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Abstract: [Objective]l Key functional components and in vitro antioxidant activities of 4 types of Hongqu (Monascus-rice
fermentation paste) were determined for product development. [ Method] Color value, monacolin K (MK), y-aminobutyric

acid (GABA), ergosterol, and polysaccharide of Functional Qu (FQ), Coloring Qu (CQ), Wuyi Qu (WQ), and Gutian Qu (GQ)
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were measured by means of UV-Vis, colorimeter, and HPLC. Antioxidant activity of the Hongqu was determined by in vitro
chemical assays including the ferric ion reducing antioxidant power (FRAP) and 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and
2,2'-Azinobis-(3-ethylbenzthiazoline-6-sulphonate (ABTS) radical scavenging capacities. Correlation between the functional
components and the antioxidant activities of Honggu was analyzed using SIMCA and SPSS software. [Result] The Hongqu
specimens varied in the following aspects. CQ was measured significantly higher on orange, yellow, and red color value than
FQ, GQ, and WQ, while GQ on orange, yellow, and red color value than FQ and WQ, and FQ on orange color value than WQ.
FQ contained significantly more MK than CQ, GQ, and WQ, whereas WQ significantly more GABA than CQ, FQ, and GQ, but
WQ and FQ significantly more ergosterol than CQ and GQ, and FQ had the highest content of polysaccharides, which was
followed by CQ. The FRAP and DPPH and ABTS scavenging abilities of CQ were significantly higher than those of FQ, WQ,
and GQ, and FQ was stronger in FRAP than WQ or GQ. The color value of Hongqu positively correlated with FRAP (0.733 =
r = 0.703) and negatively with the scavenging 50% DPPH (-0.896 < r < —0.880) and ABTS (=0.773 < r < —0.758). It
appeared that pigment was the critical antioxidant components in the Hongqu. On the other hand, neither MK, GABA,
ergosterol, nor polysaccharides significant correlated with the in vitro antioxidant activity of the 4 Hongqu. [Conclusion] An

extremely significant correlation between the pigment and antioxidant activity were demonstrated in CQ more than the other 3
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Hongqu. In the development of natural antioxidant products, Monascus pigment could be a viable potential candidate.

Key words: Hongqu (Monascus fermented red mold rice); antioxidant activity; pigment; secondary metabolites
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AR QMK (MK) ., y-23E TR (GABA) .
S AR, BREMMERE . ik, P
Ak, W IR S 2 R 2 S S R, 20t RO R Ay
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FIFPE AR 2 9% . [t AWFoR it g Y indpsk, 41
Mo 2R 09 40 2 S MY RETE R F XA T 8 Ry %=
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Kp, 4A—BWHBRNROLEE; 100, 50—
WEZE m——RBGRBEER R, g5 V——KE
BRI AR, mL.
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ethylbenzthiazoline-6-sulphonate ), ABTS] i [ X
LT AR
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21 il A 4R

)xlOO%
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A, ApfH: HABTS H 3 TAEW 160 uL Jin
AF] 96 fLA T, NJE/K Z B 40 uL, 734 nm WG
H Ay (0.70+0.02), AfH: HL (40-x) pL oK & BE
ITAE] 96 fLAHr, fnAE S WK x ul, R ABTS H H
RV 160 uL, 734 nm WOGIH A

PIA L BRI 5 ABTS H H 378 BRI
LY, ITREIERR— 2 ABTS A 3 A9 21 il i 2
WRHTHREE, E ABTS H HIEEEIMHI%E (ABTS ICs ) o
1.3 @ﬁﬁﬁ

I B Al DAV (8 bR 22 KR, AL lE 0y 25
A3 AT R A8 o SR I SPSS22.0 K 4 Xt B 4 kA7
Spearman fH ¢ ZREITH . K SIMCA 14.1 8447
F B REIE PR A PP AL AR AR 0 G A B, JF 4
il 2 i L AR A

2 ZRE55H

2.1 AR EZINREEMR D T

211 AR e X s 4RO B ah
(Bags ) T (Bagp) AL (EBsyp) LR B
# E (EyestEsootEsyo) 455 (1) foR, @l (CQ)
E’Jéléﬁ‘ Wl BOENDES T HL
(GQ). Hine (FQ) FLykerh (WQ), GQ ML
XTI i%f@ﬁ“\ RO 25 = T FQ A WQ, FQ RS
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Table 1 Orange, yellow, and red color value of various Hongqu

i Sample T AN Eygs

A Esgo

LAY Esyo S E

el FQ 98.80+47.02 ¢
il CQ 1045.98+416.39 a

BRAMWQ 73.26+19.40 d

HHH GQ 187.154£23.73 b

128.51£50.11 ¢

1426.661499.59 a

112.36+38.07 ¢

274.72+£43.72 b

121.72+5438 ¢ 349.02+150.98 ¢

1438.60+484.91 a 3911.23+1395.19a
101.81+34.26 ¢ 287.43+91.12d

292.63+£36.64 b 754.50+97.13 b

IR E A RVNS FREOR ZER B (P <0.05), #2. 3F.

Different letters on the same column mean significant difference(P<<0.05). The same for Table 2,3.

N2 AL, LA, 42k4nih OFy) 1Y
OEMEAEZREHHE, CQ. GQ. FQ Ml WQ 41
IR PUES LT | BmELT . Rrar . KA. 4284nilhf/
MEEALNG, ULIHZLN A /R 2 R R L/
Na*NIE, VLW 4 REDINTELL 2% B WAL s o/ 22
Ab*HIE, U 4K fE s g B im et . CQ A

GQ WK, HYUEFQ, WQ M2 i/ (13
K& A BME, SEmME ), —BRAEAE >
2, INRHAAERIR A B2 5, BSEAT @25 (H ] LUK
4r WQ. FQ, HEJLHIX 4 GQ Fl CQ.

212 AR a#ehFESETHK (MK HR4E QBT
2847—2007 (TIREHELLMIK CFY ) ) B B hr n] Ak
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Table2 Chromatism of various Hongqu

x3 TRLIHMENZHK K (MK
Table 3 MK contents in various Hongqu

[EE TR /B 7% ANES S /W 7S pSRER S
Sample AL* Na* Ab* NE
FQ  —51.81+£1.02b 11.54+252a 580+0.60ab 53.45+0.55b
CQ  —53.97+0.76¢ 11.78+1.12a 8.15+206a 55.88+031a

wQ —44.80+1.79a 10.60+£2.88a 6.43+1.42ab 46.55+2.40c¢

GQ —54.53+0.24¢c 10.94+0.68a 4.75£0.76b 55.83+0.28a

K (monacolin K , MK) =0.40% (L 48 T 31, B
4mg-g ). MFE3 W, FQ i MK &4k 6.98~
33.73mgg |, BEAT AR ESR . FQ Y MK £
BEET CQ. WQ A GQ. CQ Y MK # ht#{H 0.26
mg-g ', WEFET WQ MGQ, (K TFhlRf. MK 1
SR RN R, AR MK R MR P R S T il
M2 5 kP B IR BE R AE T, BT LARR =8 MK [ R R
[ B ) A ASOCR L T R X MK FQ MR =X 5 Lk 43
IR 12.88%~27.01%, MIGEam ML Ht=% .
213 TR adayy-RATEH (GABA). % A BB,
Z#4E  MWE AT, SFEZ 5 GABA &
7, WQ I GABA & 0.7l pg'g ', BEST GQ. FQ
MICQ. GQ. FQ HICQ IGABA i, 340.13. 0.24
0.15pgg ', BERAEBE,

4 R i AR A E2E K (K 1-B), WQ
FFQ 1922 3 [ B & B3 472,12, 449.65 pgg '
BEZHT CQ (24721 pgg ') MGQ (156.64pgg '),
Ui WQ Il FQ Y FL A 2B ¥ f Lk CQ Al GQ YT /7,
i 92 3 T AL R H O 7253

akaihmerts (KH1-C) WERER, FQ
MW RS (3997 mgg '), WBEETHAMS3
Kerill; CQEIZHES R (1532meg ) Wz, BF
BT WQ (622 mgg') Ml GQ (7.29 mg'g'); WQ
MGQZMHEKkAREE.

22 AR EIMIE RN

RIFILE NG9 1 mgmL " 2 B4R B 2k B 34
LA ALRE S (FRAP) I 5E 45 9 WL 2-A. 1 mgmL '
FH AT R ZE A2 28 C OB 0.918, CQ HYEKE +

Frabdn s AERREANSMK BRA LN TARK S 0ARK P E 5 i kK

Sample Lactone forms of  Acid forms of MK/ MK/
No.  MK/Amgg) MK/(mgg) (mgg)  (mgg)
FQ1 29.134+0.02 4.601+0.01  33.7340.00
FQ2 17.66+£0.08 2.61£0.02 20.27£0.11
FQ3 7.38+£0.04 1.64+0.03 9.02+0.07 16.13£11.08 a
FQ4 7.78£0.04 2.88+0.01 10.66+0.05
FQ5 5.11£0.01 1.88+0.02 6.98+0.03
CQl1 — 0.10£0.04 0.1010.04
CcQ2 — 0.41£0.01 0.4140.01
CQ3 — 0.26+0.01 0.26+0.01 0.26%0.13b
CQ4 — 0.38+0.00 0.3840.00
CQ5s — 0.17£0.02 0.1740.02

WwQl — 0.03+0.00 0.0340.00
wQ2 — 0.0310.00 0.0340.00
wQ3 — 0.03£0.00 0.03£0.00 0.03£0.01 ¢
WwQ4 — 0.0410.00 0.0440.00
WwQ5 — 0.0410.00 0.0440.00
GQl1 — 0.02+0.00 0.0240.00
GQ2 — 0.0210.00 0.0240.00
GQ3 — 0.0210.00 0.02£0.00 0.02+0.01 ¢
GQ4 — 0.0310.00 0.0340.00
GQ5 — 0.030.00 0.0340.00
ORI .

“—" means no detected.

WIF T R, 0712, W T HAD 3 240, wQ
1 GQ MW EAE 2 & T FQ. Ui CQ I1if JF 4k 5
TP AL RE T .

4 2521 il i B R U 1) DPPH [ Hh 3635 B AE
(DPPH ICsy) 30 %E 45 5 (& 2-B), DPPH ICs, #
/AN, BUAALRE )R . CQ 1Y DPPH H Hi HEV5 KR g
5%, DPPH ICs, 5% 0.11 mgmL™'; H K FQ Al

A 10 B _ 800 C %, 80
fon a I, &0 a
%tﬁ 0.8 %“%600 .a. .a 560 °
0.6 S b L) 8
S b £ 3 400 < 2w
< 0.4 € 5 . N S b
Mim ) 2 b b JHJR(E L4 b -S °
= 172)
0 1 1 1 I =3 0 1 1 1 I %0 1 .%. I
FQ CQ WwWQ GQ P

AR
Hongqu sample

FQ CQ WQ GQ
AN
Hongqu sample

FQ CQ WwWQ GQ
AR
Hongqu sample

| FEILIEE GABA. £RAEE. S
Fig. 1 Contents of GABA, ergosterol, and polysaccharide in various Hongqu
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MENFEIRN
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T AEAAE I 285 . DPPH ICs, 5 (il
FHAME (-0.880 < r < —0.896), {H & DPPH ICs,
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ABTS ICs, SEMIE TR (-0.773 <r<-0.758 ),
{H ABTS ICs5o 5 GABA ., Z fi[MELIEAHE (=0.319,
r=0211), DPPH ICs,. ABTS ICs, % %1 MK, £
PEEEMOAHOC, B 6 R E 4Kl b R EFR
DPPH H Hi3& . ABTS [ i &0yt 8 AE FH rY £ 2%
G o X5 SCHRHR A 21 B 6 3R HAA BRI R B
TR A A T P — E i Y

AN TR 21 1 =5 22 2 6l 0 M 143 e R AL T P 4 A
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Table 4 Correlation coefficients on key functional components and antioxidant indices of various Hongqu

. THR50%
s gy 0% s
fakE atfr A RO Rex EaEp T VEETR E2 o DPPH e
K . EJR A e I I
Index Esio Ezq0 Ey65 AE Ergosterol GABA Polysaccharide TR
MK FRAP ABTS
DPPH IC;,
1Csy
A Esyp 1 0.983%% 0.985%* 0.810%* —0.477* -0.135  -0.536* ~0.053 0.703%% —0.880%*  —0.759%*
ST o 1 0.980%*  0.778%*  —0.477* -0.138  -0.505* -0.057 0.733%%  —0.886%*  —0.758%*
AT Eyes 1 0.825%%  —0.493* -0.097  -0.556* 0.005 0.704%%  —0.806%*  —0.773%*
B2 NE 1 —0.627%%  -0.112  —0.798** -0.042 0427  —0.805%*  —0.569%*
% i1 [EH% Ergosterol 1 0.386 0.773%* 0.362 —-0.448* 0412 0.211
FEYNTARK MK 1 -0.061 0.657%* 0259  —0.187 -0.180
V-2 T GABA 1 0.001 -0.236 0.596** 0319
% fiiPolysaccharide 1 0323 -0.179 —0.140
BB 7L i JJFRAP 1 —0.585%*  —0.635%*
T FR50%DPPHHH EE DPPH ICs 1 0.788**

B FR50%ABTSIKE ABTS ICs,

1

CHFORREE (P<0.01), “RREE (P<0.05) .

“**” means extremely significant difference (P <<0.01), “*” means significant difference(P <<0.05).
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