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W2 ih % (Aspergillus tubingensis ) CGMCC.
10022 M\ 3 5 2 [ 25 4 W v o0 2 i Ak i A 3 1w
Ao, DR T v T A A 0 T A LR O
12 (F|/E5E&EF

BS210S Hi 7K, b 50 38 2 H i KA FR 2
A RE-52A Jigh% 78 K AX, L1 W58 A 4% ] FD5-3
HASVURTHRAL, 574 5¢ s ELX808 AFAR {3, 36 Bl 1
J# 2% W s HS153 b 28 /K 43 6 PR %2 4, % 1 BD
Biosciences; CM=5 73 82244, H 4 Konica Mi-
nolta A ] ,
1.3 WA =E
13,1 FRAEPEBTINE 7K 23k B 3R K 43 A
JE spH (EH] pH THIE 5 822 HI 406 6 22 A0 7E
FER | ALLR M A& i AL (7
S P KU I B R P e = L e T i 1 K
PR 5 25 B 307 58 i e P LR R i
AR 22 R @RI E D B2 By MUE B Y
FHAR AR B €8 3 0 7 P27 A P W R 22 W 1 55
a2t FH RO L sk I

1.3.2 KM
1.3.2.1  APHEETEM KD H & R iE 1

15 (g/ml) i JoT £ v B 78 3 /K Fh 2 8 15 min, 2 200
JE At uE g AT UE IR R 1 R, A
2 WHEW ,TE 65 C R ISR W 4r , Ve 4 W 20 L 25 2 U
TG A B B 5T 2 K2
1.3.2.2 KBRS R DUKRY) %k
¥ (5,10,20,40 g/L) . 8 ¥ 4= F0 & (10°,10°, 10
CFU/mL) , #% J& %% 3% (0,100,200,300 r/min) 1 %
B (30,37,42,45 °CH4 AR R AT 5L FE 5
B A RIEER 2 K, KB R RIURE 4 mL,
W B2 EEG®, rAllEHEE 3%,
ZME 2 AL L Q) R D55 AL R (Y ) N VF
Wre At R AR

1) BB 2 KWK E  # 1 mL, 107 CFU/
ml, il FBIF, S AR 2 5,10,20,40 g/L B 12
AR E KR B, 7E 37 °C,200 t/min T FEE
FWEGTRRE,

2) flFaER A LR 0 6 B R
FRE A 35 AR50, I ER T BOM-50, 43 3000 R A
TR2IF R BZE 10°,10°,107 CFU/mL, 43 51 W B 1

mL 8 TRV, R E 10 o/L B B AR K 3R
Y, 1£37°C,200 r/min FEFEEFB RS ER
JE o

3) KBFIEE  7F 10 @/L B E A 1 K $
Yrrh A 1 mL, 107 CFU/mL fil 7 8770, 5 7
30,37,42,45 Ck W, H# K 200 r/min T 52
FBETERE,

4) 5 AE 10 /L B G A R K S
Fl 1 mL, 107 CFU/mL 17 83% W&, 207 0,100,
200,300 r/min & [ , & TR E R 37 C, H 244
ROERE,
1.3.2.3  KREEAMIEZCIAE AR 5N R S 45
R EBOKIRIUE (A) B FRIE (B) (5 R B
(C) = ZE = AKFRI Lo(3%) #EAT 1E 28150, LLAS 45
RO R R BN, DIREAGRAE N
Fa b, i B O A B AR A
14 ABSHITERHELESE

KBS I S B Hi Sirisansaneeyakul 5512
F T B BE L x = 7 RoR | BT RO etk A
Grubbs K 5, AHEBR I R iR 25 4 C K IR & 46 19
4, R SPSS 19.0, FIXB 5 [Qk 47 1 3% 1 47
Bro

2 HBR5HW
21 AEEWERMHIELEREE

B2 1 Al g, N [A)BORE A5 i 0 259 pH 3 &
AR, TG 22 5 (P>0.05) , ASHHB BT E Y L7
FU b7 (B S 35 v T RS T s 4 R I A% 0T o
W 2 2 BEAIK (P<0.05) , R B S 1Z 85 & 1 1 A5
SERE AR AR

TE B UL 2 A5 M 2 0] B 53 22 5 /0N R s SR
AELLR MK A3 A A 3 ¥4 T 1 35 1k 2% 5% (P>
0.05) ., ZRMAEBT MY 3 PSR S B E /D
T IE B FHLE 250 (P<0.05) , 1EF A5 FIDHL %2 4%
MR R SRR BN RO R, MR B Y
NSRBI R . BRE BT 2 1 20 SRR
BER AW EEE LR REER KLAR
FIEAE 2 & i3 0 0T 1E 8 45 i MOHL 2 2% 0t
(P<0.05); 116857 & M 1 K s Pk b B 3 5 T 1E
2 FIRLE 25 (P<0.05), Al figleh TAZEB
BT A AR ER, HETEZRY
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Physicochemical comparison of tea leaves varied with tenderness

[7] Frf 35 A7 —

S 2 (13.59%) , T1E R
5 2 I £ PR 3R BT IR )

F6 A7 G RS AL W FAHE I & vt
pH 1& 5.74 + 0.03* 5.76 £ 0.02* 5.96 +0.01*
L 86.53 +0.01° 83.94 + 0.00* 88.71 + 0.00¢
a -2.45 + 0.00° 0.66 = 0.00° -5.87 +0.00"
b* 30.75 +0.01* 38.75+0.01° 44.84 + 0.00°
K5 1% 6.38 +0.13* 7.71 +0.26° 7.90 + 0.04"
K& %%/g'kg'l 119.77 + 4.57* 123.25 + 5.65* 204.38 + 4.45°
Kigik % AElg kg 0.74 + 0.05" 0.70 + 0.05" 0.22 + 0.06"
A B /g kg 5.86 +0.37° 7.54 £0.27° 3.09 +0.16"
K ME G Rlg ke 15.40 = 0.66" 15.85 + 0.47" 12.97 + 1.13*
% % ®/g-kg! 274.54 + 23.67" 259.51 + 51.36" 135.94 + 10.47*
B & /g kg 257.70 + 24.92° 242.94 + 49.33" 83.79 + 10.33*
L #Elg kg 165.02 + 7.93" 183.91 + 17.49" 123.55 + 21.42°
F ¥ Elg-kg! 0.40 + 0.02° 0.36 + 0.06" 0.16 + 0.04*
%4 #lg-ke! 46.37 + 1.80" 53.11 +3.93¢ 3.88 + 1.06"
X BE gk 16.76 + 1.06" 19.55 + 1.16° 5.11 +0.79*

T R P A7 RS TR AN [6] 35 38R 22 53 i 35 (P<0.05) .

22 BEMBABEMETENKEYWERE
BEREERL
UNGIERS e a2 L S AR P Gy

ﬁ%m@1ﬁm,k@ﬁﬁ¢z%¢ﬁ%m$@
RMEY 2 RS, mr-yieEEne LI
B FEREEN 1~2 d, FB5r 20500 1 22 1 % A
$em (K a,c,e), XATRER S 2B A E I A
K AR SOR W R AR AR 1 | i A& A
R IEAREE BEAS 2B, 1O A WF 5% 3¢ B 3 0 4% [
SRR D R ILZE R W EGCG M ECG, 21E
A=) 77 A B TR Bl S AR R K M 7 A I iR
PR I 2 T 00 300 38 6 F IR A b T A A AT 5 B
RUIBSEA T I S <k

2.2.1  AN[AIHE BE A6 BY & 0 K 4R 5 8 o i B A L
KW EMFW A 1b o] HIK 4R 4 R A
5,10,20 o/L I, Z5 8 3R & B AR TE R BESS 9 KRIN ik
ek, 209 2.92,5.25,8.88 g/L, 43 il 2 & FEA)
i1y 3.07,2.88,2.62 % B G R HefeE . B 2 0]
Y, B8 B S K SR BT VR B O 10 /L FH 20

gL I, Z 4 38 A 77 LA (Qny) B, HLAE 10 g/L K
P2 0T e B I e A e e, MO RR 10 /L
(7K B2 ) o et vk FE AR R e R 5

222 IRl R i iR S A R
o m B 1d AT E BT R E Y 10°,10°,107
CFU/mL, KW 14~15d J5 , MR S ik 2l HE K
{85,794 4.94,5.16,5.32 g/L, i3 2 Al %, $E5
o 10°,107 CFU/mL B, 54 2% 114 Az i 8 28 R TS
WAL Y B " T 10° CFU/mL(P<0.05) . % Fh
o 10°,107 CFU/mL W), 54 2% 14 Az o 8 258 F 1S
WAL AR T 8.3 2% 5 (P>0.05) , T H2 il i 107
CFU/mL B, JiE ¥ 5% A 28 0% 5 T 10° CFU/mL, ik
ﬁﬂchmmﬁ%Fﬁ@%%ﬁ%o

223 IR X 0 TN e AL
WElﬁﬁmﬁ%mEﬁﬂTﬁMTWim@%
B A BT 30 CCAIT 45 °C, & 8 6 d 1} ,30,37,42,
45 CF , W\ E & 058 4.30,4.95,4.91,
4.24 /1., & W] o R Bt i B A T 55 th 5
() A K B AN 03, LA R i A1 il 45 Ak 22 T
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G LS R B ALAE T . R BRI B 37 AN
42 CH, Z5He 2 1Y A G 26 35 T 30 )CHi 45
C(P<0.05) , M P 5 114 5 W 2 Ak 38 T i 325 22 5 (P>
0.05) (% 2), \ngs &, Ja gl 5 v H 37
CHE R K T
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FR A5 L 3 PR 38 S 00 446 SR A5 31 3% o il B R
ABHE B 2 B B F B A A S 2 B BY
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W MoK SR o R (A) B R IRE (B) IR
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TN R L LUK AR P 845, 45 R
WE 2 FEk 3 i,

WK 2 Bros 2R R ik B K e &
T ok 2 vh B 22 T RN 2548 R i AR ek AR ]
SMEZMBALE 0~3 d B K R, S Bl E K
Y FEWE NS LM 15 gL, KER&E
TEES 6 RIFARE , /KIEYBEWIE N 10 o/L B,
FE T RIS T RIGE , TEKIEY) T E N
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Changes of tea polyphenols and theabrownin under different single factor fermentation conditions

10 /L, KK B S 40 °C, 45 R 5% #0150 r/min B, 5%
My 2 & B T KSR I VR N 10 ¢/L,
KRR 37 °C, FEIRELE 250 r/min F17K $2 49 i
TR B 15 o/ L, KRB 34 °C 38 IR 5% 3 250 1/
min Z 0], 2548 R B A F Rk 3] 5.78 ¢/,

W AR 3 W Vi MR 2E r AT, 25 LR
KFRHA B>C>A , BIV52 3 5 il 55 R F 2% B 4& 55
K 32 WG LA AR R B DR AR R K I > R
IR B> K Y2 W) T fe Wk 3 s B ROk P& 0
ABsC, BV SRR 1 R B A5 R S 2 S B 2 oK 32 4
JT R BE N 10 /L, K BRI BE Ry 40 °C, #2 R % Ry
150 v/min, fERALFMT B E TN 5.78 ¢/L,
A8 R A4 OEF N 0.026 g/L-h, JRYIHALE N
3.922 g/g,

R2 TREERRABEHTEERNSGRFBENAESH

Table 2 Fermentation parameters of theabrownin production by Aspergillus tubingensis under different

single factor fermentation conditions

B E KB B 1) /h Cpolg- 17! Crlg- 17 Qu/g-L7'-h"! Qu/g-L7"-h Yo/ g g™

KB I F R g L

5 0~216 1.35 £0.05 2.22 +0.07 0.004 + 0.001* 0.006 + 0.000* 1.529 + 0.339"

10 0~216 2.13+0.13 3.99 £ 0.11 0.006 = 0.001" 0.010 = 0.0014® 1.689 + 0.062"

20 0~216 4.80 = 0.00 6.75 +0.27 0.015 = 0.000¢ 0.016 = 0.001" 1.018 + 0.069"

40 0~240 8.25+0.04 6.72 +0.75 0.021 = 0.000" 0.004 = 0.004* 0.189 +0.174*
#AF 2 /CFU-mL!

103 0~360 1.85+0.12 2.96 +0.13 0.002 + 0.000* 0.002 + 0.000* 1.001 = 0.041*

105 0~216 1.85+0.12 4.03 +0.05 0.004 = 0.000" 0.009 = 0.000" 2.060 + 0.005"

107 0~216 1.85+0.12 4.03 +0.03 0.004 = 0.000" 0.009 = 0.000" 2.120 £ 0.174"
= JEIC

30 0~144 2.21 £0.00 3.40 £ 0.06 0.011 £0.001" 0.009 + 0.000* 0.832 +0.101*
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(8% 2)
R E & 8% i 4] /h Crpolg- 17 o ran Qu/g-17"h QOu/g-L7-h™! Yo/ g g
37 0~168 2.21 +0.00 3.98 +0.05 0.008 = 0.000*  0.011 £0.000®  1.345 +0.011"
42 0~168 2.21 +0.00 3.96 + 0.04 0.008 =0.000*  0.011 £0.000®  1.327 +0.020"
45 0~144 2.21 +0.00 3.35+0.01 0.007 +0.001*  0.009 +0.000*  1.254 +0.178"
#3% fremin™
0 0~48 2.21 +0.00 1.12 £ 0.00 0.018 £0.000°  0.016 +0.002*  0.860 + 0.099"
100 0~48 2.21 +0.00 1.52 +0.08 0.014 +0.000°  0.020 £0.001*  1.397 +0.041"
200 0~168 2.21 +0.00 3.98 +0.05 0.010 £0.000*  0.020 £0.000*  2.041 +0.011¢
300 0~120 2.21 +0.00 3.59 +0.00 0.011+0.000*  0.021 +£0.000*  1.978 «0.001¢

TR — R AR S 513878 22 5 W% (P<0.05) .

el
Total polyphenols/g- L™

[-—0.5% 34°C 1150r-min! [ 0.5% /34°C /150r-min”!

|e—0.5% /37°C /200c-min’) |-8—0.5% /37°C 200r-min"

(e 0.5% /40°C /250r-min”! (—e—0.5% /40°C /250r-min"'

w— 1.0% 34°C 7200r-min’! —¥—1.0% /34°C 200r-min"

40r |~8— 1.0% /37°C 7250r-min”! 91 e—1.0% 37°C 250r-min”
€= 1.0% 40°C 7150r-min’" —€—1.0% /40°C /150r-min"

351 I— 1.5% /34°C 7250r-min! 8 | —1.5% 134°C 250r-min™!
’ —&— 1.5% 37°C /150r-min’| -8—1.5% /37°C /150r-min"
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2 EXREAUTEEHMEFERHNTN
Fig.2 Changes of total polyphenols and theabrownin optimized by orthogonal design

£33 EXRERAUTEEHEEGHATZBENLBESY

Table 3 Fermentation parameters for theabrownin production by Aspergillus tubingensis optimized by orthogonal test

28 3 1% il/frc_ i Cipolg L Ciy /g L Quw/g-L'-h" Yo/ g g™

1 0.5 34 150 1.03 +0.00 2.19+£0.02 1.714 £0.065 0.008 +0.000
2 0.5 37 200 1.03 £ 0.00 2.14+0.07 1.576 £0.023 0.008 + 0.000
3 0.5 40 250 1.03 £0.00 2.68+0.01 2.426+0.048 0.012 +0.000
4 1.0 34 200 2.00 £ 0.01 3.66 £0.01 1.532+0.015 0.010 +0.000
5 1.0 37 250 2.00 £ 0.01 4.55+0.05 2.359+0.013 0.015+0.000
6 1.0 40 150 2.00 £ 0.01 578 +0.34  3.922 +£0.522 0.021 +0.000
7 1.5 34 250 3.57£0.06 6.71 £0.11 2175+ 0.135 0.024 + 0.002
8 1.5 37 150 3.57 £0.06 6.77+0.07  2.325+0.054 0.028 +0.001
9 1.5 40 200 3.57 £0.06 7.10+0.03  2.503 £0.021 0.030 + 0.001
K, 5.716 5421 7.961
K, 7.813 6.260 5.611
K; 7.003 8.851 6.960

ky 1.905 1.807 2.654
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(&% 3)
48 5\ A% Cipolg L Crpylg- 17! Qu/g-L7'-h! Yww/g g™
Al% BIC C/r+min™ o ' °
k, 2.604 2.087 1.870
ks 2.334 2.950 2.320
r 0.699 1.143 0.783
AR KT A, B, C
ERBEF B>C>A
3 (S KUBEHE. 5 2 B 200 s 0 0 2 1K
TE 5 FIDHL 32 - T 75 25 B R4 22 S /N | T R AT A AR )] A8 ek R, 2000, 20(1):
e e PRI R X 67-70.
AT O 0 2 B 2 T A FVRLZ T .
e . o . Effects of tea polyphenols on serum-lipi
TSN HARIET — % K BA R0 £ 54 e e o
KRR T AR H e and carry-lipoprotein level and antioxidation in ani-
FEAK T I s L mallJ]. Journal of Tea Science, 2000, 20(1): 67—
WU RV B4 25 26 4 90 0 A H D o 7 o
B RIS MG TR, SRR 6] mAE2, mEE, F@E, S KEZBMRRLE
P E B 2 K L) B O 10 /L, K iR i 30 kG O A O 000 A R D). oA S AR B 2 A
JE 2 40 °C, ¥ IREEH 150 v/min, TERARKAT T, 2003(8): 477-480.
AR &N 578 o/L, RN 0.026 ¢/L-h, ZHAO X L, GONG A L, LI J H, et al. Study on
TEM AL 2N 3.922 o/s the inhibition of experimental atherosclerosis in rab-
bits by tea polyphenols[J]. Chinese Journal of Geri-
. atrics, 2003(8): 477-480.
% % j[ Tﬁk 27 W T < 0G| s 114 b P > 3
[7] DL . LR F ORI A R AOCR ) 4R[D].
1R E R R R . AR P PR, 2011
N TH Dl = 7 oA ) B
2 . " HoEE E* * B ‘un E" GUAN X L. Inhibitory effect of catechins on the
2. GB/T 22111-2008(S]. AbaT. v [ Ax ofE i AL, . . ) . .
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2008: 2. .
Standardization Administration of China. Product of versity, 2011
tandardization ministration o ina. Product o . .
Jaon Mninition of G o S s WG, i, PRE S RS WAE RS
c ) t p— : H - > 5 M ./,
gse"g;a?”‘“ ‘(‘:’h?a “S’“ d“e; P"“‘ 008 B /N BT G 5% ok A0 A L AL 35 725 1 0 3% W ],
) : a St s, . 2.
, [Fb]%:“:g H%;ni ‘;;; z;?@zw*%ﬁ%] . A B L 2003, 19(1); 110-112.
RRE. A LB TFRETZRK 2 .
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Composition Analysis of Trimmed Old Leaves from Tea Trees and Its Application

in Theabrownin Production by Aspergillus tubingensis

Bai Jian, Gong Jiashun, Ai Guangyi, Wang Qiuping”
(College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201)

Abstract Physicochemical properties of trimmed old leaves from tea trees were analyzed in comparison with normal and
older large—leaf sun—dried tea (Camellia sinesis Var. assamica). Moreover, water extract was prepared from trimmed old
tea leaves, which was then inoculated with Aspergillus tubingensis for theabrownin (TB) production via submerged fer-
mentation. Results showed that there was little difference in nutritional components between normal and older large-leaf
sun —dried tea. However, contents of water —soluble polysaccharides, amino acids, protein, total polyphenols, total
flavonoids, catechins, theaflavins, thearubigins and TB of trimmed old tea leaves were significantly lower than those of
normal and older large—leaf sun-dried tea (P<0.05). In contrast, its total water—soluble carbohydrates were significantly
higher than that of normal and older large—leaf sun—dried tea. The optimum condition for TB production from water ex-
tract of trimmed old tea leaves by A. tubingensis was as follows: mass concentration of water extract 10 g/L, temperature
40 °C, shaking speed 150 r/min. Under this condition, TB concentration reached 5.78 g/L, production rate 0.026 g/L-h,
and yield 3.922 g/g. This study can provide basis for comprehensive utilization of trimmed old tea leaves and reducing
production cost of TB.

Keywords trimmed old leaves from tea trees; physicochemical properties; Aspergillus tubingensis; submerged fermenta-

tion; theabrownin



