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Influence of Monascus on polyphenol content and species in

fermented Apocynum venetum L.
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Abstract: [ Objective] To explore the influence of Monascus fermentation on the release of polyphenols from Apocynum venetum L. leaves.
[Methods] Apocynum venetum L. was fermented with Monascus, and the content of polyphenols was measured, followed by transcriptome
analysis. [Results] Total polyphenols, soluble polyphenols, insoluble-bound polyphenols, as well as the content of chlorogenic acid,
luteolin, vitexin, and quercetin were taken as evaluation indicators. The results indicated that fermentation on the 8th day significantly
increased the release of polyphenols from Apocynum venetum L. leaves. Transcriptome analysis showed that the regulated expression of
carbohydrate-active enzymes such as /,3-4-GT and XTH23, was the main factor contributing to the release of polyphenols from Apocynum
venetum L. by Monascus. [ Conclusion] Monascus fermentation can significantly increase the content of polyphenols in Apocynum venetum
L., providing a theoretical foundation and technical support for the continued development of high-quality Apocynum venetum L. tea
products.
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121 “CK # 20 min, FRHL 3.00 g % 15 B k5 K 2 JC 18 15 37
o ZBMENA S mL K E4K, RREESIES . MA2mL
il BT TR AT, T 28 “CRESR 12 d, & T 22 (R I T
DLr i 75 76 PDA B 9 B R BEAE X IR
1.2.3 B RREE S O p i & Mooy s aidh RIS %
AR A (B TRRD 30 A0 RR ) ¥ R T 0%, IR S 0K o BRI
1.50 g By A, #2RHE EE 1:20 (g/mL) I AR FL 20 B 70% £
i, 50 C . 500 W # 7 £ B 30 min, 8 000 r/min & >
10 min, B3 . 5 R ER 2 WK, & BB, B0 o 2 A R
W,
124 ZWHEENE SHIMEREMN T .

(1) M Z W& LL0.02~0.20 mg/mL & TR IEN
FREZ L5 90

(2) ATV Z 3 o AR S SCHR [ 21 ]9 T ik 4 B n] %
P2, I RE B M. HERIFRI 1.00~1.01 g £ &k oK 4%
B L 1:25 (g/mL) A 80% Z B3 BUHG ¥K , Ji 0.45 pm
AR UE . 50 CTF HAIEHZE R R L O, 4R & T
RT3 UK, BL2S WEFE 8 R B TCWME B W 4 ) SR s
5 mL F VA VR, A5 2 A R TV P 2 1 4 IO -

(3) ANATPE—45 5 25 22 T 3 < 4 ] U Pk 38 e ok
UE 14 5% T 60 CT 4 10 h, FKEL 0.50~0.51 g Ti, A
50 mL ¥ & 7 4 mol/L ) NaOH ¥ Wi 7K fift 4 h, FH e $h R
pH % 2.0, KFWH LR LRI A I3 K . 50 CT 2L
IR K BRI OB . B A ) T AR T S mL
R 50% B B D AR E— 55 2.
12,5 SRJERR ORFREF 5 R M R B e

R FH 1o A e A — 5 ARG 25 X B i A S
B AR RAT oy MR R AT . A
& AR 4 C g kE (4.6 mm X 250 mm, 5 pm) , KE i 35 °C,
TEIH AN GG TS A B R 0.2% B MR — K, B B2 VRl
WK 0.8 mL/min, FEEE R 10 L, K7 4 256 nm™
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BE P 4 G197 51(5'-3") 5197451 (3'-5")
ChIADR1 CCGGTGGAGATTCGGGAATC GCAACGGCATTGACACGAAT
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At2g20280 TCACACCAGAGACATTCGCC ATACACAGCCACAGGAAGCC
AO CAACCCGTCAGAGTCAACCA GTGCCAGGCGTGATTCTACT
SODCC CAAGGCTGTTGCTGTTCTCC GCGTTACCGGTCTTCTTGGA
CYSK TCGATCCAGTCCATCAGCCT CCGTCCATCCATATGACCCG
actin( N %) CGAGTGACATCGGCATGAGA CCAACCAAAGAACCAGCAGC
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Table 2 Determination of polyphenol content in Apocynum

venetum L. fermented by Monascus at different days

P— »‘az@f}l/ ﬂiﬁﬁ%ﬁﬁ/ Kﬂiﬁﬁ—éﬁﬁ?&
(mg-g ") (mg-g ") Z W/ (mgg ")

0 17.240.00°  3.15+0.11° 8.5340.78*

4 18.8+0.01°  2.75+0.08" 9.47+40.47"

8 18.840.01°  3.3040.07* 9.6740.75*

12 16.8+0.01"  3.0040.07 4.03+0.54°

T TR TR RS AN [ 2 A A 3 22 5 (P<C0.05) .

e A LI S AL T 2L A W L 1 2 IR
KW 4R AT 2 & i AR S 8 K e W
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12 dJ& 2 A5 JBR Hh 18 e VR 30— A5 B I, 41 Wl 85 o 22 T 2 ik VR
B B HE AR th T R BEES 8 KA B £ W W] ¥ 1t
LW TSGR LWL T 8 & KF, B IA
by S BEAR 8 KA LA 22 W . nl ¥ 22 1 ) RE ORI T o
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KA 8 Rl HAR IR IR A R R tE M RS2
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23 AHEBENERANFSHRNN

21 1t 7 A5 B A6 RR B A K 8 dJS B RE S (D8) AT ith &5
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Mycelial growth of Apocynum venetum L. during 1~12 days of Monascus fermentation
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Table 3 Influence of Monascus  fermentation on
chlorogenic acid, luteolin, isoquercitrin, and
quercetin content in Apocynum venetum L.

RN LRI IR/ ARBRFEF/ B wtr/ Wik e %%/
[a]/d (mg-g™") (mg-g™") (mg-g™ ") (mgg™ ")
0 2.71+0.51" 4.424+0.90° 0.22+0.00° 0.22+0.00°
4 3.064+0.23* 5.10+0.56" 0.31£0.00° 0.09-+0.00°
8 3.17+0.22" 4.98+0.04° 0.30-£0.00° 0.22+0.00"
12 2.21740.10° 5.004-0.10 0.27240.00° 0.0940.00°

T PR R R A R 4 2 ) A7 7 s 22 5 (P<<0.05) 6

FEHETT 39.64 Gb YT B | 25 AR AR I AT RCEUHE 4 AR
1E 6.16~6.98 G, Q30 B & 43 4ii 1 95.65%~96.00% , ~F- 15
GC & 1 N 52.34%, R W EHE G 4% , /] LT 5 8L 0 1T o
B TRE DY A A A R AT BN B L X, 3R A5 9 061 A
A, H P Nrid B 69194, KEGG 1 8 2 418, Swiss-Prot
TRE2 4184 FIE A R IR K P L FPKM £ 7R o 1
(&1 2 AT 11, WA AR AR 22 8] S 7 Y i I 2 YRR OGPk R B A
AEA RAF B & IR a0
24 AHMEHABNNERERLSH

HH 9 20 [B] 7 S 4 L B 40 A, D8 15 PDA A 3R Gk JE A
9 06114~ ,D8 ¢ FiLF [H 8 1~ , PDA 4 F f7 & ik 3 A
144>, 1§ DEGs 1 T il DEGsf 4 Jill & foldchange™ 1 I
foldchange<<1 [H {8 H ¢ 8 <C0.05. 1 [&l 3 7T %0, P 41 ke A
[d] 2% 5 DEGs 9 245 4~ , H:b | i DEGs 4 441 4, T ¥4
DEGs 4 8041,

i i KEGG U #8 J2 LU 4% 43 #r 9 245 4> DEGs, ¥ J
107 4~ KEGG & 2 , £ % 40 2 40 5§ ik K 1L & 9 1%
(14 4>) VR R AW (14 4> ) Al R R0 2 A= 3R g AR
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Figure 2 Correlation analysis of transcriptomes between
D8 and PDA groups
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Figure 3 Expressed gene Venn diagram of D8 and PDA groups, DEGs volcano plot, and KEGG analysis of DEGs
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Table 4 Differences in CAZy between D8 and PDA treatment groups
I £ K = DA ] B % AT qfi CAZyZER Lk T i

HZERMENYI-1, 6-a-H T Endo-1,6-a-man 5.16 0.000 2 GH76 Up
1, 3-3-7# SRl 2L 5 B ity 1,3-8-GT 3.77 0.038 6 GH5 Up
e B i CCG-9 3.19 0.005 5 GT4 Up
H i ads 1C MNS?2 3.07 0.023 8 GH47 Up
BUIR 1 R 46 L il A40 2.85 0.004 5 AA1l Up
N- Tk B 31 25 Wk -6 -l 12 5 2 Tk it NAGA 2.78 0.034 7 CE9 Up
N, O-= £ i BE i iz fity DAO 2.70 0.001 0 GH25 Up
JE i 2 ' Bt R it FAP 2.56 0.010 4 AA3 Up
WL 1 PPI 1.77 0.043 7 CBM21 Up
TR T 8 W e e R il 7 B 1 DPMSI 1.73 0.0140 GT2 Up
AR TR 6- A 1L 7 7% il XXTI 1.70 0.0215 GT34 Up
F-1, 2-AWE I 7 il XYLT 1.60 0.0133 GT61 Up
T 5 W R T PMTI 1.53 0.018 4 GT39 Up
AR T A AL RS il XTH23 1.65 0.027 3 PL23 Up
LW 2 HXK?2 2.05 0.030 7 / Up
S VE R 1 1541 0.51 0.010 1 GH13 Down
WI-1, 5-a-F 7 AF 28 1k i Endo-1,5-a 0.45 0.000 5 GH43 Down
AR TN L B 1l 2 CSLC? 0.37 0.004 4 GT2 Down
-l %G AT a-Glu 0.35 0.0112 GH31 Down
WAL A AMY 0.31 0.005 4 GHI15 Down
e ied LAC 0.28 0.007 3 AAL Down
do- i A B SL G RS Tl DPE2 0.28 0.001 2 GH15 Down
W YI-1,4-p-K T HET 5 Endo-1,4-5 0.23 0.001 0 GH10 Down
R E 1Y o-TE A3 il AMYI.2 0.15 0.000 6 GH13 Down
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3 &R

WFSE 1 2 M B A T 0 20 A OB 22 0 W) T A 2 0 o 25 2R
F W], S eI (8] %) 25 A JBR 22 Wy 490 o &5 3 ) S 3 o AR AR

B4 RABMHSSLBELBIINF HRHS L7
W 4 qQRT-PCR B 3E 4~ A7

Figure 4 Validation analysis of differential gene

expression by qRT-PCR between non-fermented

samples and Apocynum venetum L. samples

fermented with Monascus for 8 days
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