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Fig.1 The color-changing circle formed by the lipase-
producing strain on the first screening plate
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Table 1 Lipase activity of secondary-screened strains U/mL
ks aes R 1 [ishizsiaes AR BRI ARG ks aes FERG
No. of strains Lipase activity No. of strains Lipase activity No. of strains Lipase activity No. of strains Lipase activity

N911 6.39 N7 2.47 MB30 5.69 Mql2 1.02
N2 4.91 N8-2 1.58 Mq24 5.70 MB7 3.60
N9-1 ND N7-2 0.52 MB19J 3.45 Mq24 ND
N74 ND N1-3 3.41 Mql3 2.58 Q11-3 ND
NI11A 0.33 N8 ND MB51 4.57 Mq2 3.47
N916 ND N916@ 3.05 Q33 3.54 MB43 ND

N913 ND N9 1.91 MB74 ND H17 —0.17
N722 ND N92-2 0.50 MB33 1.27 MB41-2 3.67
N8.11-20 7.82 MB47J] 5.40 Mq23 0.69 MB41-1 3.27

H:ND F/RAK . Note: ND indicates no detectable activity.

22 BEWERE

XoF TR PR N8.11-20 #4721 =2 [R YL A 2, A 1%
BRI R 22 R M T, S S/ NFER (L 2A) s A
AL 18 7R B N8.11-20 B K /N A (0.8~1.0) pm X
(1.0~1.2) pm, AL xTHES o A8 3 AE AL REAE 43
Mrah 5 (3 2) BoR , Wbk N8.11-20 R i 2, V-P
TR0 5 P Rt 42 o il 2 B S 7K i 45 2 BEPE  HLS
v i 0 5 B, e R FH o6 25 B R L H I A A
BRI AT R B AR BE & TERIRS | 22 208 Ol b
B AT Y — A

XF B #k N8.11-20 #E47 16S rDNA 7 51 43 #r , 4%
F R ZFE AR 165 rDNA BR - BOF 9K R 1
447 bp, rpoB Fr Bt (KB R 963 bp. 14 BBk N8.11-20

A2 R0, (1. 000 ) 5 B: FHI LI (10 000<) o A: Gram
staining 1 000X ) ; B: Scanning electron micrograph(10 000X ).
B 2 Bk NS. 11-20 FE A F4FHE N 2R
Fig.2 Observation on morphological

characteristics of the strain N8.11-20
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Table 2 Biochemical characterization of strain N8.11-20

J I8 Test 2L Result

JE B 48 Spore formation —
V-Pid8 V-P test
I Glucose
HbH Fructose
MWK Dextrin _
F 2R Maltos ) —
WEEERE Trehalose —
274 — 4 Cellobiose —
JIKA Urease +
JEAMME Catalase +
WK f# Gelatin hydrolysis +
fiifb & Hydrogen sulfide —
IBEAE Indole test —

+ o+ o+

T R G RO B (I . Note: “+7 and “—7
indicate positive and negative results, respectively.
()5 50 FE NCBUEE P2 b 47 LT, 285 5 i 7R O 54
18 5 @ (Pseudomonas) FIAR I e dr . BT i

AL A, R MEGA 4.1 88 T R Gt AL i
(F13) o ZRG1ZIAR 73 D 45 5 TR R i R BUAFAE
e 298 N8.11-20 %5 2 Ay i 23 M1 5 M 1 ( Pseudomo-
nas aeruginosa)

23 FREBEEKNEERREFREGRL

1) 35 FE I R0 B G P A 520 o B 4A AT 0L g
15 T A B 5 7 o T ) S e A S 3 8 Ak, I 24 h
9 1.13 U/mL Bl P 2 72 h 9 7.82 U/mL (118,
(R4 24 hiNHR T 5.23 4% . B3R5 3, DR IR ke |
R A5 RS T R SO0 S L5 7R 1) oy
72 h,

2) 4l XS PRS2 e o FR R 4B AT FEE
At 190~620 B Y, BT AR B A i 1K, g YG
PR, TE 690 B Rl i i, B TS PRI Bl Al L
5.735 U/mL. K% Rt Ak SL 38, B 1A ] fig RIS
Yy 5 G 1 FE 0B | DRURE 2B R ORS T DL RAR R
YRR BB B PE TR . o e iR i 6 20

3) B SRR R IS VRS2 . e B AC AU AR

99 8.11-20

99

100

ik

Pseudomonas aeruginosa JCM 5962T/BAMA01000316
Pseudomonas otitidis MCC10330T/AY953147

Pseudomonas nitroreducns DSM 14399T/AMO088474
Pseudomonas citronellolis DSM 50332T /276659

A 90 Pseudomonas panipatensis Esp-1T/EF424401

73|

64

L 1 ] 1 )
0.08  0.06 0.04 0.02 0.00

|: Pseudomonas alcaligenes NBRC 14159T/BAT101000076
Pseudomonas guguanensis CC-G9AT/JQ864237
Pseudomonas anguilliseptica NCIMB 1949T/X99540

Pseudomonas indoloxydans 1PL-1T/D0916277
Pseudomonas mendocina NBRC 14162T/BBQC01000018

Pseudomonas oleovorans subsp. lubricantis RS1T/DQ842018

Pseudomonas stutzeri ATCC 17588T/CP002881
Pseudomonas songnenensis NEAU-ST5-5T/1Q762269
Pseudomonas glareae KMM 9500T/LC011944
Bacillus cereus ATCC 14579T/AE016877

77|:
———— Pseudomonas guariconensis PCAVUI1T/HF674459
—

8.11-20

[

100
70 Pseudomonas aeruginosa LMG 1242'(AJ717442)

Pseudomonas panipatensis CCM 7469 (FN554749)
Pseudomonas knackmussii LMG 23759T(FN554736)

95 78 _|:Pseudomonas citronellolis CCUG 17933'(FN 568270)
99

Pseudomonas delhiensis RLD—IT(HESOOSI 1)
Pseudomonasnitroreducens CIP1 067471‘(AJ71 7448)

Pseudomonas otitidis DSM 17224"(FN554745)

Pseudomonas indoloxydans JCM 14246'(AB548148)

eeed.
0.01

Pseudomonas migulae CIP105470'(AJ717446)

B3 BE#k8.11-2009 16S rDNAF 3 (A) K rpoB F 3 (B R G R B
Fig.3 Phylogenetic trees of the 16S rDNA sequences(A) and rpoB sequences(B) of strain 8.11-20
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Fig.4 Change of lipase activity in producing strains under different culture time (A), inoculation quantity(B),

temperature (C) and initial pH values(D)
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TEMERAR . WO e d pH R 7.0,
24 FEFBEABZEXNENRRESETNK
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R FRAE R b e, AR R 44.10%0~
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TR, RKEEB(11~15d) kM mR h R R FF+
(15 d ik ) , SR Ml Y& R |, WRRRr £ 2218 T %
T fig R A6 AR R TG 35 281k

DAIR N8.11-20 & 75 A5 1 2 il R AR Ak ka3

WA AT O JERRER o JRIATHIA
Arachidic acid Linolenic acid Linoleic acid

iR @ O IR
Oleic acid Stearic acid Palmitic caid

100

2
T

X

=X
(=)
T

i W T A X 5 8/ %
Relative fatty acid content
o~

N
T

0 5 7 9 11 13 15
k& [t 8)/d Fermentation time

5 E#k N8.11-20 R Bd B P ASATER A A TR 1L
Fig.5 Changes in relative fatty acid content during tea
fermentation process of N8.11-20

F6 s . BAKRTE , A T E) X 5 il R A 5 g L B
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N8.11-20 431 () i &1 B 15 Bt 45 224 FH T IR 2%, 43 i
FE A L2 B AR TR , 41 sl S b R LT, e R
PR NS.11-20 P HE T+ & A5 B IR W R 7 o
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&% Oil content

2y %% 1 13 15 1z
% i )/d  Fermentation time
E6 Bk NS.11-20 X BT e &l R T

Fig.6 Changes in oil content during tea
fermentation process of N8.11-20
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RPYFZA, A R A R B A W R IR R R 1 E S
I PSR A P A

AHWFSEFI FH B Rk N8. 11-20 #4715 1% 25 V8 i 4% 1%
BRI, X T & B2 0.5.7.9. 11,15 d FIZERENS 7 iR
B M R AR A B K et B R 0 AR R
CRhE 2 R I TR B A6 A 1R ) 1) B 38 n , AN TR IR
i R R R FR L i . 2 TAF 9T R, 2kt
)RR BR 7 R R T LI, S TEIR A A B AL T
AL BT AR Y T AR R AR E
Sy 53 8 R — Z SR G Rg 7 T Can it -3-Js 1 1F O
) DT 72 A 2Rl A 4 AR bk i) 3R 8 <
RAEIS . M SE R SR AT K B RR R o A S Rt
ity O L B 3 GRS 9 TSI PR TR 75 et R AR T BB S
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Screening and utilization of lipase-producing strains
in dark tea with pile-fermentation

QIN Wangnian', HU Bin’, YANG Yongxue®, SHEN Tianci', FENG Qi', QI Minghui', HUANG Youyi'

1.College of Horticulture and Forestry Sciences/ National Key Laboratory for Germplasm Innovation &
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Abstract A microbial library of Qingzhuan brick tea with pile-fermentation was screened with neutral
red-olive oil plate assays and an improved copper soap method to study the effects of lipase-producing
strains on the content of fatty acids in the fermented tea and analyze the mechanism of forming flavor quali-
ty in Qingzhuan tea.17 strains of bacteria and 19 strains of fungi capable of producing lipase were screened
from the microbial library of Qingzhuan tea. Among them, N8.11-20 strain had the highest activity of lipase
(7.82 U/mL.) and was identified as Pseudomonas aeruginosa. The results of optimizing the culture condi-
tions for producing lipase with single factor experiments showed that the optimal culture conditions for the
activity of lipase in N8.11-20 strain are an inoculation volume of 6% (V/V) , a culture temperature of
34 °C, an initial pH of 7.0, and a culture time of 72 hours.The content of oil in Laoging tea fermented with
N8.11-20 strain for 15 days increased from 12.22% to 15.37% , which increased the content of total fatty
acid in the fermented tea.lt is indicated that using lipase-producing strains to ferment dark tea can help im-
prove the aroma quality of dark tea.

Keywords dark tea; Qingzhuan brick tea; lipase; screening and identification of strains; Pseudomo-

nas aeruginosa; pile-fermentation
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