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1 HEARXBREBILEZZEYED
T

(EE PO R W B LS R KW A
AT — RV F A . VR 2 i E A
Iy LR LY b H Y 60 %~80 %1, Al 43 | g
BLAZFR [0 (+)- LA ZE (catechin, C) . (—)-FJL
%% % (epicatechin, EC) . (—)-FE B T LA XK (epi-
gallocatechin, EGC) . (+)-% & F JLZ % (gallocate-
chin, GC) IMBRRLRR [ (—)-LKRR-3-BE& T
R I (catechin-3-gallate, CG) . (—)-FJLZKE-3-%
B FRRMER (epicatechin-3-gallate, ECG) . (—)-% & ¥
JL 2% & -3- & & + MR BiR (gallocatechin-3-gallate,
GCG) (—)-REETILAR-3-I & T MM (epigal-
locatechin-3-gallate, EGCG) J'"°!, 78 & B 1 F2
A= W S HL 4 D 1) 1 il 3R 50 22 2B AR O, T B
LR RAE W R A Bl 5 a5 Ak, JT A= i 2
MBI A IE RS R AT A

Jo W i 2 AR T A TR LSS R
KL G 55 2 ) & 2 (105.8~135.6 mg/g) 1N
A e A R S BT A B B
R ER) I L A W 0 W 0 BT i (tannase ) fE AL TR B
JLZEZ (RRIE ECG MIEGCG) K fift , A= AR Fig 72 L,
% (EC.EGC) JF B M % £ 712 (gallic acid )82,
FEE WA R E T SR, LS
R (I CEC . EGC) Fl 24 (4 EC-EC I EC-
EGC) #5222 R A 1o 280 h €3 -
— H P AR AT B K T3 (ultra high performance liquid
chromatography-triple quadrupole tandem mass spec-
trometry, UHPLC-QQQ-MS/MS) #E47 % #11 m) £X 35
2o ATt — PR SE LR R R At fE
KME D B a3 5 ik —3, H EC-EC —R¥1X
FEAZS PR 2 B R RS A AERR R LAS K
Big AU LR 2| nT s h ) R Y & 28 B K TR
7 AR M LAS % (W EGCG L ECG il GCG) 18 3
SERE R B A

TE Wit 1) [R] I, Z2 0 i A/ g [ 6 45 5077 Tl L 22 1
A AL T (polyphenol oxidase ) | % if (laccase ) | i i
(pectinase ) FIT£T 4 Z i (cellulase ) ¢ | #p [l 44k JLAS
RRA RS R B AL T R AR A R
IR 55 SOV, T8 LSS 22 4 H BT A= 03 M BT
RINTAY) , £ 2 HE R P A2 5 LA & (car
boxymethylated/carboxylated catechins) , 41 8- & H

FH-(+)- LR (K 3A) 8-FH HE-(+)-JLAARH
Mg (181 3A) (6-F2 H k- (+) - LA (18 3A) (8- FR 4k~
(F)-LEZE(EI3A) 6-RIE-(—)-KETFTILER
(K 3B) . (+)- JLAS K -8-C-B-D- Mt i 7 28 B 1 (&
3C) I (— ) -F LA FK -8-C-B-D- M i 5 285 4% 11 (14
3D) A X W R FEH C GC AR AREE A L2 &
(1) A BRI 54708 ) Ak SOR TR SO P B

T H 2% Z (puerins ) 285 T 2SS H — R AE AT
AW, BAAYUARAL PR AT S A o S ] o
2 W Tl R T JIEL BRR il 55 2E TR A . T S
14 B F2 HAZ DR RT3 32 - (1)8-C Bt ke
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A B(E 3E), H A C-7F1 C-8 il itk C—C #EHFIZE 14
IR 5 (2)8-C AR LE IR #E e -3 -2 (8-C
phenylpropanoid-substituted flavan-3-ols) , £ & Ji H
GC MEGC ¥ H 28 % C £ F (B 3F-1) , fE A% C-7
FC-8 A7 B A% 15 H 2R TR ot B 7T 19 75 0T Y I
FRIZT, (3)8-C N- 2, 3 -2- NH % e il B AR, 8 4o - 3- T 25
(8-C N-ethyl-2-pyrrolidinone  substituted flavan-3-
ols) , fLfFIE H EC M EGC 2% 1 21
(F 31~Q), H: A BF C-8 i B [ PR JE 4 N- £, 56 -2-1i
e ok 66 AT EBAR 20 R RIS E T 7 & 1 B
i e il ik 0.4 mg/g, HEH AR 1 MV AE 2%
hEEDER TAR., XEASGYATREI T EC.
GC.EGC FFAEEE B LA R A LR B S5 A HLIR |
13 PR Bl 2% 24 TR Hh A R i/ i e LR SRR UL R
KA -

AN, 7 2B il B (Aspergillus niger) 35 L34
PAERTS AETR B L4 5 09 B 36 & AR 2 B i
Teadenol A ( & 3R) fil Teadenol B ( & 3S) %5 fi1 4k
e M R Teadenol A 75 B 5 HE G, W]
15 4.38~8.15 mg/g, BAE A = 10 f5 L B2, %
LB B 28 24 i 477 A2 W Can 4R 6% 45 v AR 1% 2% &R
A~F) W AELE T HA B 55 (oS 8825 ) 1Y Ja i ik
*51__:[1:][29]0

2 LEAFRREBEMSHEMEE
MR T

S JH B AT Hp A R 2 o o R 4 R (fla-
vones) ., 8 %E i (flavanones ) A1 7 il fi5 (flavonols ) K

B (8.8~9.6 mg/g) , 7 W B R M £ B LT TR
A AFAES L B R BT OC AN B & (quercetin) | 11148
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Fig.3 Catechin derivatives identified in ripened Puer tea
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florin) ; i ¢ RATA W, W T (rutin, BPA# B2 3 -3-
O-ZEFWH ) Mtz K -3-O-p-D- ML 75 25 W1 i iz
R -3-0-B-D-2FFURHTH MHER-3-O-TERBIT s i7ifER
i), iy & - 3-O-B-D-ML G A 2 i HF R -3 -
O-B-D-2FFEH MR -3-O- /b LU BT
ENTEWY), TR -7-0-a- AR5 18],

i 25 B Hh B (Aspergillus tamarii) FHH #h 2
(Aspergillus fumigatus ) % LI PR S WA R Z R, 4
-] 25 M T (o-glucosidase ) | B~ 25 4 1 (3-glu-
cosidase) ., 6- T iR ] % iR I =0 (6-phosphogluconate
dehydrogenase ) .o~ %5 B R I ( a-glucuronidase ) 45
WET KA T, DA K 8 TR P 3-O- M 36 5% B 1§ (flavonol
3-O-glucosyltransferase ) . 2 Hi i L~ 5l 25 W5 5L 7 74 i
(flavonol L-rhamnosyltransferase ) | # fili 8-C- ¥ 3 %
% i} (flavone 8-C-glycosyltransferase ) &5 B 1 4% #%
Fig , 1 [ i Al 35 T 20 0 7K At R 207, i M A
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1 3L
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PERLS: , A NS & BT e K e rh R A B35 R
o FE TR R BORAR £8 33 - DU BT AT B[R] BT 33 (ul-
tra high performance liquid chromatography-quadru-
pole-time-of-flight/mass spectrometry, UHPLC-Q-
TOF/MS)EA, HATE B HA 5 Hh 27020
AFERIEY P ke Ak S ER TR P B
S NE R A AR FA 3 A X AT A4 o (AR 284 JL 25 3R RN
AR TR ) WAL

AR G RAEBHIRA N EAFTE B 2E R
B TR A 3-8 B Tk 45 TR (theogallin) 431l J&
BERGAER PR FENBR , Hh AR E TR
SR BE LI ETE0.25~30.2 mg/g" . A4S
LG, B h Z R R IR I R & = A AR B T
M2 ERAERR (ellagic acid)™ | J5LZERR (protocatechuic
acid) \4-X} P2 HOK 2, iR (4-hydroxyphenylacetic acid )
3-(4-FFHRFL) N IR (3-(4-hydroxyphenyl) propion-
ic acid) | X TR (p-coumaric acid ) X WIMER (caffe-
ic acid ) &5 %1 4R R (chlorogenic acid ) , — 33k

2K IR (dihydroxyphenyl valeric acid ) 152 3 2K 1% /iR
(hydroxyphenyl valeric acid ) 55 7 A= A 4% 22 [0] 75 & A
XA, R E RS AT RN, ZEET Y
VKL 7 V2 B8 52 W], 758 5335 TR S8 A ot v B 4B TR
WA e 2 ) A T R R O TR TR L B R R
P2 B3

T A Th OB I R 1P J S e A s AR B W
Wi BB TR F RIS (1) B lhws S DL mitk
3 WA ) BT T RE S R A AR TR AL LS &R (W EGCG
ECG) FIBRHK I , BRI & IR 5 (2)3-% &
T3 25 TR (theogallin) 7K fif o AT A= iR B F IR o
SR RN E TR LA it — DAl
IR GO 5 R i HESE RN, AR 2, 5- AR
A H R (2, 5-dihydroxybenzoic acid) | [B] 4% = [} (phlo-
roglucinol ) &% = W} (pyrogallic acid ) % & F R H g
(methyl gallate) . 7K & (salicylic acid) .3, 4- 55 3&
2K R (3, 4-dihydroxybenzoic acid, B | JLAS R ) K
2,3,4- =B FHIRXHR (2, 3, 4-trihydroxybenzoic acid )
SERT AT AR RS AT AR ) (RS R IR
JUZETR ) 28 W AL 5 IR B e A Ry OB U4
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SE) BT R S M T A PR KUK 7 B Jo
78 M A A D) R YR T I AR S S
AR TR W) 5T [ AN A RR B8 3R (strictinin) | % A FASi#
A A IR S AR Kl R O R
RAEAT LT IH R, TR AL W2 LA 205 (R R AE

Wz

4 EEREERBUBSENLAES
KM R

TR AL A RIS H A T m A, 2
MW 1%, HRTC A AL 3 B 25 60 2K (malvi-
din) . & %4 {64 &K (pelargonidin) , &3 & (%, 2 (cyani-
din) FEN P 6 MEH 2. KT RS EE T
F 40033 T BB 5 HOG S L BRI pHL % AR U B e
O, AT R IR T 1RC2E T A A Y AR Ak I A S i
SR, BRI % Ak W SOnt it J5T 4 5 kTS
ARFRAMISE

5 HEEAFRAEBFBRIXWRA
T
PRI AR 15 R L 0 S0 I K B
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ARG N EFH . ILRRE R R
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REWME RO KEEOR, EEAHRER
(theaflavins) | %% £ % (thearubigins) 1 2% #) & (the-
abrownins) 4" S R S S X 3 KA KN A
S5 E5 M, A A8 FAE AT RURRAE R o,
TR I B B D) e e Ak AR

(£ A R B S R R R B
T, RERET RN EREE 35mg/gL N KL E
i QEREAE 2 10 mg/ g, S I AR T8 AR A8 2T
S LA A RSB RN S, AR
122.8~190.7 mg/g(F 1), i & & T 75 4 4% M HoAh
RN NEESS: (99.649.1) mg/g; PRk 45 (69.5+
8.7) mg/g]" . B KWt R AE F A R
R 3.23% FREEE N E 10% DL b 25 d R fAc 4
FO R AR Y L (AR R A 2 B A
Jnee 2 KT A R AL R i, RIS
R AR T2 B R TS LU R AL B v e
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%%Lﬂfa—dmo

MR IIEALEE 4, AR LA R S8
B R R G W I AR AW SO I BT
SEAMREIFERZH AR AR Y

AT 4 T i (4~100 ku L E) BB A
P g R R AR A I AR SR A4 P TR A
e AR GIE N ERER, KR OET ZH AL
Tty | 3ok AL ) Tl R T A L O A A T SRS (A
EGCG) 4 sl 2 rh b 4k , i ok s S8 b i & 5 R &
B4 NG R IR it B TR BT [ SR
(Aspergillus tubingensis) 3% % H 5 . Fi Bk i 5 (As-
pergillus luchuensis) JH AR &7 2 By S8 A0 A 4
TE ATl 1) G B R AR 00 SRR AR Y B R T (Rasamso-
nia emersonit) .53 B ¥ B B (Lichtheimia ramosa) Fl
L3Eh 7 0 Al ) (Debaryomyces hansenii) =5 W) 38 323
Tl B 7= b SR AR R G 2 S AL T R T [
PRI 22 BB ( Candida utilis) 15THRERSST

RO FIE B AE ATREAR IR R« (1) 2 I S AL T
U 1 1% 2 T T LS 1 SR AL i 0 ) 4 e iy 2
AAL S IE MR (2) BRI A AL R B TE BUAS B &R
FLL SO0 () AT R TR R M H A 2 (%
TR Mt 2 SO ) TE R RS/ ERT R, 5
ZHE R A A AR VRS RS RO
T LK o0 F A5 4 2210 08 S0 s — g AR T A
BB TR AR S I A R O A S (R
4)o BRI, AR N AL S 25 R A A RFRA
5T

(18 1
5o i |CD| wux |BED wax K%
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Fig. 4 The derivative formation pathway of tea pigment™"
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Table 1 Phenolic compounds and their contents in raw and ripened Puer teas mg/g
T2 251 TR 544 EERLREEP S WA

Types of phenolic compounds Name of phenolic compounds Raw Puer tea Ripened Puer tea

251 Tea polyphenols™'™  ZX £} Tea polyphenols 215.6~278.6 105.8~135.6

(+)-JLZZE (+)-Catechin 6.46~11.66 0.19~1.70

(—)-FJLAEE (—)-Epicatechin 16.09~18.45 1.02~6.42

ek (—)-FEETILAEE (—)-Epigallocatechin 14.86~28.26 0.40~0.44
Catechins® 16-17. 22 ()& T ILAE (+)-Gallocatechin 31.07 6.90
(—)- LA FE-3- 1% B Tl (—)-Catechin-3-gallate 0.57 0.20
(—)- BB FILEE-3-I B FMM (—)-Gallocatechin-3-gallate 38.64 17.02

(—)-FILAEK -3- & & T Mg (—)-Epicatechin-3-gallate 37.81~39.94 0.24~0.48




%56 1 T A ARG R 25 TR AT 5 i 41
£i% 1 Continued Table 1
1 2y B 2 ) T 254 5 4 WH AT L RUEAT S
Types of phenolic compounds Name of phenolic compounds Raw Puer tea Ripened Puer tea
ILAEHE . . L . 4
Cateching 9 16-17. 221 (—)-FEETILKRE-3-R & T (—)-Epigallocatechin-3-gallate 46.02~47.51 0.08~0.09
1% EC-EC 0.032~0.035 ND
2% EC-EC 0.10~0.11 0.025~0.035
3 EC-EC 0.41~0.43 0.05~0.06
ILEERY) o )
Catechin dimer 1M EC-EGC 0.036~0.042 ND
2 EC-EGC 0.08~0.087 ND
1B EC-ECG 0.45~0.50 ND
2 EC-ECG 0.22~0.25 ND
HIHZEE T Puerin [ 0.12~0.15 0.25~0.40
WA T Puerin 1T 0.07~0.08 0.07~0.08
FAHZZ M Puerin [ 0.07~0.08 0.07~0.08
W R LR R EN Puerin IV 0.07~0.08 0.18~0.24
Puerin and other catechin YIHAEZE V PuerinV 0.08~0.11 0.09~0.12
derivative ™ AV Puerin VI 0.06~0.08 0.06~0.08
FAE N PuerinVl 0.06~0.065 0.06~0.065
HH AV Puerin VI 0.07~0.08 0.07~0.08
Teadenol A 0.25~1.28 4.38~8.15
AT Gallic acid 1.1~6.01 0.25~30.2
AL Ellagic acid 0.51~17.01 0.11~21.36
3 72 WHERR Caffeic acid 63.04~91.75 66.54~84.91
Phenolic acids """ #% g Chiorogenic acid 2.72~3.94 0.00; 3.08~3.96
3-WEFWERZ TR 3-Galloylquinic acid 0.4~8.5 ND
ARFREZE Casuarictin 2.0~7.5 ND
Hil iz 2% Quercetin 0.57~5.34 0.03~2.72
B SUGERR SRS AR g gy e Myricetin 0.22~0.51 0.01~0.31
Flavones, flavanones, flavonols X
and other flavonoids 143 Kaempferol 0.02~2.22 0.01~0.73
(16-17. 22) AFRHEZ Luteolin 0.02~0.10 0.01~0.03
FERERA . Taxifolin 0.83~3.99 0.11~0.38
WiER 3-O-2LFLBEF Myricetin 3-O-galactoside 6.50~7.10 0.50~0.60
11258 -3-O-25 4 Kaempferol-3-O-rutinoside 2.20~2.35 0.25~0.30
H 5 Schaftoside 0.67~0.73 0.50~0.55
74T Rutin 7.06~8.07,1.51,6.60 0.32~1.02.1.13
SFEBIET Tsoschaftoside 0.008~0.011 0.007~0.008
B 111253 oy - 7 20 47 - B2 H - 35 8 Kaempferol-glucose-rhamnose-glucose 0.076~0.087 ND
Flavonoid glycosides 1111 25 -4 9% Kaempferol-glucoside (Type 1) 0.14~0.15 ND
o 2 1L 45 - #i A% Kaempferol-glucoside (Type 2) 0.83~0.92 0.14~0.16
¥its R - % Myricetin-glucoside 0.54~0.58 ND
i 2 - B2 -5 4988 Myricetin-rhamnose-glucose 0.18~0.23 0.03~0.04
Mtz 2% - A B Quercetin-glucoside 2.7~3.0 0.2~0.3
Witz 2% - A B - BZERE Quercetin-glucose-rhamnose 0.17~0.18 0.22~0.24
Wik 22 -T2 - B W - 49 M Quercetin-glucose-rhamnose-glucose 0.006~0.007 0.002~0.002
X% 25 # % Theaflavins 5.9~7.1 3.0~3.5
Tea pigment'! 1" %41 % Thearubigins 20.1~53.3 5.8~6.1
242 Theabrownins 21.3~41.4 122.8~190.7

1 Note :ND: AHi 4 Not detected.
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Progress on changes in phenolic compounds during
post-fermentation of ripened Puer tea

WANG Teng"?, CHEN Qiuyue'*, SHA Gen"?,MA Yan',ZHAO Ming"*
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Yunnan Agricultural University, Kunming 650201, China;
2.National & Local Joint Engineering Research Center on Germplasm (nnovation & Ultilization of Chinese

Medicinal Materials in Southwestern China, Yunnan Agricultural University, Kunming 650201, China

Abstract The unique quality and health benefits of ripened Puer tea stem from its microbial post -fer-
mentation process. Phenolic compounds undergo significant transformation during this process to form the
material basis for their flavor and functional characteristics. This article reviews the changes in phenolic
compounds including catechins degraded by microbial extracellular enzymes and converted into gallic acid,
theaflavins, and novel biologically active derivatives such as Puer catechins, carboxymethylated catechins,
and Teadenol A through the oxidation, polymerization, cleavage, and other reactions during the fermenta-
tion process of ripened Puer tea to study the changes in phenolic compounds during the fermentation pro-
cess of ripened Puer tea and analyze the mechanism of quality formation. The total amount of flavonoids re-
mains stable, and the hydrolysis of glycoside in flavonoids releases quercetin and other aglycones. The com-
position of phenolic acids changes significantly , with an increase in the content of gallic acid and tannic acid
further being metabolized into aroma-contributing compounds like methoxybenzenes. Furthermore, theafla-
vins and thearubigins formed during fermentation are subsequently converted into theabrownins via enzymat-
ic polymerization and complexation with non-phenolic components such as polysaccharides and proteins.
These transformations underpin the characteristic reddish-brown infusion color, mellow taste, and distinc-
tively aged flavor of ripened Puer tea and are closely associated with its health benefits including the regula-
tion of gut microbiota, antioxidant activity, and metabolic modulation. Studies in the future should inte-
grate multi-omics to deeply analyze the interactions between microorganisms and phenolic metabolism, ac-
curately identify the structure-activity relationships of key bioactive derivatives to comprehensively elucidate
the quality formation and functional characteristics of ripened Puer tea.

Keywords ripened Puer tea; post-fermentation; phenolic compounds; microbial metabolism; quali-

ty formation
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