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Abstract

To reproduce the brewing process of Hongkuk-ju and to identify the functional properties of it, Hongkuk-ju was brewed
using different additions of Hongkuk (100%, 90%, 70%, 50%) and Nuruk (0%, 10%, 30%, 50%). The quality elements,
including pH, total acidity, reducing sugar content, alcohol content and pigments (yellow, red, monacolin K and citrinin),
were measured. The pH values of Hongkuk-ju showed a slight difference (pH 4.08~4.58) right after the 1% stage mash;
further, the pH on all groups (H1, H2, H3 and H4) in the terminal of the 2" stage mash (9 days in fermentation) were
similar, ranging approximately at pH 3.70. The total acidity change did not show a difference directly the 1% stage mash
(nearby 0.2 %); however, it began to show a slight difference at the terminal of the 2™ stage mash between the range
of 0.69~0.76%. The residual reducing sugar of the content was decreased with the increased Nuruk content. The alcohol
concentrations of the treatment brew with Nuruk ranging from 12.3% to 13.7% were higher than Hongkuk on its own. The
yellow and red pigment contents of Hongkuk-ju ranged from 7.2~8.8 O.D. units (yellow pigment) and from 4.4~5.1 O.D.
units (red pigment). The production of monacolin K and citrinin was the highest (9.48 mg/kg and 10.14 mg/kg) when the
treatment solely brewed Hongkuk. The concentration of Nuruk and the preparation of the seed mash from it were critical
factors compared to the treatment of rice in brewing Hongkuk-ju.
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*Corresponding author: Dong-Heui Yi, Dept. of Microbial Engineering, Konkuk University, Seoul 143-701, Korea. Tel:
+82-2-450-3522, Fax: +82-2-3437-8360, E-mail: dhyi@konkuk.ac.kr

- 78 -



Vol. 26, No. 1(2013)

A B0 Mot BEH 7)5-& o83l Z5(anchu), HEjF,
APEF T 59 TR FEY U 479 AL AT
ol ol&lo] ShrkPark 5 2003)

Monascus 4] S+t @A °F 20F, 700159 #+F7t
e BAEo] glosl, 2ol F0) whet ALYl Hol}
ST ol S AN E ThFaleh. FE G A Aag oA
¥ 4 ol BANLE FRUOIgT, $ATS HuA)
WA, AUAL ole] FRY MAE AT, FATEI 7
HEo] Q= F9 A4 o= anthraquinone -5-=A4] 21 monascarbin
5 6257} JtiPark 5 2003; Kwak 5 2004).

T M vigERol whet Z42he] Mg Y S
o] g} Mzo) 2olE YetH, A% F Hofl o) ¥stE
o} -zt o 2 Wkt Tk M4 = monascorubin®} ankaflavin
o= Y At U= AL HIEGOm(Nan-Wei 5 2005;
Toshihiro S 2005), 33} A4 2EE0] E coli} B.
subtilis, Streptococcus Y Pseudomonas sp.ol| T3l e A3 LU
Tt 84S 7HItE 237 R E It Wong & Bau 1997;
Wang 5 2002). 1 9] &=9] eF2|a =2 M ruberol|A] cholesterol
A3 AslE2 <l monacolin K7} 2, E2] & ¢lom, o9}
AR 2R E 2= o2 4225 EEHAHKwak 5
2004; Li 5 2004). o] B2 E49] ¥ o cholesterol&
g Adlste EAS 2t 131, 5 cholesterol S ZrAaA]
| myt ope} nEHLEE BEA] PHNE G ESH.
3] LDL(low density lipoprotein cholesterol)& $-A1%o 2 F
Z= Zgo] It (Wei 5 2003). & Aol A= Monascus anka
KCTC 61212 Z=& A|x3t 7|54 =55 AXT +

0 gFe] B4 B4L 2AST:

N

A ol

WE o e

1.8z Y 25
Aol ALgR Wulet 2L A2 AW el A s

=1}

R, FFLZ (F)FIANA FUsE ARSI 2 A
o] AVESE HF= Monascus anka KCTC 61212 Y33}
Ava ALY 2 RE Hofdtop AREEFE2H, potato
dextrose agar(PDA: Difco Co., Detroy, USA) vl X|oll M. anka
KCTC 61215 HEsto] 30To|lA 787 v gt & 4TollA
WA 2Bssch Adiere PDAC] 119 2o s
th. S cerevisiae KCTC 1199+= YM broth(Difco, Detroit, USA)
ol W31 30C, 180 pmoll A 24417k 57 Ruof & 2
w2 Agatac

2. 830 X
Wjn] 30 g& 25CE 2AT SRS 60 nle] 6212+ F4A

Monascus ankaS ©]-&

0 F A7 B¢ 29 E715 w1 27] 83 30%= =
ARt F 300 ml AHZF Sef2F0] gob 121 ColA 15&3 5
Astgiet. SARE Wulo] EAEENE 10%(viw) E3t
30ColA 1297t vt} wiefo] ' =2 50ToflA
24X7F T Az Alwste] ARgskTE ZAEE Y-S Y
w55 PDA iR E AHE-8to] 30 CollA] 797t AbAB| st
Tt AHEES S B SR 10 s go] WFgol2 X
AE A7l th 3]4]8}te], haemacytometer= ZA}47}
2.6x10°77 spores/m{7} E|=E ZAFdto] AR}

3. &=FY M=

TRFe A S, 75 5 98E BASSATAE
H(Koizmi 5 1998)& M st A|=3tHet. 2F Ha71A9
THHE2 23.7% Fad] Bl 127% ER9| Hle2 |
e AT T YR TR 2L, 1 Ax S
QOF5HE, & 300 g& & 500 mlol] 12417F WAAIZ F 121C
oA 203t SARE F, TSI FEIHEE £ 500 meek &3¢
3t 25Co|A 547 7ol 13 HEE HFStGnh 23 HE
© FE7FE 600 goll & 1.0 05 F9] 500 ml= 2] 500
= F AEolM FR7IEE Fol7he uksste] AA|
At ofubse] Ao e 3 FI7HE 150 g 1A
BES U 25CoA 47t HE 5 ofFfsto] T3} =
59 AR EER 457 FRFE A= TH(Table 1)

4. 22| M4 Monacolin K ¥ Citrinin X

2§ o8-S filter paper(Whatman No. 1)Z &j1}3t & LAE
2](4,000xg, 208, 4C)3}o] AL A5 M-S spectrophotometer
(Amersham Bio., Ultrospec 3100pro)E ]85} 390 nm&} 490
o FHEES 24 T HANLS Foto] AT 4
A 2=0] 9KOD unit)S YeEFN ST M29] 92 OD g 1.0
1 unit= 3}¢chBabitha 5 2007). ~12] 1 monacolin K&} citrinin
< HPLCZ #A5tgon, Wi £EE2 3 A+ peak area]
93l A5t EEEZ-2 mevinolin(Sigma-Aldrich Co.,
St. Louis, USA)%} citrinin(Sigma-Aldrich Co., St. Louis, USA)
= 247 AHgsHethBang 5 2012).

5 pH & A= X

pH= 4Fa -2 filter paper(Whatman No. 1)2 <1}st & ¢
A E](4,000xg, 208, 4T)5le] A2 AS5HS pH meter(stek,
Inc. model 730p, USA)2 ZA3}qch At U FALo] Skl
10 me2] YAEZ]HE 0.IN NaOH NS 2 pH 7.00.2 £3}
ARk, olof 28% miapo] EFG7E Foho] AAEEA
FASIATE F A T2 Ao {714 Al 0.0095 F5t
o] Z4te] stgko s UehgithKim 5 1996).
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Table 1. Composition of raw materials and fermentation
conditions of Honghkuk-ju

Brewing . )
stage Raw materials H1 H2 H3 H4
Glutinous rice 300 300 300 300
Hongkuk 130 117 91 65
1% stage  Nuruk - 13 39 65
Water(ml) 500 500 500 500
Yeast(ml) 75 75 75 75
Glutinous rice powder 600 600 600 600
2™ stage Hongkuk 150 150 150 150
Water(ml) 1,000 1,000 1,000 1,000

Y HI: Glutinous rice + Honghuk + Yeast culture.
H2: Glutinous rice + Hongkuk (90%) + Nuruk (10%) + Water +
Yeast culture.
H3: Glutinous rice + Hongkuk (70%) + Nuruk (30%) + Water +
Yeast culture.
H4: Glutinous rice + Hongkuk (50%) + Nuruk (50%) + Water +
Yeast culture.

6. BRSO M2
g AL filter paper(Whatman No. )2 o313t & fAE

2)(4,000xg, 208, 4C)t] B2 A5 1 mE FHsto] TG
<2 Somogi-Nelson HH(Nelson 1944)©.2 ZA3}gc} Glucose
EERAG olgsio] BT e Ak,

15C 9] A5 100 ml=E rotary evaporator(RE47, Yamato Sci
Co. Japan)= ZFFsto] S/ 70 m7t HA & & 5
248 7lsted 100 2 AE3eT 378 ¥R £E
=
=

A 15C2 BT 43& S FSAHKIm 5 1996).

Park 2003).
T=F THE 7|30l W pH B At=9] W3k Fig 1 9

Fig 29} 2t} 59 ¥ 2T 7 25

% pHE 3L 719 Hio] 4082 714 Wokw, 2
B7K F59) pHE 420~4.582 OFF 7 Lhekdey.
7k 2 wket mE FoA S| pHE sl e 497
380~4.129] WSlelH SAHUL, 2% GF F pHE 1% &
T YT A pHE fABGOm, 27 BF T E R
A 9DA N +HE FITE T R A FL 4T
(H2, H3, H4 ¥ H1) 257} 3.70 222 YolHr) o= &+
3} AR EX FRE G SR} o WE P
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Fig. 1. Change in pH of Hongkuk-ju during fermentation
at 25C by different raw materials.
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Fig. 2. Change in total acid of Hongkuk-ju during fer-
mentation at 25°C by different raw materials.
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2% pH 33~373 §AE 32 e SItHKim 5 1996)
ARE 13 3 AT BE 77 02% FEO) S e
Lot Wik Mage] net ARl S7te] 13 W 49
A 0.53~0.73% W2 ST 23 B A5 Ams
FA3] 2tk 23 wavt AWPel uiet oAl 2715
gom, Wi F2 AEEIE 9AA)OIA 0.69~076% B2
521 UERSITE . 8 2 A B A 1o
A2 = 0.69%=2 71 1okl =28 A 7)st H2~H49) 7
£ O & 07407049 F Hehf g e
Q3 =Tt ol AL & 4 Atk
£T0) B4E §F AFol U FO) §7l4b0] F2 B
oS, Wizt AWEEA FGAtolu Rm WaE WYL
7140] Qo2 F4F o] F7hETh B ATelA Tl
H7PE oM 9] A=l WSk Pak 5(2003)9] 325 AbE
0.65~0.69%%} v|=3t Ao 2 byt

2. SRS ekl Wt

Uudes eelel WE WEF AS, 19 U AT
dazh AZtEH 27]0] &, AE BolE 5ol AL
23 Bejuo] 23 Flah 218|720 B A% WAt
2AH 02 NYPEHAHA M7 FFe AA3] dastal, S
T HIRT 2R/, oFF Fol FVIHARL o] HAl &
AEo] dIESS AT R gol FaHe BFS HolA
HhHLee 5 2009).

TR 0E 7|7 5 BUFe) FL Fig 33} Lo| WE B
2 A7 A% astieh. 2elA i upel Zol, 13}

Second brew

First brew J
70 "— -

Reducing sugar content {g /)

Fermentation time (days)
@®: Hl, O: H2, ¥: H3, A: H4
Fig. 3. Change in reducing sugar contents of Honghkuk-ju
during fermentation at 25°C by different raw materials.

Monascus ankaS ©]-&

270 A% 9 54 81

T AS FEE A7IR HiTe 2Tl 52%, w55
H7FE ZS(H2~HA) ] BT} FFE 5.7% W= oft
=2 WS HESlen, 22 Fa ARl 2 F¥e B
Rom, 22k g HpA| ‘a_“’l 8RNl 2 o] =
Tt OE Azg HITFE gdgo] 1%, F5& A7k +

!

= H3, H4= 0.7% AER WolA ) ol= =5 ZHrlgko| &
242 dne PHTo| St AL uldithlee 5
2009)

3 & 8t
5 g F 75 59 amylaseo] o5 Y79 7ol
0 7|A2 o]-gE o] AT 7|3t
7Fetth Fig 4= 3559 @a 7|3t
= TF HsE el &, davt 23
g°ﬂ et I L AFE S eH, 23 I § ¢=
T o 7T S5t 7K HIY g3E 5
HP}z 28 A 2%, F22 T3 L 2 H3~HALZE
ZF o 14%) Rk W g e o= 752 i% a-
amylase E/go]| o8] Ta o] Wol YA o] IS Yibo]
ZolR Aoz AyzZtETE AP A3 F29 a-amylase
AL 34 Ugo R, B39 1.8 Ugkth o 2u)) 715F =2 gk
2 R FtHBang 5 2012).
2 AN 59 diE FEE 2~137%E, @
o2 TARE A3 Park 5(2003)0] YT L HE 12~
13%, o} oF20] & HL B 13~15%(Shin 5 1999; So
T 1999)¢} Hlwste] fARE 43E FEE Hoh

n.?L‘ fr o o?&
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Fig. 4. Change in alcohol concentration of Hongkuk-ju
during fermentation at 25°C by different raw materials.
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2}e19] AL Z L 9] antocyanin M4 0] BAS £ gFAS}
A3} AJZFE Ejol] BBto] AT} o] FolA| T GirkBautiste
Orti'n 5 2007). Monascus sp.2] #5F+= A1} HAS H=
azaphilone ] ABUAZ AT}, o] A Tt W kst
£ I Nan-Wei 5 20052} §HA|, E. coli, B. subtilis, Streptococcus
S Pseudomonas sp.©l| 3l & Al H ot EAS 7P

L A3r} SR Wang 5 2002). E3F S0 Fo A
g w7 9ol 3 Aol S8 A5, A2 makel 7
54 BIE FA A9 5 Ak

® ARolA FRFe) Wa 717 Beke] MaE 2oy
3, 1 Ad= Fig 59F 2t} 34 M40 3Hek(7.0~8.9 O.D.
wnit] 24} 814 FHA2~50 OD. wig e} & her vt
efsion, 22 WF F S)4lo] me Az g 2has
N s R CERUPCSETE S RS
o olgh Aoz Akl Wik AWl et FEe B

7K FHDY Mz FFol £ e Hyow FEE Wt

Red pigment yield (OD unit)
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Fermentation time (days)
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Fig. 5. Change in pigment yield of Hongkuk-ju during
fermentation at 25°C by different raw materials.
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5. E1F2| Monacolin K&} Citrinin &2e| =
Monacolin K&} citrinin® Monascus sp.7} AJAFsh= 22} o
AR 22t ZALHE ATY A ATEOR e
skat, A9} |53t polyketide pathwayS 73-R-5ho] 2Hd ==
(Hajjaj 5 1 999), E3 F718wHell 7H8/3 22 ethanol 2} methanol
011*1 —ir 3t 74 gk UEl AL, monacolin K= Eof|A]
79 B b8 UEhitKwak 5 2004). Fig. 60f1A

B ool 2o, il AWl el e A AL
¥} v]g|5to] monacolin K&} citrinin®] -2 =715} th
NEeleRErEA Y] 712 B3] 18] 42 Al monacolin
K9] k2 4~8 mgkg, citrinine 50 ugkglo 2 H#A3FL Q)
THAIEZA 2005). E=+o]| A= monacolin K] 32 74 mg/
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Fig. 6. Change in monascolin K and citrinin of Hongkuk-ju
during fermentation at 25°C by different raw materials.
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kgg H 2 WH(Bang 5 2012), S0 A= B4 *2 F
£E2 7}A= monacolin K& EAof 98 6~10 mgkgd] Ft
2 Rk 281 citrinin®] S 7~10 mgkgo] AESE Y
o, =AY citrinin I FARE FL& EATHBang 5
2012). w2 F5 S B9 civinin ol WL 7 7
Wit o2 ALEI BRE A7 Baste St
20 o #E

9% Az YA AS 1 71 5HS FAtA
Monascus anka KCTC 61212 T A%, o]& o]-&35lo &

FE Azt ¥a 3y F pH, F Atk BHY, dFEE
2 A (ZHA A monacolin K H citrinin) 5-2] A& H3}
2 BHelg. TR pHE 14 B ATl oRe] %
o)(pH 4.08~4.58)2 L}EF oL}, HljoF 97 474(HI, H2, H3
U R B 0]5E 370 2O Yehgrk § ARl #iop
Aol W Aol7h YLoTHAT B 02% R, o of
A9 2Rl 94 F=TEe 2 A 23 F=5(HI)= 0.69%, Y+
S5 J71 TFF(H2~HA)= 0.74~0.76%9] = UEd
A AE ST T vpR|e; Eel YA u|n|skA| e,
5 FJA7hgel g5 o AA UERth 59 d7hol
25 T 28FE e, ol tet 43 FE=
12~ 137%7HA)9] Aol Meith M 9, 4 M) 3
2K(7.2~8.8 OD unit)S 24 A& $Hek4.4~5.1 OD unit)2.ch
=& 7FE JEht o, 183 monacolin K&} citrinin®] 3}=F
L Z+7} 9.48 mg/kg, 10.14 mgkgo 2 AZEUch

ojFell A A Hie} o] TS &9 aaA = AMES
o T=F A2E o1& A}, €249 o & 7HeAde =%
o1, citrinin®] EFo] wA Ut F= A|x Al citrinin®] A3
AL Fola, M4 9 F4 EA-E, monacolin KO AAS =
A 5 Yus RO AFL T FIFY 154 U 7154
HolH Hr} RO olgF 4 Yt 27 A7} Baw
A2 AtrETh
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