1~tJm~ (tl'i::;mw 3.5 - 4) ~1tlfl1'i!~ll vinegar 
'I • I"' 71 !"! • I •. I o' V 0 "' & .:, .,. 'I V 'I ii & ., 1'Uu'i1J1W'iVt1'1::; 10 u~u1flTI'11fffl~1t1fflmrn::;m::;~1EJ 'U'l\11!'11'1V'I imJn 1'U'l11JV'U'lfl111J~'U 

. 
ftfl'lflfl11J.Jt'l'liJ11il1unrnri'i-:itT11 citrinin ua::; monacolin K 'll6'1111J.Ju'Ut'l'At'1'1uo1m~t1'1 

"" - I o' 'I .:, ... & 'I - I"' " I !\911JffTrn::;mt1ffuV'i'llV'l'il Monascus sp. '1'1 &'U\11!'11'1V'l'U'l"Jfl t'Uurnltu'ifltli:l::; 5 'UlJ 

~1milv'litJ~U1J~W'11~iJ 30 fl'lfl'Wll'i:l!OJftlff 'Ul'U 20 l'U (Pyo and Lee, 2007) 'il::;i~~1milv'I 
'11llfl l1JU'Uffflff~tl1i11fffl'hl11ll1J1W'llfl'lffl'i citrinin 1rn::; monacolin K 

'jl~ 11!!1 Q.11 Q.IGI IJ) v 'JI .Q .et 
fl'l.H!'l1'1\11!'11'1fl'l'l11Jfl 1JU'Uffflff t'U~fl'Ut!'l1'1U'U'U'11J'ifl'U ~W'l1~1J 60 fl'lfl'Wll'i:l!OJftlff 'il'U 

fii water activity (aw) 'llfl'l!1J~~~1milv'l~1n11 0.6 'U~~1milv'liir1~mN'1::;1ut1~~1mfl~V'l~'U 

!~'U H'I~ im ii V'l'11ll n i mJ'I fltli11i1 t11Jvl vt1~1rn::; !~'UfoEJ 1~ -20 fl'lfl'l!OJfmiiJf vm ~fl'i Vfll'i 191 'ii 'ii 

11m1::;tt~v111 

.., 
fll1t'l'fl~t'l'l1 

ni'lJ IJ1t1 acidified acetonitrile 10 iJ~~~\911 i'W!fl~V'I 

.d j/ .,j Q "'Q Ii .,j'lj/ 
m1t1'1~1mmv'I centrifuge fl111J!'i1 5,000 rpm 'Ul'U 10 'Ul'Vl !fl'Ufflrn::;mt1m'W1::;ff1'U ff!'Wfl &"If 

itJm'i11m1::;ttm1citrinin1rn::; monacolin K ~vitl 

fll1\11111llAfl11::;,_tt'l'l1 citrinin 1m::; monacolin K 

monacolin K IJ 1 ti I 'VI fl iJ fl Liquid 

Chromatography-Mass Spectroscopy (LC-MS) 1~vi6* HPLC Agilent technologies 1100 series 
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Germany m:i~m1 Zorbax SB Cl8 'IJ'Ul~ 150 x 4.6 i1'1il1:1.J~1, 5 im1n1u (Agilent technology, 

. . . ~ ~ ~ •. I ,.j d "" . . 1 ~ "" o' tnfluoroacebc acid !'IJ:l.J'IJ'U1Vt.n'l::: 0.1 irn:::!Tiff!fH'lfJ'U'YI B flt! acetomtnle 'lf1:::'lJ'lJn111!fl11:::'11 

!!'lJ'lJ isocratic A:B V~1140:50 ~1VV~11nnim1 1 iJriilil~1/mVi detector irlu photodiode array 

~11'11~~ 238 irn::: 330 'U1 l'U!:l.J~1 irn::: Mass Spectroscopy (Agilent technology, USA) irnnu~ 
100- 500 mlz 

I t/ • • O 
11'l!!l!-l'Un11'Yl~rlfl'l!!'lJmpJfflJ\j1W (Completely Randomized Design; CRD) 'Ylln11 

'Yl~rtt1.:i 3 J1 iJ1'li'mqJrt~i~hli!fl11:::..1m1:1.Juil11h1u (ANdVA) 1rn:::11l'1vrnYivmhm~v 1~v 
in Duncan's New Multiple Range Test (DMRT) 

ci 
Vlf>U'YI 2 

1~'1v:J.J~1m~t1.:i11irn l:J.J!!'Ufftim'lfu1~v1ti'lJm1'Yl~rtfl'l~fl'U~ 1 1~vHf Monascus sp. 
Q.I cld ,, .ca ~ ' ,, 

ff1V'Vl'U~'Ylff11'lff11'Vl"'1 citrinin ~1!!~ff11'lfflrn~flflrnff!~fl1flrt monacolin K ~'l'11fin11'Yl~rlfl'l 
I V I V 

Yi 1 m1'*1rlun~11GJ/t1 ~uuil1fJW'l1t.Jilm1iJ:J.Jt11m~t1.:i~.:iil 
d ' d .c:i. d QI 

fffl11:::'YI 1 'lJ:l.J'YlfJW'11t.;]:J.J 25 tJ~fYWlfr!!9fflff 'Ul'U 20 1'U (Chen and Hu, 2005) . .. . 
fffl11:::'YI 2 iJ:J.JfifJW'11t.;]lJ 30 fl'lff1!9frl!~Vff 'Ul'U 20 l'U (Chen and Hu, 2005) 

d 
fffl11:::'YI 3 

. " . 
iJ:J.JfitJW'l1fllJ 30 tl'lff119frl!~Vff 'Ul'U 4 l'U 111m!'lJiJ:J.Jfit1tu'11fllJ 25 fl'lffl q cu q lU 

!9frl!~Vff (30/25) '1'Ufl1'lJ 20 l'U (Tsukahara et al., 2009) 
• QI , Q.I 4 QI d. , a .c:i. o1 

iI:J.J~1tJVWVJn 5 1'U flt) 1'U'YI 0 5 10 15 im::: 20 'IJtJ'ln11'lJ:l.J !'Vltl~11'il1lfl11:::'11 

1l1mw 1.:ifli'~quri:::ff:J.Ju~m1~1u t1t1nc'H1~-Mu 

.. .... 
fl11&Vl'Ul'JJtf11t'l'fl~ 

lfl~fl'lVr!~11 l9fUfl 'Ul'U 1 i'11m ~'U!'l1~V'l~1Vlfl~fl'l centrifuge fl11:1.J!~1 3,000 rpm 'Ul'U 30 

u 1Yi iwmmm m:::ri1u 1m~fl1 '*1 u m1~n'ili1f111:::..11l1mw1.:ifli'~quri:::ff:J.Ju~m1~ 1u t1t1nc'H1~-Mu 
,;fl ill 

... J QJ .. .. ... ..,, 

m1vi11;i1&f111:::111-:if11V1QtT&&~-:i mmrn-:im1:::trtrJJ 

~n11i1m1:::ttHfli'~uiYu~.:i iYm~t1.:i1rn:::iY~:J.J1uirnirti~ 1~vnn1'~fi1mrn~n~uuir.:i 
q ~ 
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400 m 1im.Jm um:i"flltll'j~"nihmff~'IJeNHfl1191Qffffll~'lf-Nfl~'W 470 'W1 l'Wtl.J\91'j (Johns and 

Stuart, 1991) f11'W1rumu1mtu'lleJ~Hfli\91QU~n:::'!fiJ" 1"vfi1Hflil91Q 1 11i.11v (unit) fieJffl'j 

t:l.l\911'1.Jel 1n~~11m11llu'Wfftlff~ijfi1m'j~"ni1'Wuff~~m1l.lv11fl~'W 400 470 im::: 500 m 1 'Wtl.J\91'j ,, 
1vi1n'IJ 1 ~~ir'W 

QI cl ,, . 
Hfl1\91Qffffll (umts) 

'j ~fl1'191QffU"~(units) 

A400 x dilution factor 

A470 x dilution factor 

A500 x dilution factor 

A400 fiel fi1m'j~"ni1'Wuff~~m1l.lv11fl~'W 400 'W1 l'W!l.J\91'j 

A470 fiel flltll'j~"ni1'Wuff~~fl11llf.l11fl~'W 470 'Wl l'W!l.J\91'j 

A500 fiel flltll'j~"ni1'WUff~~fl11lW11fl~'W 500 'Wl l'W!l.J\91'j 

fl11\Jl11;JlAfl1l:::'thnn.h:::neu~ut>tt11JJ (total phenolic compounds) 

\91'j'J'iJl!m 1:::l1'111u1mru 'llel~ ffl'jU'j:::fiel'UVl'W el n nl.l l 'W ffn ffn"\91 lllln'll el~ Luque-

Rodriguez et al. (2007) l"f.J~ffl.Jffl'jfffl" 400 tll 1mi!\91'jfl'!Jffl'jn:::nlf.J Folin-Ciocalteu reagent 

,, 
iJJ:li!i!\91'j Hffllltt!,rln'W~~1f.J vortex Ul.J'11nel"'Yl"nel~lm:iww1ti'Weltu'11fllJ 50 el~fl'Wlfmtl1vff . . .. ,, . 
'Wl'W 5 'Wlfi 'illnir'WUll~ell'Wfi:i'.i" 30 

Spectrophotometer ~fl 1ll.J f.Jl 11 fl~ fl'W 760 'Wl l 'W Ill \91 'j fl 1'W1tu '111 U~ llltu 'IJ fl~ ff l'j U 'j::: n el 'IJ 

Vl'W elm1ll l 'W 11il 1viJn ilni'l.lfflll.Jnfl'Um"unl:lilfl~ eJni'll~1elVl~U '11' ~ (mg gallic acid equivalent 

(GAE)/g dw.) 1"mmvrnfiv'Un'Um1vlm\91'jjl'W'llel~nrnun'1ilfl~~l"l1~fl11m,rll,r'W 10 20 40 

60 80 im::: 100tll1mni'l.l~eJiJnil~\91'j ijfi1 R2 irl'W 0.9986 

... J 
fl11\Jl11;J1Afl11:::'tt Ferric reducing antioxidant power (FRAP) ,, 
\91'j'J'iJl!m1:::l'i'fi1 FRAP l'Wffl'jfffl" L"f.J~Nil~in'llel~ Maier et al. (2009) ~~u Hffl.Jffl'j 

ffn"~1elVl~ 400 tl.J 1mil\91'jfl'!Jffl'jn:::mv FRAP 3 iJJ:li!i!\91'j Hffllitt1,r1n'W~~1f.J vortex Ulll'W ,, . 
'o' ~ c1. cl.QI, a g.1 a 
mnll~'U~W'ttf.111 37 'El\lfYllllHfllGJHJff 'Ul'U 4 lJl'VJ ')~fllfll'j~~f)fl'Ullff-l~')tllf!Hl~ UV-Vis 

Spectrophotometer ~fl11llf.J11!fl~el'W 593 'W1 l'W!l.J\91'j fll'W1tu'l11fll FRAP l'W'HU'Jr.JiJnilni'll 

fflll.Jl:lfl'IJ l'YJ'jJ:lelficH~elni'll~1elVNu11'~ (mg trolox equivalent (TE)/g dw.) 1"mu'lvrnfif.l'Ufl'IJ 
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,..J ,.. o'~ 0 .d I 'JI 'J} \I) ,.. QI I C. .Q.Q d. I 2 
mTnlllfl1Jl'U'Ufl·H1'11 rl'11'1fln9f9f\l'Yll'Yl<t11\lfl11lH'\Jll'IJ'U 1 - 50 1111flrnrn;ifl11'1'1'1f!1 11m R 

1rlu o.9984 

' Q J Q.o Q.I' Q 

fl11Vl11;)11fl11::'ttq'flfifll;J~tl1;f\liltltl1:: DPPH (DPPH radical-scavenging effect) 

.. " i .,.. 't " ""' .. .,. ;i11~11m1::'11 DPPH radical-scavenging effect 'UfflHl'n'fl t'flf.JflNU\111i'\Jfl\I Maier et al. . " 
(2009) 1'flviimnH'rntl~vu1~ntl'flv~\lu Hff11mnrn'fl 1.5 fi'1iiii;i1nuun'1~'11v DPPH 

c1,j'11,j'u 0.2 fi'1ii111mf) 3 fi'1iiii;i1 1'\J~1ii1'1,j'1fiu~i'lv vortex u11iu~lj'flu1u 30 u1fi i'flf'i1m1 

~'flniiu111H~1f.Jlfl~fl\I UV-Vis Spectrophotometer ~fl11lW11fl~'U 492 'Ul L'UllJfl'j ff1'11i''LI1{'fl 

fl1'Uf:Jlli .f/111'Yll'U fl'11,j'll,j''U ~ flf.J'1~ 80 't'°htJ~n1 f.Jlll'Yl'U ffl'j ffn'fl fll'U 1\IH]'Yli~l'U mpqj'1Vff1 ~ 
" 

DPPH 1rJu~Uf.J'1~1~~\IU 

~'jl .Q jJ q,I ' 

(j'Yl1ifll'Ufl'41.J'1flff1~ DPPH (1flf.J'1~) = [1 - (Abs ffl'jfl'JVf.Jl\l/Abs 1{'flfl1'Uflll) x 100] 

11\lllH'Un11'Yl'fl'1fl\lll'U'U~llffll\J1W (CRD) 'Yl1m1'Yl'fl'1U\I 3 J1 iJ1,j'fllqj'1~1~1tl 
11m1~Mf1111111tl1tl11u (ANOV A) 11'1~1tl~vrnfivuf'i1m~v 1'flv11i DMRT 

vitiu~ 3 fin1:11m1mh3tlNiivinwori~1m~ti"'ttii'011 lii11utTft'tT'Vil~N" 
ffmJ 1'11lfJW11 t:J m 'U nn fl'Lill 11' \151111 iifl\111lJn Lllll 'U ffflff~l'l1 lll~ffl19ium1 foll lffl'j 

flflnq'Ylf m\l;bmvHfouil 11 tlHii;iiflu H\I 1'flvmrnii;i51miifl\111iln 11111u uti ff~1vm~u1u m1 . . 
.,..,,. .,,4 "' i"""" "'t.,.. ti 1111nY1111111~ffllfl'flrnfln~1nm1'Yl'fl'1fl\lflfl'U'Yl 1 - 2 fl'LI 111111\1 t'U~fl'Lill'LI'LI'1ll1fl'U t'flf.JH'Ull 1 

tJUmt;ifi'lum1flrn1M\I 3 1~~u ~fl 50 60 1rn~ 70 fl\lff119fmt)fvu u'fl'li1'1rluH\1'1~1uv'fl~1v 
I ' I ,, 

!fl~ fl\111 'U 9) 'JJ~ l'fl fl Wfll'W Hii 91 firu cti' t:11111i1fl\111ii'm1111 !! 'U ff fl ff<tfUfl H\I i \I iJ 

" . . 
i'flf'i1fl 1111~u 'll fl\! 01111i1fl\111iln11111uutimifl'U11'1~11 it \I m1fl'Lill11' \!TI fJW 11t;ifi9i1\1'1 . 9'.c:. Qe:t. e111.e1" a 

fll\IU\lfllll11i'Ufl\I AOAC (2000) 11'1~1flfll'Wlfl<tf'fl1f.JlmU\I pH meter 

.. . .... ... ... .... ... ,, 
fl11Vl11;)11fl11::'tt1'1fl1VIQO'll~'I tTl'ttiltl'lllD::tTtJll 

i.f/11i;i11~11m1~M'1'lfu1~v1nmrnu~ 2 
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... J ... -~ 
\1111;'11&fl'll~'t'l'lfU~Utl~u·nnw isoflavone 

Yi1m·nrn~r+~ti'-;m1iltN11ii'n 111u'Ufftlff ~1'U1'U 10 ni'11 ¢l11'.Jl911Yi1~~mm11mm.rn1,j'11,j''U 

so nJflfolh..1~ ~1'U1'U 100 ii~i1~1911 l'U1fltfl~ti~191111CJ1un~w111Jii 50 fl~f'l11CJ1m0Jfl'.Jff mfl~N1u . " . 
m~~1E1mu~ Whatman No.1 'll1mnfimilflttlffn~aif1¢l11'.J1nm1ffn~1~11 'll1m1ffn~finnNl¢l 

isoflavone 

"" " "" -1"" l ' A 1!fl'.il~'tt'lf'U~U~:::u'.ill1W'\Jfl~ isoflavone 'UmJll t-.rglucosides 3 'lfU ~ ti fl daidzin, 

genistin im::: glycitin 1m:::nzj11 aglucosides 3 'lfU~ flfl daidzein, genistein im::: glycitein l-*ifltfl~ 
a.I rl .c.\ Cl! lfJ ~ d d 

HPLC flfl~lllJ Inertsil ODS3 '\JlJl~ 4.6 x 250 ll~mll\91'.i, 5 tllfl'.ifl'U ivJmfl~fllJ'Yl A fl fl acetic 
v v v • .I .!\ d a l V "" " acid !"111'\J'U'.ifll'.J~::: 0.1 Ui'l:::ITifflfl~fl'U'Yl B flfl !ll'Yll'Ufl'1 'lf'.i:::'IJ'l.Jfll'.i1!fl'.i1:::'11U'IJ'IJ gradient . 

U\91'.ilfll'.il'tt~ 1 iii;ii1~\91'.i/lJ1fi detector 1i'J'U photodiode array \91'.i1'ill~fi 255 m 1hllll\91'.i 

l 'U 1:::Mi1~\9111'il11m1:::i1f11'UtJ11~w M 1Ji'1"1fl~flfl~11iJ~ 40 fl~f'l11CJ1mOJ11'.Jff 

Q J ~ y Q Q,.I' 

\1111;'11&f111~'t'ltl'il'l.J\Jln11\111UtltlfloU&~'lfU 

"" " .I ~I cf \91'.i1'il1!fl'.il:::'l'lffl'.iu'.i:::flmJTI'Ufl'1'.i111 q'Y11i FRAP im::: DPPH radical-scavenging effect 

... J 
\1111;'11&f111~'t'lt1'11 citrinin &m~ monacolin K 

t1~1 il fln\911 mh ~ ~ l M' ~rn nu 1" 1'Uflflnaif1~ oif 'U 'iJ ~ ~ iy~ 1tl\91'.i1'il1!fl'.i1::: i1 citrinin irn::: 
• j).c.\Q ct.QI d 

monacolm K ~11'.J11ifll'.i!~l'.J1fl'l.J\9lfl'UV1 1 

11~UH'Ufll'.i'Y1~'1fl~U'IJ'IJ~llffll\j'.iW (CRD) YJlfll'.i'Yl~~fl~ 3 J1 '1l1,j'fl~~~!¢l!tl 
11m1:::i1m111utl1tl11'U (AN OVA) 1m:::1illl'.Jrnfil'.J'l.Jfi1m ~l'.J 1~1'.Jln DMRT 

\Jlt>u~ 4 'Nnt>u1ii1;~t1~llilm1m1utl13tlN~Piilwan~1m~t>~'t'IJJ'n11lii1mt1'fl'a'lfu~N~ 
1i'~ 1lnfl'IJ'.illl~~tlfiu~m11~flri11'.JV1fl~!Vlfl 1'U1 i;ium1H~\9lti'1milfl~11ii'n'lfu ~H~u~::: 
"lV?f • lv.flv"'"'"""' v 1.:..llJ 1 GJV di ., fll'.iU'.i:::~fl\91 'lf!U'Uff1'UHffll hltJfln 'ttfl'IJ'Um'ilmm:::rjff'U 'il'Y11 ttl ~l'.J t'lfl1'11i'Ufll'.i~flfl'IJ'.ill l 1lJ 

w v1m1utl1itl flw:::1V1fl 1'U 1~um1mEJ\9111m:::mm1 11m1V11'.J1~tJ11'lfntJ~\J~ff~m111 



' ... 
1J'Yl'YI 4 

' ' 
4 ell ""'"1 .,,.,,.y •••• SI .K .1 fH1flllflfl'lfltTUJ'ffU1fll llUUD'flUTIUlH c1trmm vnm1:::un:1 monacolm \{'I ,, ,, 

'll'l.J1~vul~i.l1t.;';v'J1 Monascus sp. ~1'1..111.J 4 Iv 1cimw1 fiv PSRU03 PSRU05 PSRU08 
<k j/"'!V lqj/!V j/ 1' ' IV <'! j/ "' trn::: PSRUlO C]f'l~1~f.I i~fl~1wn~1n~11u~'l'Yll'lf11'Jtrnm:::munl'Jfl~rnvnm'Jff'Jl'lffl'J'V'l1'! citrinin 

~1~1f.11~ Bioassay screening 1~m'Ylf1Ufl agar disc diffusion method (tfl~fil'J, 2554) 
,, ' ' 

ll HJ vvv ~'111.J 1~ti 1 ~f.lfll'J il1m i ~t ~'l.J n~ 11.;';v i u fll 'J 11irmi'1111~V'ltflvtfflllflrufi1~ 1tiffl'J • 
'JI ct. QI ' 

'1~flVH'lff!91V'JV'1 monacolin K 1m:::ffl'J9ll'l.JVVflC]f!~'lf'Ufl".Jll phenolic compounds 
,, ' 

'Jl Monascus sp. l1''1 4 Iv 1C]f!'19lfflll1'Jflfff1'1ffl'J citrinin im::: monacolin K im)1m~V'I 

l~i mJ1mruu91n~1'1tiu1dvtill~ 30 V'lffltC]fmOJff.lffmu 20 iu (911'Jl'I~ 4.1) tdmillvrnYivu 

'J:::11-:l1'llV 1C]frn9J~V'l'Jl Monascus sp. ~fffl1'll'V'IU-.i1lv 1C]frn91 PSRUlO ffllJl'Jflfffl'lffl'J~1'1 citrinin 

l~tl'vvn-J1lv 1C]frn9Jg'l.JV~l'lih:Jmi1fi'qJ'Y1Nffa~ (P < 0.05) 1~tiiifi1 2.26 mg/kg DM ~ru:::~ 

Iv 1C]frn91 PSRU03 irf1'lffl'J~1'! citrinin l~mn~iy~ fiv 4.04 mg/kg DM 

.d. I I JI 

9ll'JN'Yl 4.1 UllJlWffl'J citrinin UC!::: monacolin K iuibm~v'lli'l1irn~1m.;';v'Jl Monascus sp. 

Isolate Number Citrinin (mg/kg DM) Monacolin K (mg/kg DM) 

PSRU03 4.04 + 0.07a 29,98 + 0.13a 

PSRU05 3.13 + O.llb 10.87 + O.lOc 

PSRU08 3.91+0.14a 17.76 + 0.08b 

PSRUlO 2.26 +o.07c 6.83 + 0.14d 

;Jen4iul'.l1..1~1i~~u ± ri1'hu~u-:uu1..1111~~i11..1'il1nmn'lfl?HM 3 J, Ul'l::~1eimn.nT1nei.:inq11~fi1111..1f!~1'\Jei.:i 
;Jm.rn i1..1u~l'!::um~u~n~1.:iri1..1unf!.:il'l1111uM~1.:iri1..1mh:iiitl'mfoirum.:ini1~ (P ~ o.os) 

~ u 

tdvtu1 vmlivutiu 'J ltl'l 11.J mrnn~'V'IU citrinin i u ,r 11u~'l'l1l vfl''lfi n~ii ~lml 1f.Ji u 
• I "' 1'J !V "' <k "' • I ~ 'i ' IJ'J:::t'Ylff~'l.Jtm::: i91'111'1.JC]f'llJfil'JIJ'l.JtuV'l.J~V'lffl'J citrinin v~ '1.J'lf1'1 0.2 -140 mg/kg tm::: 4.2 -

25.1 mg/kg 9lllliil~lJ (Xu et al., 1999; Shu and Lin, 2002) 'V'IU-.il ffl'J~1'1 citrinin ~9l'J1~'V'IUi'l.J 
JI ' ' ' ' 

'll'l.J1~tiuiiu1mru'fifiV'l.J,rN'11 UCl:::ti'.ivtfitiunU'Jlf.1'111.J~V'I Tsukahara et al. (2009) fii~~~flrill • 
J/ f I I 

~V'lt.;';V'Jl Monascus sp. fiirf1'lffl'J citrinin '11fivnrjllfifff1'lffl'J citrinin l~tl'vtin-.i1 1,000 µg/g 
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4 ii ' ~ 61 'JI j/ 'JI \11 .c:Q ?I ' 
('Vim 1,000 mg/kg) ~~U'\..111 Monascus sp. i1u1m11f1')fl t'Ufli'~il'ti~ 4 w 1ttfirt9Hl~~~Ull'\.Jfl~1li1 

'JJ • • • ~ 
ff1l~ffl1 c1tnnm 1911 

irlvVi~11w1iJ~mW'IJ~N monacolin K ihl191111~~ 4.1 'Vf!JfH'l~1911~,rl1Jti'Um119111~'VfU 

ffl1 citrinin Ju~v 1v 1ttfti'l191 PSRU03 m1111t1ff!1~ffl1i'l~f1Vmff!191V1Vi'I monacolin K 1~mn 
d ,!j "1 ,. 'JI "1'Jl'JI d ,. 
'VI"!~ flV 29.98 mg/kg DM um~ IV tttf!rt\91 PSRUlO ff11~ffl1 monacolin K t~'\.JVt.J'VI"!~ t~t.l 

1v 1ttfm191 PSRU03 mm1t1ff!1~m1monacolinK1~mnn111v 1ttfm191~'\.Jfl~t~'U!Vt.ii'I~ 69- 339 
I I JI j/ I 

iJ~mW'llV~ citrinin ui'!~ monacolin K i1·vmiut11m~v~tum1fffl'l::llfli'~i1tn~tflt.1~ti'Ui1'Vmiu 
4 d Q.I 'JJ I Q.I o' 4 

~m~Vt.l'Vl'Vi1Jfl~1t.l11 Monascus 19ll~fflt.l'W'\.J~ flV M. purpureus ATCC16365, M. purpureus 

BCC6131, M purpureus DMKU, M purpureus FTCMU Ui'I~ M ruber TISTR3006 ~~i'U 

1lt.l~l'\.J'IJV~ Pattanagul et al. (2008) 1~1J1l'W'Uffl1 citrinin vdiw1h~ 0.26 - 14.64 mg/kg ., 
Ui'l~ffl1 monacolin K vdiw1h~ 14.97-25.03 mg/kg lum1ftn1:11ti~t~vn1v 1ttfirt191'1JV~t;'fv 

Monascus sp. t~vl~tumrnii191ti'1m~v~m:rn~iifl11111.Ji'!v~fimmdjm1vvnq'Vltm~;hm'W~ 
1.11~ 1t.i'lf'U9iV~l~fllt.l ~l'Ui~t.irl'~~ 1~ti~t~Vfl 1v 1ttfm191 PSRU03 !~'\.Jfl~lt4v lum1'Vl~i'IV~l91V'\.J . . 
9iv 11.J iuv~~lflffl1J11tlff!1~ffl1i'!~flVmml91V1Vi'I monacolin K 1~mnn111v 1ttfm191V'\.Jtm~ff!1~ 

ffl1 citrinin 1~luiJ~mw~1 

. . 
'Vl~~m1li11t11m~v~i1f,!W'VlfJil 25 30125 ui'!~ 30 v~fYltttfmCHt.iff '\.Jl'\.J 20 1u 

11 Monascus sp. PSRU03 ffl1J11tl!~~\l}Ui'l~tiJ~t.1'\.Jff'IJV~!1lg~tt1m~v~lM't~'UiYtt~~1~1ij 

u191n9!1~tiuirlvff'~m191~1t.1l911t1hh ~n1:1w~ti'1m~v~ 111uuirfiffuff~~luiiJ~ 4.1 

(a) (b) (c) 

iiJ~ 4.1 ~n1:1w~iJ11tl{)'IJV~ti'1m~v~m:rn Monascus sp. PSRU03 ~f.JW'VlfJil 25 (a) 30/25 (b) 

Ui'I~ 30 v~fYltttfi'l!CHt.lff (c) '\.Jl'\.J 201u 
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' ~ -~ Q,.I f QJ CV 4 
4.2.1 N't1011flO'Ml'U1'1JlW1-:.tfl1VIQ1~'111H011'11'1J001l'l1't16-:.t 

h.1':i~'tti1-:im':i'ttirn51m~u-:i~1m1 Monascus sp. PSRU03 it.1~W'tt1Jil~u1P1n~1-:int.1 
,, ' ' 

'Vl11i1t~u':i1fflmn1ff~1-:i':i-:itii1P1QffUfl-:i ilm~u-:i U'1~ni:fllimJ'7mwYiu1P1n~1-:int.1 <itlYi 4.2) 

10 -e- 25•c 
i" 
Q 8 
Cll 
'2 

---3o·c 

-. • 3o·c125·c 
(a) 

c: ..:. 6 -c: 
GI 
E 4 Cll ·a. ,, 
GI 2 a:: 

0 

0 5 10 15 20 

Fermentation time (day) 

12 -e- 25·c (b) 

i" 10 
Q 

---3o·c 

~ 8 -. .3o•c125•c 
c: ..:. 6 -c: 
GI 
E 4 Cll ·a. 
GI 
Cll 2 c: 
I! 
0 0 

0 5 10 15 20 

Fermentation time {day) 

25 -e- 25·c (c) 

i" 20 
Q 

---3o·c 
-. • 3o•c125·c 

Cll 
'2 15 c: ..:. 
c 10 GI 
E 
Cll ·a. 
~ 5 

.S! 
Qi > 0 

0 5 10 15 20 

Fermentation time (day) 

. . 
QI .li!lj/ 61: ~ IQI 

fl1!'tt'1U-:!f11tl Monascus sp. PSRU03 ttJfffi11~'YIU\Plf1\Pll-:Jf1tJ 
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" " ct ci J , , d .A Q.I ~ a ~ J 
1~m1fff1-:iHfll\91QYl-!l 3 ff!'VUJ'IJ'Uflfll-!l\9lfll'U~Nl1Jfl!1'11fl11'111Jflm!'l·H'ltl-!ll'Vl1J1Jlfl'IJ'U 

1 o 1't.1mfl'llt1-:im1'l1irfl'Vl'Um11~11~t.1'1lv-:iu1111ru Hfll\9ltl i m)19111~11\9lfl~1-:int.11i;w~ 
q 

u1mru '1Jfl-:i1-!lfll191Q"J:-!lfli1~11'11fit1-:i'11iJfl~ti11~fJW '11 fJlJ~'U'1 mh-:iih.Jmhfity'Vll-:iffii~ (P < 0.05) 

'IJW~~m1'l1irfl~1mtiv-:i~ 25 t1-:ifl11cirn1C}fflffiim11~11~t.1'llv-:i1-:iti1'191Q,r-:i 3 ilvd1-:i5*1i:i i mh-:i 5 

l'UU 1 fl'IJ f:l-!l fl 11 '11 irfl '11 '1-:i 'illflJ 'U iim11~11~ 'U flVl-!l 11'fll ~ 111'1~ i 'U ff .fl 11~~1 ug flt.I!! u '1-!lflW '11.fl iJm 1 
• q ~ ,, 

ti11ro1fl 30 t1-:iflw:tr'11C}fflff 1r!t.1 25 v-:iflw:trmii)fflff 'l1'1-:im1ti11 41't.1 'Vl'Ui1 tl1mru'llfl-!lHti1191QYJ-!l 3 
d, ~ J I d I QI QI t I 'J} .d I d ~ J I 

ff!Vl1J'IJ'U flfll-!l 11'fll 11i'U"lf1-!l!!1fl'Ufl-!lfl11'111Jfl'l1'1-!l 'illfl'U 'U 'il~fl flt.I 'IJ 1-!lfl-!l'Yl fltl'U'Yl 'il~l'Vl1J'IJ'U flfll-!l 

11'fll~1i'U'1h-:i 15 - 20 l'U'Utl-!lfl11'11irfl 

1-:itii'l91Qit.1~1mtit1-:i'l1irfl~ti11~fJW'l1fJlJ 25 30 1m~ 30/25 t1-:ifl11CJfmii)fflm~11~t.1"J:-!l"l'fl . ,, 
it.11't.1Vi 20 '1Jt1-:im1'l1irfl l'flfl'Vl'UU1mru'llfl-!lHti1'191QYJ-!l'l11J'fl 32.27 35.67 1m~ 31.90 'l1il1wfli'11 

'11flv1-:iuir-:i 191111'11~'U 1-!lfll\91Qff1t.1imy~11 Monascus sp. PSRU03 fff1-:i~t.1it.1~1mtiv-:i 
1~'11il-!lfl11'11iJflfit1Hfll\91Qffl'l'lfit1-:i l'flfl'l1'1-!l'illflfl11'11iJflfl1'U 20 l'U 'Vl'UHfll\91Qff1'11fifl-:i i 'U 

ff''flri1t.1~mfl~ff'flfivf vfl'1~ 50 - 53 (u1mru 6.94 - 14.31 Mil1fl1fli'11~1flvNuir-:i) 1fl-:i'1-:i1rnr!t.1 
q 

QI d, 'JI 'J) "' 1.a 1 QI Q.I f 'J) d, 'J} 
1-:iti1\9lt1ffffmflfl'1~ 25 -27 (unnru 8.02 - 9.11 '11'U1fl1m11\911flm-:iu'l1-:i) !!'1~ffU'fl-:i7flfl'1~ 22 -

q ,, 
23 (u1mru 1.21 - 8.21 Mil1wfli'11~1flv1-:iuir-:i) 191111'11~'U H'1m1f1fl'tn'Uv-:i-:i1t.11~fluffv'flti~v-:i 

tl'U11fl-!ll'U'Ufl-!l Broder and Koehler (1980) ~'Vl'UHfll\91Clffl'11fifl-:i it.1.ff 11'11irfl l1J!!'U ffflff1Jlflflil 
q 

"' ff11ff monascin 11'1~ monascorubrin 

rubropunctatin U'1~Hfll\91QffU'fl-!lU1~flfl'U~1flff11ff rubropunctamine !!'1~ monascorubramine ,, . ,, 
ff11ilmri1iliiti1111ti-:i'11Vil'im"lf 4 - 11 m1111t1Y1t.1~t1m1~11it.1'll11~v'flt.11t.1~-:i 120 t.11Vi 1m~it.1 . ,, . 
ffm1~i~ti1111~t.1VifJW'l1fJlJ 121 v-:ii'lw1r,mii)fflff t.11t.1 15 t.11Vi t.1flfl'illfluv-:iti-:i'11l~~it.1ffm1~Viii 

!!ff-!l!!'1~fJW'l1 fJlJ,r fl-!l l'flflu1mru 'llfl-:iffnil1:J'1'fl'1-:i1dm~'U 111r!t.1nm 3 i't.1 m1ilfout.1 ffflff'Uf:lfl . ,, 
ro1flro~1r!t.1 m1 i irilro lfl1i 1111"lf1~i t.1 Hi1191.tiru cti' mm1u~1v-:iihw-:i1t.1 m11 ~rJViti-:i:!f i1m1ffn'flm1il 

Q.I Q.I Q.I t 1 d lfl 'J} .c:\ 
'illflfl-!lflflff11111Clfl'Ufl-!lfl11fltl11~1Hi'Um;d !'fl (Yasukawa et al., 1996) ff11ff monascin 

" ,, . 
iiq'Ylii t.1 m1v'Uv-:im11n'fl 11ti11~1~ -:if:bm!-:iViiimm~ ro1fli'-:iilfl''1l9111111 vrn191 ro1flm1Y1'fl'1fl-:i i t.1 

d, d, c(-i I o' d 
'l'l'l;d (Akihisa et al., 2005) U'1~ff11ff ankflavin 1Jt)'Y11i 'Ufl1H.JllCJf'1'11J~IH (Su et al., 2005) 

,, " d QI d ' QI d. !V d, c:t.i 'J) 'Utlfl'illfl'Ufl-!ll.l11fl-!ll'U11Hfl1191Qffff1J rubropunctatin !!'1~ monascorubrin 1Jt)'Y11i 'Ufl11\911'Ufl11 
.Ct, d.d. d r/ QI t CV 

l'il1t)J'Ufl-!l!!'Ufl'Yll1fl flff\9111'1~11 (Martinkova et al., 1995) U'1~fl'Ufl-!lfl11flfl!ff'U (Yasukawa et al., 

1994) vfl~1fJ 
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4 -~ SI ~ CV 

4.2.2 Ni.'lfll1ftfl'l!llu1mtlUJ11Ull'U0t>n°1U~'lfU total phenolic compounds 

. . " 
fJW '11 fJlJ!Hl~!dcll i 'U fll'J'lh.Ji11m ~fl~ij r-rn ~ flfll'J 1-Wll;i'U'llfl~ phenolic compounds 

iu~1!'11~fl~'l1irtl lll!!'Uffti'ff (911'.il~~ 4.2) iJ1mtu'llfl~ phenolic compounds iu~1!'11~fl~'11irtl~ 

'llll~ 30 t1~ffw1rn1Clfvm~ll~u1fit1'LI 2 rvh1rtt1'llllu1u 10 1u 'llru~~m1'llll~fJW'l1fJilgu~t1~i-M' 
11mium1'llllt1Vl~Ut!V 15 l'U~~'il~ijtll'J!~ll~'U'llfl~ phenolic compounds t1ti1~ijiJvrl1ti'qJ'Yll~ 

~-Cl ' ~ a :, .c:1 ... 1.::i. ~ ~ 
fffl91 (P < 0.05) !!'1~tll'J'Ullfld!'HCHM'l'M 3 ff.fll'l~lJIJ'.illlW'llfl~ phenolic compounds !l'llJ'll'UiJ~ . 
d QI I QI 

'1'1~~'11'1~tll'J'Ull'Ul'U 20 1'U 

. . 
"" < i QI .:!I I QI 'J) 

911'.il~'l'l 4.2 fl1 total phenolic compounds 'Ufld!'\1'1fl~'J~'\11Ntll'J'\1lltl~1V'Jl Monascus sp. 

PSRU03 ~~W'l1fJlJ!!9ltl~l~fltJ 1 ' 2 

nm i um111irn Total phenolic compounds (mg GAE/g dbs.) 

(1u) 25°C 30°C 30/25°C 

0 2.48 + 0.29cA 2.48 + 0.29dA 2.48 + 0.29cA 

5 2.51 + 0.26cA 2.59 + 0.33dA 2.58 + 0.27cA 

10 2.56 + 0.3 lcB 4.49 + 0.39cA 2.61+0.2lcB 

15 4.23 + 0.05bB 5.25 + 0.06bA 3.48 + 0.07bC 

20 5.33 + 0.25aB 6.10 + 0.36aA 5.13 + 0.07aB 
1 ;Jfll;Jmi'.l'Ufi1m~v ± ri1'U1'1iv·mJ'Um~1~1'U'11nnu'YlfHlfl1J 3 .£1 
2~ 1fl' m;11m'l:l1fl'1J nq'l:l~lJ..{1~n~ fi Tl1 'U f1 fi l'U~N;; tilq! fl i. 'U u ~fl:::~ ti nJ.Ju ~u~ n~ rni'Uu ff fl 1J m lll u~ n~ rni'U fl ri11J 

ih!vri1fity'Yl11Jnii~ (P ~ o.05) ufl:::~1fl'n1l1m1l1fl'1Jnq1l~lJ..{i.'l1qj~nT11'Uf1fll'Ufl1J;;t1lJfl i.'Uu~fl:::um~u~n~11J 

n'UUfff11Jfi1llJU~n~11Jn'UflVl1Jlh'l'vri1fity'Yil1Jffii~ (P ~ 0.05) 

. . . 
• t Q.1 t!f. QI d 1 d -Cl d I .cl 

phenolic compounds llltltl11fl1!'11'1fl~'\1lltl'1'1'Ull'l'1fJW'l1fJll 25 !!'1~ 30/25 tl~ffWlf'1!CJ1Vfft!Vl~lJ 

" irvrl1ti'qj'l'll~ffii~ (P < 0.05) 1~vijiJ1mru phenolic compounds Yl~'\1ll~ 6.10 5.33 U'1~ 5.13 mg 

GAE/g dbs. 9llllill~'U iJ1mru phenolic compounds ~l'l'Ui'U~1!'11~fl~'l1irtl'illtl'Jl Monascus sp. 
" . 

PSRU03 i u~1u1ivi1ijiJ1mru in~1fiv~n'Ui11m~t1~11irn'il1m1 M pilosus BCRC31527 

u~ijiJ1mru~1n-:i15';1!'\1~fl~'l1irtl'illtl'Jl M purpureus BCRC31499 iu11v~l'U'llfl~ Lee et al. 

(2008) ~~'.i~'l.Jill'l'U phenolic compounds iu~1!'11~fl~'l1irtl ('Hirn~ 30 fl~ffWlfmCJfvff 'Ul'U 7 l'U) 
' JI ' JI ,, 

Yiffn~~1V'Ul~tiuti~Yi 6.05 uci~ 8.50 mg GAE/g 9llllill~'U l1~Ufll'il!rJu1Y1'.il~fl11ll!!9ltl~N'llti~ 
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. 
.C\.e:I Q/ d ' Q.I' 

U'1~11ifll':ifffl~'YlU~fl~l'lfl'l.J 

1rlfl1iJ'1vrnfiv1J':i~'l1i1'ld'1miitM~1:iJH1i.tm':i'l1irn ('Jl~ o 1i.t) · 1m~d'1miifl'l'l1irm1 
Monascus sp. PSRU03 i.tli.t 20 1'i.t 't111Ji1 d'1miifl'l'l1irfl~'lhJli.t~tl.!'l1\]i1 30 fl'lf'l'Wl1mCl1vff 

iiiJ1mru phenolic compounds 1~11mn~i.tli.t':i~'l1il'lfll':i'l1irnrflv'1~ 146 '1Jtu~~d'1miifl'l'l1irfl~ 
' .d Q d .cs_ 1cti ~ J 61 t 

1Jll'Yl~tl.!'11\jll 25 im~ 30/25 fl'lf'i'WlfmO]WffllIJnlltl.! phenolic compounds !'Y'llllllfl'Ui.t tl.l':i~'l111'1 
.,,, • ., 'l,,,, '1'1<1' 

fll':i'l1llmflV'1~ 115 !m~ 107 ~lll'11~1J 'illmrn ii.t'lll'l~i.tUff~'I mmi.t11':il Monascus sp. 

PSRU03 mmnmirnvflvd'1miifl'IU'1~i1'1~'Li~flV phenolic compounds Uff':i~~iifl11llffllll':iCI 
l i.tmrn~mvmmm 1¢1mn~i.t (Mccue and Shetty, 2003) 

' ' .ct .qv !\ °"" °"" .:s ul .,, 4.2.3 Ntlfl11flfl1:1U]'f11iVl11.U>f>fl"DArl'lf'U'U8'1Ql&'t'iiUl-!l't'lllfl llU'UtTfltT 
QQ,I el Q,I ~,, Q Q.I' Q.I c:, 4 QI 

'Ill.I 1'il Vi.t ~':i1'il1~f;J'Yl1i ~ li.t flflflO]f!~'lfi.t'IJfl'lffl'.ifffl~mm'1 fl'l'ttllfl 'illfl':il Monascus sp. 

PSRU03 ¢11vm':i1'~fi1 DPPH radical-scavenging activity !m~ Ferric reducing antioxidant power 

1 ' .::'I ' (FRAP) ~Vfll DPPH radical-scavenging activity !IJ'l-.lfll primary antioxidant activity 'Ufl'lffl'.i 

~ 1u fl fln~i~'lfu ~u ff ~'l(i 'Im 111m111 ':i () l u m':i iJtJ~'lfl~ lJ '1Uff1~~1fi~~u 'ii 1niJ ~n1 vi mm~i~'lfu 
'lltl.!~~fll FRAP 1rli.tm':i1'~fi1 total antioxidant activity ¢11vn'11flfll':i'1~'1'1'1Jfl'I ferric-tripyridyl-

triazine complex 1iJ1~i.tffl':iiJ':i~fltl1J ferrous U'1~!fl~ffl':iff~i.t ~'IJi.t ~'l!~i.tfll':i1'~fi1 total 
. ii Q Q.I' 

reducmg power 'IJfl'lffl'.i~li.ttlflflO]f!~'lfi.t 

q'Ylf ~1i.tt1flfl~1~'lfi.t'lltl'lffl'.iffn~d'1miit1'l'l1irn'il1m1 Monascus sp. PSRU03 Uff~'l li.t 
' ' ' ' ,cf, 1 Q.I 4 QI #:I I d, d 

~l':il'l'Yl 4.3 fll DPPH radical-scavenging activity '1Jtl'ICl1!'11'1tl'l'l1llfl'Yl1Jll'Yl 30 tl'lf'l'l!O]fmO]fVff".!'1 

ni1d'1miit1'l'l1irn~ti11~~tu'l1\]i1 25 im~ 30/25 ti'lf'l'l!O]fmCl1vff lu'lf1'lfll'.i'l1irnurn 10 - 15 1i.t 

tiVl'liiumhti't\J'Yll'lffO~ (P < 0.05) ufi'l1ir'l'illfl'l1irflfl':i1J 20 1'i.tvmi1fi1 DPPH radical-

scavenging activity 'llt1'ld'1miit1'l'l1irfl 1:iJu~nfiNni.t 1~viifi1t1~li.t'lf1'lrt1v'1~ 49.28 - 50.76 

1rlt11iJ'1vrnfivtJn1Jd'1miit1'1~1:iJH1i.tm':i'l1irfl ('lf~ o 1i.t) vmi1d'1miit1'l'l1irniifi1 DPPH radical-• 
~ ,J 'l ' ., ''I ' ,, ' scavenging activity !'Vlll'Ui.t tl.l':i~'l111'1fll':i'l1llfltl~ Al.l'lf1'1':iflV'1~ 15 - 37 fl1 DPPH radical-

c:, I:!( Ql.d1.d d ~J Q/ 

scavenging activity '1Jtl'lmm'1t1'1'11llfl'Yl1Jll'Yl 25 !m~ 30/25 fl'lf'l'l!O]f'1!0]fflff !'Vlll'lli.t".!'1"!~'11'1'1fll':i 
r/ JI I I f 

ti11fl':i1J 20 1u 1~viiq'YlnirtJir'lt1~lJ"Uff'j~rt1v'1~ 50.59 im~ 49.28 'lltu~fiti1miifl'l'l1irnfiti11 30 
d d ' ~ J ,, Q/ ' 

fl'lf'l'l!O]f'1!0)fflff llfll DPPH radical-scavenging activity !'Vlll'IJ'l-.l".!'l"l~ (':it!Vi'I~ 58.78) '11i'l'lfll':i1Jll 

i.tli.t 15 1i.t 
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' ' d ' i QI 4 ' Q.I 'JI 
~TH:J'YI 4.3 m DPPH radical-scavenging activity 'Wf.11!'Y1'1tl'l'J~'Yl11'1fll'.i'YllJfW11fJ'.il Monascus sp. 

PSRU03 ~t!W'Yl.fli1tt~fl'1Nn'W 1 '2 . ., 

rnn 1 um rn iJ n DPPH radical-scavenging activity (%) 

(iu) 25°C 30°C 30/25°C 

0 42.81 + l .39bcA 42.81 ± l .39dA 42.81 + l.39cA 

5 41.39 + 3.6lcA 44.01+4.13cdA 43.31 + 3.02bcA 

IO 45.14 ± 2.88bcB 57.08 ± 3.75abA 46.32 + 0.20abcB 

15 47.80 + 2.77bB 58.78 + l.77aA 47.63 + 2.00abB 

20 50.59 + 0.23aA 50.76 + 5.63bcA 49.28 + 3.14aA 
I,, ?I I d I d : 
'IHl\!t'lllJ'UfllnHW ± 1Y1'Ul1JrM!lJ'UlJlmJl'Ulll001'.i'11flt'lfN 3 'Ill 

2i1tim11m111ti~nq11l;lJ..i1~n~riT11'Uflfll'UfNr1fot1a1"U11~a::flonm1'~11"n~1~n'U111Yf!~fl11lJ11"n~Hn'UovHiil!ud1fi(jjl'lH1Yiiii 
(P s 0.05) ua::i1tin111 flllllV~nq11l;lJ..i1111.li~ nT11ilflfll'UtN.1f t1t1l'l 1'Uu~a::mn~u"n~ l~ O'Ull1Yfl~ fl1llJU"O~HO'U HVHii 

l!ud1fiqim~niiii (PS 0.05) 

' ' ' I Q.I ,C!I Q.I e;S I d Q .cl, QJ .cl, I l 

m FRAP 'lltl'lf.11!'Yl'1tl'l'YllJfl'YIUlJ'YltlW'Yl.fllJ 30 tl'lft'Wlf'1!1lJffJff 'Wl'W 10 - 15 1'W lJfllff'lfl11fll'.i . ., ., 
UlJ~t1w11.ni1 25 trn~ 30/25 ~Nft'l!llJfm~fJff mh-:iih!mhfiw (P < 0.05) tt'1~trlmtl°1rJrn-YirJ11nu . ., " 

tY1milt1-:i~i:JH1um1mJn ('J!f'l o 1u) -wu11ti1 FRAP t~lJ~'W~tifJ'1~ 68 ti1 FRAP 'llt1-:itY1milt1-:i 
.d I .d Q .cl, ~ J QI I QI CV i I 

'YIUlJ'Yl'fJW'Yl.fJlJ 30 tl'lft'l!llJf'1!1lJffJff !'WlJ'll'µ\1'1~fl'Yl'1'1fll'.i1JlJfl'.iU 15 1'W 11'1.:J'illfl'W'Wfll FRAP 'il~ 

.d 1 ~ <!!!I .d .:::. d ' ~ " '1f1'1'1 'llW~'Ylfll'.i1JlJf.11!'Yl'1tl'l'YlfJW'Yl.fJlJ 25 1rn~ 30/25 tl'lft'l!ll}f'1!1l}ffJff m FRAP !'WlJ'll'W\1'1~fl 

'Yl~'lfll'.iUlJfl'.iU 20 1u 1flrJiiti1 FRAP 3.22 irn~ 3.21 mg trolox/g dbs. ~lllill~U trn~trlti 

1mrJrn-YirJunutY1milt1-:i~i:JH1um111:Un-wui1ti1 FRAP t~lJ~u~tifJ'1~ 37 - 38 
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.d I l c:, Jl!!t I Q.I 'J} 
~nnrn 4.4 fl1 Ferric reducing antioxidant power hlfJdt'l1'1fl.:J':i:::'l111.:Jfl11'11lJfl'11f.l'.i1 Monascus sp . . 

e:t. Q 1 Q.I 12 
PSRU03 'YlflW'l1fllJU9lfl911.:Jflhl ' . .. 
11'11 l hi fll':i'Hirfl Ferric reducing antioxidant power (mg trolox/g dbs.) 

(1hl) 25°C 30°C 30/25°C 

0 2.34 + 0.37cA 2.34 + 0.37cA 2.34 + 0.37bA 

5 2.29 + 0.28cA 2.23 + 0.14cA 2.50 + 0.32bA 

10 2.45 + 0.19bcB 3.70 + 0.24abA 2.49 + 0.43bB 

15 2.86 + 0.33abB 3.91 + 0.29aA 2.58 + 0.05bB 

20 3.22 + O.lOaA 3.36 + 0.16bA 3.21 + o.'15aA 
1 rfJfllqllll~'Ufi1m~1.1 ± rhu1rl1.1~1uummj1u;i1nmrn~nfl~ 3 ~1 
29i 16 n'l:l 'j .fll'l:l 16 ~ fit)'l:lfilJ~l~ n~n Ttt'U ~fi 1~ fl~;; fl lqj n l 'Ull~ n:; fl fl n lJU ~ll ~ n9! 1~ tl'Ull ff~~ f111lJll ~ n~ 1~ tl'U fl d1~ 

iitl'1.1ri1tii\jm~n{i~ (P ~ o.05) 1rn:;9i1vnmm'l:l1v~ntJ'l:lfit1~1'11qj~nrnu~fi1~fl~;;fllqjll 1uu~n:;mr:i~u~n~1~ 

tiuun~~m1t111~n~1~nufld1~iitl'1.1ri1tii\Jvrnn{i~ (P ~ o.o5) 

. . " 
fflJ u~ fll 'j ~ lhl fl fl fl ;ifl-i'hl l hi ff1'jffflfl~1m ii fl .:i '11irflVi,~'ii1fl.:)1hi1 ~ vil ff fl" fl fl fl.:) fl 'LI 

~ I d'J} Cl l .;, <!I 
':iW.:Jlhl'llfl.:J Pyo and Lee (2007) ~.:J'Vl'U11tl'Y11i911hlfl'l.pqj'1flff':i::: DPPH im::: ABTS hlfl11'11'1fl.:J 

'Hirn 1J.Juhlffflfft~lJ~hl"J:.:iit"'l1'1.:im1'11irmY1miiv.:i~ 30 v.:iffwlfmClfvffhllhl 15 1hl hlfln'il1nif tr.:iii 
d ~ J dv 

':ilV.:Jlhl'llfl.:J Kwak et al. (2007) im::: Dajanta et al. (2011) 'Yl':iW.:Jlhlfll':il'VllJ'llhl'llfNtl'Yl'li911hl fl~lqj'1 

flff':i::: l hi 511'HiifN'l1irn~.:itJflU 'il.:J (chungkukjang) utt:::51iil1irlmmvrnViv'Uti'U511'11 iiv.:irivhl'Hirn 
.d. J J'J} C\ Q.I l .;, "" fll':il'VllJ'llhl'llfl.:Jtl'Y11i911'Wflflfl9Hfl'lf'U DPPH radical-scavenging activity im::: FRAP 'Wt111'11'1fl.:J 

Q.I d ?t d .d e:t. ... IQ d. ,l 
'HlJfl (91111.:J'Yl 4.3-4.4) l1Jhlr.1'1lJ1'illflfll':iflflfltl'Y11i'llfl.:J phenolic compounds 'YllJIJ':ilJlWl'rll.l"J:.:J'llhl . " ~ 

lmh.:inmi~V1tlhl (91111.:ifi 4.2) hlflfl'illflUlhl':iW.:Jlhl'llfl.:J Kwak et al. (2007) 1~1:::1rhq'Yln~lhl 
.Q d.d.JC\ .d.J le:, .l!!!I Ql'j/ 

fl~ lqj '1flff':i:::'Yll'VllJ'llhllflfl'illflfll':i m lJ'llhl'llfl.:Jffl':i isoflavone aglucosides hlfl 1t'l1'1 fl.:J'HlJ fl'11V 
" . 

.:i lhl 1~ vill 6*irJ.Ju~m1 ~lhl vvn°~1'1-i'hlt~hlmru cti'l hi m1Vi'il 11ru 1 l hi m1fi''11iivnirm1:::Vi . " . 
mm::: fflJ l hi m1'11ir n ~ 1m ii v.:i ~ 1v111J.J u hi irfi' ff ~.:ii! hi ijj vi 111 vrn Vi V'U fflJU~ m 1 ~ lhl v v n ;i" ihl 

'llv.:i51miiv.:i'l1irn llJUhlffflff~iilJ~~rumJiJ 25 30 im::: 30/25 v.:iffwlfmClfvir 'Vl'LI11m11iJ.J 

51miiv.:i~~W'l1!Jil 30 v.:iffwlfmClfvir hllhl 20 1hl i~hlffm1:::~mm:::ffJ.Jlhlmrniifl51miiv.:i 

'Hirn llJU hi ffflffl~fl l iri~iJ1mru 'llfl.:JHfl191QU'1:::ffl':i~lhl flflfl;tfliimzjlJ phenolic compounds 
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. . ' 
4.3 Nt'1fl11 ff fl'll l ~fltYi-t)ijfl'U U~'lil 1ma tN'IUJfl h1 U'U i.Tft i.TTIA'IUJl ~ l.TiJ 1u fll 1l fl'lll I.Tl 18fl nqn inH 

;l1111v.1um1NaP1~1mae'l'tnrnlimutTntT'IJU~N'I 

JI I r JI 
... 31 + ' "" + ... "' "' ... 31 31 ... f11llJ'lf'U':itlV'1~ 58.95 _ 0.37 U'1~f11'VHtl'lf 3.8 _ 0.01 !lJtl11lJflml'l1'1fl'l~1Vfl'1l!'lffl Monascus sp. 

• • JI/ 
Id cl QI IQ.I 4 Q.lell 4 Id 

PSRU3 UlJ'Vl 30 tl'lffW11'1!1lJWff'Ul'U 'Ul'U 20 1'U 'Vl1J11tl1l'l1'1fl'l11lJfllJfllf111lJ'lf'UU'1~flWHfl'lf 

~Jaa OJ• Q.ll, l~J='t'JI 1e:1 ~J 
!'VllJ'U'UtlJm'VlvuflUflfl'U11lJfl ~vmm111'lf'U!'VllJ'll'UnJ'U':it1V'1~ 66.62 + 0.62 U'1~m'Vlm'lft'VllJ'll'U 

i~u 7.28 + 0.08 1rn~ti'1mi1t1'l11irfl l11uuirtiir~Hl'Ufll':it1uuir'l~QW111Ji'1 50 - 70 t1'lffw11mC!fvir 
JI/ • 

ljri1111~ut1~':i~1111'l!t1v'1~ 4.13 - 6.94 QW111Jiil'UflTrnuuir'l 1liljH'1~t1fi1~1t1'lf'Ut1'1a1mi1t1'I 

1~vti'1mi1t1'l11irfl l11uuirtiirt1uuM''liifi1~m'lft1diwif1'1 7.13 - 7.27 .. 
4.3.2 mmW1'1fllPIQ1U~1n'ia8'1'tnJflhmul.Tfti.T'IJU~N'I 

':i~~uri 1111~ t1u 1 u m':it1uu M' 'liiH'1~ mHmw 'Ufl'l':i 'lri1'11Q~~flffn~t1t1flm'11flti' 1mi1t1'I 

"' 1 "' 1 .!\ 'I 31 31 'I 31 .1 ' '1 31 "' 'I .:, ... "' 11lJfl lJU'Uffflff ~V!lJ[I t'lffl11lJ'jfl'U t'Ufl1'.rn1J!!11'1iJ:'ll11fl'U'Uff'IH'1 t11Hf1111Q t'Utl1!11'1fl'l11lJfl 

1 mrn ii-ti ii-~ fl irn ~ t1t1flm1 ~ mfl~u '11fl\91n1'1 4.5 'Vl u 115--.u11 i1 t1'111 :iJ fl~ Hl'U fll 'j t1 u u ir 'I~ 
JI/ • • 

70 fl'lfl'WlfmCJfVff 191':i1'1'Vl1J'IJ1~1W'Ufl'IHf11'1IQll'lff U~'I ff~lJU'1~ffm {1 fl'liJ: 'lflll a1m i1t1'111iJfl.yj 

Hl'Ufll':it1rn1M''I~ 50 U'1~ 60 t1'lffW11mCJ1vir t1V1'1iiirmr1tity'Vll'lffU~ (P < 0.05) 

11111'1~ 4.5 111mw Hri1'11Q 1 u ti'1mi1t1'111JJ'fl l11uu ffflff'lfU~H'l~Hl'Ufll':it1uuir'l~QW111Ji'1 
U\91fl~l'ln'U 

31 .,; 0 
fl1J!!11'1'Vl 50 c 

31 .,; 0 
fl1JU11'1'Vl 60 C 

31 .,; 0 
fl1JU11'1'Vl 70 C 

111mwHri1191Q (unit/g dbs.) 

"" "" 31 ffU~'I fffflJ 

5.91+0.22c 7.41+0.27c 

6.70 + 0.29b 8.84 + 0.30b 

8.35 + 0.4~a 12.12 + 0.53a 

"" ... 
ff!11'1fl'I 'j'JlJ 

18.10 + l.23c 31.43 + l.60c 

21.66 + 0.34b 37.20 + 0.94b 

31.70 + l.OOa 52.17 + l.93a 

;ftil,jrttr!t1ti1m~v ± ri1t1t~fl'll'lJ'UlJl~'.iJl'U'illnm'.irtf1rt'el'I 3 ci1 ur1~~16'nllrnT1;116'lnqll~ti11rnf!tiHrn'I 
;Jm.1ri 1 uu~ri~fltiti'1ru~u~n~1'lnuunfl'lm1lJu~n~1~nutid1'1iiirvri1fi'qivn'lnii~ (P :S o.os) 



44 

' . ' JI Q 61QI ..i:!I QI,.. Ql,d Q.I ii 
ffl'.i isoflavone 'Yl'Y'IU t'Wtl'J!'IHHJ,nnm tlJU'Wffflff!mJU'Yl~'l11J~ ('.iVll'1~ 99.88 - 99.91) 

!~'W ffl'.i i 'W ntj11 aglucosides (daidzein+genistein+glycitein) 1'1iu1~ t11nu~'Vf 1J i 'W '.illl~l'W'IHM 

Lee et al. (2010) !!'1~'Y'11Jffl'.i daidzein iull1mru~-rJ~fl11 genistein irn~ glycitein fl~!~'Wff~ff'J'W 

(%proportion) 1~w'1~ 53-54 36-38 irn~ 10 f'lll.Jill~U rlrni'u isoflavone iuntj11 ~-glucosides 

( daidzin+genistin+glycitin) fl '.i 1 'il'Vf U genistin !~ti~ 'lfU ~!~ ll1!!'1~'Y'l 1J i 'W ll1 mru ~ U fllll.Jlflfi CJ! ~W'1~ 
" ' 0.09 - 0.12 'IJfl~ffl'.i isoflavone '.idlJ!nlU'W <illfi 4.3) 

600 a DMS-50°C 
A -Iii .a 500 • DMS-60°C 

"C 
~ • DMS-70°C 

~ 400 -c 
Q) 

300 -c 
0 u 
Q) c 200 0 > ca 

i;::: 
0 100 .!!! 

0 
d b a 

daidzin glycitin genistin daidzein glycitein genistein 

Glucosides Aglucosides 

ill~ 4.3 'lfU~!rn~ll1mru ffl'.i isoflavone glucosides 11'1~ aglucosides i 'W~1mi1CJ~'l1irfl 
l1J!!'Wffflff~fl1J!! ..r~ i 'Wela! '11 fllJ~!!f'lfl~Hfi'W . .. 
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ffl'j isoflavone iu~1mflu~~,~~1umn1:irnri1ui11ajudiui1hrn~ glucoside fiu 

malonylglucosides, P-glucosides mi::: acetylglucosides (Lee et al., 2004; Kim and Chuhg, 2007) 

i'lJ'jW~l'U'\Jtl~ Dajanta et al. (2009) mi::: Wei et al. (2008) 'j:::1.J11~1mflu~~~l'Ufil'jd~tln~1t1 
91 .k ., "'. !"" . 'I • I (.l . <!i 91 

'11lJti'U~fl1UJ fl'U lJ1.1HJ1W 'IJ ti~ ffU isoflavone ! 'U tl.I 1 .. rglucos1des lJlfitl ~'j tltli:'l::: 84 88 
,, ' ' 

'IJ ti~ ffl'j isoflavone l1 ~'11 llfl trn :::YI tJ genistin m n'Yi "!fl 1um:::tJ1u m rn iim.i 1m flu~ '11 :ir n 
,, ' ' 

illtt u ff fl ffii'11 l:'lw,j'u \Pl tl'U Yi'V11 i irtnflnn ttl~t1tJ itl (conversion) 'IJ ti~ ffU isoflavone 'illn 
\I) I I i f {;j c:, .t!I 9/Gf : 

glucoside form ttl~ aglucoside form t'lf'U 'IJ'U\Pltl'Ufil'jU'lHlJi:'lfltl1t'l11:'ltl~U'l1~ t'U'Ul (soaking) trn::: 

fil'jd~tln~1mflt1~~1t11ml1 ~11m1t1~l'U'\Jtl~ Kao et al. (2004) YltJi111~~mrn'litlJ~f1~1mflu~1u 
JI ~ ,, d ,:::. " • QJ 

tl1u1u 12 'lf11lJ~'1:::lJm'jtYllJ'IJ'U'\Jtl~ffl'j isoflavone aglucosides ff1'U'Vll~ntJmrnfli:'l~'\Jtl~ffn 

isoflavone glucosides 1 fl tit~ lJ '11nn1 'j t ti g ti 'U t ti 'IJ ti~ ff 1 'j malonylglucosides , tit i'J 'U 

acetylglucosides tm:::ttlgt1uitl~u1tlti'Ju, P-glucosides 111u aglucosides iu~tlfl tm:::~nmw~1u 
'\JU~ Chein et al. (2005) 'j::;1.Jili'lJ'j:::'l1i1~m'jd~tln~1mflt1~~1tlltJtl1!t1U'1:::tnflnl'jttlgt1'Uttl 
'\Jtl~ffn isoflavone '11n malonylgenistin 1tlti'lu genistin 1~1ufl'\Pl'jl~t~1~tlfl rn~l:'l~mti'lunn 

ttlgt1uitl'Ut1~ffn malonylgenistin 11Jti'Ju acetylgenistin tm::: acetylgenistin 1tlti'Ju genistin 

\PlllJ't11~tJ ~~Juiu~1mflu~d~tlnriuum'j11:irn~~YltJffn isoflavone glucosides iuitl'Ut1~ffn 
' .. 

genistin lJlffYltlfl 

n n \Pl 'j 1 '1 YI tJ ff n isoflavone n zj lJ aglucosids m n n i 1 glucosides 1u~1 m fl ti~ '11 :ir n 
" " ' ' " imt'Uffflffi'Ufli'~Ufl~Wfl~~ntJfiYltJiua1mflt1~'11:iJn~i9f::: (Yamabe et al., 2007) t~1lfV (Yin et 

al., 2004; 2005) ifl~ (douche) (Wang et al., 2007) ~~fJntt'1~ (chungkulrjang) (Kwak et al., 2007) 

trn:::~1tt11~utiit1~ (Dajanta et al., 2009) .vf~ifrdt1~'11n~iiU'Yl'1vn~1t,t1'11:irn'1:::fff1~rnui9fll 
P-glucosidase uunmdt1t1ff1:'1Wffn isoflavone glucosides 1irit1gt1uitlitlti'lu aglucosides ~l'U 

'Vll~m:::tJ1'Unl'j deglycosylation (Chien et al., 2006; Kuo et al., 2006; Chun et al., 2007; 2008) 

~~Ufffl~iuitl~ 4.4 



P-Glucoside isoflavones 

"~%'<:::: 0 
I P-Glucosidase 

# '<:::: 
H I # 

OH 

genistin 

OH 
Ho~\=o 

HO I I 
& ~ 

H0~0%0 
I 

O .& OH 

daidzin 

OH 
H0~0 

HO HO 

glycitin 

OH 
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Aglucoside isoflavones 

HO 

HO 0 
OH 

genistein 

H0%~0 I .& I 
,~ 

0 .& OH 

daidzein 

OH 

glycitein 

pl~ 4.4 m::aJ1'Ufl1'.i deglycosylation !U~l.J'UlUffl'.i isoflavone P-glucosides 1i'lt.1 aglucosides 

1~Wrn'U ill)flf P-glucosidase 

r I JI JI r 

'.ill.l·nt.1lt.1ti1m~tNl1JJnti11tl11rn~iJ'f! 1fl~ (Dajanta et al., 2009; Wei et al., 2008) l1~U!Uf.mnn 
.I"'"""' .td .:'1 .,. .l 1'1" <I I .I"'"'"' lJumm <leglycosylation ~fl~ daidzin !lJ'1V'WllJt.1 daidzein m'Pl~t.1 t'Pl'.i1'Pl1nm1lJumv1 

deglycosylation ~fl~ genistin U'1~ glycitin (Kuo et al., 2006) 

fJ tu 11.fJiJlt.1n1'.i fl'IJU ,,j' ~ 11.Jil H '1~flU~lJ1tu~fl~ff1'.i isoflavone'.i 1l.Jlt.1~1I11~fl~11 JJ n 

1l.lut.1fffiff m1 isoflavone '.ill.I <P-glucosides+aglucosides) lt.1~1m~fl~m'.Jn 1l.lut.1fffiff~N1t.1 

fl1'.ifl'Uui1~~fltu'YlfliJ 50 60 irn~ 10 fl~fl'11G]fmClfvffiifi1il-iufln~1~nt.1fld1~iii:rmhfifll'Yll~ffo~ • ., ·11 

(P > o.05) <itl~ 4.5) 1'Plviitl~mtu 887.03 - 932.20 µgig <lbs. 1rtmtl'1vrnYiv'Un'U~1m~fl~~ 
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11il'ntl1t1 Bacillus ("1'11 isoflavone 11lJ 320 - 888 µg dbs.) lt..111t1~l'W'Ufl~ Dajanta et al. (2009) 

'Vfu11ti'1miiu~11il'n lm1t..1 iniffih.J1mw'Ufl~ff11 isoflavone 11lJ"l ~n111~ni! fltl 

1200 -.,; 
.c 
"C 
.!;!I 1000 906.03a 887.03a 932.20a 

~ - 800 c: 
Cl) ... c: 
0 
(,) 

600 Cl) 
c: 
0 > 
"' 400 i;:: 
0 

.!!! 

200 

0 

DMS-50°C DMS-60°C DMS-70°C 

ill~ 4.5 1l1mwm1 isoflavone 11lJ l t..1ti'1m~u~11il'n 11Ju t..1ffftff<Jfi1~H~~f'i1t..1m1flrn111'~ l t..1 
' ...... I ., 

flW '11 fl lJ'YIU'1 f1'1 l~ f1'U . "' 

. . . 
4.3.4 tTiillil m 1 ~Tu a a ncu &YI '1Yu11a~~1maa~11iJ n liiuu tTfl' tT'll U Y1N~nr-l1um1 au ul1 ~ii 

VJ 'W fl '1'iiinH~ti'1111iifl~11il'n1 lJ u t..1 ff ti ff i ti m n ~ t..1 ;i l lJ '11fi tJ m 1 mi~ 'IJ fl~ H~ ti' 1m ii fl ~11 il' n ~Hi t..1 

f111fltJUtt'~~ 70 fl~fl'Wlfmci)ftJff '111'il'l''l111l1mw'llfl~ phenolic compounds "l~n11m1ffn~'Ufl~ 
f l f I f 

QI ~ Qldl j},es ~ ~ id. QI 4 
H~f:l1!'11'1fl~'ttlJf1'YIHl'Uf111fltJU'11~'YlflW'l1fllJ 50 trn:; 60 fl~fl'Wlfmlllftlff ('111l~'YI 4.6) f:l1!'11'1fl~ . "' 

11il'n'illf1 Monascus sp. PSRU03 '111'ill'ltJ phenolic compounds lt..11l1lJlW 7.96 - 9.66 mg GAE/g 

dbs. ~~ln~1flit1~n111l1lJ1W~l'ltJlt..1ti'1mtifl~'l1il'n'illf1 M purpureus Went (BCRC31499) 1rn:; 

" M pilosus BCRC31527 lt..111t1HW'llfl~ Lee et al. (2008) 1~tiffl1ffn~'illf1Ul!g'Wl'ltJ phenolic 
" compounds lt..1'lf1~ 10.10 - 10.80 mg GAE/g 1rn:;ff11ffn~'illf1Ul~fl'Wl'ltJ phenolic compounds 

lt..1'lf1~ 6.05 - 8.50 mg GAE/g 



48 

~111'1~ 4.6 ff:1Ju~m11Pi'1uvvn~t~<i'W'\JV'l~1mil~Nl1irn 1utuffriff'l1U~r:N~Hl'Wf111f:l'Utti1''1~ 

f,JWl1tJiiU~fl~l'ltl'W 

'JI .. 0 
fJ'IJUl1'1'Vl 50 C 

'JI.. 0 
fJ'Uttl1'1'Vl 60 c 

'JI.. 0 
fJ'IJUl1'1'Vl 70 C 

Total phenolics 

(mg GAE/g dbs.) 

7.96 + 0.38b 

8.01 + 1.06b 

9.66 + 0.44a 

DPPH radical-

scavenging effect(%) 

43.58 + 1.77b 

47.79 + 5.46b 

62.22 + 3.48a 

FRAP 

(mg trolox/g dbs.) 

3.40 + 0.14b 

3.83 + 0.48b 

5.12 + 0.23a 

.ffm.Jr1Li'.l'Urhm~v ± ri1'Utriv·mJ'UlJ1~'J!l'U'illnf111'Y1~'16~ 3 ci1 ur1~~1eimfimE11ei~nqE1~ri111'U~ri1'16~ 

.ffm.Jr1 L'Uu~r1~fl6"'l.Ju~tt~n~1~n'UmY~~m1lJu~n~1~n'U6d1~iluvn1fiqim~nii~ (P ~ o.o5) 

DPPH radical-

scavenging effect trn~ FRAP t'lf'Wt~tf1tl'IJ phenolic compounds 1~tf~':i1'il'W'Utll DPPH radical-

scavenging effect trn~ FRAP t~1J1Jlfl~'Wlrlvt~1Jf,jWl1tJiii'WV'Utti1''1~1milV'll1irfl'illfl 50 trlhl 70 
.cl .cl 'JI (LI ... 1.c:. d .d- J 'JI J 

fJ'lfl'WlHUCJftfff U'1~1Jf1111JfffJ~fH'lfJ'lfl'IJ1J11JlW'\JfJ'I phenolic compounds 'Vl!'W:JJ".l'l'\J'W~1tl (j'Vl1i 

~ l'W fJfJfl~t~<i'W 'l u ffl':ifftl~~ 1n1 il fJ'll1iJfl i:JJU 'Wfffi mrJu H'11Jl'illflf)l':ifJfJfl(j'Vli'\JfJ'I phenolic 

compounds trn~'l'W':iltl'll'W'\JfJ'I Pyo and Lee (2007) -W'IJ11q'Vlfl'i'1uvvn~1~-iu'lu~1milV'll1irfl 
'i "'"" ,;. .l 'i "'' 11JU'Wffflff!fl~'illflfll':i!'W1J'\J'W'\JfJ'lffl':i monacolin K U'1~ffl':i isoflavone aglucosides 1~tl1Jfll 

ffl1ff:JJ'W''Wn (linear correlation) irlu 0.85 trn~ 0.98 ~1:1Jill~'IJ 

'illflfll':ifffllllfJW 11 tJi'.i~mm~ ff:JJ 'l u mrnrn1i1''1~1milv'l im1 u ffriff-w'IJ11~ 70 V'lfl'l 

tCJ1'1t ~vm 1'.lu fJ w 11 tJii ~m m~ff:JJ 'l u mrn'Uu i1' 'I~ 1m il v'l 11ir n i:JJ u u ffri ff nvml 11iiHii~11'.J u H'I 
4 ~ .cl 4 (LI 

!'W fJ'l 'il lfl~':i 1'il'W'Uffl':i fJfJ fl(j'Vl1i'Vll'l'l11.fll'WflfJHfl1~Q ffl':i isoflavone phenolic compoundstt'1~ 

1~fffl1'llil~mwffn citrinin U'1~ffn monacolin K 'luH'l~1milV'll1irn i:JJU'Wffriff~Hl'W 

fll':ifJ'IJttM''I~ 70 fJ'lfl'l!CJfmtiMvff -W'IJ11 il~mW'\JfJ'I citrinin V'lvd'lu1~~'1J~1fiv 1.60 mg/kg DM . "' "' 'l ... I-Cl .cl -:!i U'1~tl'lfl'11Jffl':i monacolin K 'W1J':i1JlW'Vl".!'lflfJ 38.87 mg/kg DM 
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0.2 µg1g 'H~fl 0.2 mg/kg (Lin et al., 2008) um~iiiJ1mw~1n11'1i'11ufl~~ii~rnihtii'U~'UU'1:: 
l']V ., & .I !i i I 

i~'H1'U GJf~'t'l'Unl'hJ'Utufl'Uffl':i citrinin 'U'lfd~ 0.2-140 mg/kg (Xu et al., 1999; Shu and Lin, 
'j} f I tJ I I 

2002) ~ ~ tJ 'UH~ t11t 'H ii fl~ 'H iJ nYi H ii~ i ¢1'il1 nn1 ':i 'Y1 fl" fl~ i!~ ~~fl fl yin w 0¥i'Yi ~iij flt iJ~ tJ'IJ i Yi tJ'IJ n'IJ 

Hii~.tlw0¥i'~ii~1mlwim~u~~mfl drni'rnn':i monacolin K tr!'Uffl':i~ff11Jl':ituflflnl':it~fl1JffmtJ 
i¢l~flW'H.f1iiff~i'Uff.fl11::~tr!'UfiN t'li'U ~ 121 fl~f'fltGJfmtl1tiffi'Uff.fl11::~iifi1~rn'lf 9 flVHi':i~ . .. .. 

' d .td I d 

'Ul'U 60 'Ul'Yl 'Ylfll't'ltfl'lf 7 (Ou et al., 2009) 

'il10nl':iffmnm::'IJ1'Unlrni'J~~1mii~N'HiJn l1JU'Ufffiff~li'1flfltltJ'illOffl':i~'l:I citrinin 

u '1::~fl 1J¢! 1tlffl':i fl fln q 'Y1 f m~;hm't'I ~ iiiJ ':i:: ltJ'lfU ~ wi 1~mtifi flffl':i~ l'U flfl n;tfl sM'U n cj 1J phenolic 

compounds, isoflavones tm:: monacolin K ff11Jl':it1ff~iJtrJ'Um::'IJ1'Unl':iHii~~~Ufffl~i'U iiJ~ 4.6 

im::ufffl~tin'l:lw::'\Jfl~~1miifl~'Hirn fou'Ufffiff'lfUflH~ 'l 'UiiJ~ 4. 7 

" ' u'lfUl'Ul'U'li'11Jft'U'H~fliJ':i::1JlW 12 sM1 lm 

'Hii~ff::t~flJ1 ili''Ufi1~m'lf'\Jfl~~1miifl~iirirl'Umfl (il':i::mw 3.5 - 4) 

lfltlnl':it~1J vinegar im)~':il~fltJ'1:: 10 

i 
& i v i v & ., 1'1 "' "' 
'U~ m1n 'U'H1Jfl'U~~111Jfl'U rn 121 fl~f'fltGJfmGJftJff'Ul'U 40 'Ul'Yl 

i 
i v~ "' d "" .I " ':ifl mnm'1fl~W'lrn~ t~1Jfflrn::mtiffufl':i'\Jfl~':il Monascus sp. PSRU03 

ihliJ1mw~fltJ'1:: s ti1J~1miiu~i'U~ti1J~WmJii 30 fl~f'fltGJfmtl1vu 'Ul'U 201'U 

i 

i 
H~~1miifl~'Hirn fou'Uutiu 

iiJ~ 4.6 m::'IJ1'Umrnii~~1m iifl~'Hirn l1JU'U utiu~i1'1flflfimm::iifJW fi1m~ 1.n'lf'U 1m':i 'illn 

fflrnflnq'Ylf m~:ih.nrn~iiiJ':i:: 1ti'lfU~fl~1~mtJ 
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' ' t'T.:t .c:tiv 4 c:vcr u 4.4 fll1fJUJ'fl8~U'flfl AU A'tltlfll1NiUlf.ll&'t'ID8.:J't'i1Jtl g1JUUD'fltf 

,~~'1NfHltJ'i1J&;f .:itJu,j~fl1'H~VriW'YIV~H'Ylrl l 'W lCl~fl1'iH~\Pltt1m~v.:i'ttiJtl 1m&'W ff fl ff 
UCl~tll'.i tJ'.i~~fl~L ~f;J~~1m~~,n1]j'fl luu u ff l>iff 1 'Uf;Jft~fiw cn~TM 1'.i l li'ti11ir fl1~vua~ ~ff\J' "~ 11 tJ 
1u1u~ 10 ~C11tl11 2555 w. mmrntJ'iitJum:~~u1H~1P1fiw.en flw.~mrl 1u 1C1~m'im1:11P1'iUC1~ 

~ ' 
fll'tt 1'i 11<tt11'Ylv1iiv'i1'll'fiti-rl\J"ff .:im111 lj~1.u'1i111Ntlflt1'i11-n.:i'tt11'1~1'W1u 30 tl'W (CIWljfl;'ffl 

~ ~ 

~1.u'1i 111 Ntlfltl'i1J!~.:itJ fi,j~fll'i u ff'1.:J, 'Wfl1fl H'W 1tl 'IJ) , 'W fll'ifltl'i 1J, 'W rli' .:i u, ~!HtJU 'Vl l fl.:Jfl fl 1111 f 

'11tl.:J1'W 1~ v 1'1ti1~ ~~Vi 1u~uirnm~~ijflfl1'i HiilPltt 11 'tt ~fl.:i 'tt irn 111u 'W ff ti ff UCI~ nntJ 'i ~ ~n;i 6*1 'W 
~ Q.I ,/ ~ i ~ gJg} <JI I ~ 'J/I 

HCl\PlflW. CV!fJ tltl (fl1fl H'W 1tl fl) 'i 11J'Yl.:Jfl1'i tJ 'i W1 tJ fll'i ff11i \Pl &m~, 'ttr:;!! 'IJ 1'i11J Htlfltl 'ill 1'1'i111 

tJ fi,j~nn uff~.:im'Vlm'i NflfltJ'ill&~.:itJfi,j~m'i 1 'W itJ~ 4.8 
~ 

.:i 1'W1~VU1 ~u ff~ .:i fl .:i tlfl tJfl1'Vl 1'Wfll'itl1v.:i flrl 1111f.:i1'W 1~tJ1tJi~'W1 ~ VtJV'1~'ll'!tll:l \Pl 'i ~ 

fl1 'i !'~ lJJqJ Cl fl 1iwi 'W 1t ~ 'W Hii \Plft W. en fll 'tt 1'i t ~fl ty'll fl1'Vl UCI ~ ljrl 1111\J Cl fl'1ft tJ~ 1 m 'YI fl l 'W l Cl~fl1 'i 
ii ..6 ~ 'i 'i "' ii ~ • "l .1.1 ..,, ii, "" , "" "" _.,, • I fltJU'tt.:Jt]f.:JtlJ\H'Ylrl t'W tCltJIPl'W'YJ'WIPl1 UCl~ff11J1'ifl'W1 nrn'i~~fl\Pl '11' 'Wfl1'iHCl\Pl 'Wt'll'.:J'Vl1W.'ll'tJ 'WlIJ 

'llfl.:J m'tt 1'i t ff111ty'llm'Vl1~ tJ\Pl'i .:i<tt ~fl 16*t~'W ffl'i &~ fli1'Wtff11lfJ w. r11m.:i lfl'll''W 1m'i 1 'W m'tt n t~ fl 
' ~ 

ty'llm'Vl'll'u~vu 1~ HC1fl1'i~1i.Wu.:i1u'llv.:i.:i1u 1~vu 1~1~u 1 tJ1P11111'1P1QtJ'i~ff .:ifi''llfl.:i 1 m .:im'i1~v 
' ii 'i "Iii QI o'.d ii "" ~ ... ,ii~ fltJ1.:Jtl'itlfl1'W t'1tJ t'1':i1fflfJ'Vl'W~'Ylff'i1.:Jff1'i'Vll:l citrinin \Pl1 flfl Monascus sp. PSRU03 111 'll'!lJ'W 

JI I I I 

mi' 1t ;'fv'tt irmi 1m ~ fl.:J 1 ~ m ~ tJ1'W m'i H~\Pl ti1m ~v.:i 'tt iJ fl 111 u 'W ff ti ff Vim 111~ff111 'W m'i i' n1:11ff1 ':i 
.,( d .do QI "Iii , o',il.:, 4 QI 'i QI, 

flflfl\j'Yl1i'YIH'll'1fl1'Vl'Ylff1rlqJ UCI~ t~U'W1'YIH 'Wfl1'itJ'i~~tl\Pl 'll'fl1!'HClfl.:J'tt1Jfl t1JU'Wffflff 'W 

HiilPlnw. en mm'i CJ1.:imm'ifltl 1111~~in~fltJfl~~,;f .:i'Vl1w'l1'6'1~ 'W fltnfl\Pl 
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' -::i 
'U't'l't'l 5 

5.1 tTltlNt1f111rl~iUI~ 

'ill flfl 1 ':ifffl'.l::l lm:::u TW fll 'j H~\P151m ~ fl-:J 'ttlJfl i lH! 'W fff>i ff'lflJ ~ H-:J ~ 11 l:lfl~fi ti!! 1:1:::iifJW fi 1 
" ' ,, 

m-:i ifl'lf'W lfll ':i 'illflffl':iflflflt"J'Vl~'Vl N:ii1mY1Yiihf'ity ffl:IJl':i a fflll Hl:I fll':i'Vl~ 1:1 fl-:J i ~~ -:iu 

' ' cl Q.I J 4i' Q.I q v . I 0 SI • 
1. f111flfl'lflt:rlf.l'WU1fllA'IJl&iHfflt:rrlt:r1H c1trmin mm1:::t:r1H monacolm K ~~ 

.. Jd t:t. - I .ca .C\ 'JI .ct. 
'ii 1flfl1':i'Vl~1:1 fl-:J ! lJ ':i tJ U ! 'Vl tJ U lJ ':i::: ff 'Vl Ti fl 1YIfl1':iff':i1-:J ff 1 ':i YI '.l::l citrinin 

flfl!l:lff!\Plfl':ifll:I monacolin K 'Ufl-:J':il Monascus sp. PSRU03 PSRU05 PSRU08 trn::: PSRUlO 'tu 
' ,, 

fll ':i '11lJfltl1m ~fl-:J YIU in 1 Monascus sp. l1'-:i 4 i fl i CJf!l:I \Pl ffllJl':if.1ff!1-:J ffl':i citrinin Ul:I::: 

monacolin K iu51m~fl-:J'ttlJfli~iu111:1J1W~U\Plfl~Nfi'W i~tJ\Pl':i1'ilYIUffl':i citrinin iu111:1J1w. 

3.91 - 4.04 mg/kg DM 1rn:::ff!1-:iffl':i monacolin K i~i'W'lh-:i 6.83 - 29.98 mg/kg DM i~tJ 

lfl iCJfrn\Pl PSRU03 trn::: PSRUlO ff1:1J1rnff!1-:imrn~rim1:1m1P1flrn1:1 monacolin K i~mfl~tl~ 

' ' di ... .cl ~ .... .... 4 
2. fll 1fl m:n ~W'H .giiua:::narnnm1::: t:rii Au f111'HiJna1ma t>~ 

'illflfll':i ~uull':i~WmJiJtrn:::nm i 'Wfl1':i'ttlJfl51milfl-:i~1f.l':il Monascus sp. PSRU03 
,: 'J} QI i d, ~ ,l ' ' 4 4 QI ~ d ~ J. "l 

YIU i1 ! 'lffl ':ilff':i 1-:J Hfl 1\Pl Q'Vl-:J 3 ff!'t'llJ'IJ'W flf.11-:J \Pl fl!'W fl-:J!1Jfl!11:11fl1':i'ttlJflf.11!'111:1 fl-:J!YllJ:IJl fl'IJ'W & ~ tJ 

i 'W'lh-:i 1 o 1uu rn'llfl-:Jfl1':i'ttlJflYIUfl1':it~ll~'W 'Ufl-:i111:1J1w.Hri1'1P1a i m)1P1':il~U\Plfl~1-:ifiu m':iUlJ • 
.;,, ~d d 'J} Q.I i d,'J}l d d,.C\ 

f.11!'111:1fl-:J'Vl 30 fl-:Jffl!CJfl:l!C]ftJffYIUfll':iff':iNHfl1\PlQ'Vl-:i 3 ffi~fltJN'n~!':i1U1:1:::1Jllnnw'llfl-:J 

'j-:Jfl1'1P1Q"J-:Jfli151milfl-:J'ttlJfl~UlJ~~W'l1fJi1~'W~ flVl-:iiit!mhf'ity'VlNffa~ (P < 0.05) fll':i'ttlJfl 

51milfl-:i~~W'ttf,JiJ 25 fl-:Jfl'l!CJfmCJft1ffiifln1~1J~'W'llfl-:Jffln-:iri1'1P1Qvf'-:i 3 ffflv1-:i.f/1~ i'W'lh-:i 5 1u 

u 'j fl'Ufl-:J fll ':i'tt iJ fl'tt ~-:j 'illmf '\..! 'j -:Jfl 1'1P1Qyf-:J 3 iriim':i !~lJ~'\..! flVN':i 1~ I~ 1!11:1::: i '\..!ff fl11:::~ I 11~ tl'\..!U 111:1-:i 

~W'ttf,JiJm':iUll'illfl 30 fl-:Jfl'ltCJfmC!ftiff 11'.Ju 25 fl-:Jfl'ltCJfmCJff.lff 11~-:im':iUll 4 1u Y1ui1 111:1Jltu'llfl-:J 
QI i d, ~ J I d Gf I Q.I QI i ~ ,l 

ffl':iHfl1\PlQ'Vl-:J 3 ff!YllJ'IJ'\..!fltJN':i1~!n &'W'lf1-:JUrn'Ufl-:Jfl1':i'111Jfl '111:1-:J'illfl'\..!'Wfll':i!YllJ'IJ'\..!'Ufl-:Jffl'j 

':i-:Jfl1'1P1Q'il:::fifl'W.,rNfl-:i~rifl'W~'il:::1~1J,'Wflv1-:in~1~1ilflrif-:iiw1h-:i 15 - 20 1u 1dfl11irfl51mifo-:i 

munm 20 1u111:1J1tu'llfl-:Jffl':iHri1'1P1Q'lu51milfl-:i11irfl~Ull~~w.11fJi1 25 30 1rn::: 30/25 fl-:Jfl'l 

1CJfmC!ft1ffii111:1J1w. iliu1P1fl~1-:ifium-:iffa~ (P > o.os) i~t1Y1uiu'lh-:i 31.9 - 35.67 11'111tJ1fli'll 
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"' I '1 1.d .J 'JI ,,f '1 .:, <!I I "' Hfl191QffTW '11qj'YU'lHl'J1 Monascus sp. PSRU03 ff'Jl~'IJ'W 'Wmmrivn::1111~fll'J'l1:1.Jfl 

flvHri191Qffm i1v~ L'1f.l11'1~'il1nm"J11ii'nrinJ 20 1'W 'V'l1JHf1191Qffmi1v~ '1 'W ff'1ff'J'W ~mn~ix'1flti 

f tir.Jri:: 50-53 (u~mw 6.94 - 14.31 11i11wni':1.J~1vei1~ui1'~) 'Jti~ri~mtrl'WHf1191Qffifoftif.1'1:: 
"' l<Q I QI Q.I I 'J) d, 'J} ,. let. 

25 -27 (u'J:l.JlW 8.02 - 9.11 '11'W'Jf.J/flrn911flf.11~U'11~) uri::ffU'1~'Jflf.1'1:: 22 - 23 (unnw 7.21 -
I Q.I Q.I I 'J} O QI 

8.21 '11'U'Jf.J/fl'J:l.J9l'Jflf.Jl~U'11~) 911:1.J'11'11J 
_ I"" '1 ~ .a cv .d • .d e:t ~ J a 
urnlW'IJfl~ phenolic compounds 'Wmmriti~'l1:1.Jfl'Vl1J:l.J'Vl 30 fl~ffWlf'1!1lJff.lffm:1.J'IJ'Wtflfl1J 

2 rvhidm..i:i.J'Wl'W 10 1'W 'llW::~m'JU:l.J~flW'l1fllJ~'W~ti~'1'*nm '1'WmnJ:1.Jvei1~tl' tif.I 15 1'W~~'il::ii . .. 
m"Jt~:1.J~'Wvei1~iii'foti11'i'qim~ua~ (P < o.o5) im::m"Ju:1.Jti'1mi1v~~~- 3 um1::iiiJ~mw'llv~ 
phenolic compounds !~:1.J~'W''J~~tl'1'11'1~m'JU:l.J'Wl'W 20 1'W L'1r.JiiiJ~mw'1'W<Ji'J~ 5.13 - 6.10 mg 

GAE/g dbs. ti'1mi1v~11ii'n~u:1.J'1 mJW'l1.fJlJ 30 fl~ffltllJfm;f.lff iiiJ~mw phenolic compounds 

t~:i.Jmn~'W '1 'W "J::w.h~m"J11ii'n~vr.Jri:: 146 'llW::~ti'1mi1v~11ii'n~u:1.J~fJW '11.fJil 25 uri:: 30125 
"" "" - I"" .;. ,,f '1 I ., 'JI 

fl~ffl!llJf'1!1lJff.lff:1.Jurn1w phenolic compounds !'V'l:l.J:l.Jlfl'IJ'W 'W'J::'l1'Jl~fll'J'l1:1.Jfl'Jflf.1'1:: 115 im:: 107 

911:1.Jil1~1J . . . 
f Q.I .e!i Qld,fd, d, I 

m DPPH radical-scavenging activity 'llfl~tnmriti~'l1:1.Jfl'V11J:l.J'Vl 30 fl~ffl!llJf'1!1lJff.lff "J~fldl 

ti'1mi1v~11ii'n~u:1.J~fJW'l1.fJil 25 im:: 30125 v~ffltllJfm;f.lff vei1~iiirm11f'i'qi'VINffa~ (P < o.05) 

11'1~fll'J'l1ii'fl'Wl'W 10 - 15 1'W ur1::11'1~m1Jnmm'JU:1.J 20 1'W ri1 DPPH radical-scavenging 

activity ~vm'1'Wti'1mi1v~iJ.iu91n~Nnu L'1r.Jiiri1fl~'1u<J11~~flf.l'1:: 49.28 - 50.76 ti'1mi1v~11ii'nii 
I ~ J '1 I ., 1'1 I 'JI m DPPH radical-scavenging activity !'V'l:l.J'IJ'W 'W'J::'l111~fll'J'l1:1.Jnti~ 'W'Jn~'Jflf.1'1:: 15 - 37 . . . 

f QI .41!!1 CVd.ld Ct. .cl 

m FRAP 'llti~mmriv~11:1.Jn'Vl1J:1.J'VlfJWl1.fJ:1.J 25 30 uri:: 30/25 v~ffltllJfmllJff.lff mu 10 - 15 

1u iiri1u9ln~Nfl'U'Vll~ffa~ (P < 0.05) L'1f.Jfll'JU:1.Jti'1mi1v~~ 30 fl~ffl!llJf'1!;f.Jff vhi-tt'i~ 

ti'1m i1v~11ii'n~iiri1 FRAP mn~tl'1 uri::idmiJ'l r.Jrnfir.J1Jn1Jtt1mi1v~~ iliH1'Wm"J11ii'n ('l.f'1 o 
a.1 .. ,, ~,l'JI ' ~.a dr.d et. d 

'J'U) 'V'l1J'Jlfl1 FRAP !'V'l:l.J'IJ'U'Jflf.1'1:: 68 m FRAP 'IJfl~mmriti~'VlrnJ'VlflW'Hfl:l.J 30 fl~ffl!llJf'1!1l)ff.Jff . .. 
~ J QI I Q.I QI i I .d I ~ ,d .d 

!'V'l:l.J'll'U"J~tl'1'11'1~fll'j1J:l.Jfl'j1J 15 'J'U '11'1~'illfl'W'Wm FRAP 'il::'1'1'1~ 'IJW::'VJfll'j1J:i.Jmmriti~'Vl 

fJW'11.fJlJ 25 mi:: 30/25 ti~ffltllJfm;vu ri1 FRAP t~:i.J~'W"J~tl'1'11'1~m"Ju:i.Jm1J 20 1u 1'1viiri1 

FRAP 3.22 tm:: 3.21 mg trolox/g dbs. 9ll:1.Jil1~1J im::idmiJ°lvrnfiti1Jn1Jti'1mi1v~~iliH1'Wm'J 
"'II .;.,,fp 

11:1.Jn'V'l1J11m FRAP m:i.J'IJ'Wrnvri:: 37 - 38 
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,, ' ' JI 
"I " + ' "' + "I ., ., "I " p "I fl1ll.J'lf'U'HH.1'1~ 58.95 _ 0.37 U'1~fll'YHU'lf 6.39 _ O.Ql !l.Jtl'l1l.Jflt11nrnu.:i~rn.lfrnl!'lftl Monascus sp. 

' ' " Id. d. QI IQI .c!!I. CVd.I ~ ld, 

PSRU3 'Ul.J'Yl 30 U.:JffWlrn!C)ft.lff'Ul'U 'Ul'U 20 1'U V'l'U1lt11!'11'1tl.:J'11l.Jfll.Jfllf11ll.J'lf'UU'1~flll'Ut1'11 
d..fdv .,j.,. .,, ... ,. • ~d..f?tv 

tl'll.l'l.l'Umfl'U uml.lumvufl'Uflti'U '11ll fl 1~ t.1fllfl1ll.lfl1ll.l'lf'U!V'll.l'l.l'Uru'U 1uvi;i~ 66.62 + o.62 ui;i~ 

'"' d..f?t + flll'lttl'lf!V'll.J'IJ'Ut'U'U 7.28 - 0.08 

-;;~~'Ufl 11l.l!uu i u m1uuu '11' .:iih·rn~ mHmw 'l.lt1.:i1 .:ifli'~Q~\lflffn~utiflll l'illfl~1m ilu.:i 
... ,. ., ,. .,ji" "i " .f' i" ., i.:, "I ., '11l.lfl tl.JU'Uffflff 1~ml.lt1 'lffl1ll.l1U'U umrnrnm.:i"l.:Jl.llfl'l.l'Uff.:JH'1 '11Hfl1~Q 'Ut11mi;iu.:i11l.Jfl 

tllu u ffflfftlflffn~uuflm i~mfl~'U ~1m ilu.:imJfl~Hl'U m1uuu '11' .:i~ 10 u.:itr11C)fmCif vff ~11'ill'l'U "' 
JI f I I 

1.J1mw'l.lti.:JHfli~t1l1.:i~u~.:i iM'mmdrmilu.:iff.:ifl11t11milu.:ilnJnfiH1umrnuu'l1'.:iYi 50 im~ . "' 
60 u.:itr11C)fmCift.1ff ud1.:iih1'vd1flwm.:iffii~ (P < 0.05) 

" 
' ' " m-;; isoflavone Vil'luiut11milu.:i1n:rfl fou'Uffflfftnuul1.:i11l.J~ c!uvi;i~ 99.88 - 99.91) 

1;jum1iufl~l.J aglucosids 1~t.1V'l'U daidzein iu-U1mti.l~"l.:Jfl11 genistein ui;i~ glycitein f1~1nu 

ff'~ri1u!uvi;i~ 53-54 36-38 im~ 10 ~llliil~'U d111i'u isoflavone iufl~l.J ~-glucosides 
' ~11'ill'l'U genistin 1Vlt.1.:i'lfi1~1~t.11ui;i~V'l'Ui'l.J1.J1mwfitl'uvmflfiu!uvi;i~ 0.09 - 0.12 'l.lti.:im-;; 

isoflavone ..f .:i11l.J~ uw11 niJi 'Ufll1tl'UU '11' .:i iliijHi;i~u-U1mw 'IJU.:Jffl1 isoflavone 11l.J i 'U~1milu.:i . "' 
mJfl fou'Uffflfft~t.IV'l'Uffl1isoflavone11lliu-U1mw 887.03 - 932.20 µg/g dbs. 

1 ~ ~'U fl1ll.J! tl'W i 'U fll';j tl'UU ,r ,:iij H'1~Uffl'J1.J1~flU'UfJ'U tl'1~\l flff n~ tltlfll.Jl'illfl~ 11 '11 ilu.:i 
... ,. ., ,. .,ji" "i " .f "i" ., i • '11l.Jfl tl.JU'Uffflff t~Vtl.Jtl 'lffl1ll.J1tl'U 'Ufll1tl'UU'l1.:Jff.:Jl.Jlfl'IJ'U'Yll '11ffll.JUtlfffl~ffl1 'Ufl'1l.J "' . 

.:, "I ... ,. "'"'" .f .... ., phenolic compounds 'ii 1flH.:Jtl1111 nu.:i '11 l.J fl t lJ u 'U ff fl ff t ~ m fl 'I.I 'W ~ llJ '11~ 'U ffU ff fl~ 'I.I ti .:i 

H.:J~1milt1.:i11ii'fl~Hl'Ufll1U'UUM'.:i~ 70 t1.:Jffl!C)fmCift.1ff ~11'il't'l'U1.J1mw'l.lti.:J phenolic compounds 

ff.:ifl11m1ffn~'l.lt1.:iH.:i~1milt1.:i11ii'fl~H1um1t1uu'l1'.:i~t1w11niJ 50 ui;i~ 60 u.:itr11C)fmCift.1ff 1~v "' . "' 
~11'ill'l'Uffl11.J1~flt1'UVl'Ut1'1i'U1.J1mw 7.96- 9.66 mg GAE/g dbs. 

fJ W '11~iJi'Ufl11 tl'U UM .:J ii H'1 l'i tit] 'Yl f ~ l'U ti ti fl cit~ 'Jf u 1rl ti 1~ ~ 1 ti in DPPH radical-

scavenging effect 11'1~ FRAP 1~t.1~11'ill'l'Ufll DPPH radical-scavenging effect 11'1~ FRAP 

1~l.lmfl~u1rlt1r~llfJWmJiliut1uu'l1'.:i~1mil~N11ii'fl'il1fl 50 inu 10 u.:itr11C)fmCifvff 1m~nfl11l.J 
'j/ QI Q d ~ J 'j/ I 4!( "l' I 

fftl~fl '1 tl.:J flu1.J1mw 'l.IU.:J phenolic compounds 'Yl!V'lll"l .:J'IJ'U ~ 1t.1 H.:J t11m '1t1.:i11ii'fl 1 lJ u 'U ff fl ff Vi 
Hl'Ufll1t1rn1'11'.:i~ 70 U.:Jffl!C)f'1tCJft.1ffnffn citrinin iu-U1mw~l 1.60 mg/kg DM U'1~V.:Jfl.:Jijm-;; 
monacolin K iu1.J1mw~"l.:Jfltl 38.87 mg/kg DM 
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4. m101uTifl~HTifl 1 u laamlNO(Jl8'1mafl-3111J'n hmuinl'a 
i~ ~ ~ NfHJ'IJ '.i lJt :Jr~ tl B 'Li~ fll'.i 1 ~vri wvrn~Hl'l fl lw 11:1 vm mil~~ 1m ii v~11 l! fl LlJ mHYfi ff 

uf:l::m'.itl'.i::~fl,;'ii'i'WHil~nwcii'm1n'.i itt'nm!fl1~vum:~ff'W i 'il~1 itl i'W i'W~ 10 ~f:llfllJ 2555 

w mm'.iutl'.iitl1rn::-WwimHil~nwci1 flw::tl'lfl l'W hvm'.imll~'.iuf:l::mm'.i :1-J1111Y1v1'1v'.i1'lffi{] 

vh,J '1 ff ~m llJ i1 ~i,Y1-i1lJ NflV'IJ'.i lJvf ~11lJ~ ~l'W 1'W 30 fl'W i l.I m rn'IJ'.i lJ i l.I fl f~ tli~tHVul'li v~ ff 
fl1llJ r 'ii lfl~ l'W 1~ v 1 ~ v ,~~~Yi lUN'W i 'LI Uf:l ~~ :Uvfll'.i Hil~~ 1m ii v~ 11 l! fl LlJ u 'W ff fl mrn ~ fll '.i 

<I !/ '°" °' <I ,! t ""' i !/!/ !/ I ..,g 11) !/I tl '.i:: ~fl~ i 'lf i 'W H '1 ~.fl w 'l'1 fJ flfl '.i 1lJ l1 ~ fll'.i 'LI '.i'.i VlfJ fll '.i ffl 1i ~ 11'1:: 'Hr:;!! 'll 1'.i 1lJ Hfl v 'LI '.i lJ l ~ '.i'JlJ 

tJB-LI~m'.i 

!I 
5.2 'Ufltt'l'UflUU~ 

5.2.1 fl1'.ifffllllfll'.i!U~V'WUU'1~tl1mwffl'.i citrinin 11'1~ monacolin K i'W'.i~H11~fll'.i'l1l1fl 

' "" lJ1 fl Yl "! ~ 
s.2.2 f111flm11iJ 11~r.1117'mrm1~m111il n111mru inin~mm~nlJi u nn nf HffnM1 

fl vtf:lff!~ V'.i v '1"l~Uf:l::fl1'UfJ lJfll'.i ff!1~ citrinin i tt' v ~i 'W '.i ~~'LI~ ilhi'W ~'.i w9iv 
I 

'.il~fllV 

5 .2.3 fl1'.iffflll19i vvv~~l'W 1~ vu lH~~ 1mii v~ foul.lfffi ff i tltl'.i~~fl,;'1~ lJfJ wfi 1m~m111'.i 

itt'n'IJHil~nwcii'mm'.i'lfiJ ~g'W 117'viwil.I 1 i tt' v~i 'W itl'llv~ H~tl~ nff'lfiJ ~H~117'v'lfiJ~ 
!I • d .I flV'Wffl!'.i'iltlJ 

5.2.4 fl1'.iffflll 19i v vv~ tl~ffflV.flll'l'll v~ H~~ 1111 iiv~ LlJU'Wfffl ffi 'W fll'.i ii v~ n'W 1rn9i1~ "1 

i'Wt:Jf~~fl 



"' o' "" "' Jl t "' T "' v • I"' m110Jm lfVJ1~fl'. 2546. m1N'1\Jl'Hfl1\JIQ'll8-:.t1'Uo11 iiJm.nTfltr&~f.lfll1't'l'llmrm'Vtu't'l-:.t. 1J'H1Jt1Jl 

i'Ylt.11fl'lff~rn1111l'wcVi~ ffl'\Jli'lf1~'1;11'Ylv1tl1~qn~ flW~i'YltJlfl'lff~{ 1J'l111'Ylrrnfo 

mfl 1'W1 '1vV11~'1ti11mi\'1n'W1J'1. 
"' cv 4 t cv cv •..iv ""; 4aiv!'I v .liai 

~ 1 '1 '\.J 'Yll. 2554. fll1fl~&'18fl11 &'llUUtrfltrtrlf.l'VtU'ft'lt1'1Htrl1'Vt'l:l\Jll&'Vt8 &'U1uUfl'111'U8 &U . 
m1Na\Jltr11ufi1foo~.nu~1n.Unu~-:.1. 1w~1'\.Jm11~vl!ll''Uff1l\J'.iW. 11'l11i'Ylrn'1'm1'lffi{] 

~\J'1mm111. 
fJ) .Q QI rl .cl 1 "Q.I 4 .: 4, ~ 

mmm1 tiflW'ttV'l\Jll'W 1rn~wq1 t'lf'W'Y11. 2542. m1 'U1tr~1't'l'18TI-:.tTIH~\Jltrl't'lfl'n'llm'l:l\Jl11'Vt8N'1\JI 
c:s .ct.et Ji 4i" v !'I Q,I " .. ICl Q a1 Q 

1'll~trtrU~-:.tmm'lf 811 &'llUUtrfltr&Utr.fll1~fll1't'l'llfl11't'l-:.t. 1J1 qjqj11'YltJ1fl'lff~1'UWCVI ~ ffl'\Jl ~ '1 
d. C\ C\ rl Q Q.I ,.. ,.. di p .c:I, 

'lf11'YltJlflW~1'YltJ1fl'lff~1 :J.J'l111'YltJ1'1tJ!'Ylfl ! '\.J t'1fJV'l1~'1fll.Jtnt111i'W'l.J1. 

'111mw tiU'W~oMtJ'ti'Y11i'Wl 11'1~'JI~lll n~~fiqJ lqJilJllu. 2543. m11ilu-:.11;011l'llUUtrfltr'lJUfllfl'IJu 
' 

tt1tJ~,.,a--:.11ffoNa\Jlnj~u. tl1t11t111i'Ylv1fl'1ff~11l't11cVi~ m'\J1i'lf1~'1;11'Ylt.11 flw~ 
C\ rl Cl Q.I ,.. ,.. d !JI cl 
1'YltJlfl'lff~rn'l111'YltJ1'1tJ!'Ylfl t'\.J tMV'11~'1fll.l1fl'111i'W'l.J1. 

~i'lq'Yln 1Jt1Jff~l~ff1l. 2546. fll1'1~.;\Jl~uu1u.Unu~-:.i. tl1t11t111i'YltJlfl'lff~1111111l't11cVi~ ffl'\Jli'lf1 

1'YltJlfl'lff~111'1~t'Ylfl 1'1.J 1'1vm1mm1flW~fJ~ffl'l1m111m'l:l~111mi'Ylt.11'1'v1;v~l'l1ll . 
.Cl d Cl d ,;f Q.I ,J .ct 11 QJ v 

1.;$~-M'v t'lftJ11i1fl'1 tl1~ff'Yl1i 11oirn 11'1~tl'W~~1 w1rn~. 2519. m1~-:.t~lfl'lln11~-:.1 (8-:.tflfl). 111m1 • 
m1111. 8: 51-55. 

QC\ Q.I rl .et ~ ~ '}) rl 9) 
'W1itJl 1~'1.J1tl'W'W'Yl. 2549. 1flll8l't'll1. lti. mff. V'l1'\.J~~ miff, flH1'YlV'l<1. 487 'tt'Wl . • 
'l.J'.l:l'Ul 

purpureus. !flflffl1ti1~fl11 tl~ll'~ m1i'!f1 ~ '1;11'Yl tJ'l fJ~ ffl'tt m 1 l.J. 

'J/111 o' "'"' ~Ji vl""Ji t "'ct V'1'11tJ11fl1 !'lftJ1'Ut)J'11~fl' 11'1~'1.J'.l:l'Ul tJ~ff1J'Y11i. 2534fl. fll1flfl'l:ll1'1J8-:.l\JIU fl~1'11811U~-:.t&'llUUtrfltr1\Jl1f.l'll 

" ' mfll\JIQ~'lJ'UU~PiH9. m1tl1~<JI1l'Yll~i'lf1m1'\Jti~11mi'Ylm'1'mn'l:lmmff~{ fli'~Vi 29 4-7 

"' o' 'JI fJ1lfl1V'l'\.J1i 2534. fl1~1'YlV'l<1. 'tt'Ul 277-282. 

'JI 111 o' "' o' ~ .I"' "' ... I V'l'11tJ!!fl1 !'lftJ!'Ut)J'11~fl' 11'1~'1.J'.l:l'Ul tJ~ff1J'Y11i. 2534'\J. fll1flfl'l:llfll1u1'1Jt'l'.fll'Vt'll8-:.11\JIQ~'lJ\Jl8 

fJW.fll'Vtfll1't'l'IJn.Unu~-:.i. m1tl1~'JI1l'Yll~i'lf1n11'\Jti~11111i'YltJ1'1'mn'.l:l~1fl'lff~{ flf ~~ 29 
"' o' 'JI 4-7 fJ1lfl1V'l'\.J1i 2534. fl1~1'Y1V'l<1. 'tt'\.Jl 283-291. 
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oe:::t..t=li ~o' Q.I iCllt. ~,J "' J-=-. 
ff'U 'iJ'j~fffl9HJ. 2548. Nt1'U8'11~V11.Jfll1UlVll\U11VI UoU'U8'i'UTJV18ilt1U'Vtt1fllt'JVl1fll1Hl1tyUt1~fll1 

tTi'HtT11a'Ut>'i Monascus purpureus. 'll~qiqi1iff1mrnfflff9lrn1111J'wcY19l ffl'lll 

iff1nn1rnrnn fltu~iff1mrnff1ff91{ l.lmi'Ylt11'1m'Ylfl 1 u lrifiTI'j~'iJVl.lmft'1nuiJ'1. 
"" "' o'"" ,SI <:IT v v v ~ , ~ "' v ~SI 

q'fl11~ fl'U'YJ'j!'\Jtl1. 2545. fll1 '!ft'J11t'J&'JJl&Ut'Jflt'J (8-:lflfl) 'flVIU'flU AU Vl1'fl&UNt1Vl.flWorJ &t'Jfl'itlfl 

"' ... 1 1 .d, 'J) 'J) QI 
fltu~~9lff111mrn1tnJ9J'j l.l'l111'Ylt11Ml'Ylfl lJ fWTI'j~'iJVl.lmm1 'illfJW 'YJ'ttl'jm~m~11-:i. 

vi'qi l1uTI-:iff1'il~t\I 11.lnu 1l'i1~-:i1'il~t\I uri~lltJA ~u'Ylv-:i. 2531. ifo1lu~ilNaPit>m1Niivis«nuvi-:i 

lviu Monascus purpureus. 'Jl'jffl'j!filJ9J'j. 4: 125-128. 
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Colll il cu 
n1"iN AGlf:I ~ n La;:tJ il1"iGi1U 0'4~ ail il"i~ 

-q 1 n n1 t Vi a il'1Vi iJ n 'i3J tt \I II c!i II 

.····· 1t1u· .. . ·. . 
ca-S~Ln(;ln11>G11~yM1··· LtA=t ca-s.q\1u"l,1N o.G'l'lth1 

-------------------



A1'll1 

Lil n A1'jFJ ii il fl1'j ~ ~ Gl Ft n fl LA~lJ A1'jGl1 'Uil 'tpJ iN ~ A'j~~ 1 n 

~ 1 L VI ~ il v VI :1J fl L lJ LL 'U A '°1' A c\l lJ lJ U ~ Gl vf 1 ii' 'U L ~ il cl 1 £J V1 il Gl 

L V1 Fl L 'ULiN fl vi '1.61 ~1 n L'°''j\'.J fl1'j1 ~[J L~ilv "fl1'j~ ~ Gl ~1 L VI~ ilv 

VI :Un vi iJ iN il Gl .tl £J LL iN ~ ll Ft ru A 1 Vl 1 v l fl 11u1 n 1 'j ~ v &1 1 £J 'j 1 

L lJ LL 'U A '°1' A L ~ il L ~ lJ lJ iN A 1 ~ 'U Fl 1 L fl l!I' Gl 'j LL iN ~ A ~ 1 v ~ Gl 

'°'11lJ A1 lJ1'jfl t 'Ufl1'jLL iiv;J'u" c2lv '1.61,.lJ fl1'j AUlJ A'4'UV)'U1 ~[J 

~ 1 n v lJ iJ 'j ~ lJ 1 ru LL r:..i 'U 61 'U iJ il v lJ VI , , V1 [J 1 ~ [J 'j 111 .tl {) 'W 'lJ iN 

A\'.JFl'j1lJ ij'j~~1tlvlJl.J'I~lJ1t:U 2554 

~ ~Glvf 1 "l&l L;[JlJ L;[Jv L ililVl1 t,.., L ii1 t ~J1 [J LLiN~llfl1'Wl.J'j~fl illJ 

VJ neffuGl il'U Vl1v Lll'Uil thv rivi1 Lil n A1'jc\llJlJU ~~ll ~1'U°li1 £J 

t,..., L n Gl n 1'j'WGlJu1 ~ ~ Gl .tl ru ,,,- il 1VI1 'j L ~ il ~ il fl 1cw~1 n ~1 

L VI ~ il v VI :Un i: lJ LL 'U A'°" A ;} v 'U il n ~ 1 n '°' 11 lJ il of il [J LL~ 1 ff v "l Gl 

A1'jil1Vl1'jvil.J'j~L[J11't1Gi il":t1v n1 [J LLiN~A11Gl1'Uil'4lJ iN ~ A'j~~ n 

Gl1[J 

LflG}fl1'j Gl1~'UV11 LLiN~ f:l~£J1'j'jfU c\lGl'jfh'.J 

G}iN1FllJ 2555 



1JV1tl1 1 

i'.} iJ n '.in( LL~~ L C:l~ ih'J jj il 3 
y I 

°lJUGl ilUn1'.i~~Gltl1 L 'VI~ il\J'VllJn bl.I LL tu~eoi'A 4 

1. n1'.l'LGl.,EJlJ ct1 L 'VI~ il\J 4 

2. n1'.l'LGl-,EJlJ'.i1blJLL UA'°1A 7 

3. n1'.l'LGl-,EJlJct1 L 'VI~ il\J'Vll!n1l.I LL uAeoi'A 8 

4. n1'.i~~G'IF} n ;;-u(~lJct1 L 'VI~ il\J'VllJnblJ LL UA'°1A 11 
I 

F} fU.fl1~1.J il\J tl'l L 'VI~ il\J'VllJnblJ LL UA'°1~ 13 

LilnA1'.iil1\Jil\J 14 
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':i'1LlJLL uAFIA (Monascus) Lilu':i'1vlteDtun':i'~u1un1':i'N~Gl 

il1Vl1':i',,UJ n LL~~" n1':i'U1 '1.11teDtu£lGl ~1VI n':i'':i'lJ il1Vl1':i'LL~~£J1 il £11\J 

LL W'iVI ~1 £J L iie:i\J~1 n tu':i'~Vli1\J n1':i'L ~;ry8ll il\J11 '1.61il n1':i'A,1\J A1':i'vl 
,, 

ill.J':i'~b£JtitlGi il'i1\J n1 £JVI ~1 £Jtf'\lGl\i1\J A1':i'Gl1Uil'41J ~ il A':i'~LL~~A1':i' 

~G\A il L~ ALG\ il':i'il ~vljjile:ii1LlJU1LA ~ULA 61\Ji!U~\Jjj n1':i't8ilil1Vl1':i' 

VIJJn~1 n':i'1blJ LL UA'°1Atun1':i''ln~1l ':i'AF\il L~ALG\ il':i'il~ ':i'1lJli\J°l11 £J 

~ G\ il 1 n 1 ':i' 8lJ il \J b ':i' A A 11 lJ Gl U b ~ ~ G\ ~ \J LL~ ~ L °j A VI ~ il G\ L ~ il G\ « 1 t ~ 

Uil n~1 niltu':i'~Vli1\J n1':i'L ~;ry8ll il\J':i'1blJ LL UAFtA £r\J A,1\J':i'\JA"YGl Cl ft 

LLG\\J 4l\J LiluA1':i'ti:,ftfi':i'':i'lJtt1Gitue:i1V11':i'LL~~n A':i'':i'W~ rn V11\J £J1tu 

n1':i'~Gl A11lJ L~£J\J8ll il\J n1':i'Lfl GllJ~L;\J &11un1':i'£1n LAU LL~~nClvit 

dl1u, ~UVJ.,tl ':i'1blJ LL UA'°1AA1lJ1':i'Cl A,1\J n':i'Gl LLnlJl.11 il~lll uil~'A 

Vl'il A1':i' n 1U 14l\J" A':i'':i'W ~ rn °111£J~GlF\11lJ6i'u l~~ G\ .,. n ~1 LL~~ 

iJ il\J flUb ':i'AlJ~L ;\J b ':i'A n':i'~G.) nw1u b ':iA«1t~ b ':i'A £1~ '1.,_.LlJ il'f LL~~ 

b ':i'A A 11lJ ~1 Lft il lJ il r.J1\J '1. ':i'fl G\1lJt U':i'~VI i1\J n 1':iL ~;-ry 8lJ il\J ':i1 

l:JJ LL uAFf Awu n1':iA,1\J A1':i''W~1!Gt;Uu'fi\J LiluA1':i'vinw~Gi il &tu 

LL~~'1.Gl8ll il\JlJ'4~tli1lJ il tj Gl1 £J LAlJ il 

~1 n N ~\J1U~~£Jvl i:J1ulJ1V\lJ ~~ ~£J1dll.J':i~AUA11lJ ~1 L ;~tu 

n1':ifolGl L~ il n':i'1blJ LL UAFtA A1 £J~uf{vin n1':i'A,1\JA1':iW~1!Gl;-UuGi1 

LL~~" n1':i'A,1\J A1':i'~GlA il L~A LG\ il':i'il ~ ~\J ~\J"l.Gi'll1lJ1tentun1':iL vilJ 

FJ rnFi1vi1\Jlflttu1 n1':it i:, nu ~1 L VI~ il\J'fi\J Lilu'WttLn~Gt':ivlil n1':i 

11 ~nil r.J1\J LL WiVI ~1 £Jtu~uvl~\JVl"YGlfl1A L Vlilil LL~~LUUil1Vl1':iL ~ il 
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~°11.fl1 'W vi il Glll '1.tl~ 1 £J ~11vi iltl1~1:£J8ll't.1Gi il~1\J n1 £JVI ~1 £J8ll1lGl~\J ~11 

isof1avoneLL~~~11tl1~n ilu'Wuil~vi" ~11'WF1 rn V11\J £J1 tun11~n'M'1 

L,Flll~L1\J L,FIVl~ilGlL~ilGl'lX"Jt~ L1FlL'lJ1Vl11U L1Flf11~&Jf1'W~U LL~~ 

ii ~11vivf1V1il1viFt ~1 £J EriliLll'UL 'WPIVI fY\J~\Jt ifVlGl LL Vl'UEriliLllUtu 

VI fY\JoJ£JVI ll Gl tl1~oi1 L~ il'U '1.~ Uil f1 ~1 f1 tlFt rn~ ~1 ~£J '1.~ Gi il £J il Gl 

\J 1 u1 ~ £J ~ u ~1u~n11~ GlJ u 1 L ii u N ~ Gl .n rn ~ il 1VI11Lviil~°l1.n1cw1 Gl £J 

n 11il1 « 1 L VI ~ il \J VI :Un 1 ll LL u ~ "'1 ~ ll 1 L ~ ll Fl rn Fi 1 Vl 1 \J 1 .n 8ll u 1 n 11 

t ~nu Fl f1 M ell\J L ii U°lJ Ull vi u;i:.n Fl nu il tJ1\J LL 'W~VI ~ 1 £J 61\Jilu~ !i il 
ciliJ'lJil ~\J LUU~"JUVlii\J°lJ il\J f111~GlJU1 il1Vl11L vi il ~°lJ.fl1'W~1 f1 il\J '°' 
F\112.J~vi"l.~ N ~\J1U1~£Jell\J~~vf 1 t~ LflGl Fl"J12J L ;)ilrl'ut UF) Ol.fl1'W°lJ il\J 

I 

~1,~Sltl,~L£J8llUGi il,1\J f11 £J il tJ1\J LL V1 ~~\J 
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1. ~1LlJLL'U~'°1~ PSRU03 

2. ci'1 L 'Vl~ih'J 
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V I 

iumoun1~Nfim~1tufio~u~n1~uua~a 

LL ~LlJ ~Gltt1 L VI~ u\J1utl1~~il1Gl'U1Ui111JFl'U 



85 



iiv~1L~~ilvttn,,iJililvF11111~u"lilvl 15 l.Jil'UGi u1u 40 'UTVI 
~1ildl11~1 L ~ ~ ilvtui.11 L~ ilGl~uii:u 
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L'W1~L~£h'J'j1llJLLU~Ff~ lJUil1Vl1'jL~£hH'i1il potato dextrose 
agar tilJvi 30 il\JFf1Le.zi~Leff£J~ u1u 7 1u 

iJ1£J'j1b1J LL u~Ff ~ viL~~fYlJUil1Vl1'jL~ £J\JL'i1il potato 
dextrose agar lJ1L'W1~L~£J\JLUil1Vl1'jL~£J\JLi1'il potato 

dextrose broth tilJvi 30 il\JFf1Le.zi~Leff£J~ u1u 7 1u 
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LGilJ'j1LlJLLugq'°1gq~1nil1Vl1'jL~£hHilil potato dextrose broth 
~vtutt1 L VI~ ilvvi LG'l,tll.1'1.1 LL~1tu81J il 1 

ti:JJtu&JtilJ f:lt:UVl.Qn 30 il\JPl1Le.tl~L!ttJgq U1U 15 - 20 -ru 
~~'1.&1~1 L VI~ il\JVll!nllJ LL ugq'°1gq 



~1 L Vl~ih'JVllJn'W1J'j'1LlJLL 'lU~'°1AL~';rytlnFl~lJLlJ~Gl~1 L VI~ ih'J 
£l tJ1\lik"Jfi\I L ~'ULlJ'U~LLGl\l~\I LlJ ~Gl 
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lJGlct"J L 'VI~ £h1'VllJn °bJLL 'UAAA£l1J LL ,;,\Jt,:, Ltl'UN\J~~Li'.i £JGl 
'll1"ltJt8ilt'Un1'jLLtJ'j~tJ Lil'UF) n,, L~1J A1'j~1'Ufl'42J ~ ~ A'j~ 
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1. uflvA1~Luun~~~Av~ 500 n~lJ 

2. L UtlAGl°llilGl~Gl 320 n;-lJ 

3. Ln~ulJu 1 1°1uU°ll1 ,, 
4. 'tl1Gl1~V1~1t1 200 n~lJ 

5. Nv~ 10 n;-lJ 
I 

6. Nvcl1L'Vl~uv'VllYn"tlJLLUA~A 20-30 n~lJ 
I 

7. n1nc11LV1~uvu1J 100 n;-lJ 

8. ~nLnGl 100 n~lJ 

9. LlJ ~GllJ~lJ1vi1lJ't'41uG1 illJlJGl'VI t111J 100 n~lJ 

10. "l 81.J"lri 2 vJuv 
11. 11il~~, 3 1°1uU°ll1 

I 

12. n~ULUtlAGl 1 1°1uU°ll1 
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1. NAlJLbil\J N\J~ N\J~'lbVl~il\JVllJnllJLLUAAA ':i'1lJnuwn11 
2. ClbU£JAGl i.l1Gl1~Vl':i'1£J Ln~illJU ~Un':i'~~\JflU~ t~11J 

Vl~~vJil\J NAlJtih «211 nuGi LG1lJ11U~~1 bb~~n~Ub U£JAGl 
3. bbtl\Jbbil\JLilU 2 ~'JU t~Lbil\JVJ~~~1U NAlJ'WilL«211nu bGilJ 

n1 n~1 b VI~ il\J illJ blJ~Gl:J.J~l.i1\J~lJ'W1UGl illJlJGlVI £J1lJ bb~~ 
~nLnGl L~~1tih«211nu611£JtiJcw1£J 

4. t°ll°llilUGln LilUtlilUn~lJ 11\JlJUt:11GlviV11611 £J b U£J"lJ11 tl1 b «211 

LGl1illJf:tCU.V15Jjj 160 - 170 il\JPl1beii~Ltft£JA U1UU':i'~l.J1ru 

15 - 20 u1V1 Vl~il~Un':i'~~\JF)n,;-~n LLeii~ililn~1n~J.J'W11\J 
,, ~ 

lJtl@l~LLn'j\J ~\Ji. 'J t~ Ll'.Jtl 
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• 1lA1'H'lGlFlilL~ALGlil'jil~blJ'U1bA~'ULFl 30 jj~~n,:JJ/n1~n':JJ 

• 1lA1'jGl1'Uil'4lJ~~A'j~n~:JJ1h~nillJfJ'Uil~ 9 n~~n,-:JJA:JJlJ~ 
n'jGlLLn~~n/n,-:JJ 

' • 1lriV1fiG11'Uil'4lJ~~A'j~ DPPH 
' • llriVlfi ferric reducing antioxidant power (FRAP) 

• A1'j'jvFl1Glq 50 FJilGl/ n,-:u 
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Abstract 

Both the filamentous fungus Monascus sp. and soybeans have been widely used as 
traditional fermented foods in Asia. Functional components of each have also been 
utilized. The bioactive compounds produced from Monascus species during fermentation 
are red pigments, lipid-lowering monacolin K and antioxidants. In addition, a hepato-
nephrotoxin citrinin is also formed in the fermented products. The objective of this study 
was to evaluate monacolin K, citrinin and antioxidative activities of Monascus-fermented 
soybeans. Four strains of Monascus sp. including PSRU03, PSRU05, PSRU08 and 
PSRUlO were applied to ferment soybeans at 30° C for 20 days. Monacolin Kand citrinin 
contents of the Monascus-fermented soybean extracts were determined by Liquid 
Chromatography Mass Spectroscopy (LC-MS) technique. Antioxidative activity of the 
products were assayed using DPPH radical-scavenging activity, ferric reducing 
antioxidant power (FRAP) and total phenolics. The results found that PSRU03 produced 
the highest monacolin K content of 29.98 ppm. It also provided the best antioxidant 
properties with high phenolic content (21.43 mg GAE/g extract), FRAP (5.38 mg trolox/g 
extract) and DPPH radical-scavenging effect (7 .10 ICso, mg/ml) with citrinin content of 
4.04 ppm. This study suggested that Monascus sp. PSRU03 has a potential for the 
production of Monascus-fermented soybeans, however safety measures should be taken 
when the products from Monascus are utilized. 
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Abstract 

The functional foods produced from soybeans and filamentous fungus Monascus sp. are 
known for their antioxidant effects. However, effect of fermentation temperature on 
antioxidant activity has not been investigated. The objective of this study was to evaluate 
the antioxidant activity of soybeans fermented by Monascus sp. PSRU03 at different 
temperatures. Inoculums of Monascus sp. PSRU03 were prepared by growing in potato 
dextrose broth at 30°C for 7 days. After filtration through sterile cotton wood, 5% 
inoculums were inoculated into acidified autoclaved (121°C for 40 min) soybeans. 
Inoculated soybeans were incubated at 25°C and 30°C for 20 days and sampling at 5 days 
intervals for evaluating of antioxidant quality. In addition, two-step temperature-shift 
cultivation was proceeded with incubation at 30°C for 4 days, followed by further 
incubation at 25°C for additional 16 days. To examine the antioxidant quality, the 
methanol extracts of Monascus-fermented soybean were first prepared by mixing the 
ground powder of the samples with methanol (1:10, w/v) and sonicating at room 
temperature for 60 min. The extracts were then obtained by filtering through Whatman 
No. 1 filter paper, and subsequently centrifuged. The results found that fermentation 
temperature and the duration of incubation period affected the content of phenolics, 
DPPH radical-scavenging activity and ferric reducing antioxidant power (FRAP) of the 
Monascus-fermented soybean extracts. The Monascus-fermented product incubated at 
30°C for 15 or 20 days showed the most profound enhancement in the total phenolic 
content, DPPH radical-scavenging effect and FRAP, which was 146%, 37% and 68%, 
respectively, when compared with non-fermented soybeans. After fermentation for 20 
days, the highest content of total phenolic compounds was found in soybean incubated at 
30°C. Furthermore, at 15 days of fermentation, higher significant antioxidant power of 
DPPH radical-scavenging activity and FRAP also found in soybeans incubated at 30°C. 
This study revealed that antioxidant quality of Monascus-fermented soybean could be 
enhanced by incubating at 30°C for at least 15 days. 

Keywords: Monascus, Soybean, Fermented soybean, Phenolic, Antioxidant 

121 




