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Thermomyces (41.91%) . Rhizomucor (20.09%) . Pseudomonas
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ISOLATION OF DOMINANT PROKARYOTIC
FUNCTIONAL BACTERIA FROM SHUJIAN PU-ERH
TEA AND THEIR METABOLIC FUNCTIONS

ABSTRACT

Pu-erh tea belongs to the pile-fermented tea, which has a unique taste
and quality, and has great benefits to human health. The pile-fermented is
affected by the combination of raw materials, environment and
microorganisms, and microorganisms are the main influencing factors.
First, this study analyzed the effects of different fermentation raw materials
and different fermentation degrees on the nonvolatile components and
bacterial structure of Pu-erh finished tea by chemical substance detection
and high-throughput sequencing. Secondly, the whole pile-fermented
process was traced to study the changes in physicochemical parameters,
prokaryotic colony structure and major components during the pile-
fermented process, as well as the connection between the three. Finally, the

dominant prokaryotic functional bacteria were isolated and their metabolic
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characterization was studied. The results of the study are as follows:

It was found by analyzing Pu-erh teas with different fermented raw
materials and different degrees of pile-fermented: compared to light-
fermented teas , the structure of the prokaryotic microbiota of high degree
of fermentation were transformed from the absolute dominance of
Pseudomonas (Green tea, 43.26%; Black tea, 73.02%) to the co-dominance
of Staphylococcus (38.50%), Kocuria (19.62%), and Brevibacterium
(18.59%); the structure of the eukaryotic microbiota transformed from the
absolute dominance of Penicillium (Green tea, 49.22%) and
Mycosphaerella (Black tea, 32.59%) to the co-dominance of Blastobotrys
(41.26%), Thermomyces (29.40%), Aspergillus (14.60%) and Rasamsonia
(11.47%). The high degree of fermentation facilitates the increase of
soluble polysaccharides, lignin, total flavonoids, proteins, and teabrownin
content. The fermentation of tea stems led to the increase of the percentage-
abundance of Pseudomonas (86.78%) and decrease of protein content;
adding honey led to the increase of the percentage-abundance of
Aspergillus (87.47%) and increase the content of teabrownin; the
fermentation of yellow tea-leaf comprehensively led to the increase of the
percentage-abundance of Aspergillus (31.90%), Thermomyces (41.91%),
Rhizomucor (20.09%), Pseudomonas (40.46%) and Bacillus (21.44%), and
increase the content of soluble polysaccharide. By PICRUSt2 functional

prediction, certain correlation was found between the metabolic functions
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of fermented Pu-erh tea’sco-dominant genera and their raw materials and
environment; the metabolic functions of their exclusive genera showed
certain functional redundancy. Redundancy analysis reveals that free
amino acids, lignin, cellulose and pheophytin were significantly associated
with eukaryotic microbiota, while proteins and soluble polysaccharides
were significantly associated with prokaryotic microbiota.

Discovered by tracing the pile-fermented process of Pu-erh tea: with
pile-fermentation, the contents of soluble polysaccharides (13.89 — 22.31
mg/g), total flavonoids (8.79 — 18.45 mg/g), theaflavins (18.36 — 60.90
mg/g), proteins (275.63 — 333.96 mg/g), and lignin (316.67 — 558.33
mg/g) in Pu'er tea gradually increased; The contents of tea polyphenols
(248.48 — 107.22 mg/g), free amino acids (21.10 — 13.61 mg/g), and
cellulose (163.89 — 108.33 mg/g) gradually decreased; The absolute
dominance genera of prokaryotic change from
unclassified Enterobacteriaceae and Bacillus to Staphylococcus and
Kocuria. Significant up-regulation of cinnamic acid, linoleic acid, vitamin
E, and (-)-stigmasterol epoxide, and significant down-regulation of
theobromine during the later stages of pile-fermented were found by
untargeted metabolomics. Differential metabolites in the positive and
negative 1on modes mainly carried out metabolic pathways (83.3%) and
unsaturated fatty acid biosynthesis (100%). Through redundancy analysis,

it was found that water activity and temperature contributed significantly
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to the prokaryotic flora, while free amino acids and tea polyphenols were
significantly associated with the prokaryotic flora.

The isolation of the dominant prokaryotic functional bacteria during
pile-fermented yielded four Bacillus species: Bacillus haynesii, Bacillus
licheniformis, Bacillus subtilis, and Bacillus amyloliquefaciens. Analysis
of their metabolic properties through hydrolysis and shake flask
fermentation experiments revealed that Bacillus subtilis hydrolyzed
proteins (2.14), starch (1.44), and pectin (1.64) with a stronger ability to
metabolize free amino acids (5.38 — 1.94 mg/g), and Bacillus haynesii
hydrolyzed cellulose (1.67) with a stronger ability to metabolize tea
polyphenols (621.55 — 300.87 mg/g), and catechins (11.49 — 6.45 mg/g).
In addition, Bacillus subtilis was found to produce the best peroxidase
(28.38 U/mL) with polyphenol oxidase (70.67 U/mL) activity.

KEY WORDS: Pu-erh tea, fermentation substrate, prokaryotic flora,

metabolic characterization, microbiomics, metabolomics
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Carboxylase, ACC) SR GV M eF45 & 8| E (Carbohydrate Response
Element Binding Protein, ChREBP) Z§ )72, s 20 B HUALRE R D421, itk
G, VR ) 2 By P T VR 2 R ) L 2 R AR A A T DL R A A P AR I
PO, o-VERIBE S oo A BE R TE R AR NS TP W E B, A BT AR

2



RT3

BRI ED . WHZRT 28 205 R8T UIIH o-Tep A o5 & 0
W) B T, OO VR R AT SR Y oD R BN o T 467 I 7 AR SRR
% . Chunxiu Peng %5 ANPSUAHL, V% v A 2% i 2% 30 o 70 AT L A A
JIELYF 1 5 UL ] I A 8 g S A, DRI MLl . Haipeng Ly 88 APT&
B, HHFRPREEREY . RERSREBETILRRERE TR S 41
SRR AR ERTE Y S

1.2 REFMEREESR

1.2.1 ARIAERERZES

— P R R A I JEURE UL 2 R K R R Dy, ERE AR R S K
J&, EHRAREEERMSREETIE 2 . AR R EE R . EH IR
Fro(FR: WEHIEEMD . MRS Z2RNEHR SR, —rm2 T
WA %, i Ji 2N 15 EEH IR S DI RE .

AR — PO AR A P R R R R RRPOY, B 2 A T SR S T3 R
R ST S R T B v AR PR XU o TS T R O A ) U R BRI R A Y
HHR MR, 32T 7 EE R RIPEO L, K, SRR A R A R RO P,
AT A )V R R R R R BN RS PR BRI %, R T RTTE VE 2 R
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7L R R, B MISERE SRR 1 R
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TR LR L m B KRR 2R . B GRUD KR TR D R
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LTRZE: VI B R ELL W A . AR R E R e kR, fE
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JEATET 65°C. AEYIEH TE 40 ~ 50°CH Al IE# (AT A fris s AR . sk
W EES A, A 3 TR M A 5 A HE R B S B R AR s T SRR R
VU125 Sy Ak B S S R EAT I AR I RIBE T, R ERE S R A CRHE”, i
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PPO) FidAALYIEE (Peroxidase, POD) [iFPEHAKY), Tanmoy Samanta 25 A\
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KL AT RIPROR o AR TR I RV S AR s K o ORI S U8 S 5
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A s ARG sl I, NORIEAR B R, EVRHE R I A5 B R A 45 R
I, I 4% g I ZRIK LEXS R EAT AN K AT o EAh, 5 3 HE T I 53k E 7K
703 2 ) 2> FEAR R HE A B S0 R E e IREAE I 7 4, S EURHR
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A R A YRR R AR, bl SR I £ 2 B FE R (Food and Drug
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aw RSP 5 T A A7, T JE8 AR 20 1 T A K PR B i 7K TS FE A 0.95 awo 7K B
BEAEG 20 T 1 AR K TR 2 24 . I RE S B2 WIAE 0.61 ay 2 R EE 1 TE 5
THAE, B BB A 2 0 A # R  AE
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%%iﬁ,%pH%ﬁ%&DN%ﬁﬁ%ﬁi%iﬁﬁﬂ%ﬁﬁwoE?Eﬁﬁ
KBS P AR = MR 20, A5 R HE TR R I BT S5 Bt A 0T ¥
AW, T ECEHE R BEL R A A 1 pHAE AL T3 BIRES - qulngBlan%‘]\W]
Y} Hailong Mao 25 NSV HL, Bacillus Al VAFE A KEAHLER, 1. HATHER. 7
B, SRR, SEZANRIRRSERN pHY. #4k, Zhongyuan Li
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4 EHFENABEIE

141 R MR TNL

TR ) 2 Y S R IR (1 AR 361 B e s, AR B Tz M AR ThRe E,
HAEE KRR 22 0 Wb KA VIBE, Al R T HE b & P A 2 SRS FREAT o
WA UL f KRS B4 3 B E FR ERMR B i e 2 W, IR
B YRR R TIEEZ SRR LS o A P R A A AR
ST V% (R 5 A B . T B A A T SR AR A A 1 4
fR IR, BT DA SR A TR R R T S A S T 2

HAreE 7R, 11K E, EERPFEZELIE BT (Cyanobacteria) AF
JE W17 (Proteobacteria). JEEER ] (Firmicutes). i [] (Actinobacteria)
SN EBL 2 @K b, EEUUEREERE R (Staphylococcus) # A 15 &
(Bacillus) FIAT W J& (Brevibacterium) %R . JRHE KB G FAZWAEDI 2
FEPES £ YRRt 0, Hob, RREArH R ENEE TN
Cyanobacteria. Proteobacteria, &= % [ & % W B N : ¥ ¥ M H &
(Cyanobacteria) ~ 7 % % W) " 4 & (norank_o_Chloroplast) « 7 #T B J&
(Enterobacteriaceae) TN H)E (Achromobacter). Staphylococcus FIHSR T
$@ﬁ%(@mmmmﬂ&%“m;ﬁ@¢%i%%ﬁ&ﬁnﬁz
Proteobacteria, F % ) J& % B N KRB EWN B TSR
(unclassified Enterobacteriaceae). V2 )& (Pantoea)- Staphylococcus“9’51’52];
KA W EEH R E 1N Firmicutes. Actinobacteria. Proteobacteria, =%
() J5 % W J& N : Bacillus. Staphylococcus Brevibacterium. F. 18 3L Bk
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(Lactococcus)~ unclassified Enterobacteriaceael!®- 3631521,

1.42 VIR L
1.42.1 Ai5 L HE

AVEVEZRE R MR (N ATAERE. HERRE. RBE. CRIUEED ARk
WYL E, REWEH R DR EEA S —. WRTEZ REA R, (£
T h AT DLGE AR R L 2k 2 By B LB R S B R R 0L L, Ay, AT
VEIEZHEA B T3 98 R A RO DY, SR G EE R TR HE A
AR PR E Y I R R . AFEER L VR A KT R TR B0 23 A 20 2%,
D 3T 0 B v A AR K I 22 B R 2 Y, A T B AR R R R
e 2 EFEs.

1422 AEEEKRRE

AR SRR T H AT EERE L4, nTLORT IEDIRE . SRS
MO, e, ZRYER — M USRI RE R 2 HE, TARRERN & T 28
— 2R, P R S AT FOE RS R AL A Y A B B A . T R
IR GERIE, A2 IR MR R I R 78 4 O M A SCHE T 2R, T O oA Y AR R
i, PRUEGF AR A GG RIEEAT . BEAh, i R A e A P —
HIE SR FORIR, KREMEMN X “AgER-LAYER-RIRR” R RET D
D), AL AE R SR R PRI R o R I ol A WA AR 2T 4 2 T A5 12 Tl o
PUERIATHE— DRI, EZ HAL RO T I RO, SR 4E K i i 5 A AT
B e 5 1R XU

1.4.2.3 2= ME

ISR G BRI X LR, b SR 3 2 i B =K
1 ZRER AR, B A B T 2R B C AR IE O B SN o R vh SR 2k
B S B PR, Jinhua Qin 25 AIHEN, B2 & 4 1 B AK2 25
I RS PR K ) Lo IR AN BB IR TR B4t SRR ) FEARAT B B
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RT3

R VE S5 ) T T k631,
1.42.4 X%

# %M (Tea Polyphenols, TPs) N HZFK EZNIRAIIT, HBkelRE. 16
Ha. MR KERSWRARC. 720 A ABRNPUEEES, IF B
AZKZ AR T BARAE SEAIERES), BTN, JRHER R G
HART R Z W& BT R RBEEE AR, Ak, K2t 5 R E
TEM. FHEEEE AR S SRS K,

1425 X#B=%

FpPOFEHROA: FHER, FAR. FRRGRE. K, xH
Foe 2 M SMRBE ARG SR EEEY, REEHRD2IRL G
) ZRRD 2, JAh, Yulian Chen S5 N SR, SRR GRS RKDT
IRk 2 0. FEEHER M HEAT, EHAR PRI R . R R
WAEH TN & &R RUES, MXwRE LFBRb. RE, RERETHRETD
FrRE 2Rt E AN, IERAVFZRIIRE, . PUEAL. PURAHERE . U

45168, 69]
~3 o

1.42.6 EARK

T R SR R AL A 2 IR S A T B R B g A R G
ALK THIB, ABIETK, RWAEYA GG EZRERE . EER PR
EAR SRR, AHR YIRS R 20 ~ 30%P0. #i 8 A BUE R HER ¥
A R R Gl 2 0 2 PR R 1 KA P I ST PR EL 2 0 B IR U). Tiehan Li 4%
NI, i A i S A 2 3K 5 B I PR BT A, IR R I I el A= 40
17 AR AT R P U BE B 5. BB, Shigiang He 5 A2IRH, EAMRYE
M. 20, NERILRA MR ER S R CrER).

1.4.2.7 B aEER

BRI L S SR LA, DL T2 T 0 4,
8



RT3

HAHTER 1~ 4%, SEERMEEXRSS . TERRaERA TS EH %7
ik S5 A U 730, S [ f i 9 G BRI TS LIRS R AN [ B LR, e AR
iR (Ala) MR (Lys) HBITHRHMEHK, BEE (L-Glw FARELRER O
AT A EERET, FERHER T, W SR SR EMAE Y TR A
—RINVENRN, 0. EhifERNAE, SRR B R R R RS
REAGESAUL I Hody, SRR SN R AEF B TR FYR (0. B3
(P Az o), A B T3 5t v 4 KUK . b4k, Qingqing Cao %8 NUSHERH, A4
T LE 9 R TR PR K i 8 G S R A IR S R R LA AT AR, AT s SR A5
1) B e S I

L5 M MR X B E AR m BRI S0

RHERK IR . A SUEY SR BRI RO, AR e TR I o () 32 258
A2 o BEAR B REAT, AR HE R AT A S, RN P A KR E A
Wity X UEAE WG R LAGEBE B eR DS 2 AR S A, AR RS T R R %
Y. R RE B RS TUEA . TR BEILE . TRBS R0 5 2 R
FEDh R, Jing Li 55 ANUOBE I T4 70 A U HE R 9 B RE Y Blastobotrys A
Thermomyces 55758 H BME 2 IEAHIG . 74 2 0T A5 3G I SRR (1) B0 8 15 Wk 3
H i SV S A RS AL AR . Zhongyuan Li 25 ANPOF 5T & IR HE A 1)1
A O RE P A Y Bl S R S B RLE, LAh, Teng Wang S5 APUR I
Staphylococcus 53R B R IEFI, HEN Staphylococcus BT 28 2= 1A K-
SRS ThRAL, EE A BA MR RIR 5 FRIK . Zhongyuan Li %5 APOHRIE
BB B AT DL AR AR A A TR R A5 A S . Xuehang Yan 55 AP
K, WEMDE KB NEE RS TR EE MRS i,
Achromobacrer A7 By TR J 1 1k B rh mT VA VR A A B

1.6 IREXEARAR
1.6.1 =X

W EHE R B A PUEA . DUILHE . PUsARSEDhREVE R, B H IR P2 G7E
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RT3

W%, OACGE M TH o KUK S 4 R VE 8 ) R IR 18] B H RITAE A R ). ot
PR E AR R A, SR RZEm. TEESH. rREaiR. KRS
KB AEZEVIRR . SO R T AWAR A HIR B 7K 70 S5 R0
HAR AR A RACHT, R B A E R R R B RERD AN A, e 28 5
R H R Nz, BT E OO AL R, SO 0 B T R A
FE R A A AR R . B S B IR 5t (R 2 A 34T BT 7T .

PRI 368 3 73 i A P S R SR AR AR ) 5 DR B R AR A I L, S P ()
ME SRR RRAL, AR TR e B KB L2, Bl s noh g A% H &
LA SXof 12 18 e Rl it SR R AROR A T 28 W it I

1.62 ARAE

R ERAATINTT % K 16S TRNAL ITS 435I PR AR R B JE R, A
[ 5 W R A TH R AT IR 7E s AR U RIERE P < JEURE T 5 H RS i 28 1) TR R 45 74
BACS RS T BRI IR

T AN AT B A R R I B S A SRR I AR A IR AT
16S rRNA. ITS 334 5P o34, LRI S HE A B A mh B Ak 22 06 /A7 B
TH 7% J5UR 1 R 45 A R R T R /N AT B 538 JEr A% T A 2 o 2 B IR 3 73 PR 52

W Eaitt. EFE 0 TAEMFE IR E N EF AT, s K
55 BRI e A 56 2 FRUA 1 11 T i
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RT3

E2E FEAEEREHENSMRER

TH AR R, B A R A 2 U HE R TR (1 A1 300, AR A s 3
WA DA T B O F 2 E R ORI e L b 2R 2 . W R IR . 4T 4k
R . T 2 E S R RS

R R RME Ry A R R R 7R 0, U R R P B 0 s e R TR R R O 2R
B, R B R AR AR BEAT AN R AR A s RS T, AN [ (Y T R A e oz e
AR AR T RE, 1R B H R AR A . A B, 2T S BUE
AR =40 () AR B 73 IR AR A, 5 226 50 T 3 VE 5% 1) R % it Jg 122 30 80- 811, = e,
KRB A FIRE B R BT A R RBR IO, AL SR KR 2 . K
LT AN R T 25 I B R S M AT AR il oy BB W3E 25 57 . DR R,
VE A 258 KU B 73 v 2% 22 T 5 0 5 2 B IR 1) 5 3 DA S ELAZ B 1) 22 A e 2 v 96 700,

e VE AR ) AR 70 AT I 2 0 S A R I 2 B DL A R B R 0 2 R R
9301, Ak, AR R R AR SR T TR R AL (AN BRIV R A
BHRR I ERmE (M. FE) R T I KB, 1 RO R i
TR A 435 4] 1 A Y A 76 82 83 R Sy 25 TR Dy 3 VEL 28 R I I e v [ 5 R B X
R T DR R AR AR BT R e, O HOR RS B B e v e AR KA I 2
DR 1T A 0 SV 40 93 BT AN [ SR A [ 2 P2 %o B R 6 )« B 2 R XU i
TR o

ARENIRICORBEREE . R CRE S ANERBALA v AN i 2
SFEEAS R AEAS M . A AR R SR AT AR AL B, R
M H XA R P S80S F AR RN, DA A AN [A) A IR A R 38V o5k
AR ER R BEE RS H SRR IR 25 )5, @i 16S rRNA,
P 5% 8] B X (Internally Transcribed Spacer, ITS) 33153 & Il FE 2 Hr A
(7 i e L 25 5 S () S5k I 3 Y 5% 1) R BRI L 22 ey T, LI
PICRUSt2 (Phylogenetic Investigation of Communities by Reconstruction of
Unobserved States 2) ThREFIN 70 Hr L RES M ThREZ 7 e, @I TUR T
(Redundancy analysis, RDA) 74T B RES FRAL S HUIAH S E
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2.1 SEREMRL

2.1.1 SEEGHHRL

R EEASAE AR T 2020 4F 4 ARE sl SR 385380
2019 FCKE mEmiEmAZ L, KE-RERS KES-L TR0 2020 4014
H = R DIERERAT .

2.1.2 LIGZH &

R 2-1 LI

Table 2-1 Experimental Drug

By ik CVRIIE
] 75 AR AETATRE (R B ARAH
Efi =i AR (>98%) ATAEYTRE (R RHARAR
Tk Ll AR I 248 [k 2GR A BR A
Gl AR I 248 [k 2R A BR A
To7K Bk BR AR I 248 Ak 2R A BR A
T KRR A AR I 248 Ak 2R A BR A
AR — AR 5] 244 Ak 2R A BR A
[ AR ] 244 b 2R A BR A
Mg R AR ] 244 Ak 2R A PR A
=& AR ] 244 Ak 2R A PR A
Nz AR ] 248 Ak 2R A BR A
AL AR I 248 Ak 2R A BR A
R AR I 248 b 2R A BR A
T AR I 245 Ak 2R A R A W
IR 4% AR I 245 Ak R A BR A
Tt B4 AR 5] 244 b 2R A PR A
ik IR AR 5] 244 b 2R A BR A
TR AR 5] 244 b 2R A BR A
HAK TR AR 5] 244 b 2R A BR A

H

AL g AR | 2 SR B 2 R A TR A

12
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2Tk AR 5] 25 5L A1 4k 2k 70 PR A

S AR i AR A AR AR BR A
RN BR g AR A AR AR BR A
BETR 99% g R AR R B IR A
TR 4 99% g R AR R B BR A ]
ER AR >99.99% g R AR R B IR A ]
L- 2R 99% g R AR R B IR A

T 98% g AR A AR AR BR A
BT AR, 99.5% b M AE AR R A IR A 7
To7K HER AR, 98% b R A AR A A PR A
ke 99% g R A AR A A R A
AR B R 0.2 mol/L FARBHA R A A

2.1.3 SCIG{Y S

R 2-2 IR AR

Table 2-1 Experimental Instruments

DE RS AR

fEIR /K4 (ZBRTD-211) g R AV B A R A F

pH it (PH-100pro) g R AV B A R A F
MR (TLE104E/02) MR- FER 2 AR (R AIRAF
AR T (V50000 BT AR AT PR A
AL (tecator digestor 20) FFEMHEY (FOSS) AH

HET46 (BXH-280) RS AR A

I B 0L (L2-4K) TP A AN B A AT R A ]

22 KWHE

221 TEFEABESMIT

B 2-1 Pros TZAT KB, lfl ekt RS ES, UFRA
AR B RE G ORI 2 7 . RIS AR, 2 rlEH-E S KE . 15 B FLIF A
=S RIS R B Ja B R B R TR S B S =B B % [
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B, TERFROR IS E AR b, N T 2k, 1E N E SR 2

DA FEAN ] i B AR 22 5 AE “RRGR” ERH AR SRR IN 20g/kg 14 B R

DL43 BT A4  JI0 86 BE Bp JR6 EVE RRE . ASAE L SR R IR L SR
B LZAHE (B 2-1D), DUFFRARERZR. SRR, His. M5
BRI SG AAONEET N ARG R 4 N ST RG R EEE R R HE
K35 Ko RMAERTBEIMARAF#T, KRG, 700 100g. AN,
PAK -5 R 2 5 R a - P R DHE R IR FEARTERB IR 1 fR, BFEA 3
ANEE . KIFEIAT AR E IR 7L (GB/T23776-2018) 4%, JFIEE 1246
BRI (2R 12 1D AR AR B E R 5. B IR,
BT . b, B GB/T22111-2008 5 NY/T 779-2004 i#— 5\ K 1
HHZ SF_1 ~ 4 s, He, &@EZEHEEE, HFWK, WREREESR

K 2-1 RIEFEH R R L

Fig.2-1 The fermentation process of FPT

23 FEARIIVEGE(E B
Table 2-3 The information of samples
FEAR TR Ze R JERL T RIEEFESE
THLES (SF_G) KRS it HAT K% %
WHLZE (SF_B) AR ficg it H AT K% *
MRS HES (SF_CG) JG RS et HAT K% =

F R BEEH % (SF_HP) Ja KW Y BAT K =0
INEE R BEHA (SF_FMD e xEER e+ i BTk &

14
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g

BEH RS EZ (SF_1D) JERIEH ficg - BT
FRRR B EH % (SF_2) J5 RS fieg 4T R

iy

ZHORIEEE A (SF_3) Ja K it HAT R =2
LY ORI H A (SF_4) Ja K it HAT K% =2
Kiai-miJ5iz (DF_Y) Ja R fief IH K [
Kai-tFH (DF_Q) J5 RIS it K0 =i

222 DNAZEl. XEME, yiEFSB=NF

i DNA HGf& (M5635 - 02) #2HUFEA DNA, it ITS5- ITS2 5147
(ITS5: 5'-GGA AGT AAA AGT CGT AAC AAG G-3'; ITS2: 5'-GCT GCG TTC
TTC ATC GAT GCT-3") ¥ EAZITS 1 [X BAxJF%; @it 338F -806R 5147 (338F:
5-ACT CCT ACG GGA GGC AGC A-3'; 806R: 5'-GGA CTA CHV GGG TWT CTA
AT-3") § 155 16STIRNAV3-V4 X HiRF ol . ZH4E RIFRARE EVHEAREGIRA
FIEATY T s E T

2.2.3 SEENFRIEBIRLIE L 574

e JR 46 80 & b AR 2= 36 KEME AAG B 0> (National Center for
Biotechnology Information, NCBD). ITS 5 16S f)5 3% 5 7 7~ SRR25302837 ~
SRR25302847, SRR25318907 ~ SRR25318917. {4l QIIME2 % f-hf i 4 4 ik
IThds. L PHE. e BRI, B E, 100%AH R
433 ASVs (Amplicon sequence variants). 4;#]ilid B % (UNITE, Release
8.0). % (Silva, Releasel32) ##iFEVTREAT S ASVs FIIK. BIBRERIfAR. I
ARG H bR ASVs Ja, Sl SRR BRI (Origin 8.5). THH o 2
PEFEE, IFEIE 5 Z M (Analysis of Variance, ANOVA, SPSS27.0) i¥ffia%
FEMEFR B 2 e . 1l R 18 F @247 F 4 40t (Principal component
analysis, PCA) A1 3E fin £ 41 *F ¥ 7%  (Unweighted pair-group method with
arithmetic means, UPGMA) AT SR Mr, DA AT & FF AR 2 [B] FR B A 45 40 22 ¢
IH i % /N 3% (Orthogonal Partial Least Squares-Discriminant Analysis,
OPLS-DA) % Z uH#MFE AR KBEEEEXTHEREE. 1 H
PICRUSt2 (Phylogenetic Investigation of Communities by Reconstruction of

15
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Unobserved States 2) XA B B VAT Dhae gt 47 i, JF@id R 1B S 4l
AR FERT 10 FOACISTHE IR AR 2E K] . d83d Canoco 5 #1i4T RDA Ay
Mo

2.2.4 IR S B0A0 3 B XK BR 9485

AR S R BRI, FERE5RARSE: IRRRIES,
WO AR SAAEEN ), R AR AR Hi ekl ERm S E
UGB RIEES, B2 & EARE Lkl REREGE: R @k,
a7 pH: ZRMHHTIE, Wi i, FREC 1g AT 50mL B0 N, 0 10mL
UK, FEA)JEIEM 20min, F pH #2577 pHEY,

23 ER5T18
2.3.1 mE B MR

Sk R . A W 1 BREAT W A T RN G S R I T R
(SF 1~4) 5%}l (DF Y. DF Q) ZR®/N. 516415 R ERM L,
KR HEZ (SF_G. SF_B) @%b, & URMEE, UWHIKEIR, 7t
s FHE (SF_CG). #Fr (SF_HP) KIS E A7 ik W5 RIS E 5%
(SF_FMD HFSWiK. dhoh, BELEE I (SF_D MG RN TR X
(SF_2). =% (SF_3) 5tk EHNR (SF 4, HEOZERRE, HAK
W, URRREE M, RAHOERIKA. R ZSM-ERREEERS 6
ZBMKRILD, DB RIS, YRS H A7 A 55k .

R 2-6 FEAS (IR i B RFAIE

Table 2-6 The sensory quality characteristics of the samples

FEAR TR % R WEA REN
SF G T 2R 4% o R A TR PR
SF B L= LR HEz AP

SF CG Ry IR MRE4iE  EEAEH SO
SF_HP AR FRIGiIE  FAHE O

16
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SF_FM i . = MREAE  EEAEH ke
SF_ 1  &ZREOFEE  BRERA  EAHE ks
SF 2 LA 2 PREFIAR  IREFH R 5T
SF 3 Ryl 17 4 = Brevikal  BERRH RUsE
SF 4 Ry IR MRA4iE  EEREH Bk

DF Y G2 MRAERRES  EEAIHWE ks

DF Q G MRAFEAS  EEAIHW ks

232 B ESHEERIB LS B EEXRE 5
2.3.2.1 FERMZRAYIENL

STRREE AR AR, T L-RNEER . GA IR &s Rk Ar &l &, 45 R
2-Fa, DURIARHE S & 7 A2 SR 5 1 R? 439000 y=4.38727x+0.17302,
R?=0.993; y=0.53959x+0.05959, R?=0.999; y=2.24929x-0.18628, R>=0.999;
y=0.00656x+0.05349, R>=0.999.

045
04sf
040k ¥=438727x40.17302 4ol ¥o0.53959x-0.05959
2 R™=0.999 ]
. R*=0.993 035k
- 1 ]
. 030F
= 030 ¥ =025t
2 [a)
o - < 020}
025 g
. 0.1sf
020} ' A oi1of B
015 005p ¢ L A . L L L L
000 001 002 003 004 005 01 00 01 02 03 04 05 06 07 O
HIEFES Fima T Rmg
L2 y=224929x-0.18628 . 040 0 00656x40.05349
o R =0.999 0.35r R’=0.999
| 030} -
0.8} 025F &
i I
=020t
2 os} g »
S] © oasf
04F 0.10F
ool " C 0.05F D
0.00 . . s . .
0.2 03 04 0.5 0.6 0 10 20 30 40 50
I-%ﬁﬁ%—ﬁ‘l %f mg GA u‘]f‘fds”c (pg/ml)

B 22 F&ifE. 2T L-2SARR . GA HUbniE 2

Fig.2-2 The standard curve of glucose (A), rutin (B), L-theanine (C) and GA (D)

2322 B S EMMEEXKE S

T FEH R AL SRS EERIR R S BAE N 2-3 s, 52 Kaik
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FEE AR AR DY_Y. DY _Q AL, J5RFEFEA (SF_1 ~4) 5IHARLE
Bim. Ak, Ht—2H PCA RIEATH, SF 1 ~45 DY Y. DY Q RKEHEL
(K 2-4). BLEZERRE, AN G RKBEEE AR A S E 2R RS
5K o KB AR FEAAR DL A m, Horr, EEGREEEE A (SF_1) ARBLE
B, CHORBEEEZ (SF_4) AL AR . HARFEA 3L J a0 T AR 1Bl R
R PEAR: i R B H AR . HHA R, A RBEER, SH AR R AR
RS

bR FEREEE G b MERE AR A PR (K 23 B) . IR EIER
(K 2-3F) Mzl (B2-3G) K& EERIGES: st (E2-3A).
AFEE (E2-3 0. BEMR (EF2-3D). &AM (K23 E) MEEER (K23
H) SREEMmES, pH E (K 2-3 D LB ESNMES, SHLR
(SF_B) pH fHIRAK (4.8). HEMFHEIFFEADAAER ., AR IERINR 2 &
B 1) AR AT 5 A A TR A TR 11 20 A Rt A D119 20.50. 74900 L 501 Aspergillus
Rasamsonia T VA [ fift £F 4 35 A2 AR M 2 BEDPOLE K 3= 0% 5, Aspergillus
Pseudomonas PI AIF 2R 2 W AL RS ER o« BUAL, HENERE R AR A PR B R
EEIMATRE S A% JEAR AR OG, 2 Jing Li 55 A @it 43 #7 ik Sk
Blastobotrys. Thermomyces F Staphylococcus 555 1 & B2 IEA R, I6At,
LT MAE P4 e, HED S U HE R I I B B I 1) AR ) B OB AR A ORI
pH Jel a3 Mgt B, )5 2= JEBO P R e 4 SR — 55, HEM R BV A pH )
T 5 2B A B G o HE DN A KV 2% R T ) B TR AT MR 2 R S %
WERIFFR WS &, AT RREE SRR, MEEERE0, 5
DA R4 — B0,

Ak, FRERBEEE S (SF_CG) HEMmEE (E2-3E, 175.00 mg/g) #H
WL G R H A (SF 1 ~ 4, 340.89 mg/g) fw/b, UNHEEN 51.61%.
MR AR (IneFgEz) Bt G, 3R R B T A P 4 e
U7 AR I AR B T AR SR IR RN, LB, R S SRR ) 2
AR IR P £ R R AR, WO A R I Y ) R SN AR G R R
Do W RIEEHEA (SF_HP) nliEtZMis = (K 2-3 A, 4491 mg/g) FX)
GRS HZE (SF_1 ~4, 37.64 mg/g) W%, RHEER 119 5. HENEE
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ISR, B 5 TR A 3 R FH A ROE TR D R RS SR N
A BT m R B A R A 2 R A, Kok ) R R R
XS R EAT IR . Dk s KB E & (SF_FMD Wk &R (K 2-3 C,
454.17 mg/g) MIXHFEG KL HE (SF_1~4, 643.40 mg/g) b, (CAHHES S
) 70.59%; TSR (K 2-3 F, 9.74 mg/g). &£ (K 2-3 G, 148.12
mg/g) MAMHEE (B 2-3 H, 102.98 mg/g) MXHmE, 5 B fE g8k 2R
(SF_1~4; 6.44mg/g, 68.98 mg/g, 85.63 mg/g) M 1.51, 2.15, 1.20 {5, HEMN
T W B R RE AN RN I B R 2, TR0 S ) e P T B 110 R 2 AR
W

T00
_—_— Bae = C =~ e
! i 600 | =
a0 i 250
@ o e 500
&) i
0§ 30r Ml Eu-wo—
4u 1 L
= G 1501 I 4T 300
w20 1 o |
3 B & 100 HE 200
& o Ly = =
e ﬂ sof 100}
o 5‘@;?%.2_‘_.‘;"%&;‘_'0 0 55’:“8{5‘5"“|°“|"""|'ﬂ“ uén‘a‘aééglr‘a&‘—‘r;‘q
B O HEEEE R BB BB BE R & B o= (R~ 0 - R
;W%%‘a"””"’ncm nm%%ﬁ‘mmnmog MQVJL‘%L‘_MAAM\AQS
Diso| - e | Essof T Fn__*
300 Lo
wdof - @0}
Eu .51250- | s|
I 30 18 200 | &
4o 4o & o4l -
= 20 150 bl
i oo w4l
=10 & =
501 & 2
0 qﬁéélééxrl\ﬂw*\’:,q Oélm‘s‘élz—'mxmwél"oﬁ 0 5\;"‘\8%5;&‘m'*;\ll
meoE T B B BB E o TR e o mlom s s s e e
G —22t & & N RN P55 5 ol
T 100 ¢ ] I I I
200} 6 L
= mso— St
21s0f fi
] JJHI 60|
& 4a I oal
= 10} a2
i B oaof
3 = 2f
#os0 H o
N N "L 1
T S A - a S e S MR
=l \ R B B ow oo = e el e R e om Y Eolene g
nv;‘%%'vﬂmﬂf-‘ﬁgg %v-%\j%lmnmmaé mm%f}-r.mu“”":m‘nﬂﬁ

2-3 WHFRHAEEZHE (A, F4E% (B). Ai#E (O, MHEE (D). HAM
(B)y WEELER (). K28 (G, KWxE (H. pH (D MME (n=3, RZEHENTT
)
Fig.2-3 The values of soluble polysaccharides (A), cellulose (B), lignin (C), total flavonoids
(D), proteins (E), free amino acids (F), tea polyphenols (G), tea fucoxanthin (H) and pH (I) in Pu-

erh tea
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Group
K SF G
SF_B
SF CG
0 SF_HP
® S I'M
SF_1
ASF 2
XX SF 3
O SF 4
DF Y
DT Q

PC2(18.3%)

hao

L

<

S
;

=200+

200
PC1(78.47%)

K 2-4 EEZR PSS 3 E KT PCA

400

EHX K L+
m%éu

Fig. 2-4 The PCA clustering results of physicochemical parameters and main flavors of Pu-

233 pamiEHE

erh tea

ERFAIN o ZHEEMSH

R 2-T WAL o ZREES L

Table 2-7 The alpha diversity parameters of microbiota structure

HIZZ PR JR% 2 R E
FE A FR

Chaol 6§40  Shannon #§%{ Simpson $8%{ Chaol 8%k Shannon %%  Simpson 5%k

SF G 98.91 £4.22° 2.57 £0.962 0.61+0.20* 151.89 £ 59.51¢ 2.18+£0.61¢  0.56+0.20¢
SF B 3943 £12.69° 234+141°2 0.60+0.372 162.22 +£50.90° 1.81+£0.18%  0.43 +0.08%
SF CG 34.28 + 4.04<4 1.98 £0.472 0.66+0.10* 162.16 + 14.59¢ 1.49 +0.28¢ 0.35+0.09¢
SF_HP 33.77+£7.13 1.44 £ 0.64° 0.48 +£0.24* 209.12 £ 15.19¢de 2.77+£0.69%  0.71 £0.10b
SF FM 37.24 + 5.79< 1.99 £ 0.392 0.55+£0.13* 30555+ 117.52b«  3.77+£0.66® 0.85+0.062
SF 1 41.89 £1.21% 1.88 +0.40° 0.61+0.15 458.92 + 144 812 4.69+0.712 0.91 £0.032
SF 2 39.55 +8.33°¢ 2.14 £0.202 0.66 = 0.06* 579.26 +£273.872 5.20+1.062 0.92 £0.042
SF 3 25.64+£2.164 1.04 +£0.22° 0.38+0.12? 205.37 +5.79% 3.27+0.18>  0.82+£0.02%
SF 4 41.13 £4.00° 2.05+0.492 0.65+0.10* 252.16 £78.57bde 373 +0.412> (.86 + 0.0220
DF Y 54.24 +7.58° 1.75 +£0.20° 0.47+0.072 444 .89 + 19.802b¢ 4.00+027®  0.85+0.032
DF Q 39.87 £5.58°¢ 1.21 £0.42° 0.34+0.15  418.30+37.932bcd 427 +(.342 0.88 +£0.032

E: SEUEN: PME S EEARTFEHMEE N EREE (P<0.05); n=3.
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T A E AR A 2 (B FAZ B R 32 JE Shannon {H (1.04 ~ 2.57) 5Z#
P Simpson 5 (0.34 ~ 0.66) ¥WILEEER (P>0.05); H, REBEHLSR
(SF_G) MFEAZMFIF-FEE Chaol 541 (98.91) REH R (P<0.05). BRI
FREERIm, JEAZY P E(E Chaol $E4L. JEAZHREFJZ Shannon H5 Z 1
Simpson f 21§ & . Hr, FBREEHZ (SF_CG) MJE M+ EE
Chaol 8% (162.16). JFIZEEE=FFZ Shannon {H (1.49) 5ZFEM: Simpson {H
(0.35) fmiflk, HEM B R, AR THAEMMEK I Jia Xue AR
55 Jing Li % NI 0L W H #OR BOZ BRI 2 FEMEAR T s B A (SRR AT
TR EH AR F AR A L R TS B2 (ZRAR

A, SR ALE L —I.

234 mE B EMEHES

BREAY T ENFE &G E (Coverage) JH7T99.69%, KT
FIHARENE . BHR 5T 15 21500581 FAZASVs. 29427/ A% ASVs, Hr,
FA%ASVs 98.58% R 28, JFIZEASVs 97.55% 28 . AW 7L HINT F K
T 1% B JE E SCAR AR, 7 A S JE R R A i 22

Bl E s R E R W A 2 e (K250, E2-5 Ath, LG )E
REBEEEZE (SF_1~4) S54EFEA (DF Y. DF Q) kg, RUIME HEX

FERFSE AL SRR B EA R EE R (SF_B) WAL A4S 5 o K I
Bk (SF_1 ~4) MULER & &M (SF.CG). ¥ )7 (SF_HP). Mg &
(SF_FM) KREFEHEZE 550K EZ (SF_1~4) HEZEERE R ARLLE

BIRFEAR . Bt — P I8 OPLS-DASE 2 JuHdls i & Bl (B12-6 AD, Gibberella.
Penicillium. Mycosphaerella. Cyberlindnera. Fusarium. Plectosphaerella-
Thermomyces~ Rasamsonia~ Blastobotrys /N7 & BEFE 5 VE A% 1) HAZ b8 BE 45 14
EFRMER (VIP>1), E2-5BH, (B4 JEKEFEES (SF_1~4) 5XHFE
A (DF_Y. DF_Q) K —id, R\WEFEIZERES WAL ok B H %
(SF_G. SF_B) MEB A4 55 KEEEA (SF_1 ~4) ZREK: B
(SF_FM). # J (SF_HP). Z%# (SF_CG) K H 7% 5 4% 4t Kk I i TH 4%
(SF_1 ~4) W5 A% B 45 A AR L I X FEAIK . 13— P18 OPLS-DA%E £ 7.
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B o bt &k B C E2-6 B) , Bosea. Methylobacterium~ Allorhizobium-
Neorhizobium-Pararhizobium-Rhizobium~ Amycolatopsis~ Sphingomonas
Chryseobacterium- Acidovorax=5 X AN [F] J B A2 B2 15 VH 5% 1R S5 A% R B 45 40 22 52
MER (VIP>1),

MRS M A L E T W E 2-5 A ~ D iR, R4 )5 RESHER

(SF 1 ~4) 5XHEEA (DY Y. DY Q) VL IZE & Blastobotrys (22.87 ~
78.87%) « Thermomyces (3.30 ~ 33.45%) . Aspergillus (517 ~ 31.76%) 5
Rasamsonia (2.86~14.44%) LA L% (K 2-5C), HE—DRWPIH EAZHERE
GERARL . g R S EA %K (SF_.G). FHZ%H (SF_B) H
Penicillium (49.22%) Y5 Mycosphaerella (32.59%) 435 L # . 5 H 48 5%

(SF_G) HMitt, EREEEEZS (SF 1 ~4) Penicillium FXTFFERIIEIL (49.22
— 0.0058%), HEM 5 HAE TIREHE R B MM (50°C) A KD,

BeAh, ANEREEERIEE A A (8 2-5 C), AR (SF_CG) #Em T
Rhizomucor WIAHXTFE (0.86 — 17.55%); ¥ KBt (SF HP) Zi&igm

Aspergillus (14.60 — 31.90%). Thermomyces (29.40 — 41.91%) 5 Rhizomucor
(0.86 — 20.09%) HIAHX £ FZ; kg KB (SF_FM) $Em | Aspergillus
(14.60 — 87.47%) HIMIXIEEL. PCA 7PHrRMIRMIARBEEE K 37 KL
VIS e B A IR V5 g R T L 2 ) LA T 45 ) AT AL BE S8 I P AR
(K 3 E). ¥R KEFEHZS Aspergillus~ Thermomyces 5 Rhizomucor FXt=E &

3 mr, HED B 5 b W Bk UE B R T Aspergillus F1 ¥ #3 B (Thermomyces
Rhizomucor) A=A 9399,
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Fig.2-5 The PCA clustering of eukaryotic (A) and prokaryotic (B) microbiota structure of FPT; the
relative abundance of dominant eukaryotic (C) and prokaryotic (D) genera, co-dominant

eukaryotic (E) and prokaryotic (F) genera of Pu-erh tea
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B Var ID (Primary)

e B o e o N B P e S LAY e o S e S B S o e S Y SR B s s
= oy DN L N T OOUOT T L T I =~ B B SRS T R S R R o L T X
322523 I i3s3 T 335y sbegEgeezssys
2 ER 2 §ESA - ES S 88 20T EYTEESITE SN S EEESsS oS 2R
S S E ST SIS0 TiiaiiSE TS TS ST st isg
Ao ST = S 2T IS T =R = 2 2 B T T I 2 8 0 3 2 A ¥ 3 oS
AN P LRI S E QS FE = T TS 2§ = 25T w = 2 =
£ £ S35 3fd8833357285558%5258878885¢
= -] =< = A = SRR . =3I ) & qumb
Var ID (Primary)

K 2-6 ¥HZEEZREZ., JEZEE (VIP K>1)

Fig.2-6 The discrepancy eukaryotic (A) and prokaryotic (B) genera of Pu-erh tea (VIP large > 1)

G J5 RIEEEEAS (SF_1 ~ 4). WS KIBEE S (SF_FMD Hxf e
A (DF Y. DF Q) PLEM W& Staphylococcus (20.90 ~ 59.64%) « Kocuria
(13.57 ~28.63%) 5 Brevibacterium (4.71 ~29.56%) FL[E HE# (K 2-5D),
BE— DR SR RS MR AL . AL SRR R R FE I 4k 2% (SF_GD.
4175 (SF B) ' Pseudomonas (43.26%, 73.02%) d{L#.

BeAh, ANFRBEERRSEZ S (B 2-5 D), KR (SF CG) B
T Pseudomonas WIHIXFE (2.81 — 86.78%), SHL L (SF B) FHAEEA K
BRI, HEWTT RS AR RO S R, TR O R R AR RE AR K. B R
(SF HP) B Z4$E & T Pseudomonas (2.81 — 40.46%) 1 Bacillus (8.35 —
21.44%) BN FEFE . UN NN 2 s o AR T 0 . SR SRS B s T SRR T
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BEAE KA TO M .

BB T E R TR A B B AR A E R B R ALk, A 2-5 B AT
2-5 F fione NAET oM, H—leRKEEN) 4 Fia KBS EFFEAR (SF_1~4) &
N SF_A, HATEE0H. FEREFEHEZS (SF_A) 86.17 ~ 99.64% R # H A%
B 5 WS (SF G, 41.47%) FIEHEI A (SF B, 37.14%) LS E
WEASLAEE (B 2-5 B, HEN G B T U HE R A0 34 F0RZ 1R i ok
AT &Y. AL, Penicillium 5 Mycosphaerella (& 2-5 C) JL[ETEAE T
REEFEFEFEHA (SF_G. SF_B) W, 5EAG (2.06%) LG, HHLGE%
(49.22%) AR STV RBAFAEEAL Penicillium; 5 ELE% (0.14%) ML,
5 2L 2% AR SR F I K EAEAE Mycosphaerella (32.59%) o +— b H 25
81.14 ~ 98.89% ML IR JE NI TR R (Kl 2-5 F), RWIEH R K
1) S TR DR IR, et R R A T A = R R AR AR A, 3 T A G A T
BELE R R

BB G IR G 8 B EH R TR KR S ASVs fEJE K b (ZERAHIER
J&) MFERI (K 2-7), HAEEFAEARR 2 R R E B R A N 0 ~
3.8123% (K 2-7 A); Hrf, EHSEK (SF G) FHEFIFEEE BN RE
(3.8123%, K 2-7A), M ABIEHEZL (SF CG) LERGMEMERE (BT
N0, BE2-7TATIER). 8 PR B AR A I 22 R AE SR A% 1 e R A ) = 2
N 0.0238% ~ 0.1383% (1 2-7 B)o LA &5 FFR U R I H AR AR I A% B B 22

=N T
SR T FEAZ R
4.0 0.14
£ oas)t A & I B
b 012
3.0H
% % 0.10 F
= 25 =z
= & 0.08 [
E 20 |5
B 4Z 0.06 |
i 0016 i
w0012 = 0.04 |
= 0.008 E',
F 0.02 |
i 0.004 | il:
0.000 L= = 2 = = =) ) 0.00 I R S S
= [ [ i =3 = 9 = o 9, L = = =
Z @ i By Z @ a T = B
771 172} 7] 2] o

B 2-7 EEAS 2 RAEEAZ (AD 5% (B) B R BIAHN
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Fig.2-7 The relative abundance of exclusive eukaryotic genera (A), exclusive prokaryotic

genera (B) of Pu-erh tea

PRI A B T R o 22 AL H L A R, # A ol “SF_CG”

2.3.5 R EFRERIEE BB ARSI N

BE—35ilid PICRUSE2 43 5% & BEAR I 22 AR A% JEA% B g 1) ITS P41
16S rRNA FFIRHATIELETHRETIM (P 2-8), LAAMHT 3 M B SoRE A 22 AR T
g fE R ThRE 22 o BRI R E 2 R E B B 8, Wl 2-8 A
“SF CG™) . AWIFJE REEMHZ (SF_A). INIEE KIS HZE (SF_FM) [
ZE SRR BRIV E AR D B i, TS5 x R4 (DF_Y. DF_ Q) A% R,
MR BE 5 RN A o IR B BE 4% (SF_G). 4L%% (SF_B)
R R T EAR U Th B BE Heils, A5 i R T V2 T R T AR T e 72 S K

CLE MR, SR B EURMAR L, R R 0 22 S R A1k 1 s (1 T A A QU T eI
SRR R, 22 SRR T JE AR T e I — i M TUAR PEPTL

Amino acid metabolism
Carbohydrate metabolism

Cellular y - prokaryotes

Signal transduction
Lipid metabolism
Translation

Nucleotide metabolism
Poorly characterized

Unelassified: metabolism

K 2-8 ZAFHEEZFE (A) SEMFEEZRFEE (B) DIREFIN RS E

Fig. 2-8 The heat map of functional prediction clusters for exclusive eukaryotic genera (A) and

exclusive prokaryotic genera (B)

23.6 BT EXEESEUSH R EENXKAR B RDA kM

iEid RDA M (B 2-9) KL, S5EEERRMICHEBA B35
MSEAE: IEEAIER (34.40%, p=0.002). KFAE (22.40%, p=0.002).

ik

o

=

4e % (14.10%, p=0.004) FIZAHE (13.30%, p=0.04), F&H]EAZEHBEXT HIEH
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FRBELFE RS EER . AR, FHRMRERENRB B, 14k,
BIEE. EAR. RWENES SF 1 (ERHKRBEHEA). SF 3 (=R KW
WHZE).DEY ( K#M-BJEEX).DFQ (K#H-ELT%F) WEEHEE
Blastobotrys 5 Rasamsonia S3R1EFIE (B 2-9 A), pH. AIEMHEZHERES
SF_CG CRMAFEFEZR) SF_2 R R IEH %) SF_4 (BZUKMBEEH %)
I E A% 8 Thermomyces Rhizomucor RiR1FMIE. 5FEAZEBFM R
BETBNSEA: AR (65.10%, p =0.002). AJ[HEEZHE (16.00%, p =
0.002), 7 A% TR E R % R BRI R v B P . RV 2 1 AR DT R A
Ko Sbhh, BHEEIMES SF_1 (BEEHRBEEZ). SF_ 2 CRREURBEHEZ).
DF Y (K#i-#RE). DF Q (K#E-LTF4) WMIREWE Brachybacterium.
Bacillus 2 581EFR (K 2-9B), ARFEKMES SF_4 (BRKBEEHZ) KR~
Wi )& Staphylococcus 538 IEA 5%

M

<

1.0

o®

Mycosphaerella

Others FEE _)%t

TR -

acs
Brevibacteriil Pseudome’ .
Brachybacter, ‘ @ SF FM

Axis(4.51%)
Axis(7.71%)

HJ AR

pH

1.0
-1.0

-1.0 AXiS(60.21°/D) 1.0 -1.0 AXiS(f} 1 .280/0) 1.0

K 2-9 TR LA EZEE (A, B EREE (B) SEMIERKITRD T
Fig.2-9 The redundancy analysis of eukaryotic microbiota structure (A) and prokaryotic

microbiota structure (B) with biochemical indicators of Pu-erh tea.

2.4 INGS

NIRRT IEREE < JFURIA A B R W R A 1 . B S H0S dh  52
AR @ AR J775 K 16S rRNAL ITS 73841 7 45 AN AN [ T i V- A% gk
7T IC. AHELURES
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(1) REPSEFRRE RPN H AR L2k 8 TR, HAERR
BEESUERTEZEH. RIS, RBEZEEH Penicillium (3
VHAE ). Mycosphaerella (5 4.%55) # 78 N Blastobotrys. Thermomyces-
Aspergillus 1 Rasamsonia; U3 JFIZH & HAEHAE S LR H 1) Pseudomonas %
A5 N Staphylococcus 1 Kocuria .

(2) R T B AT T B TF 2 P55 1 [ I 8 4 o R VE 2 A R T = P A 2
CARCATs M2 B . R, B3E. BAF. FERNEGE.

(3) ZEMERBETTIRE BT Pseudomonas HIAHXS 1%, BIKEARK S E.
WA R IR BT R Aspergillus AHNT FEESRW RN &=, B KB 2
S L Aspergillus. Thermomyces Rhizomucor. Pseudomonas 5 Bacillus HIH
e NSRRI CES ) HibEs i

(4) SJa AT RN, R AN IR SRR B S5 M (RIS AR, TRRAR
WIHRE MR B/ e Jorp, R TR 6 R T VAR TR B 5 22 SRR (I 1 (1 TR 7
RUNTHREMIRZ I KT R RL . thAh, R AR . AR, FHERNRBER
SEMEBREMKG, EAR. a2 S AR S A G
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H3 8 KRR EEREN SRR

Tl AP A i 3 80 52 L R B o TR S O B R B S A
. AERBERIE . UK KGR pH BACSHIZm N, MK
AW A A= 224K, AT 5 BUAN [R] A T2 e ] FF) B A 85 A O AR [R] o A AR KK
BN W KEEYEE, BRI K0 TR ORIE B B arid s ) 1L 5 AT 45,
FL7m A B A Pt 2 (e 2 2 i rp XUBR Ao (e AL, (56 7R AR 2 22 b R )
fi. Bk, WPARBEASHE. ERMAEY . Vs = KR, AT SEE
THRNLZ, REEHRNRES M. AEESREORBSRE, il
SRR YT IRE, bT RE R R A R S R AL Ol T
A AR S AR AR A 22, A ERE R R AR AR s I T AR
T BAC S H- Y- s AT . DutE 3R I L2 e e AL
A

3.1 SERu Ay

3.1.1 LIS Zh

K 3-1 S 24
Table 3-1 Experimental Drug
BRI A=K
H MS 3 Thermo Fisher
i MS [ Thermo Fisher
HER MS 3¢ [E Thermo Fisher

T ARE S K T s 4l K

3.1.2 LG 23

# 3-2 SEEAX AR
Table 3-2 Experimental Instruments

PRI E G
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iR E T (T105) BRINTTH Ry i TR A R A
RSO RAE (101 AL BT A BRI T AR )
KA G AL (AquaLab Pawkit) METER Group.Inc. A ]
Ultimate 3000 i R0 (41X 5 [# Thermo Fisher 2 ]
Q Exactive Focus 7 Jii 11 2% [E Thermo Fisher A A
Xcalibur 2.2 & [E Thermo Fisher /2 ]
Compound Discoverer < [E Thermo Fisher A ]

3.2 WA
321 IMRBAEER A B2

2022 4F 8 19 H CREESS 0 KD BHU = F /M B 2R SE - 42 fE an 18] 3-1 fir
N LZES BN A RA R AT IT R R, KEEE 2022 £ 9 /18 H
CREEES 30 R) G, MK ES, DT R BE ARt AR R R 4 5 5%
BRI AR . RERKELREFTE 0 (BPT 0D). 1 (BPT 1D). 2 (BPT 2D).
3 (BPT 3D). 5 (BPT 5D). 6 (BPT 6D). 10 (BPT 10D). 12 (BPT 12D).
14 (BPT_14D) . 18 (BPT_18D) . 20 (BPT 20D) . 22 (BPT 22D) . 26
(BPT 26D). 28 (BPT 28D). 30 (BPT 30D) KfZEnt, MREE 3 LM
FEA. fEZHEPER AL By C. D. E 5 S8 200g ZxM (& 3-2), BE) 5 M
FEARZRM RE NTO R R0899), 20 CARAE RN . FEAMS BVE L3R 3-3.

3-1 MBI E R R T

Fig.3-1 The fermentation process of Brown Pu-erh Tea
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Kl 32 FEACREAERE K (AB=AC=AD=AE=1 m)
Fig.3-2 The schematic diagram of samples collection
F 3-3 /MM HIEE S A TR B
Table 3-3 The detailed information of Brown Pu-erh Tea Sample
FEA TR &1

KIS 0K BPT 0D
KIS 1K BPT 1D
KIS 2K BPT 2D
1A RIS
KW 3R BPT 3D
RS 5K BPT 5D
RIS 6 X BPT 6D
RIS 10 X BPT_10D
KIS 125 BPT 12D B 2 KA
RIES 14K BPT_14D
K 18 X BPT 18D
K 20 X BPT 20D 28 3 MR
KIS 22 K BPT 22D
RIS 26 X BPT 26D
KIEEE 28 X BPT 28D
RIEE 30K  BPT 30D 35 5 AN KB

55 4RI

322 DNAREL. XEME. MEFSEENF

iid DNA B & (M5635 - 02) $#2HUHEA DNA, JEid 338F -806R 3547

(338F: 5'-ACT CCT ACG GGA GGC AGC A-3'; 806R: 5'-GGA CTA CHV GGG

TWT CTA AT-3") ¥ 3454 16S rRNA V3-V4 X HArF4. B4t LIRAFRIELEY)
FERAG PR A AT 3G 7wl 2 07
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3.2.3 SIRENFREHIELIE R ST

A QUME2 #AFxf A HE #E47 Joids . £, PiER. ZiREARE R
Fe o), #t— T 5, 100%AH L 5K 3815 3 ASVs. il JR# (Silva,
Release132) ##li FEvEREAF £ ASVs FIIFK . BIFRERAR, A5 dE HFR ASVs
JG, IS REATE BRI (Origin 8.5). 15 o ZREMESRSL, Flid
ANOVA 7T o ZREMEFR RN 2 5 B3 . @i R 1B F T PCA S #Tbhoy
BT FREA Z (R I R S5 P 25 57 . JBIT Canoco 5 # A 4T RDA AR T

3.2.4 e @RI B ZE 4T
3.2.4.1 ZRITHEARTAIE

W E AR VR TR JS TR ok, 9% (100 HD o #E# 10 mL B0,
TN 0.4 g 55K 5 8 mL JFLE 00 70% M I . 25 FURRRVE UK 8 mL i i 70 44
N T0% FHEE . ZIRE A 30 min, EIRFE 4h, RS FHEE 30 min, EiR
FE 4h. WH 1.5 mL B3EE T 2 mL E.0%, 12000 rpm, 10 mine B 0JE
BT FEAH Y 30 pL_B3E T BP & NIR2S], {E A% (Quality Control, QC)
FEA

MEL 100 pL F3EW, A0 3.9 mL Jii &= H0h 70% M L, WemiRs), NEE
— MRt ZJEAREDER, MR 2 IRFRRE. TR 1 mL EIRFRRR, 4°C T
12000 rpm 50> 10 min. HY_EJEWGT 0.22 pm AR, JEE THAH/IMI, AR
BT 100 pl, FREAHEIE-SIE B BB (LC-Orbitrap-MS) frill. & MFEA
6 AT

3242 iEBE-SOYEERRIE (LC-HRMS) &4

(1) Bt B4 Thermo Hypersil Gold (100 mmx2.1 mm, 1.9 pm);
AR : 40°C; WREIAHA: 0.1%FIR-/K, AEIHB: 0.1%FIR-2 M, RAEE
FEBEML; Wk E Y 0.2 mL/min; HEFEE 2 pLo PeM AR 3-4 .

R 3-4 BHEEVEM & A
Table 3-4 The conditions of gradient elution
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BffE] (min) s A (%) Hsh# B (%)

0.0 98 2

2.0 86 14
35 85 15
8.0 84 16
10.0 75 25
12.0 70 30
15.5 0 100
19.5 0 100
20.0 98 2

25.0 98 2

(2) Juig kAt Bl RER A2 H-8 3 il &k — 2% (Full Mass
Spectrometry-Direct Detection Mass Spectrometry 2, Full MS-ddMS2); &N
HESI+/-; W% HLUT N+3400/-3400 VB FEREIRZ Y 350°C; 45 arb;
FHB 1S arbs A EEYE ]l m/z 4 100 ~ 15005 Full MS Z3##5% 7000; ddMS2 43
P 175005 WEEAOy SRRt AR (HCD), H—{Lhl#AERE (Normalized
Collision Energy, NCE) 30, 40, 60.

3.2.43 BIRAIBS 2

I L D B AE I DR A B LA ME 0 2 — BB RN, T VA ik
ORAB DLk 2R H S a6 8 0m 19 H ) WA S S TR (Total Ton Current,
TIC) #ATARMEA TR, FExFH I — 4. it AR &Y % (Human
Metabolome Database, HMDB) 5 5t #B & K] Al 5 A 20 [/ Bl & 5 (Kyoto
Encyclopedia of Genes and Genomes, KEGG) XJ#J5i & HEATIHF% .

Eid SIMCA W (V16.0.2) %57 F A& kx4 #1 (Principal Co-ordinates
analysis, PCoA) M7 51EXx it /> —Feyk-FI57 0 #1 (Orthogonal Projections To
Latent Structures- discriminant analysis, OPLS-DA) #%; Jf%f OPLS-DA i#/TH
Bkrds, DAIRIE AR A R, DL AR e i s 20 P (P-value) % OPLS-
DA A — F i AR B EHE ) (Variable Importance in the Projection,
VIP) (P<<0.05 H VIP>1) {EJyfiiik 41 im 2 2 AW b . @i KEGG
Pathway 245 7 %) 22 A A @ B 34T RS

33



RT3

3.2.4 BB HEHEM
3241 ZEERABRE
T I F R T R S e R R AR R, RN 3 4
3.2.4.2 EEH# pH
Rl 7[R 2.2.4.
3.2.43 EEHFEKS

WL EFR GB/T 8304-87, il &b &K 810, B AAR#AE . BRI 5¢
CFERAZ 0.001g) RMFOMEMMTIA, BT 103°C THHMHE, MTEH
EELE P bR = 22 A 0.005g.

3.2.4.4 ZERKEE

TR AN AT B E R KIS . W EFE, @il Kimwipes TG 4UE
BRESAR, JKSPIBCE . BRI BIEE R, B TR T RE SR (REAR LRI 7
i AEA AR RES, R A TR AR B — 5y 22— D, 18I /K o33 A s U
IKTEE -

3.2.5 EEXKE S S =N

REELTEMEE R AL 2 0E . AP4ER . KPR, BHl . R atkm .
EAMR. RZE. RERERNTTIER 2.2.4

33 ER518

33.1 BUSHMTN

ZINATT B B T 7 R I R T B AL SR A A I 3-3 s o B R TR N 1) 11
BEAT, AMEBREEIR R BRI . K> 5K 2Tt s E R E S pH A
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AAE
KEEVIMEIEE N 28.10°C (BPT 0D), KR 2 Kl RIE T 5 % 49.63°C;

)5 (BPT 3D ~BPT 26D) ZHE4ERF 51.50 ~ 62.90°CHIEim b AT KB : KIEFEE
26 KJG #HEREITUR IR, KEESS AT (BPT _30D) ZSHERF#IR 4% 45.10C.
I AT SRR B 1) T v 5 B AR A DR AR AR = AR I AR IR DG R IR i R
AT, HED S AT B R S R RS, BRAE A A I AR M R A OO 102,
RS FE T A pHAERF(E 6.0~7.0; Forfr, 55 14 /M BIEH R K pH e (6.7),
F2REMK (6.4). KEEATH (BPT 0D ~BPT 5D) /N B KRB H IR HI/K 4> 2
WY (31.81 ~ 43.49%), HEMR KBERT AR Z , WAEYBEATA A PFR
PEAE K A 5 U0, B R HE R 8 G 34T (BPT 6D ~ BPT 30D), /K4 MFE
20.39%, HEMZRAEY AR KACE SR SSHFEK MG 2, SRR FEAK.
/INAT B R BB 2R R AR 3 R INZKIE B R (0.99 aw),  IbJE 7K FE 2 IEIGE S,
RIEEE 30 RINF, ZKIGFEREZE 0.93 awo A HI/KIGEERRAC, R AKACH
AR R B K B R, AR i R % R A R 1) AR AR RE T

50 - ~7
45 -
40 -
35+ 15
30 |
25 L
20 |

nr HIE/C 12
10 — KIPER/%
IR/ Aw 41
5F — pH
ob ol o e e e e e 1) Jo
[ = W= Wi e e W= e Wi« WY a Wi e N o Wi« R o Wi o W a)
AT N T e T T M == R ST N A S =
EEEEEEEI EI 'EI EI EI EI EI EI EI
0 0O 0 O @0 O @O @O 0

K 3-3 /A AR R R R P AL SR (n=3, REENTZE)
Fig.3-3 The Values of physico-chemical parameters during fermentation of BPT (n = 3, error bars

are variance)
3.3.2 EEXRETHIZEL

TR A 7 7 VAR I ) /N AT B R A VA R IR i A v 3 S XU B R AR A A
Kl 3-4 Fros. BERBEN BT, /MBS E R R ]I 2 0 (13.89 —
2231 mg/g). R (8.79 — 18.45 mg/g). F#hE (18.36 — 60.90 mg/g). &
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i (275.63 — 333.96 mg/g). AJFE (316.67 — 558.33 mg/g) MIEEEWS
B KL (24848 — 107.22 mg/g) BRI (21.10 — 13.61 mg/g). 4
4R (163.89 — 108.33 mg/g) HIEELFEMNES . KA A 32 2R BT 1Y)
BACHATINE, SRS A R IR 3-5 . AR, KBS AEES
B . R, EAR. RBRRKESERNE KRB R IEMAL: X2
By, WAL . AFAERM S ARG RKIRRE] 2 AU C . RIERK A B
FAEEMHA R AL . MRE . R, HAK. KERNSGE, b
A B TGN E IR R R S5 A5 R B

24 70
20 160
< 50
16 F |
440
12k
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8k
420
s — AR e 1a . e B By |,
A e BT R wr B o FH A mele 11°
0 1 1 1 1 1 1 I 0 0 1 1 1 1 1 1
0 5 10 15 20 25 30 0 s 1015 20 25 30
150 i R ] AR " 200 W A RIS (] AR
35 = 32 600
i 7-4 = . PN
— o 180} 55(
3001 {l‘)t!&;./r‘/ 1°° : 500
160 & 1%
24 - 1 450
250 | 140 | 1400
- 150 )
200 F ) 120+ ] 15
-n =
S 416 100} 4300
L T————a—a— .
150 30k 250
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100 | 60 - 1
48 -4 150
. . 10+ - J
—e— R I & Bimg/g —n— R Rmgig 4 100
sop C —e WA Bnere 4oL D KRB S Bmele 1<
oy . . ) ) M Y ol ) ) ) ) 0
0 5 10 15 20 25 30 0 5 1015 20 25
B E A R RIS ] AR i ER ACBEINT ) AR

B 3-4 /N IIREE R I R ERIRRME (n=3, RERATTZE, AELFAMEH
5]
Fig.3-4 The values of major flavor components of BPT (n = 3, error bars are variance, the red
line is the fitted curve.)
R 3-5 TR A eI TR) 2 AL 35 T R

Table 3-5 The fitted equations for the variation of major flavor components with fermentation time

F= B RS WA HTE R?
A 2 y=0.25456x+14.60878 0.974
syl y=9.40673x"-19153 0.985
KW y=-5.45026x+251.60373 0.938
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F B RS AT R?
N CES y=1.40497x+18.66955 0.984
=P y=331.71917-52.82179x0.83044* 0.820

WEEIER  y=13.95962+ (20.58437-13.95962) / (1+ (x/6.07824) 35948) (995
YR y=-1.39899x+155.21209 0.875
NG y=8.48978x+325.11047 0.921

3.3.3 [RIRERR o ZHMSH

R 3-6 /M TR B R A AR I ) o ZHEESHL

Table 3-6 The alpha diversity parameters of prokaryotic flora structure of BPT

ST Chaol ¥5%k Shannon 5%  Simpson $5%k
BPT 0D  222.54 +99.59%¢ 1.29 £ 0.46° 0.36 £ 0.12f
BPT 1D 178.92 +29.87b¢ 1.68 £ 0.40% 0.46 = 0.13¢f
BPT 2D 173.12 4 30.24b¢ 2.38 4 (0.94cde 0.64 £ 0.19cde
BPT 3D  231.80 + 67.49% 1.51 £0.43¢ 0.32 +0.09f
BPT 5D 246.76 + 57.18b 4.56 + (0.34% 0.88 £0.012
BPT 6D 143.12 £32.41¢ 3.24 + 0.27bcd 0.81 £ 0.032be
BPT 10D 311.21 + 78b¢ 3.98 £ 0.68ab¢ 0.85+0.032b
BPT 12D  210.17 £21.27% 2.65 + (.48 0.67 + 0.07bed
BPT 14D 35320+ 111.7% 3.36 + 0.80bcd 0.78 £ 0.072bed
BPT 18D  623.18 +38.43% 4.81 +0.53% 0.89 +£0.042
BPT 20D  517.41+ 17.45b 437 +£0.32% 0.87 £0.022
BPT 22D  635.84 + 83.34% 4.62 + 0.66% 0.89 +£0.042
BPT 26D 664.23 +£158.90* 5.66+1.782 0.91 +£0.052
BPT 28D 179.56 + 8.71b° 1.71 £ 0.08% 0.58 £0.01%
BPT 30D 274.15+21.56 2.09 + 0.094¢ 0.60 = 0.02de

o ZHUER: PIME £ bRlEZE: A AR RSN N Z R 2% (P<0.05); n=3.
RIS FE T AL R ST o ZREE SR 3-6 Fos, BERBEMIELT, R
WRERE N F RS Z R R e = S AR ss . Hodr, RIS 26 KX (BPT_26D)
HERZEREFEE (664.23. 5.66) 5ZFEE (0.9 HEERK, BE&EmTHRK
B R (P<0.05) o BLAL, /AT BRIV 2% SR A% Y0P 3= BE{H Chaol f8%K
(199.38. 291.53. 592.14. 421.90. 274, 15) . J& #% @ # FJ¥ Shannon 1§
(2.44. 3.33. 4.60. 3.69. 2.09) 5Z M Simpson{i (0.58. 0.77. 0.88. 0.75.
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0.60) fE%5 14> (BPT 0+ 1. 2. 3. 5. 6D) . 52/ (BPT 10, 12. 14D) .
% 3 (BPT_18. 20, 22D) KIBEFIWIIZEHIE s, FHEM L Bl i %
P TR R A K TS 4 4 (BPT 26, 28D) . % 54 (BPT 30D) K
P Jo) B A, HEDUWR: 5 IR . K 558 R R K 2 8. BPT 28D,
BPT 30D MR E BN FE S ZAMEREES (P>0.05) , RUKBEAL/N
A7 B VE 24 ) SR B R P AR O T RE

3.3.4 RRER SN

BREAY T mEENFE &G E (Coverage) J1H7T99.58%, KT
IR BRI 152139995 1 [RZAS Vs, JL, JEZASVs 76.30%EH
P A FIEHNS F R T 5% 8 b s € O 5w e, Lo b 5L
GRS

R HRNBFE L E /WA 3-5 A Pox, KELEPILHEZEES 14
M, 9 9°A Staphylococcus (31.41%). unclassified Enterobacteriaceae (21.51%)+
Kocuria (11.45%) . Bacillus (10.88%) . Pantoea (2.44%) . Brachybacterium
(2.31%)~ Microbacterium (1.77%) Pluralibacter (1.24%). Methylobacterium
(1.14%) « Curtobacterium (1.12%) « Burkholderia-Caballeronia-
Paraburkholderia (0.89%) « Pseudomonas (0.84%) « Sphingomonas (0.45%) .
Sphingobacterium (0.42%). %5 1 NKEEFIH (BPT_0. 1. 2. 3. 5. 6D) ML
#F 4% B JE UL unclassified Enterobacteriaceae (45.23%) (H#4EXI L%, Bacillus
(14.19%) HREMRS, Hd, Bacillus ¥ BPT_3D ~ BPT_6D FIAHX 3 =
PCoA FH7r 73 T Bon 28 | MR B WIH EWE R —E (& 3-6), (H—1k
BZE. % 24 (BPT_10. 12, 14D). % 3 4~ (BPT 18. 20. 22D). % 4 i
(BPT 26. 28D) . % 5 4 (BPT 30D) A& B & #1 /9 ft % 5 #% & )& LA
Staphylococcus (49.61%) H4XTLFHY, Kocuria (14.94%) IREARH; PCoA
ERI AT RARE 2 30 4 5 DRBAMINEZER (BRHEA BPT_LOD 41)
BXr—-kE (H 36, BH¥Y—Msw. HrP, BPT 28D, BPT 30D H
Staphylococcus (51.79%- 71.40%) 5 Kocuria (45.93%. 25.62) HIMHXFE%E
SEBUN, PCoA ERST MR BPT_28D. BPT_30D 1 J5 A% B A 45 R AHALLE 45
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(B 3-6), HE— DR/ 2 R BEAR A AL R AR KRR e . AR
BPT 10D 5% 2. 3. 4. SMKRBFEARHRFEARRIE Rz, Helln] e 2 H

1 unclassified Enterobacteriaceae (35.31%) FAHX 3= R = F 3.

100 - 20
Otiers S Hacmophilss
= Sphingobacterium :T}{ Streptococcus
Sphingonanas =k Brevibacterium
il FPseudomonas + Bacillus
£ Burkholderia T ok I Keaia
= Caballeronia =
= LParaburkholderia | = 10k I I
= wurtobucteriu [ﬁ ) mE __-. .
i izl
ﬁ :ﬁo.s o
g sl
& =
= 204
P
Enlercbaclerinceae | £ 02
0 W Siaphyiococcus 0o

EREEEEEEEEE R S ERREEZEES5E:HEEE
A : E : E E ; E\ __‘\ E\ E\ E\ E\ __‘I E\ E| B ;\ E\ E EI E ;I e :‘ —_ S‘ Pi‘ S‘ S‘ o
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S MV N [E S e
Kl 3-5 /M BRI E R LA R E R (A, HERBEZEE (B) RN FE

Fig.3-5 The relative abundance of dominant prokaryotic genera (A), co-dominant prokaryotic

genera (B) of BPT
° ‘ Group
0.3 - ® @ BPT 0D
02 - m BPT 1D
“7 A A BPT 2D
0.1 Y A ¢ BPT_3D
u . n * ® | 4 BPT D
= 004 @
= * L + BPT_6D
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S A P m BPT 12D
2 02+ A BPT 14D
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Fig.3-6 The differences in the Prokaryotic Genus of BPT

BE— Lo M /A IR SR R IS R R A R (& 3-5B), KL
BHRMEAEZEE AN Kocuria (JEWHE, 9.67%) Bacillus (CFHIM R,
5.29%) « Brevibacterium (% +F B J& , 0.67%) « Streptococcus ( % ¥k H J& ,

0.07%)~ Haemophilus (FEIATEJE, 0.03%). HH, Bacillus (4.51% ~ 23.64%,
14.51%) fEF£4 BPT_3D ~ BPT_12D 1 HZ4EX%HL % Kocuria (6.15% ~ 45.66%,
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17.81%) {EFEA BPT_14D ~BPT_30D H (H 480t L5 . MRKIELS 0 R 2 K BE R 30
K, /N BRI R B AR T R s (0.52% — 25.81%), H
1 BPT 28D (46.05%) L& WA R A% & AR F R .

3.3.5 EEENRBEF T

HTMAFZEBEAHRSE R (B 3-5A. & 3-5 B). HEEE AR 58T
(K 3-6) VAR RIS HE N B e 4, EH BPT 04 1. 2. 3. 5.
6~ 10. 12. 20. 30D /MEARFATIERE RS H =AM . RE2H 6 A FAT

3351 YIRS

SERHUR GG AT I I . EAh . ARdEfL . AR, E. T
BT ILOREE 36747 Mg, HAIEE PR A 30435 MOBUE. AT
BT 6312 Mg, W] HMDB J KEGG ¥ FE O A 15 Bk T X, 1F
TR T T 0 S E 273 By 74 PRI, oyl 3-7 Bk

IER RN EEAE (B 3-7A): AEWH (33 B, 12.088%). &AM
k(18 Fi, 6.593%). AHLARILEY (18 Fi, 6.593%). HEWiEE (12 i,
4396%)\ FEHRILFRN I (5 Fh, 1.832%) KK (4 Fl, 1.465%)
AHEAEY (4 Fh, 1.465%). FHEIRAAEY (3 Fh, 1.099%). #ERALEY)

2 Fi, 0.733%) BRAKWAEY (1 Fh, 0.366%) MERAAR AL 4+ (1 Ff,
0.366%). RNREMEDMETEMEY (1 F, 0.366%) HHE (171 #,
62.637%); BTN T EFEEY (B 3-7 B): FEERBENRAREE 3,
4.054%) RRITIE (3 i, 4.054%). BRBIAMIRBIFESST (2 B, 2.703%). AL
AEW (2 Fl, 2.703%) AW (1 Fh, 1.351%) BRAK4EEY (1 Fh,
1.351%) ANRELEWARIRILED . (1 M, 1.351%). wiEa? (1
Fl, 1.351%) S5HE (607, 81.081%).
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Fig.3-7 The percentage of different types of metabolites
3.3.5.2 RI¥IER ST 74

XFEARBEAT PCoA BN, MFEAR (5 QCHAD 1) PCoA 1570 UM A
(Score Scatter Plot) 1] 3-8 frzn. BEFFHIFEA miopAtkEeis, RUIpE 0
PIRIR A S AR ol ez, HBEMARIK P 2 R ok
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Fig.3-8 The PCoA plots of total sample metabolites in positive (A) and negative (B) ion mode

EEERT (& 3-8 A), & BPT 5D. BPT 10D A 2 MEEA fish, H4
FEAR ST 95%BEX AN B F#i=tF (B 3-8 B), BPT 0D. BPT 5D,
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BPT 6D (¥ 3 MFEA RS, HARFEAR ST 95%EFXEN, H QCFAESA
JERF, RWEERWE. Ihh, IERE TN, FEAREARIA “BPT_0D.
BPT ID. BPT 2D. BPT 3D. BPT 5D. BPT 6D” 5 “BPT_10D. BPT 12D.
BPT 14D. BPT 18D. BPT 20D. BPT 22D. BPT 26D. BPT 28D. BPT 30D”
PIZH, REHET 6 RIEEZ R AR FR S &85 )5 24 RZERIERK.

NI R B AR 2 AR AR A S, A v AR R e AR 2 S i 1)
SifitE. ARZTELLVIPE > 1 H P <0.05 1E AT 2 AR brE, Hais
SRV AR & BT z-score hrifEfl, HEAT K #8{ (K-Means) 4T,
AR 78 AU TE R I AR (AR B A 3s (B 3-9), IEB 7R N ILA
9 MpAR LT (K 3-9 A), KEAN (BPT 30D) M-S EH&EENN 2-48-1-
mE i ik (2-Acetyl-1-pyrroline 4, 2 7 #%), H kKA 2, S-ZH RN E (2,5-
Dimethylpyrazine 3, i 6#%). IR T ME (Chlorogenic acid methyl ester, 2 9
) o 2-CTk-1-MEng kS 2,5-— FRJRIE R vl R ALRKAE F SIS E S, B
TEBRERER. N FEXTE 7 R pES (& 3-9 B), KEEK

(BPT_30D) #HX & & m N4eE VU IAERR (arachidonic acid, 25 7#%), H
MR (Linolenic acid, 25 2 #%) 4. 16/EVUIAER 5 MV RRIER 251 9 AN AN i 17
B2, AAPRIMEN. KEJEH (BPT 20D, BPT 30D) 2 3AH#MAR L4 T
FaE, A A% R AR R RN P AR ) 22 SR R i T AR E, P
R 5 A T AE R R A I AR E B T AR e RS
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Fig.3-9 The K-mean clustering analysis of positive (A) and negative (B) ionic patterns

3.3.5.3 OPLS-DA

BT RES AR AN ES (K 3-0 5REBWIEREBER (K 3-8,
JG 424 BPT 0 ~ 6 KEEAMENHTH Cearly stage, ES) #1, 8 BPT 10 ~ 30 Kkt
AAENEH (later stage, LS) 4, PUME T KEERT G201 Z BRI .

i#3 OPLS-DA F3 Wi A AH AR &, SRECHE RIS (AR A (¥ 4L IR 22 57 5
SCIC A A OCME . JFI (LS) AXFATI (ES) 4% OPLS-DA BEAYZE RN 3-
10 FtzR, BEARKR AR — F R T E Lo 1595, ARBHEAR LS 5 ES 1 (] 2
St ABPRNIERR ERr 135y, ARFEAR LSS ES (AN ZER. IE (K 3-10A),
fi (B 3-10 B) BT LS 415 ES AMRImmdik S5 25, it
Gb, KEEJEIA (LS) AN —VERKBEHTIA (ES) 4f.
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Fig.3-10 The OPLS-DA plots of metabolites of LS to ES in positive (A) and negative (B) ionic

mode
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Fig.3-11 The OPLS-DA model substitution test for metabolites of LS to ES in positive (A) and

negative (B) ionic modes

3.3.5.4 EFKES

Wik IR G, diaRonEEMEZ R RS g R, UVIP>1H
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FH8I33 M REELS SESIHIA W& E 7 (K3-12 A0, HH4525 M5 xT A
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Fig.3-12 The Volcano plots of differential metabolites of ES by LS in positive (A) and negative

(B) ionic mode

it HMDB 5 KEGG ##s PExt K fE 1 (LS) Sl (ES) HIAj %57
Vol b TiRe, 1B, SRR 2V ERE R 37 My 19 MRV BT A PR . JE
T2 IR 22 AR A 0 e AT SRR B AR, SR 2 R S 4 ) 11 22
FACEYIHEAT RE M, B m DLIAEIE 0 s P9 40 1) 22 S AR i 5 | 22 e o
iE (A 7 (B 7 RaF, wi (BES) HEH (LS) HIZE R &R
R 3-13 i

45



g M N e e 2 VAT

- ~ “
el ~ — = I 1 ¥

ethyl-1-cyclohexenyl)-2-bute
-5-megastigmene

9,12 cadienoic acid

9-Hexadecenoic acid
n_—_e_,ama“.nn uenim methyl ester
_—h.N.Y__va‘m:i_ hexanoate
3 Mrsctigmene.39-diol
- Mes ne-3,9-diol
3-H "_3-methyl-2,4-nonanedione
2-Hydroxy-2,6,6-trimethylcyclohexanone
L Gl am_._n.wz_.wa.._%

L-Arabinosé
m&imm_mi..=~

_J
| [
= n. "
. = L I I = . Arachidonic acid
E!

LSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSLSESESESESESESES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ESES ESES ES ES

_I
l.

3,5-dimethylpyrazine_3

ropo: ‘0panoic i
s G T e
L-Theanine
4-Hydroxybenzoic acid
Vinylpyrazine
Theobromine

nic acid methyl ester
herol

nﬁ..m%hh_@# acid

Andeagraphelide

- - - e e a8 pentol

-Oleanene-; -pent

e = B’ 21 .

A | I = 2,5-Dimethylpyrazine_9
LSLSLS LS LSLS LS LS 1S LS LS LS LS 1S LS LS LS LS 15 LS LS LS 1S LS ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES ES

X R T e . %A B T

LD

3

KM Z AW, XA

ib]

ES B2 AR SR R (LS K%
i
Mo

3

N

46

=7

A

negative (B) ionic mode

‘bl 2

JEH; ES MR
(@S

I

i (B) B LS XJ
55

I ELAE,

K 3-13 1E (A).

Fig.3-13 The Clustering results of differential metabolites of ES by LS in positive (A) and

N HXFET (ES)

IR AR TS N



RT3

AR A HORT 1 1 2 AR an 18] 3-14 P .

IEEFARAT (B 3-14A), 4-331-DUkERR (4-Hydroxytetradecanoic acid)-
THMENS (Xanthine). ZF /0 EMES (Andrographolide). KiEME4EA 2 E (Trolox)
[ 75 Bl (Muscone) « (-)-f1 7T ¥ 2 kit ((-)-Caryophyllene oxide). H I ZE A

(Cyclosporine A) « W 1 R (Cinnamic acid) . 2,5-— H & it B (2,5-

Dimethylpyrazin). 12-Oleanene-3,16,21,22,28-pentol Fj & & 7F & B2 5 #H 5.2 F il
(P<0.05); R B = (110, 4Kl = /&) 2-2 I b &
(Vinylpyrazine). 1,1,3-=F3E-1H-8fi (1,1,3—Trimethylindene). 12-Z#&+ %%
B2 W Mg (Dodecanoic acid)  L-7#% 2 #% (L-Theanine) . Xf ¥£ 3 2% H 1§
(4—Hydroxybenzoic acid). X[ (Obacunoic acid) 2-Z.3%-3,5- ~H RZMtE (2-
Ethyl-3,5-dimethylpyrazine)  « 3,3'.4'5,7-F ¥ & # W (334,57
Pentahydroxyflavone) 7] AJ#% (Theobromine) M) & /E KM JE W2 T (P
<0.00D). FE AT (K 3-14 B), Wil# (Linoleic acid). %kJ5 K ¥ ik
(Chlorogenic acid methyl ester). {64 PUM# R (Arachidonic acid) . H 2 it
(Glycine anhydride) « 3-8 2&-3-F 3£-24-F — @] (3-Hydroxy-3-methyl-2,4-
nonanedione 2). EFEHE (Thymol). K= Z# (Soyasaponin I). 9,12-+ J\Hk
TR (9,12-Octadecadienoic acid) « 5-F #3k-3,9- ¥ (5-Megastigmene-3,9-
diol) Cis-2-Hexenyl Hexanoate [\ & T /E KB )5 W22 i (P<<0.01),

Hodp, WHERR S W AT B T8 E R &R, K R Wz A LR I &
Z PR A A Ao 150, Ak, RIS A B B A B 4 AR
% E 50)-afHese i B, AT S ER M. KRS IR )
Bl ) S22 T YA BT R R R ) FEAIG
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Theobromine O :
Linoleic acid — Rk
3,3'4',5,7-Pentahydroxyflavone A HHK B
2-Ethyl-3,5-dimethylpyrazine ok —
v Ohaciuf’nic acid e Chlorogenic acid methyl ester. kK
4-Hydi benzoic acid HH
yeroyhensoie d_u Arachidonic acid ok
L-Theanine *okH
Dodecanoic acid P Clyd hedrid
ycine anhydride oKk
1,1,3-Trimethylindene [P N— y ¥
Vinylpyrazine kK i
3-Hydroxy-3-methyl-2,4-nonanedione —@ kk
1(10),4-Cadinadiene R e — Y ¥ Y :
4-Hydroxytetradecanoic acid —@ ok . i
Xanthine P Thymol o — ]
And holid: @ 5E L ® 9% LiE
S ® BE T 9 xex Soyasaponin [ ® LETH *odok
Trolox @ xxx i
Muscone vip - p— o VIP
(-)}-Caryophyllene oxide Lots L@ ok 9,12-Octadecadienoic acid 1098 — sk
Cyclosporine £ ® 1427 ) kkok ~ X . ® 1363
Cinnamic acid] ® 183 L o 5-Megastigmene-3,9-diol ® 1627 Fokck
2,5-Dimethylpyrazine] ® 2243 ) ok ® 1892 H
Cis-2-Hi 1 Hex t @ kK
12-Oleanene-3,16,21,22,28-pentol = ok 1s-<-Hexeny! Hexanoate 3
. . 5 -4 -2 0 2 4
Log2 Fold Change Log2 Fold Change

K 3-14 1E (A). fi (B) BT LS X ES 22 RACHII I K S &] CREARAR s £
R AR AR, SRR VIPE K/D; *0.01<p<0.05, ** 0.001<p<0.01,
**%p<0.001)
Fig.3-14 The tinder plots of differential metabolites of LS to ES in positive (A) and negative (B)

ionic mode
3.3.5.5 KEGGRBEE&E

HITKEGG Pathway 3 e 0] 72 s AU RO AR 30 % AT 1A R 1) 45 R 13-
ISHiR. BARFRI E 4 L3RR 2 5 5 — AR s T i 22 AR o 22 AR
PR L s AR KR N = ZARIHE R Class v 2R BHER . K3-15 A, B 7
AP B ZE A 3 E S 5 PRSI (Metabolic pathways, 83.3%). WlHE
f& ¥t (Caffeine metabolism, 33.3%) 5 A 1 Al g B BR (1 £ 90 & &
(Biosynthesis of unsaturated fatty acids, 33.3%) ZF =2 0@ M. K3-15B, f
BT I 2 AR A £ B S 5O AR B ER (K 2E ) & B (Biosynthesis of
unsaturated fatty acids, 100%). FFFACIEHR4E (Metabolic pathways, 50%). ¥
MERICH (Linoleic acid metabolism, 50%) FJFi. JEFEE A& B (Cutin,
suberine and wax biosynthesis) JEITEREY) & p (Fatty acid biosynthesis, 50%).

1By BT 2 AR S 5 RARE B 1 o B s, HENITE
M R T o v JEAZ R AR A ARG B BR . IE B AR 2 5 e R AR 4
B0 R R, RN ME R AT T RGO e DR Y s kA, A
FG TR 1 AL )6 OB B A B TR E 2 h & SR AR U008, l T, ki

48



RT3

JE WINE IR & R % B (J&3-14 B, HHEINFE A9 Jo 30930yt R A I3 I LT K

(33.33%)

(16.67%) A

(16.67%)

Cafteine metabolism

Glyoxylate and dicarboxylate metabolism

Pyruvate metabolism

Citrate cycle (TCA cycle) (16.67%)

Carbon fixation in photosynthetic organisms (16.67%)
Nucleotide metabolism (16.67%) Class
[l Biosynthesis of other sccondary metabolites

i 16.67% .
Carbon metabolism { ) I Carbohydrate metabolism
- ! Energy metabolism
Metabol th S (83.33%) 1
clabolic patways Global and overview maps
Biosynthesis of unsaturated fatty acids (33.33%) Lipid metabolism
[ Metabolism of cofactors and vitamins
Linoleic acid metabolism (16.67%) [l Nucleotide metabolism
Cutin, suberine and wax biosynthesis (16.67%)
Fatty acid biosynthesis (16.67%)

Folate biosynthesis (16.67%)

Ubiquinone and other terpenoid—quinone biosynthesis (16.67%)

c III

Purine metabolism (16.67%)
25 50 75
Percent (%)

(50%) B

Metabolic pathways

Biosynthesis of unsaturated fatty acids .
Class

B Global and overview maps
] Lipid metabolism

Linoleic acid metabolism

Cutin, suberine and wax biosynthesis (50%)

Fatty acid biosynthesis

(=1

25 50 75 100
Percent (%)

Bl 3-15 1E (A). fit (B) B§FHET LS Xf ES 022 AR AR % 7 25
Fig.3-15 The metabolic pathway classification of differential metabolites of ES by LS in positive

(A) and negative (B) ionic mode

BT 2R YEKEGGR U ' 45 R, 1T Rich FactorfH. Rich
Factor AREE Il 1, VRIS AR 5 AR I e, 8RR =45
Fob . G RME3-167R. IR TR (&3-16 A), WIHER{LH (Caffeine
metabolism) [¥JRich Factor{ff, 825k A 22 S AR o b i
AR R K. BbAh, AT RIBRE R R AR R I (E3-17). R
T~ CEI3-16 B), A 3% 3 M A 49 & B (Cutin, suberine and wax
biosynthesis) f{JRich Factorfd i, &S 5MBT, ISR AEY & b 2 57
R He e R RO, HhAh, THERTE AR . RERE AP A
2% (E3-18).
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Metabolic pathways - . A

Carbon metabolism - @

Purine metabolism - @

Ubiquinone and other |

terpenvid—quinone biosynthesis ® P value
Glyoxylate and dicarboxylate|
metabolism ® 8%[5)
0.15
Folate biosynthesis- o ](1)2
Fatty acid biosynthesis L ]
Count
Nucleotide metabolism- o e I
L
Pyruvate metabolisny| [ ]
@:
Linoleic acid metabolism+ @ . 4
Cautin, suberine and wax biosynthesis - L ] . 5
Carbon fixation in photosynthetic | ®
organisms
Citrate cycle (TCA cycle) ®
Biosynthesis of | .
unsaturated fatty acids
Caffeine metabolism- .
T T T
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Rich factor

Metabolic pathways- '

p_value
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Fatty acid biosynthesis . I .

Soo
[N N
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Linoleic acid metabolism 4 . . 1.00

Q®
@ s

Cutin, suberine and| | . . 1.75
wax biosynthesis
@

Biosynthesis of |
unsaturated fatty acids

0.00 0.01 0.03

0,02
Rich factor
K 3-16 1IE (A). fi (B) BT LS X ES M2 RARMYIH) KEGG & 4Kl (A
KA K E RN 2R, PESNEEEEE
Fig.3-16 The KEGG enrichment maps of differential metabolites of ES by LS in positive (A) and

negative (B) ionic mode
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3.3.6 RiEESEXSH A FEXKAE]AY RDA fHx

R RDA MM (B 3-19) R, 5 5% W BRI Stk B A 525 5Tk
WHALZHAE (K 3-19 A): KIGE (63.5%. p =0.002). HE (23.5%. p =
0.01), 2 BH/NAf B Y 255 i I st 4 v 1 D A T e 2 70 8 5 08 BE TR s I K
4h, pH 5 BPT 10D WJE## @ Pluralibacter 2 5%1EAMH5%, /K55 BPT 2D )
JFA% W JE Pseudomonas SR IEAR . 5 A% BB A S PE B A B3 DTk It 2 22
KRR A (B 3-19 B): IFEZEIER (67.10%. p = 0.002). ZKZH (10.80%-

= 0.006), B J5 A% B AE XV 25 i I AR R B S IR 5 7k 22 W () AR T R
f& K. B, FHHMME BPT 20D. BPT 22D. BPT 26D () 5 # & )&
Staphylococcus 5% 1E 1S, SEE. AIEMHEZH. KFRE. EARMNMES
BPT 14D W5 H J& Staphylococcus %5 1EAH K .

= S
= =

° Group
A ' B ¥ oo, BPT_0D
° & ° y BPT_ID
i E BPT 2D
BPT 3D
BPT_5D
BPT_6D
: | BPT 10D ©
BPT 12D O
BPT_14D A
BPT 18D @
BPT_20D HE
BPT 22D A
n? BPT 26D @
BPT 28D W
BPT 30D @

=<4 PH SO

Axis(4.39%)
AXis(26.47%)

-1.0
1.0

1.0 Axis(48.56%) 10 ' 1.0 Axis(47.95%) 1.0
B 3-19 /M B A B A R 35 A% 18 e 70 70l S B S 4 (A Mt & (B) T
R
Fig.3-19 The redundancy analysis of dominant prokaryotic genera in BPT with

physicochemical parameters (A) and substance content (B)

3.4 IhNgg

AR T AT I AT B H R R B AR T B S R R KB R R R I
BEAT 16S rRNA ¥ 4810 7 5 AR AR AL 22 0 B, AT SOl HE A i i R o B AL
SRR /AT B T 25 TR TR A 5 A B S B/ IN AT BT R SR T R 2 i o
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PR 53 ISR . AS BT FUAHH LR 45 2R

(1) BB (B A HEAT, /NGBS S IR BRIRLE /Koy KR E 2 5
ma BAE S pH BEARAAR . Hohis B i m 4ER77E 51.50 ~ 62.90°C, pH T 6.0
~T.0 W, KRG RIGKDFERE 20.39%, KIGEEZE 0.93 aws /N HIR EEEH
FRPREYEZ R BB, KR, EA. ARENSERESES, K2
By, USSR AR . AHERNSEERCES, ThEHs 2324585

(2) B 3 MRS AR E S SR R s, e 2 SR
JEAN AT . BhAh, fEREERE] (BPT_28D. BPT 30D) /M B H 7%
o ) SR B R I A e TR E .

(3) 56 1A I 2800 35 S5 A% 141 J& 09 unclassified_Enterobacteriaceae,
HIRN Bacillus, N S EES —WEZE: 56 2. 3. 4. 5 DRBAIAR 4
SRB LR A Staphylococcus, HARN Kocuria, %N WMIEZHEE (BRFE
A BPT_10D A1) 35—k, KEEE 0~ 30 K, /NI H R 364 5 B 1
FXT R BRI E A (0.52% — 25.81%). i, WHFEZEE Bacillus X
FJEAEFEA BPT 3D ~ BPT 12D W&, Kocuria fEA£4X BPT_14D ~ BPT_30D
L

(4) Rt R IE. A RN IS e 36747 MR,
IEBE TN 30435 M. FETHRATH 6312 MG, KEFHTIHS
JE AR 22 P A I . SRS AR R A0 VR 2 37 Bl 19 R . K1
JEH, HEEAST R WIMER. 4EER E 50)-ATTH RS E AR B
L, MRS E RN EE T By A ER R Rl
FEIATHIFEA RIS (Metabolic pathways, 83.3%) 5 AW I E2 I E W&
f% (Biosynthesis of unsaturated fatty acids, 100%).

(5) /AT BV 2% R It A5 v ) A R A 4 ) 2 B VR M R I I 7KV P
RIS, A, /A B R R B AR R 1 R R S R R S R 2
Ty AR U 25 A O
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£ 4EF ABEEPZOREAINER 7B LGS

H AT OV 2 52 3 MR s A B AU RS P, 0 D B T A s V8 5 vh 0 8 HH
AT 5 R S R A DASIIE 3 5 M T o RUBR I o 0 2R I I A
S AR M I A% 5 A 1 g 0 0l O il B A S ST T . P el (et el iR I 2
NI F SN R S A Y/ R I Y AN 5 o i SO (SR E N TIPS a4 S U
FEZEBEN AR ERES . Kk, @B EZER, PR
S INRLH F- M R R A R . T 3.4 15 /M I H R R B A
WE R SRR ER S R 2R R EMC, HE2mE 5 aity
B R R B R P B AR A . AR TN R R P (R R A R 1 SR R
BT ER S B, JFELESE S0 TEMEINAT A E. &E
X E SR8 B ZF AT B BEAT DO REVEAG 30 o AR B0 T 50T 3 VA DT S A R VR
A A EL R

4.1 SCBEMARL

4.1.1 ZXHER

AR R B BT 25 = m P80 5 R A | 32 /AN BHAE R (B,
2023 ).

4.1.2 LIS Zh MR

K 4-1 SR

Table 4-1 Experimental Drugs

Yy b A4 TR 2y R G

e A FMB ATAMTR (B RAEARAR

BRI FMB ATAMTR (B RAEARAR
AL AR I 2455 b 2 lGh A R A 7

RS BR [ 2455 b 2 lGr A R A 7
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PITEEEZ B USP ATAEYTRE (R BHaHRAHE
RIS VEE B AR ATAEYTRE (R BHaRAFE
HAEH AR I 24 £ A R A BR 4 )
R AR I 24 £ A R A BR 4 )
NH4C1 AR I3 24 4 AL 22t A PR A 7

Mg SO4-7H20 AR ] 24 5 A 2255 BR A )
K2HPO4 AR I 24 8 Ak 22t R A PR A 7
Fe SO4-7H20 AR I 24 8 Ak 22t A PR A 7
R RLHERM BR (299.5%)  ATAMTE (L) BOHERAF
KH2PO4 AR I 245 £ A 2R AT BR 4 )
HE B AR I 244 Ak R A BR A
i Ji 9k i b 2% ATAEYTRE (R BHaRAF
ot K AR I 244 b 2R A BR A
TR AR I 244 Ak 2R A BR A
Eigane AR I 248 [k 2GR A BR A
fil AR I 248 [k 2GR A BR A
AL AR I 248 [k 2GR A BR A
Tk Ll AR I 248 [k 2R A BR A
e wE LUk 2] ATAEWTRE (R BHaRA

4.1.3 SEIG{YL S

R 4-2 LA

Table 4-1 Experimental Instruments

SR AL EVR I

fERAEIEE R4 (PYX-DHS-40X50 ) MR R A
TR IEIR IR R 77 (SPH-2102c) P SRS R A R A

AR BT (XSP-2CA) AN
XWNHEFL TAES (SW-CI-2FD) TR B & A R AT
T HERSE S = pH it (PHSJ-3F) SRR AR AT IR T

HL PR B T4 (GZX-GF101-1-BS-1D T BT AR G A PR A

& URIHE B0 L 80-2 IR TN A TR 2 7

SK-1 PRIE TR A1 2% E¥FERBOCGER)
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WL ALK E s (YM3) g =T A A PR A

414 1EHE

(1) B W (Luria-Bertani, LB) #57%3E: BREAME 10 g/L. BERHEE
Y1 5g/L. NaCl10 g/L; JEMEEFREL: nliaPERER: 2 g/L. B AR 10 g/L. &k
S gL AWE S gL RREEFRE: R 1.5 g/L. NH4Cl 04 g/L. Mg
SO47H20 2 g/L+ KoHPO4 1 g/L. Fe SO47H20 0.01 g/L; £F4Ez K577 HAMk
10 g/L. BB 10 /L. R EL 49 (CMC-Na) 10 g/L. NaCl 5 g/L.
KH>PO4 1 g/Lo DA EBFFRIERL pH A2 7.0, 121°C KB 20 min. & A7 4L
HAM S /L. BN 5 g/L. &P 10 g/L. BEiREA 4 (KoHPO4) 4 g/L. i
NEGIHr 20 g/L, pHHZ 7.0, 115°CKE 30 min. [E{AREF=IEESMN 20 o/L 3
o

(2) LB Hutksszest: miEKEEm LB #5778 (49| 100 mL) %% 50C
FA, IIN100 uL FPEE R B (2.5 mg/mL), {HEF53E N HIMEIRE N 2.5 mg/L.
[F] A 15 7R B A AN I 20 g/L Bk

(3) WiHKEEREFRHE: W NTRIAESS, 0% (40 HD. % 1:30 AW L]
NI 52&408K, Wh/KIRIE 30min (BF Smin HERE—70), g, 121°CK

20min.

4.2 LG5k

421 REEMR D ESEL

B3 g M ETHIEMAN, 1% 1: 30 REVR LI INZSRK, =iENE 12 h,
DLE SRR I 72 b 2 i RE AR T £ 2

B 2R m AT B AR (10°, 107", 102, 1072, 10%. 105, 10°), 435I EL
100 L BB IAAT T LB HUVE TR, 37CHBERFEREE L. BUAETE T
7 SmL VA LB ButEssFR A6, THEIR 37°C. 220 rppm #5957 16 h,  HEATFAR K
Zh. EEU LB, BHETVHREAGE P, W 5E s ai bR, did
" R P T Al R A0 T B AR EAT R, -80°C LR AF AT .
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422 BEREMESEFELEE

S (AR E T X B EVE AT WS, 422 IR ikt
CALRI MR EAT R, & MRS GhE) WEMRESSRELER.

423 BREMHS FEMFEE
4.2.3.1 {HiE DNA BUIREX. ¥ i85 EUL

i DNA BRI & (E.ZN.A™ Mag-Bind Soil) HEH4LILAH T ) DNA;
it 27F-1492R 5141 (27F: 5-AGAGTTTGATCCTGGCTCAG-3'; 1492R: 5'-
CTACGGCTACCTTGTTACGA-3") X} 5% 16S rRNA V3-V4 [X H A5 ¥ 5147 R A&
B . (Polymerase Chain Reaction, PCR) §#4, PCR ¥4 Nk R 5%
R 4-3. 3% 4-4 iR 8 DNA R EGAGRIE (AxyPrep) X H ) DNA
HEAT I 1R

1 4-3 PCR 4 8 M 1A 7
Table 4-3 The reaction system of PCR amplification
5wl RFR (ul)

DNA (20 ng/uL) 1.0
10xBuffer (% 2.5 mM Mg?") 5.0
Taq &M (5 wpl) 1.0
dNTP (10 mM) 1.0
27F 514 (10 pMD) 1.5
1492R 514 (10 uMD 1.5
ddH>O 39.0
TR 50.0

% 4-4 PCR ¥ M [ 226 AF

Table 4-4 The reaction condition of PCR amplification
wE RE C) BE (min)
AR 95 5
AR 95 0.5
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BED 58 0.5
S 72 1.5
i 72 7
%L 35

4.2.3.2 FHIHINE

B[] DNA A2 i B IRAR G A F 34T DNA M. BNFRFsE RS
NCBI 16S rRNA %3 22 347 FIYR LE T, RIYsME i 17 21 R A 2 N B AR T 21

4.2.4 EIBE AL
4.2.4.1 JERIKRERET

e R R T IE R B IR AL, 37°CH B R IR B DLV . BRI AT
o, WZEE, MEFEEZEWE SR (D) AEEER (D, FlE
(D/d)s

4.2.4.2 REGIK RS

Y FERVE ST R R AL, 37 CHE R R IR . oM 5 mg/mL
(IR SR LA St 15 min,  FEH 1 mol/L (1S BN TR i AR T, % B it
15 min. 8 H S, WIEIIRE . NEREEEVEES (D) REEHR
(d), HBHEE (D/D.

4.2.4.3 FFHfEF KRR

W AR BT ARG IR, 37 CpE R R E MBI . ol 0.2%M
MISRZLGR G 1 h, FEH 1 mol/L i SAL AN VRIR W6 T- M R Thl, FREIE 1 h.
5] SACENA T, A e . SRR A ER (D) AEEER (D,
FHE (DD
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4.2.4.4 BEKIRE

R v R TR AR IR, 37°CH B SR B PR WV . WLE Y e
NEFEFEVEER (D) LEFEERE (D, FHEE (DD,

4.2.5 FATE RN & B

WAL BARE AR, BAREIE (37°C, 220rpm) EAMEIREUN, ME AR T
WL 1 mL AT 30 mL R KR SR B HETE N, #BIR KT 6 X (30°C,
130 rpm), 4 48h K I — IR F BRI S BE . 2 B AN H bR BRI
REEEFRIE . BH 3 AT

42.5.1 BILERAEN . FR=FtLLEX

IR R FE R L RERRAI Nl VAR %A1, Z%AYTE 500 nm
WA e RIS o ST B AR AR T 500 nm ALFITOGRE, BI AT R NRE A i L %S
Eqiufs ¢

JLZR bR i 2R 0 B T 5 R TR R LR 3R BRI 2 2 ik e B 2 A\ 1107)
fleE, BARYg: WAL 10 pL AR, 5 2.5 mL BESHON 1%ME X 2R-4
BEV . 2.5 mL AR HON 30% IR IR - CBEVE AL 20°C ) 5 3%, I ODsoo,

éﬂ 3 /I\EIZ//TfO @Tﬁé\\ﬁi—fﬁlé\)t¥%é\%:
X AxXM Va
= X
1000 VbXxm

AF: X NILERSGE, mg/gs A AWGCE; M ABGE N 1, BEE
KIS RS E, ng: Va NRIERE, mL; Vb NEUARE, mL; m AFEA
:F‘iy go
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020l Y=0.04725x+0.0864 =

2_
R°=0.996 -

0.18 /ﬁ/

0.16
@ g
O 0.14} -
e

0.12 -
-

0.10F
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JLAS A EEmg/mL
K 4-1 JLoR 3R b v ph 22
Figure 4-1 The standard curve of catechin

WK 4-1 fis, JLZR R BIPRAE T 26 y=0.04725x+0.0864 (R?=0.996), Wt
FE T, BB &= & M=19.34 pg.

4.2.5.2 iR R EER RIS

22245,

W

4.2.5.3 ZXZ BTSN
ZW 2247,
4.2.5.4 ZEYSICERAVAE T

(1) il &R BRI, BUE AR BRI, 4°CZA4F T 8000 rpm &0 15 min,
B3, 4°CORAF A .

(2) 2By e el S A2 RISE ADONRRIN % . LS mL B0,
¥ 3 mL B AR 2 pPVATR (0.1 mol/L, pH A 6.0). 1 mL 48Z —F (0.1 mol/L)-
0.1 mL FHEGVR BB I S REAK 28 o WRIRIR S J5 S B2 10 min,  H[A16E 30 s il —
X ODeoo, 7% IR HEASIIAH B AH . B4 3 A PAT .

(3) ZYEAEETHE

AODqggq

%%ﬁ%%%ﬁ=lx o
A V OHBEFE AT, mL; AODeoo AWNIEBAE; AT N MR [H],

min.

x 103
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Xt Z Wy SE AL B BEE E X 1 mL MHEFR T 1 min WiEROGEARML 103, Bl
5E SCA—/ NG 1AL (U/mL).

4.2.5.5 TR HERAVAE

(D | &AHBGHK: S 4254

(2) Kl A . S0 EWES AR TE. BUS mL BOE,
5 1.5 mL B 2h 2 vh T (pH o~ 7.0) 1 mL @AIAKE) (0.3%). 0.5 mL FHEFHK
(M7 IO R SEAR 2R, IR ST N 1 mL i AR (0.3%), 35°C/KiE 4 min,
M ODaros K B EIAR B E KN N A AR 4L 3 44T

(3) WA AIEG T

AR = x

o i S B 5 S 35°CRY, 1 mL FLEER T 1 min P iERRERE N

107, BP5E SCR—/MEgE I B (U/mL).

x 10

43 FER5T18
431 FEHEMNDES 4k

WIS MIEESR B (2.5 mg/mL) ) LB BFRFEEN K BT FE 2 & 4R
AT, PARRIZR A0 J5 A5 2 41 BRE R . X 41 BREAEAL B R IEA T ¥ 15 PR
DU J5 Sl T IS 4T .

A2 ESFLEEER

WEAGCRIBIN 41 PREEAR, 18I U0 SR 20 14 B0 B 7 5 L 2 M 2SR R AR BL B R S5
L1953 35 MREAE. BRARI B VR B 52 R A I 25 R I N 3R 4-5 FoR. Hd
Puer 04. 12. 15. 18, 21. 22. 23. 26, 30. 31, 32 N¥EZRAMEME, Hi
G N2 EC PR A

® 45 sy A as R

Table 4-5 The results of separation and purification

i | BEVERF | BEMEBNE | RS | BREVERS | DB
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Puer 01 Puer 19
Puer 02 Puer 20
Puer 03 Puer 21
Puer 04 Puer 22
Puer 05 Puer 23
Puer 06 Puer 24
Puer 07 Puer 25
Puer 08 Puer 26
Puer 09 Puer 27
Puer 10 Puer 28
Puer 11 Puer 29
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Puer 12 Puer 30
Puer 13 Puer 31
Puer 14 Puer 32
Puer 15 Puer 33
Puer 16 Puer 34
Puer 17 Puer 35
Puer 18

433 PFFLEEER

Y 35 PRANTE ) DNA A B, HET PCR ¥, =1+ HAR4HEE ) PCR ¥ 1 45
RANE 42 fioR, BEARZTAL BT 1500bp 24, FWHANH % .
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___________ 1

1DL2,000 DNA Marker,
bp |

—— 2000

— 1000
— 750

— 500

— 250

4-2 HF PCR 453

4-2 The results of Bacterial PCR

W~ ml g P55 NCBI B EBEAT R b, ARBURE B i O B O H I FP 51,
FEBRE A E S5 R ILAAH] 17 MANw . 2050 09: Puer 01 SN IKZF 1
MW (Bacillus haynesii, 99.66%) HIAHARE R ; Puer 03 50|44 & 4 4 2K &
(Staphylococcus gallinarum, 99.98%) HIAHAEEHIE; Puer 04 5 HUA ZF AU B
(Bacillus licheniformis, 99.93%) HIAHAEEE; Puer 05, 06, 11, 17 5K
SN E-IETE (deromonas caviae, 99.86%-+ 99.98%-. 99.98%. 99.98%) [¥AH
UERE; Puer 08 5P [CZEAT B (Priestia aryabhattai, 99.80%) [FIMILLEE
513 Puer 02, 09 S5FrE M/ NMTE (Curtobacterium citreum, 99.72%-+ 99.51%)
ARy s Puer 12 5 220RIEEMUAT & (Priestia filamentosa, 99.76%) FIAH
UER ;s Puer 14 5P FIEFEHEIZ: (Rothia halotolerans, 99.52%) MIAHALL
FEi R Puer_16 5 KN BEI IR (Lysinibacillus macroides, 99.45%) I
PR s Puer 7 13+ 15+ 18 5RFRLZFAEAT B (Bacillus subtilis, 99.86%-
99.98%- 99.79%- 99.59%) M) FH AL BE 5% = s Puer 20 5 57 IR fHE A &) BK
(Staphylococcus loydii, 99.79%) WIAHLAFERL S Puer_21. 25 5 H A4 2 405
(Pluralibacter gergoviae, 99.58%- 99.51%) HIAHANE 5 ; Puer 26 53E7ER
B -- A R B AR (Enterococcus faecium, 99.73%) WML #i % : Puer 28.
32 5MNERMR M E (Pseudomonas guariconensis, 98.49%- 98.49%) HIAHLL
R R s Puer 19, 22, 23, 27. 29 5 & 7AW (Klebsiella pneumoniae,
99.86%-+ 99.59%-+ 99.59%-. 99.86%-. 99.31%) HIAHMLIE R & Puer 33. 34 5

.

LI ERERE (Mammaliicoccus sciuri, 99.93%. 99.86%) F{AH AL %5 15y s
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Puer 10. 35 S5f#UEM ZEAFF# (Bacillus amyloliquefaciens, 99.98%-. 99.93%)
FIARALLBE B e

B E M 4 M Bacillus B8 v % N : Puer BH (Bacillus haynesii)
Puer BL (Bacillus  licheniformis)  Puer BS (Bacillus subtilis) - Puer BA
(Bacillus amyloliquefaciens) it— 5 AT A2 B A A A I 5 BEL 1] A I SIS 63

434 B IMLER

ML /K fi#FE, #)%E Puer BH. Puer BL. Puer BS. Puer BA X %I 1F]
e, SRwE -6 (FHER). £4-7 GEARD. £4-8 GEk). £49 (R
) Fis. Lk I P 5 v BAE I L AE AR AR AR 5 58 ioARHE, LUK T 1
MARFAGRUEE ST, HEN 1 MARFRARITREIIRSS . HA AR 4 = e ) B i
£ 5547 % N : Puer BH (1.67). Puer BS (1.34). Puer BL (1.25). Puer BA
(1.00); REE AR I HMEET 57~ Puer BS (2.14). Puer BA (1.19),
Puer BH (1.00). Puer BL (1.00); ARUHIEHBE /I 3R E§5 4> % N: Puer BS
(1.44). Puer BH (1.42). Puer BL (1.33). Puer BA (1.15); QU kKifE
B 5% 2 55 % % A : Puer BS (1.64) . Puer BH (1.42) . Puer BL (1.33) .
Puer BA (1.14). ZE& UL SR TTH Puer BS HIXT IR EIR MK AL 1 iig, £
W] Puer_BS A BT rIVa 1 2 05 S5 B & BLBR 17 A, HENIDRE K AT a i 1) e %
RN — € & [ Puer_BS WK, PASGEEH A VAT 2 W) & &

K 4-6 L YEFR K 45 R

Table 4-6 The results of cellulose hydrolysis ring
WEA  WiEHEAR (D) #EYEER (D HE WD)

Puer BH ® 1.67
1.00cm

Puer BL ® 1.25
0.40cm 0.50cm

Puer BS . 1.34
0.80cm 1.10cm
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Fact

Puer BA 1.00

1.30cm 1.30cm

R 4-7 E UK RIS R

Table 4-7 The results of carbohydrate hydrolysis ring

FEEER
HEAKR  BE%HESZ (D) . tefE (d/D)
Puer BH ; TCIK fif el 1
2.80cm
Puer BL Te/K figk Pl 1

Puer BS 2.14
0.70cm 1.50cm
1.60cm

1.19

R 4-8 JEK K fire Pl 45

Table 4-8 The results of amylum hydrolysis ring

WEAN  WiEEAE (D) EUREER (D WE D)

Puer BH | - 1.42

0.81cm 1.15cm

@ 1.33

0.80cm

@ Las

1.30cm

Puer BL

Puer BS ‘

0.90cm

‘ 1.15

1.40cm

Puer BA
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R 4-9 RIBIK Ak Pl 45
Table 4-9 The results of pectin hydrolysis ring
WEAN  EVEEAR (D) EHEER (D HE WD)

Puer BH 1.42

Puer BL 1.33

Puer BS ® 1.64
0.90cm 1.48cm

Puer BA 1.14
0.80cm

4.3.5 REEREEE TS KGR0

FHRFRE R ZH . JLRR. WEERERN K 4-3 s, BERRHR R
HIHEAT, TSI R R R B TP 7R 2l (K] 4-3 A) 5J)LRE (K 43 B)
KRGS, WREARER (K43 0O RAeFEMES, SRALHEL.
R 4 PR I 3 B o R LR H 12 2y LA 3R 500 B 2 B R 1
RE Ao HEMN, 28 SO B R B r 2 1 9 1) o AR S50 SO R IR 1 U 1
MR LT, deAh, AREEHE K Puer BHXT A Z®Y (621.55 — 300.87 mg/g)-
JLZRZE (11.49 — 6.45 mg/g) [ARIHEE 1558, Puer BS Xiiif & LR (5.38 —
1.94mg/g) HIARETAE 18 . HENDK KA A Puer BH. Puer BS 5H F 4L [R K&
Bl B TS EHR PR ZH . LR R SRR AR S =,

500 16 8
o 600 1 121 '\*’\_,_\% W5
2 ! ) @
1 a0} %n st : L iy
@ —=—BH m} —=— DI iél —=—BH
§ ——BL # ——BL Il;vllz I
Y7 200f DS T oap BB a5 2f ——D3
—v—BA —+—BA i —~—BA
——*iF8 ——Xf R — 1R
0 L i i L i i 0 0 i L L i i
0 > 3 4 5 6 0 2 3 4 5 6 o 1 2 3 4 5 6
R )/ RAERT [/ R REER/ R

B 4-3 KEERP R 20 (A JLRER (B). IR (C) MRLES
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Figure 4-3 Trends of tea polyphenols (A), catechins (B) and free amino acids (C) in fermentation

broths

2R 2 By A S i A B RS AR A a1 4-4 iR . BERE R 9%
MIBEAT, R 2 B A A B s P S i A R e 0 5 B sy . Hod,
WS B H ) Puer BH (66.67 U/mL). Puer BL (58.33 U/mL). Puer BS
(70.67U/mL) 5 Puer BA (66.57U/mL) 1EKEEH 4 Kip=4 1) 2 By B AL EE 1015
M sR; B A Puer BH (28.13 U/mL). Puer BL (25.92 U/mL). Puer BS
(28.38 U/mL). Puer BA (27.05 UmL) fERFEEZ 4 KA R SV S
VefoR. BT 2B EAEE S SR A B T AR 2 M A BRI R, HUEN,
ek i@ M H] Puer BS 5 H 25 3L AU BER A B T 08 EE R B

100 30

Sl A | B F
%
/

BA

¥

[
=

D :

# wl ]/\
Jeras _/I 3
> 4ot
X -
W AT —aBS

w

AR UimL

= wn

0
0 1 2 3 4 5 [ 0 1 2 3 4 5 &

b BIDISS REERTR R
K 4-4 KEER D 2 By S ERE E (A) 5 EEREGTE (B) AR
Figure 4-4 Trends of polyphenol oxidase activity (A) and peroxidase activity (B) in fermentation

broths

AmEEEEEA. P TAEYFEE AN TR KEERET 4
/ﬁ:/—r

FEEFAT RS, HR, /K AR B SL 08 S AR B 4 b 25 AT B B A A 1
ARE TG H DL 4
(D) BB EZ RS R R REA, 53 41 pRYR .. @l E

SEEEA 35 HRaE, Hd, FEERPIEMEA 11 k. Pl 14
Prpdese 17 Mhlles, Horb, 285 Puer_01. 04, 07. 10, 13, 15, 18, 35
VA RNZEEFF & &, 97N Bacillus haynesii (Puer BH) < Bacillus licheniformis
(Puer_BL)\ Bacillus subtilis (Puer BS). Bacillus amyloliquefaciens (Puer BA).

(2) WIS KRS I, KRR T s PN Puer BH (1.67); 7KfE
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WAL I SRHEA Puer BS (2.14); KRUER AE S ISR IN Puer BS (1.44);
IR RE 1B BRI Puer BS (1.64). VURZEAIFFH H Puer BS HIZEE /KR
Re /1R OKMRA4ER IR 1N 1.34).

(3) e B2 T S ke U 4 b B bk O Bl T S AR PR R B, DU 24
HEXNZEZEH . JLAR. HEEIERIY AR, K, KRS EHN
Puer BHXI A2 WY, JUASE AR UITRE /18058, Puer BS Wi 28 S S 12 1 A U R
5. WANKRIN, Puer BS it A NAIEG 5 2 Wy A A (1 B TS 7 B0
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BSE FiLGRE

5.1 &5ip

(1) AN TF] S S 4% BT 4 ) 5 o R 25

R TERE P vy HL b i (R VE A 3L TR 55 T

@K 3 P2 i R AL R A 2R AR rI VAR 2 . R BT E
B, BAR. XEENGE

OKRBAENAEE IR Penicillium (L) Mycosphaerella (i
412%) #7452 Blastobotrys. Thermomyces Aspergillus 1 Rasamsonia, % 5%
B 8 HEE AR S . 245 (0 Pseudomonas 38 N Staphylococcus F Kocuria .

@I R BT IR AT Pseudomonas WIKAR R, MREARMS =
W B R AT SR R R Aspergillus WIAHX FE 5B RS8R 257 KT 2
S BET Aspergillus. Thermomyces Rhizomucor Pseudomonas 5 Bacillus [
SRS A2 E A
(2) REEEREP ISR WIS 5P U KA A -

OBE KBS R AT, /N B BEEE R th el i e 2 08 . BT, R
AR, KARERWEEEE&ES, KW, WEEER. FERNETEER
.

@I 3 NREEEIREZE R E S 2R RIS, 5 2 AN RIEE
) B A . eAh, 7EKEERE (BPT 28D. BPT 30D) /M A H 2 iy
JFAZ BB A Kl TR e

@AEFE AR T H . SR EA TR TR, 4R
E 5C)-ATHE 52 R R E L ol nriss 2 R AR R~ .

@I TUR TR I, /INAT B T8 R I I 2 ol 1 Do A R A 45 ) 2 B 2 U
HE R BRI K G FE IR BE 2, tbAh, SR SR A AR 5 R 2 B AR
A
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(3) R 43 By Alidl 45 5 28 PR B 1 32 AU Th e Al -

Ot B aith. EMHERES S FAENFEE, 93 17 FdiE. 2,
2R AU S s N 4 B, 99~ Bacillus haynesii~ Bacillus
licheniformis Bacillus subtilis. Bacillus amyloliquefaciens .

@il i AR VE W R L, Bacillus haynesii % 27 45 % (AT RE 15008,
Bacillus subtilis X E 5. JE¥7 5 RILH B BE IS8R Bacillus subtilis 7713
SEACYIE 5 2 1y S AL B GV 7T B

52 RE

AR S T I 23 AT AN () R TR SR AN [ A T T 2 o 4% A TR 4
FEARER MR, BT KRR T ER AR AR MR S50
WIhBE MR KT REBER R . BEJS, JBEERBEE R AY, g H A R
FEHE RV R S EAL S EI RS, M T BUE R, IR T ThRe A
AP BE I IEATIRE . TSR AR, ABEA A fr 58 B I 55

(D ARG T 7 HER PR EDR, 287 HEARN B LS. H
KT A I R M) R BRI T A AR T A, Sk R T A
T AR FEA [F] JFURI S TS 5 e AR M VEL A A4 R I R 1) 22 S 5 Ak
M, DAZRE VTN R A 25 1R 5T

(2) BTN R B SRS S v ) B oy 1 22 7, A4 SR R I [ o Tt
R A INIE S 3 528, AR T A KUK 9 250

(3) AR A B I P2 2% HE v 1) SR AR A E AT B 4, R AT /AT
B VEL % R T D) M T 5 25 S0P 00 SR AR A, DA A THT 40 A T A T8 T 3 VEL 5%
J5T I RE M o

(4) RIRGRIN Staphylococcus 5HABF . WHHH. W2 B0 2
G150 = S = =2 5 [ 7 o NG 2 i 7o o o I o =1 D o = e B
Staphylococcus gallinarum 5 Staphylococcus lHoydii 34T FE AL L 3% B¢ [ B 5
WILIE . AV PUAE R SEEEA (B REER. BOREHERD
T, LAt Hae et DMESF R S Sant AR LB 72

(5) ARURES> B 1) Bacillus subtilis WA DIBER TS, K AT XS Bacillus
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subtilis AT AL AR, 220 e o i AU R . Ak, iR
R, AR 23 1 K S RE Sl AE P A R ERT ST 2D, TR 2 TG AR Th RET
IS PETE R RS R R S R R A S
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