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Feasibility exploration of discriminating red yeast rice for different
applications by secondary metabolite fingerprints
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Abstract: Though red yeast rice (RYR) has been used as medicine for centuries, few study has been reported
about its biological activities related to traditional medicinal application and marketed RYR showed poor consistency
in quality. In this study, with comprehensive investigation of their production processes and field acquisition
samples including those from genuine producing area, an ultra performance liquid chromatographic (UPLC)
method was firstly established to discriminate RYR for different applications based on their secondary metabolites
fingerprint. It was performed on a CAPCELL CORE AQ column (100 mmx4.6 mm, 2.7 um), with PDA (range:
200-650 nm, extracted: 237 nm) and ELSD detection. The mobile phase used was water (A) and acetonitrile (B)
both containing 0.1% formic acid at gradient elution (0-15 min, 50% B—85% B (linear); 15-16 min, 85 % B—
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50% B (linear) and maintained until 21 min), with a flow rate of 0.5 mL - min™. The method established was fully
validated in agreement with guidelines of Chinese Pharmacopeia. Common metabolites were found in RYR for
same application and the fingerprints of RYR for food coloring or brewing from various manufacturers had
similarities above 0.90. Meanwhile, significant differences were observed among the fingerprints for various
applications and discrimination could be achieved by principal component analysis (PCA). Lovastatin was absence
in RYRs for food coloring or brewing, and the fingerprint of traditional medicinal RYR was similar to that of RYR
for brewing. However, standardization was required for RYR containing lovastatin because of their significant
differences from various manufacturers in fingerprints and lovastatin content. The results demonstrated the feasibility
to discriminate RYR for different applications by the secondary metabolites fingerprint method established in this
study, which provides a scientific basis to investigate the relationship between biological activities of medicinal
RYR and their corresponding secondary metabolites, and further aid their quality standardization and improvement.
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Table 1
tion: 1 = RYR for food coloring, which corresponds to food supple-

Sample information. "Based on investigation informa-

ments red yeast rice in GB1886.19-2015, with color values as its
key quality parameter. 2 = RYR for brewing, which is rich in diges-
tive enzymes, e.g. glycase, esterase. Lovatatin (acid form + lactone
form) is the key quality parameter of functional RYR (3) and RYR
raw materials of Zhibituo (4-1) and Xuezhikang (4-2)*%. However,
due to lack of definition for medicinal RYR, those used to produce
traditional Chinese medicine (TCM) (4-3) or for traditional medici-
nal use (4-4) were not classified at the beginning of the study

Manufacturer ~ Producing area  Samples collected Note”
A Fujian Al 1
A2 2
B Fujian B1 1
C Fujian C1-C3 2
D Zhejiang D1 2
E Hubei E1-E16 3
E17-E20 1
E21-E24 2
F Yunan F1-F2 4-1
G Beijing G1-G3 4-2
H Zhejiang H1-H18 4-3
| Hainan 11-13 4-3
J Beijing J1 4-4

mmx2.1 mm, 1.8 um). Luna C.;(2) (150 mmx4.6 mm,
3 um). PL303 /5 4+ 2 — K-F (Mettler-Toledo /A ),
KQ-300DA %Y 5 i i e 2 (B Ll il A A B A PR A
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it & %M Capcell Core AQ ¥, 100 mmx4.6
mm, 2.7 um; X H PDA (¥ & : 200~650 nm, $£H¢: 237
nm) A1 ELSD (#2650 °C, #< %K /7: 40 psi, 1
7l Z 0 50) HR A B A 9 0.1% HR (A)- L
(% 0.1% HIR) (B) & 4t, ¥ ii: 0~15 min, 50% B
—85% B; 15~16 min, 85% B—50% B J 4t £f & 21
min, JiiE: 0.5 mL-mint, HEFEARA: 1~5 pL (FR¥E £
i E ARG E PR B E )

B H &
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TR ] WA = 5 FE O A A — R
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CRE ST R ) A%, TSR B Vs AR AR T
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Figure 1  Typical fingerprints of red yeast rice (RYR) with various applications (ChemPattern software, with 25% (lower quartile) of
frequency filter). 3: Lovastatin acid form; 7: Lovastatin lactone form
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Figure 2 Classification of RYR for various uses by PCA
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Table 2 Content of lovastatin in red yeast rice samples. I = RYR
for food coloring, Il = RYR for brewing, I11 = RYR containing lov-
astatin; °Classified based on their secondary metabolite fingerprints

Sample vaastatin Lovastatin Total amoynt of Note?
No. acid form/% lactone form/% lovastatin/%
Al Less than LOD |
A2 Less than LOD 1
B1 Less than LOD |
C1-C3 Less than LOD 1
D1 Less than LOD 1
E1l 0.17 0.14 0.31 1]
E2 0.23 0.14 0.38
E3 0.26 0.47 0.73
E4 0.14 0.44 0.59
E5 0.16 0.30 0.46
E6 0.19 0.36 0.54
E7 0.27 0.38 0.65
E8 0.40 0.41 0.81
E9 0.31 0.17 0.48
E10 0.50 0.21 0.71
E11 0.27 0.18 0.46
E12 0.30 0.33 0.63
E13 0.33 0.19 0.51
El4 0.30 0.32 0.62
E15 0.53 0.52 1.04
E16 0.55 0.52 1.07
E17-E20 Less than LOD |
E21-E24 Less than LOD 1
F1 0.21 0.34 0.54 1]
F2 0.16 0.30 0.46
Gl 0.06 0.08 0.14 1]
G2 0.04 0.08 0.12
G3 0.05 0.07 0.13
H1 0.20 0.07 0.27 NE
H2 0.02 0.01 0.03
H3 0.09 0.05 0.14
H4 0.05 0.02 0.07
H5 0.05 0.02 0.07
H6 0.09 0.04 0.13
H7 0.13 0.05 0.18
H8 0.08 0.04 0.12
H9 0.08 0.03 0.12
H10 0.16 0.07 0.23
H11l 0.10 0.05 0.16
H12 0.11 0.06 0.16
H13 0.13 0.07 0.20
H14 0.20 0.09 0.29
H15 0.18 0.05 0.24
H16 0.50 0.16 0.66
H17 0.14 0.04 0.18
H18 0.20 0.07 0.26
11 0.19 0.29 0.48 NE
12 0.16 0.26 0.43
13 0.19 0.29 0.48
J1 Less than LOD 11°
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iR B L2 2 e flan, 5w BT 540 /B840 )
PR 21 i AR L, £l 7% BT 22 R K, R OK + it
Fh+1E 7 B 2 1A% (BAAH A 4 il 7= 201); AR R
)&, & i AR TT 20l B 75 B 1) i K, Jl R 12~
35d, H kN, 3EH N 13~16 d, B 20 i 7 E
i 7] B 46, 38 W N 8~10 d, H %3S 20 il i B S T
G I O E BT 2SS PN RO 3 1 | B o o5 A
3y b 21 i 26 i — S0 2 B BR, A STTE 78 43 1R A
SE R SR SRR A TR R A b, 1 UK B R AR AR P e S
7 O AN [F) 3 i 20l AT T R 4 2K, HEOR TR
F R AE R U S 20 i o s R O mT AT 1, AR T %
Hh 7 B o R DR R s ) S P 2 I B, A it
M B R IE BEE T IR SR A . 5 2 TAE
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THE VIR &) P b IR, ) B AN 6] D RO 8L 1) 20
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FAb AP AR f R RAEZ K R A R
0 W 97, e A A YT A o s AN 4R SIS 4 BT SR
237 nm. 8 I AR A 390 nm 7530 nm. ELSD
KBS, 76 15 43 8 J5 38 58 K BLVF 2 JCHRFAE 28 AR UL
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