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Composition analysis and preliminary safety evaluation of edible Monascus red pigment
WANG Kexin'"?, TAN Jianbin’, HUANG Zhenfeng’, WANG Hongxia>*, YANG Xingfen®,
CHEN Bifeng’, HU Tingting’, HUANG Zhibiao’, ZHAO Min®, ZENG Zhuanping'

(1. School of Public Health, Guangdong Pharmaceutical University, Guangdong Guangzhou 510310, China;
2. Guangdong Provincial Center for Disease Control and Prevention, Guangdong Guangzhou 511430, China;
3. School of Biology and Biological Engineering, South China University of Technology, Guangdong
Guangzhou 510006, China;4. School of Public Health, Southern Medical University, Guangdong
Guangzhou 510515, China)

Abstract: Objective To provide scientific basis for the development and utilization of edible pigment Monascus red,
the analysis of its key components and toxicological evaluation were carried out. Methods Identification test and
physicochemical indexes test were carried out based on the samples according to the method in National food safety
standard GB 1886. 181—2016. The content of citrinin (CIT) and Monacolin K were detected through high performance
liquid chromatography (HPLC). UPLC-Orbitrap-MS® were used for chemical composition and content determination, in
which the molecular structure was also characterized. The 14-day oral toxicity test of SD rats was carried out, based on
the acute oral toxicity test of Monascus red by the limited method. Results The quality and specification of test samples
conformed to the provisions of China National Food Safety Standard. The content of CIT and Monacolin K was 0. 030 8 mg/
kg (converted as one color value) and 0. 166 mg/g. Twenty compounds were separated in Monascus red by UPLC-Orbitrap-

MS?, red pigment, orange pigment and yellow pigment of it accounted for 88.38%, 2.04% and 5.96%, respectively. The
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results of acute oral toxicity showed that Monascus red was innocuous (LD,>20 g/kg*BW). In the 14-day repeated oral

dose toxicity test, compared with the control group, rats in 5 g/lkg*BW dose group exhibited no significant differences in

the general clinical observation, growth and development, hematology, blood biochemistry, routine urine detection, gross

anatomy , organ weight, organ-to-body ratio, and histopathological examinations. Conclusion Monascus red is composed of

multiple components characterized by red pigments. There is no obvious toxic effects found in the preliminary safety

evaluation, which can provide reference for further long-term research.

Key words: Monascus red; food pigment; component analysis; safety evaluation
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Figure 1~ Color test of Monascus red
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Figure 2 Full-wave length scanning of Monascus red
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&R LM 2L A 53 53 W 500 b & T pF oY ERTHT 4 —167—
1 o444y UPLC— Orbitrap ~-MS* 43 H7 45 3
Table 1 Analysis results of Monascus red component by UPLC— Orbitrap -MS*
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Table 2 Acute oral toxicity test of Monascus red
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Table 3 Peripheral body weight changes of rats in the 14 d oral toxicity test of Monascus red (n=10)

31 4 /(a/ke* BW) Ha VR _ BURKERR/ B2
H—IK R #— R
e 0 89.65+2.89 113.59+4 .48 150.22+8.72 177.95+9.23 214.02+13.27
5 89.93+4.21 113.03+£5.52 147.40+8.23 175.13+8.60 207.68+10.17
EpE 0 83.81+2.70 103.81+4.56 134.57+7.07 150.29+8.39 168.78+10.71
Wit 5 83.75+2.80 103.71£3.65 133.10£5.65 149.08+4.74 168.87+6.01

K4 ZIMNZL 14 d 2 D TEPESCI OR B E BRI LB A A AR AR B (n=10)

Table 4 Changes in weight gain, food intake and food utilization rate of rats in the 14 d oral toxicity test of Monascus red (n=10)

- %518 52 )4 RN
PEI b ) K . | K - N
PE 51 (e/ ke BW) T ( H; \.:.)k/ e ?‘gjﬁiﬁ% Miiig/g;)k/ e ﬁgﬁiﬁﬁ ﬁiiﬁ;;)tc/ B /g ﬁgﬁiﬁ%
o 0 60.56+6.97 121.70+7.26 49.76+4.75 63.80£9.45 167.08+9.73 38.15+4.87 124.36+12.12 288.78+15.18 43.09+3.84
5 58.16+6.25 120.59+11.44 48.36+4.53 60.28+4.93 163.64+11.13 36.97+3.66 118.44+8.97 284.23+22.15 41.79+3.24

" 0 50.76+5.76  105.34+4.09 48.21+5.44 34212472 126.09+6.98 27.19+4.12 84.9629.73 231.43+9.84 36.75+4.40

e 5 49.35+3.98 107.50+4.92 45.92+3.17 35.7624.06 127.15+5.58 28.15+£3.10 85.12+5.59 234.65£9.89 36.29+2.23
F5 2Ll 14 d 28 PR SE G R B 2248 75 (n=10)
Table 5 Hematological values of rats in the 14 d oral toxicity test of Monascus red (n=10)
fobi T R HfE Bl
X B 2] 5 g/kg- BW 74 41 papjisl 5 g/kg* BW H f 41

WBC/(x10°/1) 5.61+1.45 6.43+2.18 4.23+1.23 4.74+1.35
M R4 i T2 NEUT/ % 6.71+2.44 12.12+3.72" 7.30+1.92 9.28+3.09
WREL AN LYM/ % 89.04+2.26 83.78+4.16" 88.11+£2.27 86.36+3.76
HR AN MONO/ % 2.93+0.96 2.79+0.86 2.83+1.33 2.63+0.66
RBC/(x10"/L) 6.82+0.29 6.99+0.27 7.17£0.25 6.99+0.31
HGB/(g/L) 130.70+6.77 133.20+4.44 136.10+3.03 133.00+3.46°
HCT/% 32.38+1.58 33.08+0.74 32.77+0.75 32.08+0.95
E LA HARFIMCV /L 47.46+1.05 47.39+1.44 45.73+1.47 45.97+1.56
S-S ZL A0 i 218K 1 i MCHY/ pg 19.15+0.46 19.08+0.53 19.00+0.56 19.04+0.64
Y1 20 M 1l 41 8 R MCHC/(g/L) 403.70+6.57 402.70+6.75 415.40+6.98 414.70+5.77

PLT/(x10°/L)
S AL g, P<0.05

1294.60+115.13 1184.20+121.78 1129.80+161.52 1177.70+176.02

#6  LUHNE 14 d £ 1 EEPE S50 K BUBE L3S AR (n=10)
Table 6  Blood coagulation indicators of rats in the 14 d oral toxicity test of Monascus red (n=10)
sk I Bl o B
o X} R 241 5 o/kg- BW 4L e 5 g/kg  BW 7kt 41

PT/s 15.59+0.60 15.13+0.50 15.31+1.32 15.50+0.63

8E 1 g J5 b IV 6] B b o K LU AL PT-INR 1.28+0.06 1.23+0.05 1.26+0.14 1.27+0.07
APTT/s 21.90+2.02 20.80+1.27 19.95+1.57 19.77£1.53

56 10 [ B[] TT/ s 29.75+1.77 29.93+1.81 31.32+1.16 31.07+1.03
2.3.4 MGk A W7,

FIEAIMEME KR TG SX R L, 2738 % it
22T X (P<0. 05)  {HAE A S8 28 [y 5 A i i BBl PN [
P TG:0.18~1. 13 mmol/L] , N A A M ¥ = X, H

AR MLV A A TR AR 22 e T e i E B X (P>0.05)

2.3.5 JRWAEAE

BT IR R B RO B2 i o 8 L R i
HE R 9 Ko I mA IR AR 5 X A i,
2w Tegit B L (P>0.05) , W3k 8,
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T LA 14 d 28 1 RS R BN U AR AL R AR (n=10)

Table 7 Blood biochemical indicators of rats in the 14 d oral toxicity test of Monascus red (n=10)

EizR D i Bl W L

popjiEil 5 g/kg* BW 7l 41 popjiil 5 g/kg BW 54 4
ALT/(U/L) 35.26+5.48 38.766.27 28.24+3.74 31.9+4.26
AST/(U/L) 164.12+47.3 166.3+34.71 149.90+21.83 153.82+25.73
GGT/(U/L) 2.56+0.21 2.49+0.24 2.60+0.34 2.74+0.30
GLU/(mmol/L) 9.57+2.61 7.76%3.82 8.05+3.95 7.96+3.98
TP/(g/L) 51.17+1.81 51.04+1.61 52.44+2.24 52.44+1.75
ALB/(g/L) 30.6420.60 30.89+0.89 31.99+1.27 32.24+0.85
K/(mmol/L) 5.42+0.26 5.63+0.23 5.42+0.33 5.17+0.28
Na/(mmol/L) 145.00+1.05 144.8+0.63 143.7£0.95 143.89+1.44
CL/(mmol/L) 104.13+1.20 104.19+1.93 106.82+1.48 105.87+1.91
TC/(mmol/L) 1.96+0.29 1.86+0.58 1.60+0.36 1.88+0.35
TG/(mmol/L) 0.53+0.29 0.59+0.17 0.29+0.03 0.3420.05°
TBIL/(wmol/L) 1.31+0.18 1.3420.21 1.080.21 1.07+0.22
CRE/(wmol/L) 17.70+2.58 20.3+6.00 24.8+5.65 24.7+4.14
UA/(pmol/L) 72.6+12.4 81.7+21.09 75.9+13.27 85.2+7.50
BUN/(mmol/L) 5.69+1.05 6.63+2.04 8.28+1.34 8.05+1.51
CK/(U/L) 1 128.50+349.99 1 120.60+312.79 1 093.80+217.68 1 160.10+353.24
LDH/(U/L) 1709.10+667.69 1 826.80+592.75 1 764.50+450.44 1 736.53+495.49
ALP/(U/L) 268.10+60.96 287.40+57.57 208.40+41.68 218.70+34.52

WS X R H g, P<0.05

Table 8  Urinalysis indicators of rats in the 14 d oral toxicity test of Monascus red

F8 LTAr 14 d 210 SR K BUR B AL bR

i H iy Al M B
X B2 (n=8) 5 ¢/kg* BW & 41 (n=9) X IR 2 (n=10) 5 g¢/kg* BW & 4 (n=10)
— 8(100.0) 6(66.7) 10(100.0) 9(90.0)
trace 0(0.0) 1(11.1) 0(0.0) 0(0.0)
PRO(g/L) 03 0(0.0) 0(0.0) 0(0.0) 0(0.0)
1.0 0(0.0) 0(0.0) 0(0.0) 1(10.0)
3.0 0(0.0) 2(22.2) 0(0.0) 0(0.0)
<1.005 1(12.5) 0(0.0) 1(10.0) 0(0.0)
1.01 7(87.5) 7(77.8) 8(80.0) 6(60.0)
1.015 0(0.0) 0(0.0) 1(10.0) 4(40.0)
G
1.02 0(0.0) 0(0.0) 0(0.0) 0(0.0)
1.025 0(0.0) 0(0.0) 0(0.0) 0(0.0)
>1.030 0(0.0) 2(22.2) 0(0.0) 0(0.0)
6.5 2(25.0) 2(22.2) 2(20.0) 2(20.0)
7 4(50.0) 2(22.2) 5(50.0) 2(20.0)
75 2(25.0) 3(33.3) 3(30.0) 4(40.0)
pH 8 0(0.0) 2(22.2) 0(0.0) 1(10.0)
8.5 0(0.0) 0(0.0) 0(0.0) 1(10.0)
9.0 0(0.0) 0(0.0) 0(0.0) 0(0.0)
— 8(100.0) 7(77.8) 10(100.0) 9(90.0)
34 0(0.0) 0(0.0) 0(0.0) 1(10.0)
UBG(pmol /1) 68 0(0.0) 2(22.2) 0(0.0) 0(0.0)
>135 0(0.0) 0(0.0) 0(0.0) 0(0.0)
BIL(pmol /L) — 8(100.0) 7(77.8) 10(100.0) 10(100.0)
17 0(0.0) 2(22.2)) 0(0.0) 0(0.0)
51 0(0.0) 0(0.0) 0(0.0) 0(0.0)
>103 0(0.0) 0(0.0) 0(0.0) 0(0.0)
— 8(100.0) 7(77.8) 10(100.0) 9(90.0)
0.5 0(0.0) 0(0.0) 0(0.0) 1(10.0)
KET(mmol/L) 1.5 0(0.0) 2(22.2) 0(0.0) 0(0.0)
3.9 0(0.0) 0(0.0) 0(0.0) 0(0.0)
>7.8 0(0.0) 0(0.0) 0(0.0) 0(0.0)
— 8(100.0) 8(88.9) 10(100.0) 10(100.0)
10 0(0.0) 0(0.0) 0(0.0) 0(0.0)
BLD(Ery/pL) 25 0(0.0) 0(0.0) 0(0.0) 0(0.0)
80 0(0.0) 0(0.0) 0(0.0) 0(0.0)
>200 0(0.0) 1(11.1) 0(0.0) 0(0.0)
— 8(100.0) 9(100.0) 10(100.0) 10(100.0)
GLU(mmol /L) 5.6 0(0.0) 0(0.0) 0(0.0) 0(0.0)
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k8
— HE R
A BE X R4 (n=8) 5 ¢/kg  BW & 41 (n=9) X HEZH (n=10) 5 ¢/kg- BW il it 41 (n=10)
14 0(0.0) 0(0.0) 0(0.0) 0(0.0)
28 0(0.0) 0(0.0) 0(0.0) 0(0.0)
>56 0(0.0) 0(0.0) 0(0.0) 0(0.0)
— 8(100.0) 3(33.3) 10(100.0) 6(60.0)
15 0(0.0) 2(22.2) 0(0.0) 1(10.0)
LEU(Leu/ul) 70 0(0.0) 2(22.2) 0(0.0) 3(30.0)
125 0(0.0) 1(11.1) 0(0.0) 0(0.0)
=500 0(0.0) 1(11.1) 0(0.0) 0(0.0)
— 7(87.5) 7(77.8) 9(90.0) 8(80.0)
0.6 1(12.5) 2(22.2) 1(10.0) 2(20.0
VC(mmol/L) 14 0(0.0) 0(0.0) 0(0.0) 0(0.0)
28 000.0) 0(0.0) 0(0.0) 0(0.0)
>5.7 0(0.0) 0(0.0) 0(0.0) 0(0.0)
— 8(100.0) 6(70.0) 10(100.00) 8(80.0)
MALB(g/L) 0.15 0(0.0) 0(0.0) 0(0.0) 1(10.0)
=0.15 0(0.0) 3(30.0) 0(0.0) 1(10.0)
o “trace” TR AL, —"RIR AR .
2.3.6 ALK A T /R LU AR IE R, L3R 9.5 10,

S5 45 AR X A R BRI AR SR L I R e
LR A5 AT KRR A, oA WL R A5 00 . 59 o 2 45k
AR SPIEXT A L, E R RS IT¥E X
(P>0.05), RUNZZIRAFEM 14 d 2 0 8P 50 E

X T A B M L0 JUE R LR L E L
D2 L/ D R R AT A AU A A A
7 5 4 Bl A 2 B 2 0 43 55 BA PR X IR A b A 2
S TGt E L (P>0.05) .

F9  Lrihar 14 d 4 O Mg R BUEAR H & (n=10,g)

Table 9  Organ weight of rats in the 14 d oral toxicity test of Monascus red (n=10, g)

e Tt B HfE Bl
Xf HE 20 5 g/kg* BW | fi 4 X HE 20 5 g/kg* BW 7 it 41
Ik 0.90+0.07 0.91+0.13 0.69+0.05 0.70+0.06
ki 1.37+0.07 1.35+0.07 1.28+0.04 1.28+0.06
ifg 0.76+0.15 0.69+0.13 0.59+0.13 0.56+0.09
i 7.66+0.75 7.62+0.68 5.92+0.51 6.08+0.65
5 2.11+0.21 2.09+0.18 1.61+0.16 1.60+0.19
B R 0.050 9+0.011 9 0.047 3+0.009 3 0.052 40.001 0 0.052 8+0.014 1
2L/ IR 2.25+0.21 2.18+0.16 0.118 7+0.026 5 0.119 3+0.035 6
g 0.59+0.08 0.61+0.12 0.46+0.12 0.43+0.08
F10 L2 14 d 40 B S R BRONE AR LB 25 2R (n=10, %)
Table 10 Organ Coefficient of rats in the 14 d oral toxicity test of Monascus red (n=10, %)
e Tt B — -
X 41 5 g/kg BW & 41 X JEAL 5 g/kg BW 7l 5 41
o 0.42+0.02 0.44+0.05 0.42+0.03 0.42+0.03
i 0.64+0.04 0.66+0.05 0.78+0.06 0.78+0.06
e 0.36+0.06 0.33+0.06 0.36+0.06 0.34+0.05
iia 3.57+0.21 3.71+0.38 3.63+0.21 3.69+0.23
(53 0.98+0.06 1.03+0.12 0.98+0.06 0.97+0.08
B - 0.023 9+0.006 9 0.022 3+0.004 6 0.031 4+0.005 8 0.030 6+0.007 9
LS WAE ] 1.04+0.10 1.06+0.11 0.071 2+0.015 2 0.070 6+0.018 4
i 0.28+0.03 0.30+0.06 0.27+0.06 0.26+0.04
3ot LLAUSIAT 100 ZFh ARGAT KR AL 5 iR s

ZLHRZLAE S A — A R AR AR A Y
GFR FERE LS X A ETEME D8 7E
SR EE NS I NN R R 2 R (= TR 11| PSS EA W AN
& OROCRL, HEAT B B G AR [R5 A 2 Fl
ARG P R IR R . AT 5 2L

gL 2 CIT /Y 2 904 22 4 1k 32 ) o B[] Ao die
B AN | EAN 2 7o ot N A B 1 N S L R N O e e
GB 1886. 181—2016 X 52 il A7 4 51l iU 56 | €2 i)
JE N PRAR A8 bR A I, >R ] HPLC 35 01 & CIT AN
Monacolin K & & , i j& UPLC-Orbitrap-MS* #£472H /3
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O3NS 4y T A5 RAE AR BT R SR 14 d
2 ORI W1 PR 20 M 20 0 ' 2 Ak, Ryt
— WLV SR AR AR

A 5T Y 22 30 AR B A
HEAL A bR L CIT 45 K60 45 2R 905 12 GB 1886. 181—
2016 F3R , AT G AR BEOR B B A R 20 2L
UPLC-Orbitrap-MS” 3 # #¢ F 1% 4t 1) HPLC, >R Jil 3
BPRIAR/NT 2 m B9 i S0 T AL 5 g e B R L T
Yy i o3 5 75 1 SR BE R, o BEA CRE B
Z (035 0, [ I S B ST 20 A BB X ) e ME RO L
FERE X 2 43 oA R 0 0 O R AT A e, H
I 7E £ 20 4 K DU J7 1E 8 )2 . UPLC-Orbitrap-
MS R G o i d R WoR A REM P A AR BER .
B AR AR 88.38%.2. 04%.5. 96%, L % 5
B 2H 73 A 435 40 6 3 (20 i 21 B (20 i 40 % L N-leucyl-
rubropunctatin N-leucy]-monascorubrin) B
(Rubropunctatin) . & & 2 (Monascin, Monasfluore
B). ZLMiZLfE y—Fh R E L 2 S W oy B A 1
2 IE 4 5 A FF 40 5 9 Monascorubramine
L A6
Rubropunctatin, # {8 ) Monascin . Ankaflavin'® 3 K
o AHATE A 77 400 8 19 2 19 20 i 20 20 20 A )R AH
), 20 R 3 A A R 19 FE SRR AR A TEASAE R
WA EAR, b R o b ok, A
FEARW] L0 M 215 2% 4 o3 S DY) R 5 G A1 i Y ik
B TR 32 BR B 5 WA T 2 05 22 4 1 18 i i B 48 1 4R
T e,

H AT LA 0 3 20 il 210 R 32 3 O R (1 i 2R
P RPEWN AT AR, 2 DALl oK S BE S0 &R
ZL KR DAROK S TR}, 28 20 il B R I AR Y,
UKL R C s T ORL 8k R D), m T
Monacolin K 1) I fig P £1 iy K F1 £ &b 45 i 57 21 it
kel MOHAN KUMARI %2 ] M. purpureus
MTCC 410 & B #9211 K 0 Bk A7 2t 2 1 ik
¥y, 45 R R H LD,>5 g/kg* BW; BUNNOY %%}
M. purpureus CMU 002U & [ 21 i1 £ 3 47 fE 1% K B
23, 45 9 BRI LD, >5 o/keg  BW, FE#7 5>
X ELh KB O AT Stk 2 1 BRI, 45 R R
Fo K 32 5 >15. 0 g/kg BW. 2L 1 #E MR
B on B LD 2 O SEPRC R R . AT 2
WL 200 2k 2 1 EEE R LD,>20 g/kg- BW,
NEPRTCRER 5 RIS — 2

YU 250 %F B 77 Monacolin K [ M. purpureus
NTU 568 % A= i 2L i oK 7E 0.1.0.5.1. 0 g/kg- BW
PEAT 28 .90 d 28 MVH AT S5 RS, 4 R DL I Ak 7 1k
FP ., BUNNOY 2%} M. purpureus CMU 002U %

Rubropunctamine, Monascorubrin .

B2 M 21 7% 2 000 mg/kg* BW ) i T X 4 o BR gk
1730 d & 1R , 45 A 77 A AT o] 35 7E K2 .
MOHAN KUMARI® 4 R Al ] 48 A, xF M.
purpureus MTCC 410 & ¥ 1) Dy fig 4 £1 fih K 2547 K B
WAg PEZE O RIS, 45T 1% 0.2. 0% 4. 0% .8. 0% .
12. 0% 2L KGR 14 J8 oK DA A7 2 4 52 07, (H AR
st 2L R BRI VR R U v R [ R =R K O e
FEAR . ABFFE R, KRR 14 d & 03P g6 45 1 oK I
0 SRR LR ES B . {8 DOL S anih (4 R
Y-001 (A% CIT)100.300.1 000 mg/kg* BW 71 i i
N #EAT SD KRR 90 d & 0 H & 4 HE S0 45 1L i
7, MEBL 1 000 mg/kg+ BW 57 4 41 1 3L 23 3 ) Mg
i 200 v/ e R R LG, T A B s BT
SRR 00 G NE = QR [T = 8 A N = 0K £
S B U PEAT PR AG A C S BUB AR 15 B R
JCAE FH #4300 mg/kg BW, iZ 410 f#h (4 & KT
90% I 4 N N-leucyl rubropunctatin | N-leucyl
monascorbrin , 3X P F R 1E 2H 70 76 AR W 5% 32 88 H
AR, AN 11.42% 6. 91%, % A 42
ik PRI 2 il € 3R 3 2005 AR B3 20 ORI % R 22
), AT RE S T R 22 S I

Brer 2 A 5 44 PE4b, CIT #1 Monacolin K 1)
MR MR 2EZ R RENEERE, K
W& & % 4 J& (European Food Safety Authority,
EFSA) 2012 4EXxF CIT #E47 T KU 3, 4K 4 CIT
90 d 2 L FE PRI 7E 20 we/kg- BW 7 F R W %<
A FEM AR T S H fm ]
filt K S #7 52 M 0.2 wg/kgs BWH AR B 58 CIT
AR 22.25 pg/kgBW, 235 CIT B R WE B A
FAE R &, R WS AR By B NE B v S N . TR
Monacolin K 5| &2 8 S0 AL i (0 18 7 XURS: A (8 75 7
.o 2018 4 EFSA YLLK Monacolin K KUK 3T
fli 458 B ABEAS 2 4GE , 38 A & Monacolin K
(3 mg/d) WG B b 8500 20 h K 25 7= AR LA B B R 42
R R, A58 T Monacolin K A 1t K
0. 83 mg/kg* BW , Kk i, Monacolin K 5| &2 19 #H 3¢ 5 #5
AR,

gi BTk AR S T AT AR O T B FUAR A
HER) B R 2D 40, 7 — R & 2R T T R 4)
o R PEMN IE TSR WL BE PEAE ] o (B2 53 3 Hr iE T
P75 £1 M 20 20 R A2 A, o Bk — 20 R AT 4 43 43 A R
Oy T 25K FAE I 78 B SE Al 1 T R A 45 35t 4L S
PR R G0 BE B2 B SY S T 2 7 B R 2 4

5% ik
(1] R ARIEMEER LA EFE RS % EEE
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