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Abstract: Objective: To establish a method for simultaneous determination of nine active components in the fermented tea
of Trametes versicolor, and analyze the changes of nine active components and antioxidant activities fermentation before
and after. Methods: Using gradient elution at a flow rate of 1.0 mL/min, an Agilent C 4 column (4.6 mmx250 mm, 5 pm)

was used with a mobile of 0.05% phosphoric acid solution (A) and acetonitrile (B) as the mobile phase. The detection
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wavelength was 280 nm and the column temperature was 30 °C. Results: Compared with the control group unfermented

green tea, there was no significant change in the caffeine content of fermented tea. The increasing rates of gallic acid,

theobromine and gallatechin gallate content in fermented tea were 0.4613%, 0.3118% and 0.5770%, respectively. The

decreasing rates of egallatechin, theophylline, epigallocatechin, epicatechin and epigallocatechin gallate content in
fermented tea were 0.0156%, 0.0178%, 1.2938%, 1.1062% and 4.0241%, respectively. In vitro antioxidant activity studies
revealed that DPPH- scavenging capacity and -OH scavenging capacity were significantly (P<0.05) decreased after

fermentation. When the concentration of Trametes versicolor fermented tea extract was 2.0 mg/mL, the scavenging capacity

of DPPH- and -OH was 7.79% and 9.65% respectively. Conclusion: The solid fermentation of Trametes versicolor can

change the tea content of active ingredients and antioxidant activity, which provides experimental basis for the development

of Trametes versicolor fermented tea.

Key words: high-performance liquid chromatography (HPLC); Trametes versicolor; fermented tea; green tea; active

substances; antioxidant activity

AT S AR A 2% i TE PR RS, an
St R R AR AR, JLERED
SEEYE R, BAA LR PO L BRILIE S =
Fh A= W PE RN R AT 28010, SRt SR b e A2 0 i
IR0 FEE AT K r R, Bk
TH B TP AGIE SR TR A | 5 0 e HLELe 2 dAAR
TR ARG BT S L GRS
FE . JF & HAF A DI i 5k 5 BB A I
FIEZ— ZZ PR3 HEE Y, R 1%
SRR AR AR S L BEARE . E S TR Y
Jo U ke vz N IR . R R e ze iRy i,
WE FHF &S AR, (06 = 2 B H A R a5
A HRAE . I, R = 22 s AU T A 1, nTE
IR S A AR IR & R =
R RSN, HELES S 2 B A DRK, GRS
JETH BB R HT ISR S T 2R

KRS A AR AU )38, #0855 1 P o 7
e, HpRILEE . WETILERRE TR, %
BTFR. REETFILARE. BETILEE. RBEET
JIASEEE TR . WIMERR . AT BRI S P e 5%
P JXUBR AR i ST A B 2 PR U8, RS s IS B R
MRS, o BFSE N, SR A IRV E P T 2R
ARt g M T A Y, AR R 2
A XU O i B SR (B0 22 K1, R 2 25t
Hh 3T P S R AL TS X A i R DA L S &
Pz . b hn T Ay T EAT R X, HAT, B4
PULDAES S 1 o NG V0% 0 WS R Er By ) 1 - RN
RO TR0 LT AR S - R R
FHPS SRR AR 5P WA - BT R I A O
2, b S SO A 0 5 2 R — B DL )RR s A
125, KPR S 04 BRI BRI 22 20, 18 FH T R BHR I 2 A 5
FHIZICIREY -

FET R, AT o T SO AH S S BT
Jrik, [FIBF X Se ot R RIS 9 Fhid M il o & = A1k
BEATUIIT, 454155 DPPH-F1-OH 1Y 7 45 & TEHT
e &R PRI AR, s 2 A AT
RPN IR LSRR, A BT 588 s 2 ARSI

i, SR BT e B A O SRR R
1 #REREE
1.1 #HHRI5EE
A TTPOARN IR A R AT =2 AR

R ZE MBI A R E (AR T A TR (L)
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versicolor) ; Z5H% (theophylline, TY) . £ JLASZE ((-)-
epicatechin, EC) . & & FIJLE R & & F % 8
(gallocatechin gallate, GCG) . % & F& (gallic acid,
GA) . FREE T JLAFE ((-)-epigallocatechin, EGC) .
#E T JLESZ (gallocatechin, GC) . R E T ILAEE
# & F BR Fig ( ( -) -epigallocatechin gallate, EGCG)
(HPLC =98%)  [gEMA=R A R E] 5 minmE
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M, PRI E s 57 3 5, ARE IR R, I R%
(I IR R P & B, LR AP NI TE S 1% #i45
PHAGZSERFREL RetePaH AR, B YIMar i =2 5
FRLET 4 °C vKFA, %51 -

1.22 mZWAMESAHIE  FREL40.00 g 455 T
B, A 1% #i2E s 25 & /K ik 2
80%, TEJCE M EE I, ¥ YL IT- Ay = 2 sl fl e ss
et gk b, HOFFEaERE T 30 C FEER 44
HE, B 2Z WL RGN Z R 3R5ER], T 30 °C
TARIEME T SR, TR, IR S R A ESS .

1.2.3 eSO FTEMEY T AIERE AR AR S
mR R, ik 40 H i, TRl % = AR o HER
FRELZS B K 1.00 g T SO mL B L, %
GB/T 8313-2018{Zs MR A 2 MWy LA E IS HE Y
KI5 2 YA 10 mL 70% R ESARSRBGETH, 8001k
FEIR ), M HRH 9 F HAR4) 20 min, 7E 6000 r/min
FLU N ES.C 10 min, #58 LVEWE 25 mL A5,
B EEE 1R, S 2 IRBUK, T 70% WELE
7o WHBUGHA 0.45 um G HLMERE 3RS, 4 °C R
e -

1.2.4 FrAfEES AT FEEPREL GA 3.50 mg. GC
2.50 mg. TB 3.50 mg. TY 3.50 mg. EGC 2.50 mg.
C 12.50 mg. EC 2.50 mg. EGCG 12.50 mg. GCG
2.50 mg T 5 mL &Y, FH 70% H KSR I 2
25, BoH SRR TR SR . B FERE, FH 70% B
B K R 25, AR G AR UES BT E W B o GA(43.75~
700 pg/mL) . GC(31.25~500 pg/mL) . TB( 43.75~
700 pg/mL) . TY(43.75~700 pg/mL) . EGC(31.25~
500 pg/mL) . C(156.25~2500 ug/mL) . EC(31.25~
500 pg/mL) . EGCG( 156.25~2500 pg/mL) . GCG
(31.25~500 pg/mL) . RGIRUEMEEIEEL 0.45 pm A
HLIERRE 8, 4 °C FICAE45 .

1.2.5 ARSI NiE BTt h 2w
JGFPEBTARACL, £ B 53 H e Bt [R] 2 4, MELA SE B 58
ot = WP NI N SR Y T R i e s = G- M |
LL 0.05% HIR (A)-FIEE(B) . 0.05% H R (A)-Z0E
(B). 0.05% B (A)-ZNE (B) A SIAHHATIRGT, 1R
5 O FRARUE S Y43 B RUR, e BIAH . T8 E
% 5144 Agilent 1260 f AR 5 (B2 DAD
KM%, ik fE: Agilent Cpg £ (4.6 mm=250 mm,
5 pm), FEifk: 30 °C, FEFEEE: 10 pL, K4S 280 nm,
TBIAE A 0.05% BElR (A)-ZE(B), B EE PR &1
0~15 min, 5%—10% B; 15~40 min, 10%—20% B;
40~50 min, 20%—35% B, “F# 10 min,

1.2.6 FIK¥ZEMEUE  PRUERILR BIZ 6l 4
SN 1.2.4 75 W AS [G) He B2 1R & bR HE RIS IR, 7E
1.2.5 Wi ang S T3, TR AR, B
ME 5 W LIRS BT EHE (X, pg/mL) Ak
e, BT ALY ) S AAL B R HIPRE R 2k

R VEIIS: F IR 1.2.3 WA Tl S et
WA BESHEORAS S Oy, 76 1.2.5 Wik 4
PR TR, AR AL S LR S = 2 R A 15
SRR AL S i, I AR R E R 22 (RSD)

FasE PRSI $7I8 1.2.3 PSS s ez
PRR AR SRR, H e T 4 °C vkFE ., 5350
BUKCE 0. 2.4, 6.8, 12, 24 h BESIB R IEFTINRE,
MY MG 25 AT RSN = 2 0l R BEASFE i P 4%
oy, H11 RSD 1.

K95 B $7 6 1.2.3 Tkl S S a2
PR R BEAS IR BUOR A 1 05, 78 1.2.5 TR OIS ST
AT E , A VERE 6 YR, ARPRINAS 45 SRR 4 25 Rl
= RIS S P A A B A B, FETTEE RSD fH

SR B S 56: BR]—FHE R ER A TN = 2 PR A 1
K45 34y, By 1.00 g, 5350 hn A AR KSR 20,
50. 100 pg/g 14 3 A BE K S B HR e IS W, T3 08
1.2.3 W75 A bR G PSR 2 Il 2 TR TS
PR, 7 1.2.5 WA OS54 T A A, AR
PRI A L5 TR A TP H s e SR A6, 3143 RSD
fH.

1.2.7 YR LG TEN
1.2.7.1 DPPH H HE(DPPH )WIRAEIIE =
RESCHR [31], FEFEME S, FEHfMFREL DPPH 10.00 mg,
JHICIK 2B, 5582 2 100 mL A3 (BRI 8
2, S8R EA 0.10 mg/mL /Y DPPH iAW . £ HL
DPPH %% 2.0 mL F 3RS, 43 BIINAAS [F] ik
BEM AR . = 2 R R BRSSP O N Vo T
% 2.0 mL, ¥r¥ZIRS], FiE#HGER AN 30 min, FHIG/K
ZWEEES A, 7E 517 nm b HSGAE, 363t
. DPPH WSR3, THEAXAN T
A -A,
AO

K A, s FAXTRRAS W GRE s A, SRR RS
SRS DPPH NS IWGIRE s A, S LAE R TEK
ZEEHAC DPPH A5G
1.2.7.2 ZAMIECOH)IERREEIIMNE #HBZ AR
FEF R RE SR SRR RN AAS [R] R B A S SR
W mZ R ESPEIOR Ve . 7F 536 nm &b
MW OGAE, F155- OH TEFR%.

1.3 HIEAIE

JH WPS Office T3 88 18 . R &% . [FIk
5 AR X RRUEIR 22, I LA 3k 2847 # 7R 5 Origin
8.0 A IEATL K ; SPSS 20.0 A X R 1T F
PEATHT, P<0.01 ASGETH2 AR B ZER
2 GREHH
2.1 REIHEAERE

S4B LA 0.05% H R -H B . 0.05% H FiR- 2.

. 0.05% BEIR-ZNE M sh A, Eefe = PP sh AR >
O FRARUESH B B RUR . 45 3R, 0.05% HFR-H

DPPH-5 B3 (%) = (1 - )x 100
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JH 0.05% ®iiR- N5 (E o) BIRG W it shAdnt, 1k
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Fig.1 Chromatograms of mixed standard solution with
different mobile phases
T a: P ShAH O H BE-0.05% R b: WAl Z A% -0.05% H
B2 c: W EIAH R Z1-0.05% BER .

N, 9 ik G WIRERE SE 44 ES . R, SEEGHE PRI
WEIAHHR 0.05% BElE-2 0 o
22 FEFIHIEER
2.2.1 FERLMFERE. KHRSEER 9 FbriE s
MIARERNZR AN 1 s, B 1 Al O FidbRuEsh7E
IR B VI FIAE 31.25~2500 pg/mL 2 [a] B #050
UL R, P REAIFKT 0.9996, 9 FhFRHEMT)
KPR LOD(S/N=3)} 0.1116~1.0417 ng/mL, &
FR LOQ(S/N=10)>}4 0.3906~3.1250 pg/mL .
222 HEEM BOEMWMREE BEErESLKS
Nz 2 Fr 75, & 45 7 9 A iE M % 4> RSD {H 78
0.99%~3.66% Z[a], =2 B & WA 9 Pt al 43
RSD {HTE 0.53%~2.36% Z[a], BiBH I 7k B R ir
M M

Fa e PESL IR L IR UNZE 3 o, FEHETE 1.2.5 i
REFELAFE T, 53 5I74E 0. 2. 4. 6. 8. 12, 24 h X
S AR EATIN A, A5 9 B IS M A4 RSD (HFE
0.43%~2.42% 2Z[a], = Z B &K WA 9 FhihiPE a5
RSD {HTE 0.72%~4.35% Z[f], PLHAGES Rl = 2 &
PSSR BOR  H 9 FIEMERIE 24 h NERETER T

% B SR G S AN FE 4 TR, G5 9 FhiE M
J% 3 RSD 1HAE 0.16%~1.87% Z [8], == 2 B & B 2%
9 FhiE MR 4 RSD B TE 0.16%~1.59% 2 [4], 1
BH I 5 B3 B R 4T
223 HAREIAERIRES GRS 2 W R BEAS N
FRIK 439 2R 20, 50 #1100 ng/g, &7k FEE
6 WK, NpRENRCEREE RN 5 iR FEAEIIER K-
T, g5 9 FhiE M Al AU 28 IR AE 83.01%~
111.65% Z[f], AHXFrfEfR 2= RSD(n=6) 7£ 0.02%~
2.83% Zlal; 2 B A BRSS9 FiETE 19 [H]
WHRAE 95.81%~114. 05% Z 0], FHXTHriEm2E RSD
(n=6)7F 0.18%~2.60% =~ [a], FLLA] UL, EIRCREERS
W RE ST R R .
23 HE. cERABENZZEHERT 9 MUEMH
FMEE

IR 1.2.3 IR R SR AL B, ARAS S,
VW, 34 1.2.5 AT AE , 855 . =2 TR AR TESS
M= Z ARG B g E N E 2 FioR, TR ORE 541
T = Z B PRI ] o FIE M .

F 19 FARKEER SR EM VLR | K FRAE R

Table 1 Linear relativity, LOD and LOQ of nine mixed standard substances with different concentrations
K5 bR HIERTR] (min) Frifiith 2k MU (pg/mL)  RERF(RY)  KHBRLOD(pg/mL)  EEFRLOQ(ug/mL)
1 GA 5.349 y=24.55x+19.444 43.75~700 0.9999 0.1250 0.4375
2 GC 8.629 y=26.056x+8.9902 31.25~500 0.9999 0.1789 0.6250
3 B 9.487 y=0.9071x-4.9908 43.75~700 0.9998 0.7916 2.3750
4 TY 12.199 y=17.769x+37.413 43.75~700 0.9998 0.1458 0.4375
5 EGC 16.566 y=1.5929x-5.9039 31.25~500 0.9996 1.0417 3.1250
6 C 19.002 y=23.98x+250.44 156.25~2500 0.9996 0.1116 0.3906
7 EC 25.946 y=6.6879x+11.209 31.25~500 0.9998 0.7292 2.1875
8 EGCG 27.016 y=12.452x+94.5 156.25~2500 0.9998 0.2232 0.7813
9 GCG 30.135 y=9.6945x+7.3125 31.25~500 0.9999 0.2912 0.8750
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Table 2 Results of the repetitive tests for active substances

2 SRR
T VR R AR RSD O WHEMRAE RSD

FHE(mglg) (%)  FHEEmg) (%)

El 3 FiN, o= 2 Xt e A ik ”754@%}: C & HEILT
A A4k, GA. TB f1 GCG 14 & & I 35 TE 3 K
(P<0.01), GC. TY. EGC. EC #ll EGCG & &t i 3%
PERRAIR(P<0.01), HASH R LAS IS 0T iy & S A
Sk, 5 SRR A 1 — U5, RS, GAL

1 GA 4.51 3.31 9.28 1.82 —
2 GC 0.45 1.55 0.29 2.40 TB 1 GCG 14 & 1 43 BN T 0.4613%. 0.3118%
3 B 4.30 2.09 7.42 2.36 1 0.5770%, GC. TY. EGC. EC Fll EGCG W& 47
4 TY 0.40 3.14 0.22 1.63
1| yak 7> 0, o, o 0
s EGC 1719 569 357 108 SR /L T 0.0156%. 0.0178%. 1.2938%. 1.1062%
6 C 32.31 3.19 31.76 1.54 G
7 EC 16.71 0.99 5.50 1.50
8 EGCG 46.73 1.56 5.58 2.23 6
9 GCG 3.03 3.66 8.80 0.53 3
23 BB ZRRRA D& ISV Bt e Mg 2 P s 1
|
Table 3 Results of the repetitive tests for active substances in TR T a
green tea and Trametes versicolor fermented tea 234 5 g 9
I X I b
£ BERREER
PSR iRty RSD  WEHEMIR AR RSD c
qu’J{H(mg/g) (%)  “FH{H(mg/g) (%) , , , , , . . . . /
1 GA 4.57 0.52 9.29 1.80 0 5 10 15 20 25 30 35 40 45 50
2 GC 0.45 1.42 0.29 435 (B ] (min)
3 TB 4.26 1.33 7.33 2.85 E 2 225 (a), nZ W KRB (b) MIaZ 0 (o) M ik &l
4 TY 0.40 1.05 0.22 1.93 .
Fig.2 HPLC chromatograms of green tea (a), Trametes
5 EGC 16.46 0.84 3.63 3.56 olor & dtca (b) and T ol
6 c 1239 242 3175 108 versicolor fermented tea (b) and Trametes versicolor (c)
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8 EGCG 45.53 0.55 5.54 0.77
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Table 4 Results of the precision tests for active substances ETE+/
s g Qi
52 S BE RS \
P TRMRIB SRR it RSD  WEMEMR S RSD
FEME(mg/lg) (%) FRIE(mgle) (%)
1 GA 4.66 0.57 9.15 0.51
2 GC 0.44 0.75 0.28 0.21
3 TB 4.19 0.58 7.20 0.46 T R
4 TY 0.39 0.19 0.22 0.27 e N 8
B RS FEME R A S B s
T e o een aae e 3 A2 BRI O BT o R R
6 C 33.06 1.35 31.51 0.39 Fig.3 Effects of 9 active substances in tea leaves before and
7 EC 16.40 1.50 5.46 0.16 after fermentation with Trametes versicolor
§  EGCG 4577 1.87 335 0.70 TE: **FOR 5 R BERTRE AR LE, 78 ¢ K6 b BT Bt 22 5 (P<
9 GCG 293 0.16 8.83 0.45
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Table 5 Results of recovery tests of green tea and Trametes versicolor fermented tea (n=6)
gL TEWRBEA
TS YR IFRE20 pg/g JFRESO pg/e JRE 100 pg/g TR E20 pg/e TR SO pg/e TR 100 pg/g
[I#(%) RSD(%) [I3(%) RSD(%) M (%) RSD(%) [HII#(%) RSD(%) [HIi#(%) RSD(%) [H1i#(%) RSD(%)
1 GA 91.33 0.43 111.65 1.09 106.43 0.46 102.06 1.33 105.75 1.14 106.39 1.82
2 GC 98.16 1.02 110.86 0.85 108.63 0.84 97.80 2.16 108.36 0.78 108.49 0.46
3 TB 98.96 0.87 101.57 1.04 102.33 2.83 96.22 1.79 109.83 1.26 107.16 245
4 TY 85.43 2.33 94.28 0.77 106.09 0.10 108.35 0.19 112.54 1.42 111.30 2.60
5 EGC 90.10 2.02 110.42 0.02 111.48 0.21 110.52 0.79 107.58 1.35 99.96 1.65
6 C 87.15 0.11 108.57 0.86 109.01 1.80 106.54 1.89 114.05 2.31 109.08 1.53
7 EC 85.51 0.05 98.52 0.18 97.04 0.16 106.52 0.33 107.51 0.69 104.75 0.62
8 EGCG 83.01 0.40 95.67 0.38 96.85 0.32 100.96 0.18 98.74 0.61 103.55 1.72
9 GCG 89.42 1.49 95.31 1.60 97.90 0.68 97.06 0.26 95.81 0.72 100.02 0.33
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