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Abstract: Objective To investigate the role of Huanglian (Coptidis Rhizoma) in the traditional fermentation processing of
Lianzhifan solution. Methods According to the traditional formula ratio of Lianzhifan solution, it was divided into three groups of
formula solutions: Lianzhifan group [Huanglian (Coptidis Rhizoma) + Zhizi (Gardeniae Fructus) + Baifan (Alumen) (LZF)],
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Coptidis Rhizoma group [Coptidis Rhizoma + Alumen (CR)], and Gardeniae Fructus group [Gardeniae Fructus + Alumen (GF)]. The
chemical composition changes of the three groups of solutions before and after fermentation were analyzed and compared by HPLC.
Illumina Hiseq high-throughput sequencing technology was used to determine and compare the community characteristics of
microorganisms in the fermentation solution. Results The iridoid composition of the traditional formula LZF group has undergone
significant changes after fermentation (P < 0.05), and the alkaloid composition has not changed significantly. The alkaloid
composition in CR and the iridoids in GF did not change significantly after fermentation. The fermentation solutions of each group
were sequenced. According to the results of a diversity analysis, the fungal diversity in the three fermentation broths was LZF < GF <
CR, the fungal richness was GF < LZF < CR; The bacterial diversity was LZF < CR < GF, the abundance of bacteria was LZF < GF <
CR. According to the results of B diversity analysis, the community structures of fungi and bacteria in the three groups of solutions
were significantly different. According to the analysis of the relative abundance of microorganisms, the dominant fungi in the three
groups were Ascomycota, Basidiomycota, and Rozellomycota, and there was no significant difference in abundance among different
groups. The abundance of Chrysosporium in the dominant genus of fungi was the highest in the LZF group, which was significantly
higher than the other two groups (P < 0.05), and the GF group was significantly higher than the CR group (P < 0.05); The abundance
of Westerdykella was the lowest in LZF, significantly lower than CR and GF (P < 0.05) groups, and there was no significant
difference in abundance between the latter two. The dominant bacteria in the three groups were Proteobacteria, Firmicutes,
Actinobacteria and Bacteroidetes. The abundance of Proteobacteria in LZF was significantly lower than that of CR and GF (P <
0.01). The abundance of Firmicutes in LZF was extremely significantly higher than that of CR and GF (P < 0.01). The abundance of
Actinobacteria and Bacteroidetes had smaller differences in the three fermentation solutions. Lactobacillus in the dominant bacterial
genus was significantly higher in LZF than CR and GF (P < 0.05), and that in CR was also significantly higher than GF (P < 0.05),
there was no significant difference in Burkholderia abundance in CR and GF, both were significantly higher than the abundance in
LZF (P < 0.05). Conclusion Coptidis Rhizoma in the LZF formula can improve the fermentation conversion of the active
ingredients of Gardeniae Fructus, and it works by adjusting the abundance of dominant bacteria in the fermentation system. This also
further supports the rationality and scientificity of traditional formulations.

Key words: Lianzhifan solution; Coptidis Rhizoma; high-throughput sequencing; chemical profile analysis; microbial diversity;
fermentation; processing; community characteristics; iridoids; alkaloids; o diversity analysis; B diversity analysis; fungi; bacteria
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A, Iumina 24 &5 1200 BY i 24 mop (o8 2 A3,
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Fig.1 Sampling diagram
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Table 1 Changes of chromatographic peak areas of main chemical components before and after fermentation of different

formula solutions

X _ HEARHLA pipciil B 40
RS 5% t/min
KERNT  ORBEE WM KB OREEE O BEM RN K5 BEK
1 REFRMEXCPEY 11152 40.560 - 0.000 - - - 29.564  26.852  0.109
2 fawl 12.084 - 12.807  0.000 - 11.335  0.000 - - -
3 T 13.081 205.444 - 0.000 - - - 226.882 212.015 0.208
4 HEw2 14.425 38561 34966 0.021  39.768 37.198 0.178 - - -
5 HJeF 17.734 - 38.676  0.001 - - - - - -
6 JARMBT 2 28.706 38.685 35504 0.119  30.219 29.268 0.554 - - -
7 RPNBE 29.153 48729 44756 0.341 57.676 54.811 0.250 - - -
8  HRMRAMIN 29577 21456 19.200 0.162  25.334 25481 0.930 - - -
9 HRRREIE 29.826 132515 129.145 0.162 174750 162.931 0.089 - - -
10 k&3 30.311 - 19.465 0.000 - - - - - -
11 k&4 32.152 - 48.151  0.000 - - - - - -
12 Hmenyr 35244 93159 86.829 0.056  99.717 98.646 0.710 - - -
13 EhFER/NEER 36.381 483.812 463.327 0.059 525384 498.032 0.192 - - -

el rhige A 1308 mAU

The unit of peak area in the table is mAU
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B, 3 MR EER IS LB A RUT 51 334 026 5%,
Ho s RERFHA 312 606 2%, %7 M E
93.59%; 4B A RFH 325 218 %, Hom i
HIF7 292 326 %%, P HIEAL 89.89%. H BT A
KB ENRAER PR Z, FEATRNEES
HENGRUA Y, MeT A 957 45T
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Table 2 Sample sequence statistics

3.3 OTU (operational taxonomic units) X4 %14
LI EE

DL 97 % HIAHABABE Xof 3R A% 1 7 41 AT JH 3 A
OTU X4, 21T OTU i, DAk B
FoRFER PRI RS, ZE R, FE% oK
P, FEB OTU HIALE e & ARG 7 4is i ik
HRKESR, MHEZ TENAER; 415 OTU
AR AL IENCIL A AIE T4 P A R E R,
HA> T HEHIRW (£ 3). FIH Venn 24
FEAR OTU B AT 20 (B 3), EMEILL. #iE
AT A WAEA P IR 7 2878 MEE
OTUs, Hdtfs OTU &% 418 4, (HatEm
43.57%; i OTU %7l 161, 129, 241 4,

&3 OTU XIS LML FELERGIT
Table 3 Statistical table of OTU division and classification
status identification results
F KR Ootus 11 4 H ® &
HEH  EMEW4L 767 635 464 433 338 294
] 1042 890 732 681 558 456
a2 978 849 706 658 533 449
g EMEDIZL 512 512 512 507 477 382
%A 569 567 567 562 535 418
a2 513 512 512 506 481 385

HFESU BRI 5 51

B3I = % % = He/% Qs30/%
HH M4 40673 35583 87.48  93.56
HIEH 40315 36374 9027  94.62
M4 30354 32245 9128  94.16
gHB EMERIA 33763 30210 89.45 9448
wIEH 40 351 36 111 8954  93.67
a4 34292 31121 90.83  94.15

FLE
JENRTL A 70 A
161 241
118
118 313
129
Ma 14l
4
EREHA 30 il
75 112
318
39 59
97
B T4

3 HEFEE
Fig. 3 Venn plot among all samples
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34 o ZHEMSH

341 FRMhZ A TIREFEARYMFE FERE I
PR AR, — R MR th &R i E . 7
MRS — 2 =& T 5], Hgeted]
AR IR ECH , DA — R 55 F1EORAR B
(IR i . A G T FgR iy nT U
¥R E T R AR 55 BIRE S R BT A, 3 OR3L
WE R D e RFEY R . HE 4975, B
AR TR R A B A U R FE IR 38 o, it 4 AN i
TR, BT ECR IR CE R K, ReigE
PR YAR Z A DE R

342 o ZFVERREL EBEASENHAT, o
RN FRRIEFEAR A B R S 2 R,
b Chaol F8%4. Ace £ mT LU BB IS M0 R R

K
800
600
m
=
= 400
2
O
200 —a SRR
—v— il
—— i
0 -
T T T T T T 1
0 2000 4000 6000 8000 10000 12000
WP R
300
— 2004
=
'_
o)
(@]
100 e AR
—v— P
e
0 -
0 " 10000 20000 30000
W

E4 W%
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(R 22 BRI RN UON S 4 > HE 121 > JERE LA
Y B RETA 1) Chaol 5 50F Ace F5 5t &l e 7 3 i 41
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S TR A VR R E R ORIV IR T 2H > e 4 >
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Table 4 a Diversity index of microorganisms in samples

Eal MM Chaol Ace  Shannon Inv Simpson

P EMENZ 694.8159 7325179 3.5205 0.8341
TIEY  762.3938 810.6402 4.1058 0.940 6
#EF4l 625.0032 660.7380 3.8127 0.8830

MR ENEINZE 345.069 9 348.8550 1.9852 0.657 7
THIE4  390.3910 384.5012 2.2500 0.766 6
#EF4l 3525845 350.8603 2.2720 0.7821

35 BEHEMSH

F B4 41 Cprincipal component analysis
PCA) 2 Mot Bdu itk A7 faifb i A kR, X Fh7
VAT DA A A i v i R R T R NS R, &
PREREAITUAR, WA KRR AR EYE, 1R EEm
PR BT J5 B 1] A A 280 i o o A AN AR AR
HETE 2 AT DA S WA A [ (1) 22 e MR 25, PCA i H
TTE R, B2 HEEE R 2 R RAE 4R AL R B
by AR RE A B K S BRAE: i [ 22 5 1Y) 2 MRRAE
B o FEAYIFRZH SOBARL, [ BLAE PCA B i E By
ML . ] 5 BT AR BRI T A PCA B, H
PR AT T R 32 o 7 A 28 1 32 o AT 2R 2 Ry
(IR 25N 62.16%. 21.2%F11 62.1%. 27.1%,
YHAFE PCA Tk 32 B o3 T LA 78 7 AR TR af it
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Fig.5 PCA diagram of microbial community
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Fig. 7 Composition of microbial community at phylum
level
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Fig. 8 Composition of microbial community at genus level
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(3.11%~1.42%) . 124 HIE & Bradyrhizobium
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