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Degradation pathway of caffeine in tea anaerobic fermentation
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ABSTRACT: Objective To investigate the the degradation pathway of caffeine during anaerobic fermentation of
tea. Methods High performance liquid chromatography was used to detect the changes of caffeine during tea
anaerobic fermentation. The metabolic and microbial community structures during fermentation were also analyzed to
explore the degradation products of caffeine and the microbial communities that contribute to caffeine degradation.
Results After 18 days of fermentation, the caffeine content in tea leaves decreased significantly from 37.05 mg/g to
5.91 mg/g, and the content of adenine, hypoxanthine, xanthine, etafylline and hydroxyadenine increased significantly.
Meanwhile, the abundance of 92 bacterial genera and 16 fungal genera increased significantly. These results indicated
that the degradation pathway of caffeine was mainly through demethylation to produce xanthine; theophylline, the

intermediate product of the demethylation reaction, might form etafylline with triethylamine. Moreover, Bacillus,
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Leifsonia in bacteria and Cyberlindnera, Exserohilum in fungi might be the key microbiota for caffeine degradation.

Conclusion The content of caffeine in tea can be significantly reduced by anaerobic fermentation, which will

provide a reference for the development of low caffeine tea products.

KEY WORDS: pickled tea; caffeine; xanthine; microbiota; degradation

0 35

Z%(Camellia sinensis)[H & & A2 W . WL . AIER
GALE RAES R (T S = A 1 = B B =
LA REN . MIMERR(1,3,7-— F JL NS caffeine) 2
Z R EEA AR, TR SR 2%~5%, thif
N SEARG T, R GEBENEWR 2 —, HHAH#
PN . P HATE | R AAEUR S ThAL, FLREAT RB TA BT R
25 BRAE RO RIS SR, o AR A IMERR 2 5 e i
DIRERVA . O AREEEAIEREAR, I MERR AR 1 AR —
WHEBEA 10 mg (825 IR FEAT, H 2500 1 5 (] i,
DKL, AR AS 7 it (11 PR SR B 55 /N T 1%) %
SUNIESESiNE

A7 il P A MBS — B AT IR AR AR
HrMERL ) o A B 22 R, BAE R B R A
SATE LS o R AT B A, DRI, IR i A A
AR AR . R e 58 HELZE A (Eurotium - cristatum)
R AR a5 (Aspergillus sydowii) & B4k £ 4510
T2 £} B (Dabaryomyces hansenii) & B 41 25" | H
(Penicillium simplicissimum) & i 5 45112 0] DL B 14
RIMERL & i o SRTH, DURBEIRE . BAD . RS IAS
[vil, WO E B FE AN ) 2 T 25 e 18 AR A 38 A8 R it ™ ) A7 AE 25
5, MR

M2 %% (pickled tea) /& Tk [ 2 i 44 15 40 i 4 (L DR SUR T
2, HTURE R . . R AR AR E AR ol
YENT A, BRI, Wt HA e
FITF AL T REN, AR Z 32 KT o (AR R A,
K 2= AU O Ay DR AR e 2 A AR i R 4 25 2k B i i 2>
PR 2% ) T, ) 3R SRR oA S BT . AR, B
MEGEAE R 55 DR AEUR % TP I R AR AR 0 ANTH A8 o ik, ARHF
FERIRIT R A D AU R W B rpo il sl 2 i A5 4k, LT
DRAE R b A r A A 0 VR A T e AT ok vk O Py A=
) S SR A, T A PR AR T B 4 R A s AR, DA
PR HEARIMHERRAS 7 5 T & -

1 MR5REE

1.1 M AFIS5EE

R K H (Camellia sinensis) Z5 A £ 1-F 2019 4E 6 A 8
H R B A rhRll R4 2 S AL i (b 320 & 114°22E
30°28'N), fifH AR S —ZF = it

il

HAK . N PRR(IEAl, 36 EFEB CHREHEA
Al); BEE. ZR(Ai5%4l, 3£E Tedia AF]); MIMEBIFR I
(BHRE 99.9%, iR A iRk BRA ) o

PTX-FA110 R FRF(HEE 0.1 mg, @M ELER2EL
A RN F]); FreeZone 4.5 B THHL(ZEE Labconco 24
#]); LEGEND MACH 1.6R &.>#L(32E Thermo Fisher
Scientific 23 ); HPLC1200 53R (aisfs . Cyg (i E
(250 mmx4.60 mm, 0.45 pm)(3E EZHERFHA RAR);
TripleTOF*5600TM 2 HEFiiE X (35 [ AB Sciex 2 #l); BEH
Cyg SN EFEAFE(100 mmx*2.1 mm, 1.7 pm)(3E[E Waters 23 F]).
1.2 FRHHE

AR T 25 BEHE IR (25~26°C) T 4T A AR (4
5h, B 1 h#l—K), EFRMEKELR 10%LEHE, T
FHH A FE(150°C, 8 min). R FM KR HIE, EHRIEHL
IR (40 min) o FRIEIT (B K R L0 50%)3 4 F IR &
RWETLI, TR FE M ORAE T-80°CF & M o Ui &
B 0 d A3RIRM, FERXT IR . B2 120 g 3RIam2EA
100 mL K EREFR, M2eih R, BRIk R, 7
B, HR RS 2% BIPn, A KRS T 37°C
EIRAE R BE 30 do FEFE 6 d, BEHLEIR 3 M REEREE R
ARG FBURBERE, 1Eh 3 A EYFE R IE R
FESCEB Ry, — 0 FRE R AT, 5 —
BT LG T (—42°C, 3 d)JF, FITJEZ:aymnmEms
AR 537
13 77 &
1.3.1  Zrt&KEZfoomdb s b 4

AT K A AE (120°CHET75)23 8 GB/T 8304—
2013 (AR HPE o

OB 5 SR B R 8 0.3 g HRTASHIINA S mL
RERBUROK: B EE=3:7, V:V)H, FTIRE) 5§ E HE
(4°C, 12 h). MHEBORHEAT E.05(8000 r/min, 4°C, 10 min),
Wk BiER, 022 pm TCRE Sk IEAR B UK LG
(polytetrafluoroethylene, PTFE)JERR A IE, B 1 mL W iE)E
FA) Y VB T R SO A € SRS i eER S . BEA Cg
{34 (250 mmx4.60 mm, 0.45 um), A A9 B, B 41k
KA%PER, V)W, W 0.6 mL/min, Ve,
£ 278 nm ALK, FEAHIRARASAE T, VR OEEGR AR
HTZR(5 M Y=0.0539X+5.0732, r’=0.987).
1.3.2 K

FEHEACIT L 2 AR I R S I ZHANG 260 ik 76



228 B il 2 A iR A I A 4

FH15E

800 pL 7K:HIEE:Z/5(1:6:1, V:V:V)IIIE G4 IU& T in A%
FRZEH (50 mg), RS 60s, T—20°C 42 30 min, B
Jii, BHRBURHATES.C:(1300 r/min, 4°C, 15 min), PRI
| IREATIE IE(0.22 pm PTFE), T/ BEis Ui,
JH] BEH C g J2 [0 (434 (100 mmx2.1 mm, 1.7 pm), A A4 #
4iK(1%H ), B M0 I REE(1:1, V:V), LL 0.4 mL/min
TR EA TR BE VR, —E 1 BT RE R S5O ARAR & W
g MS Bedlg! . IR, TR BT R A B AR N
il (quality control, QC)FEAR, 5543 HTFEAFE [F) S IBOHH €2 3 -
RIS TR TR, K6 DL AT R SR AR AR
FEM . IEMEFEaiEE Y Progenesis QI KF(GEHE, v
300 T RS TR . WEEIRI . B A METRE S
FA)HT) iy e L 3 A S5 A 3L, R A I A o e i R e ) 06 TG
BUEAT A — AR Ab RO I 2 AR 7 4 H B X
T MS™ I LA R S5O A B A S 4, il 5 HMDB
(http://www.hmdb.ca/)Hl Metlin (http://metlin.scripps.edu/)%%
PEE LR, RATACH ) 4 22 FRFI A 55 8 TS B o
133 f44 DNA R, ¥ 505

fi F DNA $2BUAF SR BUR BE R BERE(2 o) e
¥ & DNA, 1E NanoDrop 2000( 3£ Thermo Fisher
Scientific 23 F]) L 5E DNA ¥REE, (£ 0.8%Bxi g st i Bt
WA DNA JE&E. i 799F/1193R!'®(5'-AACMGGAT
TAGATACCCKG-3'Ffll 5'-~ACGTCATCCCCACCTTCC-3")
- ITSIFATS2RY 8| #1 (5-CTTGGTCATTTAGAGGAA
GTAA-3'Fl 5'-GCTGCGTTCTTCATCGATGC-3")43 54 14
A 16S rRNA FEPR ) V5-V7 B8 EL 1 N P55 7% 1] B X
(internally transcribed spacer, ITS)JE[F 4 ITS1 X1 .4 PCR
YIS, Friky ¥ F7E llumina MiSeq -5 (PE 300) F#EfT
WF, h EEESHAYEAREARA AR FAEdE
B3 AT & 36 [ H R A Y R (5 B 0 (national  center of
biotechnology information, NCBI)AYJ ReadArchive (SRA)%K
PEPE, KRS SRP285199, X kA5 Ayl & 3 51 #h 47 i
BERE UG, J5 X BT EREEAS (4G 30 25454 B I (operational
taxonomic units, OTU)FS AT B L K A W15 B2
AHT, AL OUT 432K . AR . T E %, %A
JE AT R AR B (A T A R 22 5 LA, HE o R
AR YRR S I 22 e
14 HIELIE

AW A TR ES 3 K, #H SPSS(v19.0)58
TR XoF i o B 104 72 B B AT 7 25 43 BT (analysis of
variance, ANOVA), %/ & M 22 715 (least-significant
difference, LSD)# i, BHE M FIME AR MEIR S, P<0.05
W B MK {3 ChemDraw20.0 2 Hl{b 2 45 M=, FAR
SR AR & R B (Pearson R); 1| Cytoscape(v 3.7.1)
J TR -5 Bl A 0 i 22 [ A S P 45 e

2 HER5HH

2.1 BRERELEPIMNREASEEL

Xof PR A% DR AR T 4 el AR P (R e 55 A T T AT,
SRR 1, A 1 AT, 7ERRAS PR SR T N MERR ) 4
AorEoN 37.05 me/g, KB 18 d S MM &8 B TR
5.91 mg/g (P<0.05), K5 HE N BHEE LIHEE, 28
1% 30 d A IINMER & 28.35 me/g( 1); X IR A R 1S
AT LA S AR 2 TS R ) 7 o, T 0 3 24 1Y) s
B ) SR AR A 119 S o R AN RIS 2 11 2 e
HRAEEAR RIS RE S, B, POAER A BEASUN Miang 452"
ORGP AR, A SR R S A A
Tt 25 22 0 o % 1 U St B0 0 A Al B S R R R
P REEIFRL . TE RN 2425 R L R e A )
BIREE, BIL, IR MRt RIR AL ST T gt Y
PRI T A5 |2 GROR £ 25 Ak 1) = 225

40
[

32

24

WHERR S/ (mg/g)

C
0 1 1 1 1 )

0 6 12 18 24 30
R R/d
1 AFE/NEFREFR IR 25 8% (P<0.05), T,
P 1 RS DR AU I aeh it P i 14 5 A2 £k
Fig.1 Changes of caffeine content in pickled tea during
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Fig.5 Trends in microbial genera with significant correlation with caffeine
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