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gov/blast.cgi) A7 A1 L X, (i F MEGA-X 3k
PEXF R 9820 L TP FIM i R R B, LS
TE VBRI

A)VEIN TN R . O B 45 - 4 c T
38 o YRR B SR B 8 B 97 2L AN 50 mL HETE R 1T
T FEZE VK TR B TAE & 1B KR e i TR K
FE BB A TR HETE 2 20 mL %0 3 LR R, T4 RD
NGV AR AN TSR IR 15 9% 1 d, HIEHIK
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0.27) X 10" I (4.5640.35) X 10" CFU/mL #J CA .
CB.HY .BHLRWHER . O EAMH: GK
BESR A 20.0 g G B 2%, 12N R BEML o 141, 43 i
CA.CB.HY .B.LR A MJ 3 6 20 (i 5 2H 43 51 % 7 422
i CA .CB.HY .B I LR 1Y T2 , MJ BK AR )
6 AT ¥ 200k i R ZETRK T o OWE IR DR B2 Pl & 1% -
CA.CB.HY .B.LRZFHIHIA 9.0 mL X} 1 i 2
fifi S KR 2R 31 % , M 4N A S5 TG TRk, $840 ,
O, 57 IR 28 B PR BT 45 CRy R b, 408 2 d $5 3
KBRS AR50 7 (14 121 KIBCRE i AR
A FHL 80 CT 4 30 min, 2 I GB 5009.3—2016
(B b2 4 E AR B TR K A3 1R 2 )i o 5 7K
TE10% Lo q, e N BB 4S9 S5, 76 — 20 “CUKAR
TR

5)BE WIS A e k., BREF TSR
GB/T23776—2018 4% it & & ® % 77 3% ) Al GB/
T14487—2017{ % M IR E # PFARTE ) X 2L SME
& S ORI AT . LS R HEf R
FH 5 S5ORCH i i A T, TS R S IR AR 1k
SR HAE) R G L KRS R GB
8305—2013( %5 K= W & ) iif B A L R = R



108 LRI I NI <3 4

944 %

GB 8314—2013(Z% i AR B E M E) KL
i 218 GB 8313—2018¢Zs M Hh 28 2 F LA £ & i
BRI 773 ) H A8 A AR 7 o

2 HBR5HH

2.1 EEREHEE
DIESFEEGER, 458 45,60 “Cra ik i ik
Jo ARG T RRAN R, S5 4 ) S CA L.CB.CC \HY .

B.LY MILR, H:rif LY F1 LR /& 60 “CF ffi £ 3545 ;
WE 1R, R RS % 2 R0 e 4 U 8 A RS 55
37 CFEF 1A, EMAAE HBew Bk
1.0~1.2 mm 1 [BJE B 7% 5 T 505 00 %€ 48 1 19 5 =2 IR
geta il v, g5 R 2 o, 7T A TR R YL R
Yo IO R, CA B 40 B 2 EIR, CB L. CC
B A4 M S AR, HY VLY AT LR A9 40 i &2
FRIR

1 7FEERE AR R TR X & E R E
Fig.1 Plating and streaking colony images of 7 bacterial strains
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Fig.2 Microscopic images of seven bacterial strains
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Fig.3 Phylogenetic tree of thermophilic bacteria
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Table 1 Sensory evaluation and scores of each treated tea sample
PR o0y ———————— mﬁ/fnd()p‘\mm, ————————  u»
Treatment ‘ Appearance Seore AI(15%0) 134y FR(25%0)  M4r #K(30%0) 54 MIR(10%) 9 Total score
tme Liquid color Score ~ Aroma  Score  Taste  Score Infused leaf Score
0 W Esiss 85 MSENFE 84 FEERARIAMR 84 WRIEA R 83 ABELEEK 79 83.40+1.50
. 7 LIRS 82 REEUITTITE 86 WAl AR 82 [ 84 EMEH 80 83.0040.69
o 14 AR AR RING 83 MEEWISEETL 86 [BL7S 79 (S 84 HMytaarUeiE 75 81.95+0.37
21 LR EARING 83 MBS 83 JKRIBK, BRIk 76 EERIZRIT 86 AU 75 81.35+0.24
0 WIS 85 HIZEINML 84 WAWEAE 84 WIEAmIAMK 83 LEIEEEIC 79 8340+0.53
B 7 BREAFRCEIMALEE 80 MUIISHIEH 86 Wit 86 LI3ES 84 HMEE 80 83.6040.49
14 LM ARG 83 BT 86 e ok 77 BERRHIE 86 MBI 75 82.05+0.24
21 LR HARRING 83 REEBENEL 83 KRR, BRI 79 EERIIIMKER 85 mEAFUENE 75 81.80+0.24
0 BB R ARMES] 85 HSTUFL 84 AIAEAMR 84 WEA AN 83 LRMAFRE 79 83.40+0.08
7 BEAEEIES) 84 BB 86 M 86 fisJE 82 WM 80 83.80+0.73
HY 14 L WAPH ARG 83 MEEEWISEUETL 86 [BIS 82 [ 85 WA 75 83.00+0.24
21 LR ARING 83 WBUHSEIM 83 KRR, BRIk 79 EERIZRIT 87 AT 75 82404049
0 B EEIEs 85 HSEN 84 HEFARIAMR 84 WRIEA AR 83 AEALEE 79 83.4040.37
5 7 LRTEINES 86 MW 86 WA 86 [l 84 WK 80 84.8040.20
14 LA ARINE 83 RHHSINTHL 86 [BL'S 78 BEEAER 82 MeEAHIRMEL 75 81.10+1.06
21 LR AR R IME 83 MEEBENL 83 KNk, BRIk 77 i 5 83 HMytairedtE 75 80.70+1.31
0 BARWEAMES) 85 HESEWL 84 TEIEIJOK 84 WIEA AR 83 SEAFE 79 83.4040.08
R 7 BRGNS 85 REMWISEN 86 MR, IEMENL 88 LIS 81 BT 80 84.20+0.69
14 LR ARING 83 MU 86 RIS 80 T 5L, 84 HytirUedtEk 75 82.20+0.08
21 ORI HARIE 83 MIBUENTR 83 KRN, MRk 77 (S 84 HytaarUeiE 75 81.004£0.49
0 BB 85 WSTUFEL 84 HIAWEIAMR 84 WIEA MR 83 SRIEFE 79 83.40+0.65
e 7 LA IS 86 BT 86 7y 86 e 5 83 A 80 8450+1.35
14 LEARI ARG 83 HEEWISEETL 86 [BL7S 81 (S 84 HMytaaUeiEk 75 82.45+0.23
21 LM ARING 83 WBEEEISM 83 Kbk, Birk 76 5L 84 WEAFRME 75 80.75+0.29
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EASESOE SN AR R s s A LN P
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(a3, T BB 2 MR PN B K e A O A i R 1
s BT RS AN B A T R AE A S R
I T S LR 5 B B CBLUHY (B L LR AT MJ 4b B
KW 21 KU B AR & 2 T R AE 2000~
3096, M AE A& B E) R A5 KB, CB JHY (B AT LR Xf
A v i B A R TR B ek () B AR AR AT R KR
A RSV F S O B e SRR A AR 1

L) FTEEMERE & AR . QIR 5D FFR , 45 Ab B 1)
T R 5 i i A T T ] A 22 R ST 1 U P Y
KA, S GRS IR R B — B S A R
i H,CA.CB . HY .B.LR A MI#RTES 7 KA 3 &
I U, RO AR O R A BB K T 24.8%.35.2% .
25.9% .19.7%.30.1% H135.1% ; CB . LR F1 MJ &b 3
HE R SRR I AT AR R IAE S BT i TR
it B, CA S U 2R AT T i | X4 20 L FEEmE
SR AT MR F R ) B, T R R S CA 4T
TP BRE KOROR & M AR EG JER 5 CB A B[] ok e
ZEAUAT TR R B ACBR A AL P S s AT CB L #E
WAl e T CB B R, /r W R LT 4R
ity , W5 AN T K B £ 45 2R 0 ik U T oK R 2 0, #b
FE T VP AE A ATV VR FTY A LR [ B2 2

ALEPERE O AR 7 R BIER 14 KRR BT [
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A:CAALFEO.7.14.21 dFIAHE O, 7, 14 and 21 days of CA treatment; B: CBZb# 0,7 .14 .21 d BYZSHFE 0, 7, 14 and 21 days of CB treat-
ment; C:HY Zb%5 0.7 .14 .21 dBYZ5HE 0, 7, 14 and 21 days of HY treatment; D: BAM# 0.7 .14 .21 d (945FEO, 7, 14 and 21 days of B treat
ment; E:LRAMFRO0.7.14 .21 dUZEEO, 7, 14 and 21 days of LR treatment; F: MJAbFR 0.7 .14 .21 d U Z5F£0, 7, 14 and 21 days of MJ treat-

ment.

B4 FEEAEELEEGTR ZFME
Fig.4 Dry tea, tea soup, and leaf base treated with different thermophilic bacteria
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P i O R R

S)ZEE T AL, FROEZWE RN EE
FHEWR 2548 R A e i, AP R

Eowiem, AR LEh BT N E RS R
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PR 6 FT s, M Ab 35 Y 2% 8 R R B R
JF1) 222 56 14 J U P4 1 AR s 3, LR 4 R 2
IR 1 PR A Al A TE A 14 R GR35 U
M Ab R 25 41 K & o 52 S0 I sl 3 1 AR fh ke 34
LR A $H 52 538 5 o 1 s 34, LA i 60 20 0 52t Sl s
Bl PR AR AR A FE S 7 KGR B AR HY M
MU Ab B 2548 R B i Se G 5 s, CA b3 2 e s
RS B A B AT LR A S SE IR B i R
HLRAAHE . 25 AN R H RO R
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Fig.>5 Changes in contents of water extract, tea polyphenols, free amino acids and soluble sugars in Tibetan tea

treated with different thermophilic bacteria
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Fig.6 Changes in tea pigment content in Tibetan tea treated with different thermophilic bacteria
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Fig.7 Changes in caffeine content in Tibetan tea
treated with different thermophilic bacteria
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BB T JLAE Z (epigallocatechin, EGC) £ T [ #4 #,
FoR B 5w % ; CB Ab 1Y JL2S 3 (catechin,
C) 2 TR RS HA A1 5 WOt 3 CA b PR =
LA Z (EC) 5 5085 14 B i #a 34, Ay 5 R R
BOBMMIAAEMREE TFILARERE TR
(EGCG) 2 e 1y pyka i, AR T B LR ALY
BETILARRE TR (GCG) 2L 1k
P AAE Y R [ CA Kb HR Y LSS R & T RS
(CG) F it 2 BB 1 94, CB &b B 52 26 0 J5 4
U, HY (BRI MJ 4b #5218 5 i #4 , LR &2

SE U R A CA REFRAY LSS RS T IR R
(ECG) 2588 5 vt $4  HY S22 5 44 P et 94
HAHRE TR

K WELE R, A A F A GA S EEHIN, GC &
PJudi /b s CA A B EGC A B0, Hi4x b BR324
B CAFICB A C & 5 a7, A ab BRI 1G5 45
AR EC \EGCG 1 GCG & 5 ¥7 2b ; CA AbHL Y
CG Fratil /b, H A b BE3E in s CA AL BRI ECG & &
TEG T Sl 5 I e F4 a5 346 O RN K1, H
ARALFRIIR L

x2 AEABHARHLERXILZZEETN
Table 2 Changes in catechin content in Tibetan tea treated with different thermophilic bacteria mg/g
b Ziﬁ%ﬂd‘l‘ﬁﬂl/d
Treatment Ferm?matlon GA GC EGC EC EGCG GCG CG ECG
time
0 3.20£0.07 36.33+1.18 2.02£0.05 5.49+0.02 8.46+0.09 54.00£1.21 25.97+0.45 7.87+£0.12 2.6040.01
. 7 2.70+1.52 26.31+1.35 9.114+0.45 7.07+0.63 6.23+0.29 42.43+0.39 22.53+0.46 4.63+0.36 10.83-+0.18
A 14 ND 18.98+0.75 7.83+£0.56 6.42+0.12 7.34+0.51 43.34+1.35 16.42+0.44 4.96+0.16 10.83+0.36
21 5.5940.03 15.1940.18 7.66+0.21 5.254+0.02 5.49+0.06 31.364+0.11 14.314+0.12 5.574+0.09  2.7940.03
0 3.0940.11 38.174+2.34 11.984+0.68 6.064+0.17 11.264+0.48 61.86+3.72 25.53+1.59 5.76+0.11 15.61+0.63
. 7 4.004+0.08 27.34+0.57 8.46+0.19 ND 7.874+0.45 44.274+0.60 22.604+0.29 4.34+0.09 11.16+0.20
& 14 6.324+0.08 20.904+0.20 5.50+0.03 3.984+0.10 5.63+0.05 32.244+0.27 21.554+0.29 8.314+0.20  8.89+0.05
21 ND 17.77+£0.25 4.10+0.05 2.83+0.05 4.44+0.05 25.554+0.29 18.27+0.30 7.91+0.21 2.66+0.11
0 2.82+0.10 35.45+1.06 10.6140.30 5.204-0.12 10.14+0.73 52.68+1.76 23.32+0.69 4.86+0.26 12.98+0.54
7 ND 26.84+1.33 11.51+0.54 6.66+0.32 9.72+0.73 49.32+2.80 19.42+1.15 5.75+0.08  9.9440.55
HY 14 ND 20.284+0.52 7.464+0.24 6.454+0.19 7.4740.09 42.56+1.25 19.144+0.59 6.17+0.20 11.01+0.37
21 4.39+0.02 19.83+0.26 6.854+0.09 5.74+0.19 7.07£0.03 39.25+0.48 16.00+0.24 5.23+0.14  2.6940.07
0 3.2240.03 35.69+0.71 8.724-0.08 4.47+0.8 9.43+0.06 46.80+0.91 26.65+0.52 4.82+0.23 12.37+0.29
7 ND 25.4240.28 10.49+0.72 5.904+0.02 9.034+0.14 44.59+1.77 17.8740.68 5.37+0.16 11.26+0.50
’ 14 ND 25.60+0.22  6.004+0.05 3.1840.03 6.00+£0.07 32.68+0.63 23.80+0.60 9.75+0.53  8.7840.24
21 5.064+0.04 17.624+0.29 5.71+0.22 5.534+0.07 6.21+0.02 35.554+0.70 16.254+0.41 5.864+0.22  2.75+0.10
0 3.5140.06 37.3040.54 8.6640.12 4.08+0.03 81040.65 43.280.97 27.83+0.57 5.22%+0.20 11.55%0.31
LR 7 ND 27.594+0.49 8.99+0.17 5.4240.18 8.09+£0.24 42.304+0.63 20.54+0.27 6.744+0.13 10.61+0.12
14 4.35+0.11 21.194+0.17 7.844+0.15 6.36+0.05 7.79+0.30 43.574+0.61 16.79+0.37 5.31+0.10  2.824+0.15
21 5.42+0.03 16.89+0.74 1.42+0.03 5.12+0.07 4.02+0.03 32.70+0.45 16.97+0.33 6.20+0.32  2.8040.20
0 2.654+0.07 36.86+1.47 11.66+0.13 5.054+0.15 9.46+0.34 57.15+1.48 24.62+0.68 4.98+0.17 13.77+0.47
N 7 ND 27.03+1.4 8.63+0.14 5.40+0.24 7.9940.15 42.06+1.35 22.724+0.71 7.54+0.35 10.8640.48
14 4.704+0.62 21.83+0.50 6.70+0.29 4.90+0.11 6.68+0.14 35.44+0.53 18.10+0.24 6.374+0.22 2.68+0.09
21 5.5540.04 16.604+0.33 1.68+0.14 6.124+0.10 4.17+0.02 35.194+0.71 15.764+0.49 6.004+0.18  2.8040.05

H“ND”FR M H . Note: “ND” means not detected.
AJ \A
3 i i
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Isolation of thermophilic bacteria during pile-fermentation of Tibetan
tea and their effects on formation of quality in Tibetan tea

MO Hongting', CHEN Zhixiong®, XU Wei'

1.College of Horticulture ,Sichuan Agricultural University, Chengdu 611130, China;
2.College of Biology and Environmental Engineering , Guiyang Untversity, Guiyang 550005, China

Abstract The microorganisms in the samples of pile-fermented Tibetan tea were isolated and puri-
fied under the high temperature including 45 “C and 60 °C to study the effects of thermophilic bacteria on the
formation of quality in Tibetan tea.7 thermophilic bacteria were obtained and identified as the genera Heyn-
drickria, Brevibacillus , and Terribacillus with morphological and molecular biological methods. They were
inoculated into green tea for the solid-state fermentation of single strain under the constant temperature. The
results of evaluation showed that the aroma of each treated tea sample in the experiment varied from “chest-
nut aroma” to “aged aroma” and then to “stuffy taste” during the process of pile-fermentation. Thermophil-
ic bacteria had a certain effect on the taste, resulting in the flavor changing from “strong” to “mellow” and
then to “smooth” during the process of pile-fermentation, with a “smooth” and “refreshing” taste. The re-
sults of biochemical testing showed that the content of tea polyphenols had a trend of decreasing during the
process of pile-fermentation. Bacillus subtilis and the high concentration of Bacillus subtilis contributed to
the degradation of tea polyphenols, which may be the reason for the “smooth” taste. The content of free
amino acids had a trend of first increasing and then decreasing , but mainly due to the effects of hot and hu-
mid. The content of soluble sugar had a trend of first increasing and then decreasing, and then increasing
again. The total amount of catechins changed in line with the trend of tea polyphenols. The content of gallic
acid in all treatments increased at the end of pile-fermentation, while the content of other components gener-
ally decreased.

Keywords Tibetan tea; dark tea; pile; thermophilic bacteria; quality identification
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