TR A SR IR Mar. 20, 2021, 48(3): 787-796
Microbiology China DOI: 10.13344/j.microbiol.china.200900

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

T ELAHE Mr-1 BRI E R ER 7 57
MBS AIER mEEC TR KBRS AR 8D BxE"

1 Wit R R ka4 Be Wivl Aul 310053
2 il Ea Ak AaBRA R 4R kil 528200

# E:[¥x)aw T (Monascus) 2 —FEZNHRRRMAR, LAF ZANWKERHZHER %
A F A, R B ¥ e A E Ry HEARE . AR oW TR BRIAT BT R ik
W, 2T RawEABMREBER o E2E L. [B ] s 4w F (M. ruber) Mr-1 K BARHE
P e M E R R e A F e AT AR . [k ] R AERAE. Sephadex LH-20 #tfk4x 4 &8
PRI MR BAT o 8 2oL, BT IRA & 2 P IR BE AT S M LM BATREAT, 2T a9tk
SWHATIRIN AR W E AeBeE R E ., [ER] NaE o E Mr-1 KBRS Z W T 2 BT 44
EMAEY, % h 3AEEAE A Luteolin (1). Hesperetin (2). Glycitein (3)4= 1 /A~ £4t4-4h
Ursolic acid (4). 1&&4 1. 2. 4 A E KRNI A AT 50 5133, BRI T, 1064 15 ABTS .
DPPH #= OH A ® A LA 42326975 R 48 71, 1Cso 4014 13.36. 8.74 F= 32.75 pg/mL; A7 X+,
1oty 4 xF 4 &%) % 3K A (Staphylococcus aureus)#= 2= 17 4% & (Listeria monocytogenes) & I i & 4 3% &
HAPE R, WA BAZESH A 13.4mm A= 11.9 mm; [ o-F BAE BB RIS, (S 4 &
I ARGR G IPHIFE S, ICso A 21.34 pg/mL. (458 ) L& oW & Mr-1 Z 25069 A MR KR, L7~
A O R B T D E R S A, BA TT AR Bk R e RAT e B he.
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metabolites have many physiological functions. However, the bioactive components in Monascus are
rarely reported. It is of great significance to trace the active substances in Monascus fermentation broth for
understanding the material basis of Monascus efficacy. [Objective] To study the bioactive components and
biological functions of secondary metabolites of Monascus ruber Mr-1. [Methods] The active components
were separated and purified by silica gel column and Sephadex LH-20. The structures of the compounds
were analyzed by NMR and HR-ESI-MS. The antioxidant, antibacterial and enzyme activities of the
identified compounds were determined in vitro. [Results] Four active compounds were isolated from the
secondary metabolites of Monascus ruber Mr-1, which were identified as three flavonoids, luteolin (1),
hesperetin (2), glycoitin (3), and one terpenoid, ursolic acid (4). Compounds 1, 2 and 4 were isolated from
Monascus for the first time. In the antioxidant test, compound 1 had strong scavenging ability to ABTS",
DPPH and OH", with ICs, of 13.36, 8.74 and 32.75 ug/mL, respectively; in the antibacterial test, compound
4 showed moderate antibacterial activity against Staphylococcus aureus and Listeria monocytogenes, and
the diameter of inhibition zone was 13.4 and 11.9 mm, respectively; in the a-glucosidase inhibitory
activity test, compound 4 showed a strong inhibitory activity, with 1Csq of 21.34 pg/mL. [Conclusion]
Monascus ruber Mr-1 is a valuable microbial germplasm resource. Its metabolites contain diverse

Microbiol. China

bioactive components and it has the potential to be developed into functional food materials.

Keywords: Monascus, antioxidant, antibacterial, a-glucosidase

21 i (Monascus) & — /N g 22 R LT, 78
W HAS, ZEE L SEEE AN JE VG A AR I
[ R, ST AER s M, gE P
ALK, AT L SR T2 8 0 ROK |,
FIFH A R A P20 oK o MR 4 Ainsworth BLE 43
KRG, 2% & T H R A (BEumycete) B 5[]
(Eumycophyta) & & IV ] (Ascomycotina) A~ & 5 1]
ZX (Plectomycetes) i % & H (Eurotiales) £ Hfi & #}
(Monascaceae)ZT. i 25 J& (Monascus) . H Fif 2 3™
CEZNAMERA 9 B, WIEL L
(M. ruber), 2175 (M. purpureus). 42
(M. fuliginosus), “ZFR4LHhE (M. anka), MELL
125 (M. pilosus)% P, SIS R LT as P &
LRSS . o 20 AT (Lovastatin) . y-2&
FETER . —HRER ALl {42 (Monascus Pigments,
MPs) oy | HA B4 e e g™ 4 st
7, JiE kR 31| v

FATX AR BTGB FEA T S S5 5007, B
grthas HATarse £ 24P 7Em ™ Lovastatin F
MPs WBERITEE . K T2 &AL R ERLY)
A T BN S T G i R R A
PrebAbE BT ARGE AR D Sy T i — 20 W 21t

2SR TSR, AT LA B R4 Ll
itfi 2 (Monascus ruber) Mr-1 i 5E % 4, X H & 1
W AR BAR ™ WA 743 s A atifl, X5 % 1Y
A G AT RSN AR A, A0 TR R0 B2 IUARE AH DG 1Y)
o- T S YRR A, DA S 2 DAL
G FFIARTE VEILY , AR ok xst 21 i 2 ¢ I R RS
(R 5 1 AR i B A A

1 MBS
1.1 ##
111 AEBE#AHRRNFEERER
T TR R AR 236 % [ 32 07 38 DR 14 1 £
£l 25 (M. ruber) Mr-1 TRbk o s I p hy 2 B £
] % BR 4 (Staphylococcus aureus, ATCC 6538) 4%
W45 (Listeria monocytogenes, ATCC 19115),
WA T 7R A8 T P R A DR O, IR 8E T Wi
HEE 2R R e T RS =
112 EHE
LB #5585 (g/L): FRAE M 10.0, EEERR 5.0,
NaCl 10.0, pH 7.0, 1x10° Pa /& K& 20 min, 4.
PDA 35 (g/L): #i%jH 20.0, 1% 200.0,
BAEKE 20,0, 1x10° Pa i 5 K 20 min, 45
PD #5575k(g/L): #i%HE 20.0, T & 200.0,
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1x10° Pa 5 JE K 20 min, %,
113 FERXFIFLEE

2,2-BK  HE - WL~ (3- £, FE R I e s ok - 6- it iR ) —
FER(ABTS) ., 1,1- IR F-2- = i 2K (DPPH)
B < I8 B (Acarbose) Fl 4-filf FE PR Bk -a-D  HH I 4 45
BEHF(PNPG), L ifgBTHi T A AL R A8 BR2A F 5
o- ARG, IR A PR BRA . R
Bigeds, Dilp— RS R A R TR A
1, Waters 23w ; ZREILARIGE(L, Bruker 2] ;
LHMCET, BEAHEL,
12 BIME Mr-1 BAEES

R VRO LI AL IR Mr-1 TERRBGE 2=
AR, PHRUVRG TR R PDA KRB AR dfh
HATIEALRE SR, 28 °C Kigk 7 d. i iy
2 Mr-1 Rk 3ERD 2554 50 mL PD IRIAES 2 1Y
250 mL = 4TI, 28 °C. 160 r/min £53% 3 d
R FP IR BRI 25126 300 mL PD )
REEFRWR 1 L = MAEEIERH, 28 °C. 160 r/min
i3t 7 d BAS21 Hh a2 ek
1.3 TELIHME Mr-1 XRG4 8928

P21 ph B & B 90 L 2-3 |22 A g 3kAs
IR, TR SR T2 RS R TR LA
1:2 MIRRIR G, HBEFELEEHE 30 min J5HHE
BRI BTSSR AEH 3 K, A T iR A2 UK
WATIRE S, 345 LR LR HLIR H 44 38 9.
1.4 TELIHME Mr-1 X ER S B4
5%%E

¥ 2 2 TR MR B BB RS SR IR
(200300 H)FF LLBITRSTHAE , LA Tk L2 OB
(20:1-0:100, {AFIEL). MR LT H F(20:1-20:5,
IRBLL)BRRE VRN, Sl R R T4 b, S
85 7 45 Frl (3.1 ). Fr2(2.79). Fr.3(2.29).
Fr4 (3.19). Fr5(259). Fr.6 (2.2 g)fl Fr.7 (3.2 9).
B Fr.2 FRER (270 g, 300-400 ENHE 5, £
Bk 2R 25 (10:1-0:1, ARFH FL) J0 85 3R A5 41 43
Fr2.1, Fr.2.2, Fr.2.3 #1 Fr.2.4, Fr.2.3 / Sephadex
LH-20 &EMeAE DL B0 (L0, AR B EA T Bk

SrEREAY 2 (21.3 mg); 4 Fr.3 AIfEMR (220 g,
300400 H)#:JZMrsr&, Al 2 LM
(10:1-0:1, {AFAM)5r B340 5 Fr.3.1, Fr3.2 fil
Fr.3.3, % Fr3.2 Hfils M2 265, HH
LA R AR ZRTHE G Y 1 (28.2 mg);
Fr.5 442 L (250 g, 300-400 HAEEM 05,
LMk 2.8 2 g (10:1-0:1, KRR L), FR15-4H 4%
Fr5.1, Fr5.2, Fr53, Fr5.4 fl Fr55, ¥ Fr5.3
2H 34k Sephadex LH-20 B AE DL FF B4 706
4515 Fr.5.3.1 Fr.5.3.2 .Fr.5.3.3 fl Fr.5.3.4  Fr.5.3.4
k22 Sephadex LH-20 HEREA: LA F B 5005 (1:1,
RFLEL) AT VR 4 B 24k 59 3 (37.8 mg); Fr.7
FH i £ 70 2 AR SR T 28 3R A% Fr7.1. Fr7.2,
Fr.7.3.Fr.7.4 #1 Fr.7.5,% Fr.7.3 /] Sephadex LH-20
e AL UL G BEEATVEMG RS Fr7.3.1, Fr.7.3.2,
Fr.7.3.3 fl Fr.7.3.4, 404> Fr.7.3.2 4k %2 f] Sephadex
LH-20 #E AT DL 2 BT UE L oy 2 24k &9 4
(19.6 mg). ZrEaifbifi AR WA 1. @b AP
BEHHE(H-NMR . ®C-NMR. HR-ESI-MS % §£[&])
Oy, 257 AHGE I (0 SRR BRI AL A W 1 45 F A 7
1.5 {RIMrE L EMERE
151 ABTS'BHEBFMREENHNE

ABTS™ [ 3 (15 2 BESCRR (1310 7 ik IRl
B, B T ABTS W5 oA Filis i I 440 i o
HEE N 7.4 mmol/L () ABTS I 2.6 mmol/L
Pt BRIV W . 4 ABTS 1A W Al W B2 9 1
e L1 FARBURG, 7RG WA T
12 h DL E, JER ABTSi#%45 . ¥ ABTS i
W B TR 2% vh i (0.1 mol/L, pH 7.4) #1775 B
il ABTS  TAEW, FHMiHAE 734 nm #MEAL
(RIS FE oM 0.70£0.02., BX 3 mL 1) ABTS T.4F
W5 0.1 mL JdE 24 ¥k (10-500 pg/mL) L& P
W BERST, EREE Y 10 min, FI%4Mt
HEEETHAE 734 nm ARASI IR Y6 BEAE, AV A
MW 3 OTATER . FH Ve 1B RN R,
ABTS" H H LT BRAE ST (W) e AR ()T, 45581
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Ethyl acetate extract

Silica gel column chromatography (200-300 mesh),
PE:EtOAc (20:1-0:100), EtOAc:MeOH (20:1-20:5)

! ! ! | ! l |

Fr.l(3.1g) Fr2(2.7g) Fr3(22g) Fr4(3.1g) Fr5(2.5¢) Fr6(2.2¢) Fr7(32g)

Silica gel column Silica gel column
chromatography
(200-300 mesh),

chromatography
PE:EtOAc (10:1-0:1)

S T

PE:EtOAc (10:1-0:1)
Recrystallization Fr.7.1 Fr.7.2  Fr73 Fr74  Fr7.5

Silica gel column
chromatography
(200-300 mesh),
PE:EtOAc (10:1-0:1)

Silica gel column chromatography
(300—400 mesh), PE:EtOAc (10:1-0:1)

oL

Fr.2.1 Fr2.2 Fr2.3

MeOH:CHCL, (1:1)
elution Sephadex LH-20 Compound 1 (28.2 mg)

Compound 2 (21.3 mg)l l l l l

Fr.5.1 Fr.5.2 Fr53 Fr54  FrS5.5 l l l J'
MeOH elution Sephadex LH-20 |
Fr.53.1 Fr532 Fr533 Fr5.3.4

MeOH:CHCI, (1:1)
elution Sephadex LH-20

Compound 3 (37.8 mg)

lFr.B.l Fr.3.2

Fr2.4

EtOH elution Sephadex LH-20

Fr.73.1 Fr732 Fr733 Fr.7.3.4

lEtOH elution Sephadex LH-20

Compound 4 (19.6 mg)

1 ZBEZERERMSBESEL

Figure 1 Isolation and purification of ethyl acetate extract

ICso fEEFN, BRI 50%F¢) ABTSH Hi LTy

DPPH A H 5L BRAE 11(%) = A=A 100 ()
FEIRE LR FE (Mg/mL) o A

ABTS H H1 35 FRAE 1(%) = /’b%/ﬂ x100 1)

K Ao M FFLIIWEREEE s A il e FL I
JEEEE.
152 1,1-=“FE-2-=
R RE 11 RO ZE
DPPH [ LI BRAE 1 2 B SCER 13/ i

Fifietes i, B 2 mL 9 DPPH Z 219 (0.1 mmol/L),
A 2 mL 33 249 (10200 pg/mL) L&
W, WHEIRAT, TEE R AE T RO 30 min,

FH L SN2 566 BETHAE 517 nim I8 K Ab A6 00 02 '
B, BRI % WA 3 T iz M
Ve fE A BHTEXT RS, DPPH A 33 bR (%)F%
ARQR)HE, ZEHLL 1Cs kR, Eﬂﬁ‘ﬂﬂ%ﬂ 50%
() DPPH [ F 3% T it B2 AR Sl e B (ug/mL)

HEXHOPPH EREF

s Ao s AL s Ay S LI
A
153 BREOH)BHEFMRENNE
FIL(OH) H i BL T BRBE 1 I 2 2 BE SCHik[14]
() 77 T R AU 20 g AR 3R R A Y v
(10-100 pg/mL) A4k G4 . 6 mmol/L FeSO, %
YA 6 mmol/L /KGRI W45 2 mL, )5 A 2 mL
) 6 mmol/L H,O, W, WRHEIRS], 1 37 °C &4
TN 30 min, FEAMM I THE 510 nm P
SR W S AL, R VAR A B VS WA 3 UREA T
HE . Ve fERBIPEXT R, OH A MELIERRRE
(W) F A @), 452D ICs kTR, Bl
50%¥1) OH™ H Fh 2 fir 75 2 A AR S VR JEE (g/mL)

OH™H HIZEIEERAE S1(%) =

AO_Aixloo 3
A 3)
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K Ao IS AFLIOGREA s Ay I LR K
HEE(H.
1.6 MHAREFEMENE

SR FHUB AR R WA Ak A 0 PR e L K a0
RN AR S R PEXT R (AN H B R)
P A 5 malmL VAR, FH 0.22 um JEfE
IR R B EAR 5 mm B G IELE H ARG
PR, B 6 pL IR SRR AU b, g
R U L A A 20 TR R TR AR L, AE 37 °C fH
IR FAE P E R R
1.7 PEILAEFERES o- BB HEE BN SIE RN E

ou- ST A W R 19 DU S 2285 SCIR [ 150 1) v A A
B, FIWBRERZE v (0.1 mol/L, pH 6.8)KF -
PRGN 4-W R -0-D LI 45 BT (DNPG)
A3 WAL R 0.5 UimL A8 o 4 20 A T Tl V2 TR
0.2 mg/mL ¥ pNPG ¥ . 7£ itk R Wi A
W2 b 5% vhO L o HE A R T O ORI 4 0R
(50200 pg/mL)f RSP 1 mL, TRE
RA), 78 37 °C & T E 30 min, FHIA 1 mL
) pNPG ¥, T4 A, 37 °C Z51F T /v 10 min,
A A L mL BB R £ W (1 mol/L)Z 1k [ i,

OH 0
1
HO l ¢
\O I
O
3

2 EY1-4 BEaE

Figure 2 Structures of compounds 1-4

FHEE S0 EIERE T A 405 nm i Ab K e
fi, BRI B OV 3 ORAT AL L AT
OB BRPERT B, oA A LRI R ) ()25
K@), 53R 0L ICso kKR, Bl 50%0
W 17 5 B AR RE B B (/L)

a-%%ﬁ%ﬁ@ﬁﬁﬂ%ﬂﬁ%ﬁ(%h%xmo @)

A Ay IXTRRA WS ; Ay SRRSO
JEE
1.8 HUEH

S 25 3R DLV B {E 255 1 22 (Mean+SD) ok 3
7No 1 Excel 2010 #4783, i SPSS 18.0 it
B 1Cso

2 SR

21 EUHRHFEYREHETE
KAZ G ET5, N aaiisE Mr-1

LR CBRWTHLIE Y h oy es ali AR 3] 4 RS

Yo 38 3 xR A ) o0 A 5 SCRRAIRIE e, o

BRI 4 D ERE S Y E A Luteolin (1)

Hesperetin (2) . Glycitein (3)#1 Ursolic acid (4) (& 2).

(0]
~
HO 0 o Ak
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59 1(28.2mg): EEMHA, % F DMSO,
2 HR-ESI-MS 43#r ol %1 m/z: [M+H]"287.055 5,
43 F N CisH11 06, TRy 287.055 0, P
MZALE W7 T2 H CisH100s. *H NMR (600 MHz,
DMSO-dg) 6 13.0 (s, 1H, 5-OH), 10.8 (s, 1H, 7-OH),
9.9 (s, 1H, 3-OH), 9.4 (s, 1H, 4-OH), 7.4 (m, 1H,
H-2'), 7.4 (d, J=2.0 Hz, 1H, H-6'), 6.9 (d, J=8.2 Hz,
1H, H-5)), 6.7 (s, 1H, H-3), 6.4 (d, J=1.9 Hz, 1H,
H-8), 6.2 (d, J=1.9 Hz, 1H, H-6). "*C NMR (151 MHz,
DMSO) & 182.1 (s, C-4), 164.6 (s, C-7), 164.3 (s,
C-2), 161.9 (s, C-5), 157.7 (s, C-9), 150.1 (s, C-4"),
146.2 (s, C-3'), 122.0 (s, C-1), 119.4 (s, C-6'), 116.5
(s, C-5'), 113.8 (s, C-2'), 104.2 (s, C-10), 103.3 (s,
C-3), 99.3 (s, C-6), 94.3 (s, C-8). iZZEHH 1Y I3 4k
P 5 SCHR[16]H B A — 20, PRIz b A i
%€M Luteolin,

L&Y 2 (21.3 mg): BEEAMAR, B FHEE.
DMSO. %4 HR-ESI-MS Z3#ra] %1 m/z: [M+H]"
303.086 9, /3 Fl C16H150s, 115(E &y 303.086 3,
R HEM %A A 4> T CieH1406. 'H NMR
(600 MHz, MeOD) & 6.9-7.0 (m, 3H, H-2,5',6"), 5.9
(m, 2H, H-6, 8), 5.3 (dd, J=12.7, 2.9 Hz, 1H, H-2), 4.9
(s, 3H, 4-OCHjs), 3.0-3.1 (dd, J=17.1, 12.7 Hz, 1H,
H-3a), 2.7 (dd, J=17.1, 3.0 Hz, 1H, H-3b); *C NMR
(151 MHz, MeOD) & 196.2 (C-4), 166.9 (C-7), 164.0
(C-5), 163.3 (C-9), 147.9 (C-4'), 146.4 (C-3'), 131.7
(C-1), 117.6 (C-6'), 113.1 (C-2), 111.2 (C-5'), 102.0
(C-10), 95.7 (C-6), 94.8 (C-8), 78.9 (C-2), 55.0
(6-OMe), 42.6 (C-3). IZ &5 i R K 5 SRk [A7]
R E A — 3, Bk G REEER
Hesperetin,

&4 3(37.8mg): HEMA, #T DMSO,
2 HR-ESI-MS 4347 il 1 m/z: [M+H]" 285.075 9,
43 F N CieH130s, THEAE N 285.075 7, P
MZALE W7 T2 H CieH1205. 'H NMR (600 MHz,
DMSO-dg) 6 10.6 (s, OH-4"), 9.5 (s, OH-7), & 8.3 (s,

1H, H-2), 7.4 (s, 1H, H-5), 7.4 (d, J=8.5 Hz, 2H,
H-2'.6"), 6.9 (s, 1H, H-8), 6.8 (d, J=8.5 Hz, 2H,
H-3'5), 3.9 (s, 3H, 6-OCHs); *C NMR (151 MHz,
DMSO) § 174.8 (C-4), 157.6 (C-4), 153.3 (C-7),
152.9 (C-2), 152.2 (C-9), 147.4 (C-6), 130.5 (C-2),
130.5 (C-6'), 123.4 (C-3), 123.3 (C-1'), 116.7 (C-10),
115.4 (C-3'), 115.4 (C-5'), 105.2 (C-5), 103.3 (C-8),
56.3 (6-OMe). %45 i ik e 55 SCik [18] 1 i
EAH—2, PRz S PR A % R Glycitein.,

L&Y 4(19.6 mg): AR, % T DMSO,
2 HR-ESI-MS 43 n] Al m/z: [M+H]" 457.367 0,
53 F 3N CaoHagOs, THHEAE R 457.367 6, [Kitkife
MHZAL A 153§ 3R CaoHagOs. "H NMR (600 MHz,
DMSO-dg) 5 5.1 (t, J=3.4 Hz, 1H, H-12), 4.3 (s, 1H,
3-OH), 3.0 (d, J=5.5 Hz, 1H, H-3),2.1 (d, J=11.3 Hz,
1H, H-18), 1.0 (s, 3H, 23-CH3), 0.9 (s, 3H, 29-CH3),
0.9 (s, 3H, 27-CHs), 0.9 (s, 3H, 26-CH5), 0.8 (d,
J=6.4 Hz, 3H, 30-CH3), 0.8 (s, 3H, 24-CH5), 0.7 (s,
3H, 25-CH3); *C NMR (151 MHz, DMSO) § 178.7
(C-28), 138.7 (C-13), 125.0 (C-12), 77.3 (C-3),
55.3 (C-5),52.8 (C-18),47.5 (C-17),47.3 (C-9), 42.1
(C-8), 42.1(C-14), 38.9 (C-4), 38.9 (C-19), 38.8
(C-20), 38.7 (C-1), 37.0 (C-22), 36.8 (C-10), 33.2
(C-7), 30.7 (C-21), 28.7 (C-23), 28.0 (C-15), 27.5
(C-2), 24.3(C-16), 23.7 (C-27), 23.3(C-11), 21.6
(C-30), 18.5(C-6), 17.5 (C-26), 17.4 (C-29), 16.6
(C-25), 15.7 (C-24). &5 F 11 BRI 554 5 Sk [19]
M4 B A — 3, RS YR E N
Ursolic acid,
22 BIKHKEWMHMENENE

4 PRI A BT EARTE EN 2R 1 PR
1 hgE R A 1 R B BSRPT AL RE
71, % ABTS®, DPPH #il OH™ [ 3Ly HA 4
(WS BREE T, 1Cso (H43 51k 13.36£0.07 ., 8.74+0.21
H1 32.75+0.18 pg/mL, FHPEXTHE Ve 19 1Cso {E 5351
>k 2.85+0.03, 8.45x0.13 il 38.71£0.26 pg/mL. il

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WRBLAE: ZLAZLihEE Mr-1 ARG A W) A= M0 e A 793

x1 ABLME Mr-1 XK ~IRER B REMELEE

Table 1 Effects of Monascus ruber Mr-1 secondary metabolites on free radical scavenging and antioxidant activities

RO AL T TE

In vitro antioxidant activity

ABTS 15 FRRET)
ABTS" scavenging activity
(ICs0, pg/mL)

OH TEERAET
OH' scavenging activity
(leo, pg/mL)

DPPH T ERBE S
DPPH scavenging activity
(ICs0, pg/mL)

Compound 1 13.36+0.07
Compound 2 30.29+0.16
Compound 3 118.10+0.48
Compound 4 621.72+2.93
A\ 2.85+0.03

8.74+0.21 32.75+0.18
196.91+1.11 97.66+0.89
1924.91+3.54 74.49+0.34
1240.91+4.22 524.86+1.08
8.45+0.13 38.71+0.26

Note: Data derived from three independent experiments were statistically analyzed, and the results are presented as mean+SD

(n=3)

TR A SR T, AW 1 X OH™ A M 2L BR
REJIMEALT Ve MRCR, A4y 3 Rk &%t 3 Fl A
FH L8 R AN [ R B2 T B g
23 BIKMLEMRHIEE N

4 FhepRLE AP R IS PE ISR 2 FiR.
e 2 hgiRal g, tk&Y 4 xF S, aureus F
L. monocytogenes AT &l F4% 431 13.420.2 mm
#111.920.3 mm, FKBLHEGE AN PERE s P
BE Ampicillin X} S. aureus Al L. monocytogenes [
T8 B2y %1 18.5+0.3 mm #1 18.7+0.2 mm, H
Z% 3L AW 2 Pl I 20 o 2 B Hh A R R 1Y
it g
24 BIKLEWMX o-HEEEEANSIER

A Ffr B AARAL A W 6T o) 258 T T 1 400 4 4
mFk 3 PR, Mk 3 PERATA, LEW 4 X

K2 LBELAME Mr-1 BRI 2 HBUFRAE
B A A HD I TE 14 (30 poliR 4R /)

Table 2 Inhibitory activity of Monascus ruber Mr-1
secondary metabolites against two pathogenic bacteria
(30 pg/disc)

VBT G R A BRI TR
Antibacterial ~ S. aureus (inhibition L. monocytogenes
activity zone, mm) (inhibition zone, mm)
Compound 1 8.6+0.1 10.5+0.2

Compound 2 11.5+0.3 10.5+0.2

Compound 3  9.3+0.3 10.7+0.2

Compound 4  13.440.2 11.940.3

Ampicillin 18.5+0.3 18.7+0.2

Note: Data derived from three independent experiments were
statistically analyzed, and the results are presented as mean+SD
(n=3)

x3 ABEAHE Mr-1 XRERE=NX o-BEEEEE
RIHNFMERZER
Table 3 Effects of Monascus ruber Mr-1 secondary
metabolites on a-glucosidase inhibition

A B 1 o= ] 2 T B 4101

In vitro enzyme a-glucosidase inhibition

inhibition assay (1Cso, hg/mL)

Compound 1 290.53+1.94
Compound 2 1194.31+7.35
Compound 3 925.88+5.08
Compound 4 21.34+0.37
Acarbose 28.65+0.39

Note: Data derived from three independent experiments were
statistically analyzed, and the results are presented as mean+SD
(n=3)
o- 5 2 W5 1T g AT AR SR A0 M RE 1, 1Cso fH N
21.34+0.37 pg/mL, FHPE:XTHE Acarbose F4) ICso {H R
28.65+0.39 pg/mL, @il RILS KX, k&Y 4
Xt o e W T R A AU A AR A T PH A X TR
Acarbose, HA4y 3 F LG E—E R BRI
X o= 2 W Y A4 A A
3 WkE4®

A Z R0 @35> 5 LG Mr-1 3K
FACH P o B AR 2] 4 NGRS, 05
J& Luteolin (1). Hesperetin (2). Glycitein (3) 7
Ursolic acid (4), 1654 1. 2 F1 4 & LB
RHRRE, AW 1 FEAEE T 2PV SRR
YR, LAY 2 FEAAETEFRER
Wb, AbA 3 FEAFAET RGP SR,
PAE 3 A S o s AL & W) SR 5 )
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AR 2 DS E L SRR B T R — &R
SibEH, A LE) Ce-Cs-Co 0K 2l B iR ET NN
SIREEE AN . B AL E A, K
G AR IR 260 ) ¥ i 26 Ak & P, A a5
B BTN . SR SR, BOABUEA . R . B
B PRSI kA 4 AR,
FEEAAAE T o PSR RBE I T . BRI A
2 VLS I R A 2 A ) — R A B I 5
FRED, HAG YR PR . I . B A
el

MPLEAIE M s Rl A 4 Rk G W xt
ABTS" [ BT FR AE f1 R 1>2>3>4, X} DPPH H
AL RTERAE T 1525354, %7 OH™ [ i KAy 1 R
fiE 18 1>3>2>4. Seyoum ZBURFSY T # AL A
YriHc A AL 5 a5 R AR ROE R o ISR R B, HE R
FKAEY A B B ARHEALLAE 2 P8 3 M E
FEECA QS L B2 HCA Qs 1] 457 72 B A G st e 4Rk
11k B 5 Promden 25 B 2K AL S IO ST K
B A I E AR T R B b B PR
fettsas . FA1%F ABTS H %A1 DPPH [ i
VG RRBE T M E S5 R 5 IR 45 R — 3, H
KAEY B FREA C-3' 4 MR IEBURCAISS 1 He
LR IR B TR A7 0 R A P 85 4 R 00 o B i )
PUEALTE T ; 7E1EFR Fenton KWW r=A: 2L A
FEO7 T, WAL S PR LR TR B AL S
Yy 1>3>2, X AT e T RO AR 3R 225 7 R Bum il bl
PURIE ArE. 7E Fenton S0 FR W B R 4 s 1)
BAER ARV A LS Y a] s o 48 1Y
AR S0 8 1 S A 3 it S R e # DA AR
HR (LG 4 )8 T S AR =524k 5,
HEERRR R 30 MR B AR B R 2 SR
1M, DRSNS AR B0 25 5 v mT g HO A 3%
MR BT A TE R . BT AN S SR
SEFALEY 1 HigaE . a5y m i Ve AR
B Z, P E AT PE )y T A i A .

AR 5 PR A R A, B 1-4 X
L. monocytogenes Fi1 S. aureus 3] Bl H b 2555 i 1)
MERCR, AHECT FEXT B Ampicillin, B A]f4T
BRCR R — M. BT 230 s G W &R
i, BT H A T2 FhEE 2 FCRHPE R, X ik A
Py s/ X A IS Y B D R AR B AR, S
S Rk — LI

B WA DG B il 25 R AT R, 4 Fhfb
YIxT o 25 B 1 B R4 I 58 )y 4>1>3>2 . Proenca
S BURETE T EEEALA IR o A T A 0
RE ) HAS RO R, BEI2E AL B4 A A5 B
IR ELA AR 1) 8 BRI b B R Bl ) (37 32 B IRCA R g
X o-F AT EREAO IV F 5 Sarian 0t
FERIMEIZALAY) C ¥R 1 C-2 F1 C-3 (& A
SRS AT DASE SR XS o- S A0 RO RIAE . AT
XF o= i) 28 W T T S R A 25 R R
AR —F, WG Y B I HA M5
B H C 3R C-2 1 C-3 {3 B Ay WU it 6 W i1
S o 2T R AR/ . Wang 2685 T 1k
G 4 X - EBETT RN SRIVER, KBME S
4 FEIERIR T o- AT A R M E Z ] -
W Tl TS e, LG P D 35 R 5 A SO o 45 2R
—2, LB 4 X oM R BRI
YERT, HAMHIBCRILT Acarbose.,

AT LB LL R Mr-1 (R G =9
Sy AN RS, Heh 3N TR N B
WLL AR A, F5 T MER 49
TEPE R A2, 38 T X 2 0 o B ) A
P, IO FR XA YT 1 A3 R Bt A A T
PEFN o) 20 W5 1 BRI R VR EAT T R0 Hr,
JE BRI T S H A . T2 8 sk
G E R, AR AR — SIS Y
PUHAMBOR R R TEE, AR REN, a6
2L Mr-1 2 S RE WA BT IR, TR
£/ = | I B I 1 B B S O = W S
RN REPE T i JFURH T BE
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