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W OE: BE R AZEN TN 3 ANFMRG & BEEMCRBRRAHEN . 5k DSBS 15
BSUR 419, BSUE 502 HACR T BB N ER, REENLBEME, SBREHIE., LSS0, R85
St i AT 7 A3 BT R 2 TR R K AL R B SR AR B AL, TRITAS TR ZE R o 28 5 2 1 K e Ak 3
SRR T2 S BER RS FRR S RRARAS v rh i dR R B0 i, SENIR E R A A L B
S BAUE 419 FESTE 502 MUAS LI B TR FERAK N 63.76% ., 14.65%F1 34.81%; B445 15, BAUH 419 A U
502 fTT B IR & R RN 53.73% . 57.96%H1 68.40%:; E425 1 5. BAUH 419 FIEAIE 502 @R R &
RN 74.32% . 77.95%F1 84.25%; E52% 15 B UH 419 FIESVA 502 A9 H 2R & = 217.22% . 192.60%
1 119.53%; 545 15, BSUR 419 FIBSUR 502 IR B IR & it R RN 34.94% . 19.04%F1 20.07%. 3 1~
TR B RS BB TR A T i, HRE R ERmBA 1| SRERMR. GFig REWE KA IR
PSRRI R, A 1S YR 419 FESYR 502 BG AT TR R R 2 A

K HROR; R AW ANER ERRHE
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ABSTRACT: Objective To explore the effects of Ganoderma lucidum on the taste characteristics of 3 varieties of
summer and autumn raw dark green tea after fermentation in Guizhou Province. Methods Raw dark green teas
made from Guizhou Qiancha No.l, Qianmei 419 and Qianmei 502 summer and autumn tea were used as raw

materials, and Ganoderma lucidum was used as fermentation inoculatory strain. Through sensory evaluation,
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chemical component detection and chemometrics analysis, the changes of taste components of black hair tea before
and after Ganoderma lucidum post-fermentation treatment were analyzed, and the difference of taste quality of
different tea varieties after Ganoderma lucidum fermentation treatment was explored. Results The treatment of
summer and autumn tea with Ganoderma lucidum could decrease the content of bitter taste and increase the content
of some amino acids. The decreasing rates of tea polyphenol content in Qiancha No.1, Qianmei 419 and Qianmei 502
were 63.76%, 14.65% and 34.81%, respectively. The decreasing rates of free amino acid content of Qiancha No.1,
Qianmei 419 and Qianmei 502 were 53.73%, 57.96% and 68.40%. The decreasing rates of amino acid content in
Qiancha No.1, Qianmei 419 and Qianmei 502 were 74.32%, 77.95% and 84.25%. The glycine content of Qiancha No.1,
Qianmei 419 and Qianmei 502 increased by 217.22%, 192.60% and 119.53%; the decreasing rates of bitter amino acid
content in Qiancha No.1, Qianmei 419 and Qianmei 502 were 34.94%, 19.04% and 20.07%. The sensory scores of 3
varieties of summer and autumn raw dark green tea were improved after fermentation, and the quality of Qiancha No.1
black tea was significantly improved. Conclusion Ganoderma lucidum post-fermentation treatment can improve the

taste quality of summer and autumn tea, and Qiancha No.1 is more beneficial to processing high-quality Ganoderma

F 14

lucidum tea than Qianmei 419 and Qianmei 502.

KEY WORDS: summer and autumn tea; Ganoderma lucidum; tea cultivars; taste characteristics
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1.1.2 &K A

W Efs caffeine, CAF) F5% T L Z5# (epigallocatechin, EGC)
B &1 JLZ & (gallocatechin, GC)., % JLAS & (epicatechin,
EC). JLZ % (catechin, C), FHWEFILAER B TR
(epigallocatechin gallate, EGCG) . JL 4% & % & F & g
(catechin gallate, CG). & JLZXE K B FRMlH(epicatechin gallate,
ECG). % ETILAR K E THRES(gallatechin gallate, GCG). 7%
£ F W (gallic acid, GA)(ZliE>98%, 3[H Sigma Aldrich 2%
A, UK, L. TR, CER(EIEL, KIbHmibst
SIS FHMA RN, TKZEE., 205, ZBREHd) ., 5
4 SR R B I (potato glucose agar, PDA) PDA i3 (iR
MR A PR A BRA 7)o
1.2 BESNUEHE

SHZ-ITT B2 fih g B (R i B8 w]); LC-2030C
TR T AR A €03 (S [ 15 J5T 0 BT A D R AR (vl ) A BR A D )
SW-CJ-1FD AU TAE & (IR L B SEARA RAH);
WGL-230B Yl A R T-184H . DK-98-T1%Y Hy E IR /K v
By R AT R A A B wl); YXQ-LS-30S 1T 730 g
ZEVRK A7 . BSD-150 72 3% ¥ 354 (g R Stk A FRA F)
BIF I )); 5424R RIS HL(HEE Eppendorf /24 wl);
FBS-750A B /K 430 AL (BT ) 30 A Sk D i 4 A PR
Hl); PL203 R 204 RV R 7 93 2 —, S LAy
- R 2 A R A ).

1.3 /5 &
131 B-BEXGHE

BERN A EREEMN - RF(230°0)>F kB
HE(18 h)—TH-(80°C, 3 h)—> BB K (FH ).

REWH4: 0.5 m* RE R P -PDA B 3753513
W) - YR TR (S A IR > TB R B R A >R ¥
TR R .

REZBHEMBER: BEFRUENZERKE ST,
23t 121°CK 1 20 min, F-FRETAES #4100 mL/kg /Y FH
R Z WM IR 2R B, RN 60%~70%. i
JE R 25°CEE R ARG F7 10 d, BT 70°CHYH AR T4
PR TRDZE 3%4%R00], FRIGEMRZHNE-BE
AFES, FTFHEAASPTEE 1.

F1 REZELETEZFENRIRS
Table 1 Number of different tea tree species treated with
Ganoderma lucidum

BEK P REWHABES s
BiE15 QCl REWEMBE 15 HQCI
2 419 QM419 REZRAEFE T 419 HQM419
AU 502 QM502 REZRAEFE T 502 HQM502

132 REFF

Z I GB/T 23776—2018 { XM E H )ik ), Ak
B P N B (B 45 )W R HEA TR E TR . R R
B3 g 2R, A 150 mL #B/K i 5 min J&, #% i)y
WU A T PR, X253 AT R 5L T, R4y
SKBCE 4, PEA-AnNanE 2.

x2 FHRERNRE
Table 2 Standard for sensory evaluation of tea samples

(SR (14 b R AE 0145y

1 PR, [l R 90~99

AN 2 B 80~89

3 icif i 70~79

1.3.3 HRERAEEEADNILE T E L. ok, B8

C. CAF. MR E 8 GB/T 8313—2018 { Z&HHp
KL LA RIS BRI k) 7.
134 F3m4sn

ALK 20 GB/T 8313—2018 H47 .
1.3.5 ZHEORAD Gk M 18 A3 & R

22 MR R S G 5 vk, BsAEE B SR AR
— H1 [ (ortho-phthalaldehyde, OPA) I 9-% /! /% 25 P [ig
(9-fluorenylmethyl chloroformate, FMOC)#TA: J5 ¥ 47K
T, WEHL 10 pL 45 FHZS W ZHEFE0, 58500 70 pL Buffer L
K 20 pL IR ARG, e (AR VS I SR A U,
BT SSCCHURATAE 10 min J5 T @ 0RO G Rl
1.4 BESH

K FH Excel 2019, IBM SPSS Statistics 19.0 #1755 ¥
Kb FES3r, Origin 9.8.0 3k {4347 I 44

2 HER55H

2.1 FHREMBROFER

FFH N TR Xt BB AN R 2 B R B A il A 7 Jk
BHPE, A BT 2 A HE A AT SRR
SEM, AR R TIT AR (3R 3). QCL BTl B E 2%
25t R 2 H R KR (HQC) W R ¥4y i % T BB
(QC1) (P<0.05), FHMARZRX BEEQCHIHITIF LM
Ab T A R R AT QM419, QMS02 ATl Y SRR
IR R HE KBS (HQM419 . HQMS502)i% BR1T4 34
TFRERBWIE S, HESARE, AR EELBEE
PROBER R FRedcE LR, HR 2 WIS KR
QCI tt QM419, QM502 HA3 FIF A5 i R A FE AY o

VRS PEA A0 Y T AR, AT R
Z R BRI RALFFAE 2SR, A, S K
BUAT, TS B [ G R AR AE 2O 259 rh i R £ i vk
VIR LR R B EE 5, & R IR RN AE 58 B AW BT 2%
W R B S R T Wi 2, S AR L TR AR
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Table 3 Changes results of sensory score of raw dark green before and after fermentation
i JREPHE BERTESY i TR BRI S
QCl1 R3S 89.0+£2.2° HQCI i 91.0+2.9
QM419 FEE 87.0+£3.4° HQM419 iy e J 88.5+1.8°
QM502 i B 88.5+3.4° HQM502 it 5 90.0+2.5°

e AT F/NG 58 R R A 78 135 2 57 (P<0.05)

Bell Rt A A o s i RAE R, A A
RN A2 2R AR AL SR T SRR AR AR A b B RS
HRER R, SFgER T ER, REELRPFgER
B 6% 4 1 00 0 8 11 2T 4 3R A Ak /K e B T v M, T
VPR R RGO A TN, AR TR R [
B & T 3k R ol 22 R R 10 5 0 A SR K P e S
2, WA LA RGO A oh s LS, B T 2kt
HEH R AR BEACE RIS R 1 vk, (1 ik
FEANEOL 3 AZER & Rl B A 1 R 2 S & R, B
T 2R ER BRI . B AS 1S AR R o SR R 4
AEL T REAR X B M, ZE Y AR D, R A
il V2 A R
22 FEFRRBNEETNER

X3 ABEIRMERAEH S TERAER 4. 5).
FNBEZZE L S HA 11.06%~26.35%, LI QM502 25k
B, BFEE T HAB KR (P<0.05), QC1 FE/RAL N

11.06%, RE KT HALZHFE(P<0.05); 3 MREBA M A LY
B, Hd QC1 ke A%(0.66), TEHMET QM419, QM502
FFE(P<0.05); CAF ik 3.55%~4.22%, LI QM419 ZKAEfx
i, R T HABZR R (P<0.05); 3 NSRBI T 8 il
FEILFRAS:; ILEEREL EGCG A F, EGCG FETE
QMS502 25 i, 3 e T HAAHE(P<0.05), 7£ QCL 4%
FE AR, BE MR THANAHFE(P<0.05). JLASER KRBT 40K
Wik — 2R L% % (EGCGHECG+GCGHCG)
3.70%~10.82%, 3 —ZJ&EMHE Y L4 & (GC+C+EC+EGC)H
5.16%~6.24%; W EFREEN 0.10%~0.13%,
3ARZRIGEABBEENEZHSEHN 4.00%~
21.60%(F 6. 7), L HQM419 Fkef e, D& & T Hib
ZRFE(P<0.05), QCI1 ASFEAY B & LLUE i R &R 0.52, T
QM419 F1 QM502 B 3, 435124 9.56 1 9.68; CAF %1t
N 3.39%~4.43%, LI QM419 ke, BE T HAZRRE
(P<0.05); 3 MBEIIILME T 8 FhEZILEHEA S LA

x4 INEEFFEFTERRSEE(—)(%)
Table 4 Content of main bitter and astringent ingredients of 3 raw dark green tea (one) (%)
i C i L CAF CG EC ECG EGC
QCl 0.1840.01° 0.66+0.11° 3.78+0.35" 0.0440.00° 0.10+0.00° 0.24+0.01¢ 2.9240.04°
QM419 0.29+0.00° 2.52+0.22° 4.22+0.05° 0.06+0.00° 1.16+0.01° 2.05+0.02° 2.11+0.01¢
QM502 0.42+0.01° 2.79+0.48° 3.55+0.12° 0.02+0.00° 1.33+0.03° 4.44+0.13° 2.39+0.06°
i RIS RNG 55 ROR 7 1E 1 3 25 5 (P<0.05), N,
=5 INEEFTEFTERRSEE(C)(%)
Table 5 Content of main bitter and astringent ingredients of 3 raw dark green tea (two) (%)
P EGCG WETR GC GCG BRI LA E EER R LA KM
QCl1 3.3240.04° 0.110.00° 1.95+0.04° 0.09:£0.00° 3.70+0.05° 5.16+0.08" 11.06+2.27°
QM419 5.72+0.06" 0.10+0.00° 2.56+0.02° 0.41+0.00° 8.25+0.08" 6.13+0.05" 25.31+0.86"
QMS502 6.00+0.15° 0.13+0.00" 2.09+0.04° 0.35+0.01° 10.82+0.28° 6.24+0.16" 26.35+1.67°

R6 INREZEEEABFIETRZRBRIEE()(%)

Table 6 Content of main bitter and astringent ingredients of 3 post-fermented teas after treating with Ganoderma lucidum (one) (%)

5 C P 2 L CAF CG EC ECG EGC
HQC1 0.06+0.00° 0.52+0.02" 3.39+0.10° 0.02+0.00° 0.02+0.00° 0.05+0.00° 0.18+0.00°
HQM419 0.04+0.00° 9.56+1.12° 4.43+0.05° 0.02+0.00° 0.02+0.01* 0.01+0.00° 0.31+0.01*
HQM502 0.03+0.00° 9.68+0.81° 3.62+0.01° 0.05+0.00° 0.02+0.00* 0.00+0.00° 0.27+0.01°
K7 IMNRZFRLABRFTEESTEERETIEE(Z)(%)
Table 7 Content of main bitter and astringent ingredients of 3 post-fermented teas after treating with Ganoderma lucidum (two) (%)
P5 EGCG WA TR GC GCG BREYLASHR JEBREYLAFR KEMW
HQC1 0.13+0.00° 0.01%0.00° 0.31+0.00° 0.08+0.00° 0.29+0.00° 0.58+0.01° 4.00+0.40°
HQM419 0.09+0.00° 0.0140.00° 0.19+0.00° 0.08+0.00° 0.21+0.00° 0.58+0.03" 21.60+0.06"
HQM502 0.11+0.01° 0.01+0.00° 0.15+0.00° 0.08+0.00° 0.25+0.00° 0.49+0.04° 17.17+0.10°
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%) EGC N, EGC &H1E HQM419 SRR i E(0.31%),
16 HQC1 Z5HEH 1% (0.18%); M7 JLZE % (EGCG+ECG+
GCG+CG)H 0.21%~0.29%, JEMETJLA$3 (GC+C+ECHEGC)
59 0.49%~0.58%.,

M3 6. 7 ATLIE MR s F T R B A 4l R
ZHERBEAIE, 2B, L C RIBERZE &8I R,
CAF HIH K, ZR AR, U RZ WG KEEN CAF 5%
WANEE. GiAE 4. 555 QCl. QM419 Al QMS5023
MRER, AL HELBLHE FET RN XL
. EGCG. EGC. ECG. GC W TR, S5HILA 1,
QCl ZFEMZZ M T 3 £ (P<0.05) % T QM419 #1
QM502, QM419 TREREAL, B8 15, BH 419 FIEAE
502 FUAS 2l iR FERAK IR 63.76% .14.65%F11 34.81%,;
EGCG 3 MREFTHEERARE, ECG FRHRIE
QM419 A1 QM502 Z[EIZEFARE, HEEP<0.05)mE T
QC1; QCl1 # EGC TR EH(P<0.05E T QM419
QM502, H QM419 FREREAL; GC TREFE S ECG TR
P

T L2 3 R R S R 10 VWA B = ok Y,
TERUEY) . IR AN R AR IR B 5 R, ikl
i B LA R R o S R IR O, R v vk, 4R T
MG 3 N BRERALST R ZWEREEIEA 21
C BRI E AL, BARGFIERA LR E SEm
FERRLZEE, BB A& TEBEAFE S, DR
R R ot 2 W2y A S i AL VE A, kT EUR
BIRAEEERN R 2R G Z B R & R P CAF fhatk
TR XA A 2 B SRR, 2R A A R L A il AN 3
PIRBE I RVE T, U™ 43R5 A Y 2 AR 4,
It CAF & e R AR P AR AR KB, 3 A A1

KEEHTS CAF & L AW o it el I, R R4k B
AFEZ AR RBAH C SRR 2R, S5
Hnr S BEREE 2R

| a a aa
100 a A P aa @EEQC
_2__2 b QM419
g0l _g_ ~ QM502
< £
360
A
¥
=40t b
C
20 F
0
ECG EGC EGCG GC B A
FERER S

TE: AF/NE F 8RR 78 35 22 53 (P<0.05), .
1 3 AEER TR TR
Fig.l Reduction rates of main bitter and astringent ingredients in 3
raw dark green tea
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AR BT E PR OME LY, ERGEE
PEORETL ) FH R 1 X 6 AN BRI B A S R 41
ST E BT, SRR 8~13, Mk 8~13 WA, 6
AFRER IR 17 RVESERRAL Sy, 3 R BRI At
R BB AE 9.63~16.90 mg/g Z[H], H QC1 ASFEMF &
FER S, B S T A A (P<0.05), Ui QC1 %
R IR B G T A ZRRE, T QMS02 F5AE e fik . A2
SRR AR EE AR, 3 N ERBAM KA S RN
6.11~7.63 mg/g, L1 QC1 ZHES e, QMS02 A5 it

#=8 INEEFHIERANSE(—)(ng/g)

Table 8 Content of amino acid components in 3 raw dark green tea (one) (mg/g)

5 WHATR JiiE=Nivd ThATR AR KRAAIR 22 R R
QC1 0.73+0.11° 0.28+0.03" 0.34:0.05" 7.63+1.38° 0.30+0.03* 1.33£0.19° 0.77+0.13°
QM419 0.07+0.00° 0.11+0.02° 0.06+0.00° 6.81£0.56* 0.21£0.01° 0.08+0.01° 1.17+0.10°
QM502 0.10+0.02° 0.11£0.01° 0.09+0.03" 6.11£1.06° 0.24+0.04® 0.14+0.03" 0.98+0.19%
=9 INEEXTRERANEE(T)(mg/g)
Table 9 Content of amino acid components in 3 raw dark green tea (two) (mg/g)
G Jik = R iR i 2 R W R AR SEER ENIE
QcCl 0.53+0.09° 0.46+0.07° 0.16+0.03° 0.39+0.08° 0.3440.04° 0.39+0.05" 0.41+0.03°
QM419 0.04+0.03° 0.09+0.00° 0.79+0.04* 0.03+0.00° 0.04+0.00° 0.08+0.00° 0.04+0.01°
QM502 0.11x0.01° 0.07+0.01° 0.97+0.33" 0.10+0.03° 0.05+0.01° 0.10+0.01° 0.01+0.00°
10 3NEERPFRERANSE(Z)(mng/g)
Table 10 Content of amino acid components in 3 raw dark green tea (three) (mg/g)
H5 W 2t mat EERREUER FRASE R TR 2 LR 12 Hadm 215 R
QC1 16.90+2.27° 8.71+1.48" 2.88+1.48° 4.65+0.47" 1.5240.52° 0.18+0.07° 0.80+0.21°
QM419 10.06+0.86° 8.20+0.67° 0.41+0.67° 1.21£0.01° 0.01+0.00° 0.07+0.06™ 0.08+0.01°
QM502 9.63+1.67° 7.34+1.30° 0.51£1.30° 1.41£0.07° 0.01+0.01° 0.04+0.03° 0.06+0.01°
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Fz11 3NMREFERABFEEREASEE(—)(ng/)
Table 11 Content of amino acid components in 3 post-fermented teas after treating with Ganoderma lucidum (one) (mg/g)

i R i 2 2 pix N RE R REH R 225 R B R

HQCI 0.46+0.03* 0.18+0.01° 0.21+0.00° 1.27+0.06 0.32+0.01° 0.56+0.02° 0.58+0.03°
HQM419 0.05+0.01° 0.00+0.00° 0.02+0.00° 0.50+0.03° 0.09+0.00° 0.01£0.02° 0.10+0.01°
HQMS502 0.07+0.00° 0.02+0.00° 0.03+0.00° 0.53+0.00° 0.09+0.00° 0.05+0.00° 0.11£0.00°

#12 3INMRZEREAEFEERES S E(Z)(ng/g)
Table 12 Content of amino acid components in 3 post-fermented teas after treating with Ganoderma lucidum (two) (mg/g)

Y5 i 2 R ETEZNI RN W R SR SRR KN
HQCI 0.18+0.04° 0.24+0.00° 1.61+0.16° 0.18+0.00° 0.18+0.00" 0.21£0.01° 0.1240.00°
HQM419 0.10+0.00° 0.02+0.00° 0.71£0.06" 0.02+0.02¢ 0.00+0.00° 0.03+0.01¢ 0.14+0.00°
HQMS502 0.04+0.00° 0.04+0.00° 0.11£0.00¢ 0.05+0.00° 0.01+0.00° 0.07+0.00° 0.12+0.00°

F13 INMREFRKEFEERANSE(S)(ng/g)

Table 13 Content of amino acid components in 3 post-fermented teas after treating with Ganoderma lucidum (three) (mg/g)

Y WA AR AR BEOREAER AR LR IR SR iTERN A HER HE R
HQC1 7.70+0.40% 2.18+0.11*% 2.13+0.11* 2.97+0.11° 0.30+0.01* 0.70+0.03* 0.10+0.00°
HQM419 2.26+0.06 0.70+0.01° 0.25+0.01° 1.07+0.00° 0.01£0.01° 0.15+0.04 0.02£0.01°
HQMS502 1.77+0.10° 0.74+0.00° 0.32+0.00° 0.48+0.01° 0.05+0.00° 0.13+0.01° 0.01£0.00°
1K 3% 8~10 AIFS, SEDRE(EIR KA R R 2R & 55 B3
4 0.21~030 mg/g. 0.77~1.17 mglg, S A IR 5 120 Sl
o BRI (LR . HaEm . MR . IR . 71 2R) 100
BHEEH 0.41~2.88 my/g, FHMREAIIRIZARR . AR ANA
MhE, AN 0.08~1.33, 0.11~0.28 Fil 0.07~0.73 me/g; &0
TERE SRR RN 1.21~4.65 mg/g. o 60
i 113 LRSS, ARG APTRE X 40
AL T IR KRR, KA IR T, = 20
ZEA2 6 M BI%F QCl. QM419 F1 QM502 3 MBEL, 4 0
RE WG R B FLG B B AR . SRR AR 50
FHIR AR . TR . AR . BER. WA . X 0
ZHMR . T REBRMT BRI (K 2), QC1 IR A ZE IR FI%
LT QMA419, HEIGH, Ui QCl BEAZM A o %w‘” P .
SR RIS, KA FTH S, QMS02 T _@/@* A
R QM419 il QMS02 HIAF 2R . AR | i B IR TR

SRR EUIEIR Y N R B T QCl, Hih, B4
1 5. BUH 419 FETE 502 B EEMR & N RN
53.73%. 57.96%71 68.40%, ¥ 1 5. ¥E 419 MEH
502 AYEFIR Z FRRR O i T PR3N 74.32%.77.95%F1 84.25%;
ER S LR B R N R 1) T RERAE 3 MR ER P ERY
A, TERBRATREYEMAE, H QCl Al QM419 T
M R AR, WEET QMS02, B2k 15 B 419
MESTE 502 MHE RS EHI 217.22% . 192.60% Fl
119.53%; 1 QCl WAL R BB FTHREREEST
QM419 A1 QM502, #4575 15 B TH 419 FIESTE 502 H75K
BRI TR TR 34.94%, 19.04%F1 20.07%, HltA]
W, 72 B AN AN R A P BB AR SRR A
ThEL THRERERER, SBHBRIEZES

B2 3 ARER FE IR TR
Fig.2 Reduction rates of the main fresh and sweet components in 3
raw dark green tea

TEMAY . WA NN R PR L R 2 5T, %%
R T A SRR, AR R T RN, SRR N Bk
A A KR DR SR W G, B o U B A
HREARET . 3 A RBATE R R TR i B AR B
BEMR SR SRR SRR T RE, QCT AFEI R A EIR
BT, H&EMRAE 3 DArehiyit ETHEY, R
PRAEE Y R S R rh 7 AR — s AR . oM R R G
W E N A TR ACAE ™ A B T A 2 e A2 T 11 S
DRI, R A6 R IS Rl T 7 i RS A A ]
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