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Abstract: Guizhou is one of the provinces with the most abundant tea variety resources in China. The tea garden area is large, but the
economic output value is low. The summer and autumn tea resources are seriously wasted and the variety structure is single. The dark tea
Maocha was used as the raw material, and the Fuzhuan Brick tea golden flower fermentation agent was artificially inoculated to optimize the
flowering process conditions of loose tea, and the changes of physical and chemical indexes and fungal diversity were studied. The effects of
different factors on the flowering of dark tea loose tea were analyzed by monofactorial experiments and orthogonal optimization test. The results
showed that the optimum conditions were as follows: moisture content was 30 %, temperature was 28 “C, fermentation time was 9 d, inoculation
amount 1:100 (m/m). Under these condition, the number of Aspergillus cristatum was 3x10® CFU/mL, the water content, total ash content, tea
polyphenol content, free amino acid content, water extract content was respectively are 3.0%, 6.8%, 12.0%, 2.4%, 42.6%. After the above
optimization, Jinhua lush, plump, soup was yellow and bright, taste of alcohol. High-throughput sequencing technology was used to analyze the
fungal diversity at different fermentation time. The results showed that the relative abundance of Aspergillus reached 98.8 % after 3 days of
fermentation. This study optimizes the process conditions of Guizhou loose tea, which is of great significance to improve the quality of Fuzhuan
brick tea, and provides reference for the study of other loose tea flowering process.
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RS, AR “EAeR”, BT IRRIER, ERE
it RGP 2 —, R
TR (4] 5 S5 R e SR HE P R P )R 2 A
AT, B G RIRRE N T T2 B 4B, RAET A
Koo BT AEARAME T A PR 5 ™ = AT
TERMKIE.

N T FRPOX L R R, “BORRAR” 1X— W& RLE T
Ao CHERRAL” FRIRTER T N TR “41E
W7 s T A AR AT A, AR RE SR A
T (IRFR “ 446 Mt P, S Esl LAy
Hb DX AN [F] A 1 S 2R B AN JERL, AR LR A R
SRRPAESMHBERRMENREXFNEGKE
28%~32% (M/m). $ZFIE: 0.5%0~1.0% (m/m). JE
28 C; ZRRITEIIEIE N THeh e o2 th i & BEp iz
THREEARHERIRS, BHERERBEAIENEKE
40% (m/m). JEHERE 50 CRIEFIE 0.12% (m/m).
RACFAFIACREAE B AR LF, B R 4k, 12
SR EAR R, BT T CBEsRIE”
(R 5T 2B TR RE « Bevt . WL A5Hh, HASEH.
R FRHOZEHFEBCR R AL T2 A pr >,

TR AR IREE, 2022 4, SHAEAEE R
TR 700 JiwT, (HF= LR s—tY, 800l EEAKZR
TR AR, RIS B RKEASR L 7
AR, A T B B AL S
X, ETEINEFERNE LR, Ak, [
BOR, MBI BHES, HIEFRMMER. Mkt
T2 RERS it EAKAS RGN BT, FE s 2
JRET . R AEMN “HIRAL” Bt T 240,
REAE TR = DN B R 3 R B A i

2 HT IR T SR TR T2 S S e 5
MR TR EEEM T RHER, MR R R T E K&
2T R ] 4% R B ORI et /D). i N T B Rl
REER, AI{EHE “ A7 MIPORETE, 4EIRET
“CRAE” M, AR R AR RIS
ZMEEYILFRIS 51 R LR, R MHCR T Sl
FREEE . BSAGEERN L AR R, CHEE R
Jei A ) 1 R A B ) R R S ORI R ) %
RO, TSR R RS [ SR EOR S A R
VAL AN TR], Pl DARE 2500 S M BB R R AR B
VI REVEREA TR 7T o DAL, ASHIF 7076 i3 R B 77 Fr
#EEAE, R IE RIS AHCR KGR, iR
FU R AT TR HH B TR B A 9 22 A AR A AR R 2
(T ER Ak B 73 A8 AE R T 2% TR TRT 2R, ST AR TR
RRAC T, NIRIEZEFa e A 77 R FLn = Stk
PRALE AR TEA

1 MR5RE
L1 AR5 A

RN E (Aspergillus cristatus, BRI S -
CGMCC 7.193) H5MA RN AW A H 5256 = R
T8 BB GNPl BETHID TN 2k X R AR
R SLI = A h, T TR,

5% (MIV)NaCl MYA 55555 22 4@ B0 20 g/L.
JENE 30 g/L BRI 5 @/L NaCl 50 g/L EfiEHn
15g/L, 121 ‘CKH 15 min.

12 (L& 5#%

SS-325 ik KE4, HA Tomy Kogyo AF];
Milli-Q A10 4l 7KHL, Millipore 227 ; 5418 FUHE 55
UL, HE Eppendorf A F]; THZ-98 1HilHRIR, il
—EAE AR AT @ TAES EdukF e
BRI A B =S

1.3 ik

1.3.1 REEF 695 &

BT S AT AR A B & L 2T bR
BRI 2, S 40~50 TR 1 d J5HRARAE
132 #WMAAILRAR

At FESEKERT > RA >BEH L LE K
KA
133 ATEMRRZLZIL LT LA

FREX 400 g RER, KRETFRE/KE (31.96%,
m/im) Wz SIS 7E BB 4% |, %535 K 10 min,
U, W1, FHS LR R TR, BT EIR
B FRAR AR ROR S, WBRE 70%3E9E, TAKEAR
70 C, HEF-4 hy WEARFE/KE (10%. 20%-.
30%- 40%-. 50%, m/m). IEJEF (20. 24. 28. 32,
36 “C) FAEAE (0. 1:10. 1:100. 1:1 000+ 1:10 000,
mim), WEEAFEREEE (3. 5. 7+ 9. 11.d) XFHL
IR RACH IR, RSSO =k, BCF5ME.

F 1 EXTIMFARKER
Table 1 Orthogonal test factor level table

P e N N
SKE A% REBC AEENECd  HAFED
1 20 24 5 1:10
2 30 28 7 1:100
3 40 32 9 1:1 000

CARL PRI ZR SEgG A,  DASKE. . s
FURTRE RN R BT Lo (3% IEAZSES, LT3
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i ERRR, e O RAER T2, BRI R
KPWEE 1.
134 ARFRTHEMNT

1 g §URZE, N KB =M, InNKTE
IR B IR ER, REAIREG T UE, TRKME 3~5
R, 100 fERRBA T, FIMER S, Ax(n T

n="x25x10*x100 (D

KF:

n——iaFH#E, HE T

N——R 8 25x16 Bk skt 4an, 5 AP HAsde1E40,
13.5 ZALIRATRI AT %

FRALFRARI 8 B BB VT o 2 SRR AT
HE o e B S A 04T . KR GB
5009.3-2016 £ &b HH /KT s AR HAAE: GB/T
8305-2013 (Z% ZKIZHAMPIMIE Y; Wi B S IR -
GB/T 8314-2013 (Z% WiFEs s MRS MNE): FZMH
Frll: GB/T 8313-2018 (M HHARRZEF LA RK S
AR 920 BIRA A GB 5009.4-2016 (A% K
ST E Y. BEVEE T1ES75 GBT 23776-2009.

13.6 ZHBENF

[ —HE R EES 2 EL 0+ 3+ 6+ 9 d JE IR,
i T-80 CIRIRMRTE. HX 25 g A5FE5 125 mL TEHK
BA, INBEFEER, 7 FEGIRA, ##E 20 ming FEIR

(150 r/min) ¥ 15 min, EEFEFEHE 10 min
(12 000 Hz). H=ELwWamidiEE, 4 C, &l
10 min (18 000 r/min). Zw'5 0d N A 4 (Al. A2,
A3). 3d B4 (Bl. B2. B3). 6d A CH4 (Cl.
C2. C3). 9d D4 (D1. D2. D3), 124, i@
I E.ZN.A 3% DNA i G2 B A= Y2k 51 2H DNA .

Ilumina Miseq I8 &K F 260 H i v
HEYIRA R A T 52 . DNA AR, PHE. s
KNS B M iz A R e . BARIR:

PCR W& Jf: #EHUFEMLS DNA JG5, RiIEeK
S YFA & 8 Barcode MIKERESIY, HEAT PCR
P I AT Ak, A AT AT IR

(Qubit) AT (BRflERERER UK Bk, #5765%

R RIRE AT VR o

FR R : XF PCR P24 5E S AR — AT Bl 77 5L
P, SR ISR S AT SO TR, R A A SO PE T
HEAT BN .

A3 Miseq Wl 45 SR X o 71K, AR
P& PE reads Z[H][] overlap % FR, KFHXT reads P

(merge) Jil—2%/7%1, [FIRSXT reads f5 & A HHET

RO BT It v, Y78 E M barcode A
SV HN X A EE T, FERRIERF ST .
1.3.7  ZAEHT

HIUSEARCH #1601 ¥ UPARSE X} T A it )
AR R IR 3% 78 R e, ST AZ bR
HEBET OTU AP, 784 OTU K, ik
BFEE R NTIWENZ OTU REMTFA, FEXt
OTU AR FHIEAT 7395270 Bt (RDP classifier D47
HIE), BUaER—A OTU R RHXHREANEE M TR
HHBIE RS DI (B T AR By B
& B ik, WEBEERENT70%, %5FKFKT
THER S R B THZH.

2 GER59%
21 BEZSLIE RN

2,11 BRKEXRBFLIN A

EK BRI R A B BT, ASZIG T
T AR SRRSO AR IR (R 2), 45K,
MEIKEN 10% (m/im) I, EREERTEN
2.3x10° CFU/mL, RAEBD HAE]; SKER N
30% (m/m) B, oM FEEm, kA H
HEAALE; S/KEMNA 50% (mim) K, wRhME
L FHO WG 16, DUBRANIE ., A7 as Rk
EKERE, WRMBERAEKZENS]; SKEL,
HAb e R EAEK, WRMEMR TR D, TEAAR
W, B 30% 0 A R T R & AR K.

2 BkEXNEREERFHREETHNFMN
Table 2 The influence of water content on the number of Aspergillus cristatus and sensory evaluation

BIKE/% He A R ARt F 7T 4(10° CFU/mL)
RAE &% WE, B9 BAg A 0
10 e, BRYR M LhiE A% Fu 2.3+0.45°
20 Te¥, BYR BbE, Bifm, 4430 2.8+0.71°
30 ¥k, B IR, M, HEAE B A B 3.040.47°
40 Y&, SR R E 5B A, MR, WA BIEA 3.7+0.41°
50 ¥k, SRR RELIE 385 A, PR, MR 2.14+0.69°

i RPRISARRE 6B FHET P<0.05 KPFEAREBER, £3~5F,
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R 3 EMEX RS T YR EITFHFNG
Table 3 The influence of inoculation amount on the number of Aspergillus cristatus and sensory evaluation

BAE e A ik TR W EIFH/(10° CFU/ML)
B EE WE; S BRAE FAa 0
0 ReE, MR RELIE; 9519 BiAa, Aok 0
1:10 Red;, HAE Rl oM A HLE B3 Aw 2.540.7*
1:100 e, 8% MR, A A LA BBy R B AL 3.4+0.2°
1:1000 F4%; SR il o MABEE KBk A, MEBIEE 3.0£0.5°
1:10000 F4#; HUAE  HE; R MABAE KB SUR MABRLE 2.6+0.3°

& 4 RENERMEBETFHREE TR
Table 4 The influence of temperature on the number of Aspergillus cristatus and sensory evaluation

BE/C e A ok &% B3 4/(10° CFU/mL)
RE F4 E; Y B4 FFo 0

20 2% BAR ik, fhE; M KT B Am 0.7+0.1°

24 AR, R AL AL BUA KT At Bifa 2.240.3"

28 2% BAR S, 4 MO KT Ak BE Fu 2.6+0.3°

32 FEE R WiE; Bhh MR KT Mol BEfe; R 2.240.1¢

36 tE; NRE Wik, MAKI; fE BiAn; (L 1.8+0.3°

R 5 AEEREXERM B F R LR E TR
Table 5 The influence of fermentation time on the number of Aspergillus cristatus and sensory evaluation

K R ia)/d HeE A ok &R EI6F5/(10° CFU/mL)
VS HHE WO, B BRAE FAa 0
3 At 2%k MR RSBIE; AN MUY RERfe; nkER 1.4+0.4°
5 a4 Bz MR, BEER BREG Fm; WEBR 2.740.1°
7 A BAR BELIE; A BG A 3.6£0.3¢
9 T B R BLIE; B B e 3.4+0.5™
11 AR RUAE R4RIE; ARG fom B 2.9+0.8%

2,12 A RAFLIH 0

PP B R R — N EER R. ASLIRHT I
ANFERER RS RIE IR, SERERY (R 3), HEH
EHBIN 1:10 B, S0 IR EREER, w28 Hh 5
TR, 9 2.5x10° CFUML; 43ty
1:100 I, 65 B FHCRE NN 3.4x10° CFU/mL,
UG R RN ELA B A A s B RO I R i /b B
(1:1 000), KACAILIE] HEZMEEM . M BT R
T P R B AR EROR, AR E TR A A S U
RMMEMTEED, SERAA A TREFILZ,
fELE Lo SRR RFTINIR S . AT iR
Py 1:100 B, EEREIERFHRZ, WRLT.
213 REATRAZKAL TR

RACAE I A3 — 2 R B ARG A M A 34
FiAK, M= KBS T A . KUshE
HERERER R E. N4 TTLIEL, Y5
TR 2024 CH, ERMEEKENE, KIEAA]
Hia R EmR s D MREE 28 CH, &%

SR AU N R ISR = DR o SN N
2.6x10° CFU/mL; BEH&IEE R, ER &
ARG, R B TR AARRE, R E
KSERBREZE . AWFH, 28 Ca R i EHod
AKIRE.
2.1.4 REEN AR Foh

RIS (a3 e Rt B K LA EEAEH . H& S
AL HRACE] 3 d I, RS MRAER] Td R, K
TE% B LUK EE A, el 5% i B AT OA Bl RO
3.6x10° CFU/ML; 4RACHITE N 11 d I, S8R,
VEVREEAN, (EREEE AR TR RIBE N, BORAE FR R
HFETE, WRMEFAKSEE, SRR T2
ESBRAE R, SRBIPYIRHRS R I T SR
B, fERtERBEAMET, HdREmTFEN
2.58x10° CFU/mL; 1 765 3 A et fh 45 (e e 4644
THEFEACN 1.13x10° CFUMLEY, (T AW 545 51
HFHL.
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22 HRRMLE T REHITEEN RS L

AR AT

FEZMIN TR, BRI S BIAS AN S o
FEEIARAT 235 (R o S MR RE ARG R IR i o AT
BEMR. KIZHW. ZEL2mER0, Gk, Bk
FIN TR 7R 2y 2 R Rfadh,  WUEUR) 3 p b AR X
NIRRT 54.62% 7 AT 2 2 Wy & Bk
ERMFEH (B D. WNE lamULEH, BRIV 3d
MR 2 E RN 11.6%, FIRAARI 11 d RS+
KL S BN 9.4%, FHAX TR 18.9%; Xt
Skt PR A R B IR T R B
VR IAE P RETE R R] PR 5 I P9 B 1A
T BB BRI, FARSERY, o B B AT
B, ISR S A4S 2 M IR S A —

a 44

plL = REH
—e— IR
A0F B
38} /__‘\\
xX
~ 36 L
ﬂllﬂ}ﬂ - =
12+
ol .——’——N/\-\-
2 V A A e A A T
OAF 1 1 1 1 1 1 /’(
CK 2 4 6 8 10 12
KRS IE] / d
46
¢ 44+ —=— KL
oyt —e— JKIRHW
40k —a— VR R
e 38F
M 36
41 12:;__,/'\- -
10} - = —=

2L . X \ \ 7

0 1 1 1 1 1 1

CK 20 24 28 32 38
A/ C

BB/ N T IR R 22, T2 1A o gl i 2010,
MK T dBRZHMEEE LA, TReeH TARZ
W REEIZEI A G 7 2 Wy Fr i 22 BRI R A, 7 d
FRAE B A 25 2 1 AR B R A [ [a) B 1%
HELWm SRR, KM AP RZmEEN
14.08%~18.81%, LW TR AN -2 2 )y
TR 6.13%~13.24% A5, XK R 20 &
S IR o AR 2 T AR ARRE A TR AR 1 T BERYR Rl 47
PR B R 2 By R IR AL LA F R, TEIR
REZRIIN AR, FEAL LA RN LA R,
fEIRRE AR BERIERN,  [RBT, 30 JLA R AL R
tE, MR RESS R, BaPl, Rk
TERACEE 9 RIS M FziE ., BT, WEREERT, 2
HTRZMEREESE 9 KIS 8 KB T, Mk
WIS — 2 N1 R, 8 T AR R
W, MG T EEAIRIE .

b 40

—u— KL
38 L —e— KEHY
. 36F
o~ = =
w12
< .——.\-/4/4\
D, . A _A
OCIK 6 12{0 IIIIOO IZIOIOO IIIOIOOO
B &
d 50
40
R T

B 4L —— PR |
41 m
10 |
O 1 1 1 1 1 T
CK 10 20 30 40 50

FKE/d%

B #REIREPEEERS S 2T
Fig.1 The content change of main components in the process of Loose Fu-Tea

KR S B R PP AR S SR AT (AR e — s
KR I A B S e ST URUE Y B
B, IR, ZRAOKIZ & B, B 1 AT B
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FRAE KRR ZEHAREE 2 AR W, 7Kg e AR A v
YR THIA N REIE TR N T, FEUK
B E BN KT 18 E AR AL AR
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ErEED, HREE AR . MR b TR
FErh, B s H 22 PRI 50 1) 2R 1 K AR
NEHER . HRTERMENRTEESR LT, &
FORRMNTE IR A A A E SRR ST, A
MRS, UK IR IR XA i B GR T
M, X XA AR B A 28 8 R & AR R A e R
IR o TR 2 I i PR A A R IR
SESIERNHTRG, A2 2R URHIEIR 1 2 B R o)

2B B I R R SRR K, TR
TP ENE T, R USGETE  REEAH R,
23 EXRELHER

PLRR R S N EE R, SKkE. ERE. REN
REERFIA] 4 DMER, LU EECON N fabR, 3HT
Lo (3%) IFAZSENy, EACSEIGLE T 6.

< 6 [EATINEER
Table 6 Results of orthogonal experiment

X5 A4KE% BERE/SC CAEENEM D#ERE FRGHEITH/(10° CFU/MmML)
1 1 1 1 1 12
2 1 2 2 2 15
3 1 3 3 3 1.7
4 2 1 2 3 1.9
5 2 2 3 1 1.9
6 2 3 1 2 20
7 3 1 3 2 22
8 3 2 1 3 1.8
9 3 3 2 1 1.6
k1 15 1.8 1.7 1.6
k2 1.9 1.7 1.7 1.9
k3 1.8 1.7 1.9 1.8

#ER 0.4 0.1 02 0.3

i AP VAR R 69 B A P<0.05 KT £ R R,

27 BMEmHRRBUMREE
Table 7 Physicochemical properties and contents of finished
Loose Fu-Tea

FH FAE  BRE
K% < 14.0 3.0
BRI % < 9.0 6.8
AR/ % < 20 15.0
EREETMFI% < 02 0.1
Kz b /% = 20 426

AEWENCFUML) = 20x10°  30x107

HHF 6 A%, MR KIER 3= £ 22 A>D>C
>B, RIE/KE>Hefhg > R (> WA . it
BRI R, R RIEmE T2 %8N
ABICiDy, BIE7KE 30% (mim). RJE 24 'C. K
] 9 dv 2RI & 1:100 (m/im). {HAE IEAZ S8 ok
X —H A, P FA SER A TIOE, YR KL
BANAA (ABC3Dy) AT 3 AT, 1R e R
M RO ME. BEZEAM PSR ER T
$0N 3.0x10° CFU/ML, K& EHN3% (mm), %%
M EN 12% (mim), JKIZHYIEE 42.6% (mim),

WERIMR S ERN 24% (mim), BKDEEHN 6.8%

(mim). MBFFRZE TR 7 AT, HBEFE RALTE R
BOORZS,  ERAGTE R B R T 2 AR 2, AT
F& GB/T 9833.3-2013 tRG 7 H I ERAL Fiabs, Ud BH i
BURIR e A REIA B S brifE . TEREAR M PR &1E
rRak, BHRLIE, BEREEA.

24 REDRBFREHENRLEEXAE

% M
241 HERFMT

MR EREE L, XA RIZKT &AL iR 2
BTG N4 AT 14 A, 21 MHL 274
Bl 30 ANE . BLEHBURAE KA AR I B R 21
BONEE, EBCEEE R 10 NEHATERER T
242 Btgn£KE LegnstE A

TERI IO b, Wil 2 fos, 720 di, £
i Al A2 A3 MM, 7 AL EE

(Trechispora). Hi#&f:RE)E (Brettanomyces). Bk5%
W )& (Plectosphaerella). # /]2 )& (Fusarium).

67



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.9

FE#EEE (Pichia). 7r 7l 7B & (Cladosporium).
1 (R % £} )& ( Debaryomyces ) . 4 78155 J& (Mortierella)
A E (Aspergillus). 7RV (A1, A2, A3),
)8 (Aspergillus) FXTFE i E, 73HIE 90.3%;
98.1%. 96.5%, HAx 9 HFEm ORI 3. 6. 9 d) Hh
FIEFEYIET 98.8%, R4XMLH)E. BERKEE
VISR e DL R B N R 2 R LR S 5
IR, TR TIRAR-E Rt E 4, AR
HAb . 7. BEEACRENAME, MmIEER
A SR — PR RIS, SRR SR UK T Bt 22
PR A= M3 [EAE F 45

100 mm B Unclassified
B Others
B Trechispora

Brettanomyces

B Tetracladium
W Plectosphaerella
B Fusarium
W Pichia
W Cladosporium
B Debaryomyces
W Mortierella
W Aspergillus

A1 A2A3B1B2 B3 C1 C2C3D1D2 D3

Relative abundance (%)
B ()] o]
(=] (=] (=]

[sS]
(=4

(=}

Sample
E 2 B 3kT EREREE
Fig.2 Relative abundance at the phylum classification level
243 Alpha % #MH 354804011
#< 8 Alpha ZHMIERIGITE
Table 8 Alpha diversity index statistics

Sample ID  Feature Chaol Simpson Shannon

A 39.3+6.11 45.1£2.10 0.100+0.730 0.540+0.350
B 10.3+£2.08 29.2+4.09 0.008+0.042 0.049+0.020
C 12.7£3.50 28.0£19.07 0.004+0.001 0.027+0.007
D 13.7£2.30  19.7£6.81 0.004+0.002 0.029+0.100

7E: Sample ID 4 #f 51 % #k; Feature 4 45 4E( OTUs 2 ASVs )
#)/~4%; Chaol AR EFEE
E2NCE T

HIT#rE Alpha ZAEPERIFESI 24 Chaol 15
B FARFEE (Shannon) FEARFEEL (Simpson) .
HH Chaol #8501 ACE #8555 WFP & FEIEAH G,
Shannon fE#{E#E K, Simpson FEEGHN, MIFETE L HE
PERCAPT, i 8 T, A YR B TAIECAGRT (0 d)
f] Chaol $5%UA Shannon fa¥ii =, WiHHAE B EAA]
BT B LR 2R S P A e o A R () 3G o,
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§4%; Shannon. Simpson # # %

DLl S Hh B2 N E A it 0%, HAb A
FhIEBETR >, ZREVMAHRIEC. BURIBESE 9 RIN,
RACHRESS, RABEFIGE L, FRHEE 2RI,
244 AABBLGEAMEF ST
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