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1.1 RE# s
Al PO A, TR RN R B

P REES: R AR AR IMU-TS528 [ 75 K 2
RUMFEFT AT, SEFREER S MR A A
250 mL HETEHAE 5 g AR, FAMA I NH4CL
A a-FUHEEY N 5% URESED , WIIHEHER
pH{E N 6.0, [E/KEE N 12 (gmL) , HtdEHA )G,
121°C K14 20 min, #HIGEM 4.35 mL f 1B
(Ix10° M T/mL) , 28°C4AF T REE 118 h )5,
B A 100 mL 7 &5 B /7 15 IR — 4l 2% o Wi
(0.05 mol/L, pH{H 5.0) , T 28°CF 180 r/min #i
Yzt 1 h JEIdIE, VAR . REAS 2 R
WA 1%iE R M 1 h 598, KIREIT 0.8. 0.45
A10.22 pm FLARIIAAH I IERR R o 5 B i R
NPEFED TN IR IR E R K 22 40% MR, ARk
#E 3h, 4°C, 12000 r/min 2.0 20 min, W I
TR SN IR TR B &2 90% M R, IRV i
3h, 4°C, 12000 r/min 2.0 20 min, WEDE, H
B R B R R R R R TR = BN 22 PO
(0.01 mol/L, pH 1 5.0) XJUliE#T# R, 4C
FIEMT 24 he BUEMTGIEHK 4°C, 12 000 r/min &
0 20 min, FEEANEY), IR, DT
914 2 UL, 93 3 HATAR IR G2 i b e 22 P it
W o WS PR E e 30°C 4 AR 8742 1 umol
WA TR T (W 5 X — /NG A

[ o-VERIEE: 2 800 U/mg, T L i 24 14
HIRAT . B Hp e X 37°C, pHAH 7.0 4&1F
SRR 1 pg FE PRI N O —
W B

JEAR W : 100~400 U/mg, WT3%E Sigma
ol BRI E S 37°C, pHAH 7.7 44 FK
fiE H I =R AR B AR 1 ol I TR BT T BRI
TE SN BES HAT
1.2 RIS

[ Z AR HEART IR (80 H, Wil L BT 4 S br vk
FEE T s RNl QL ZRTE MRS W LA
BRAT]) 5 Centrifuge 5415D /N mpid g0l (f
Eppendorf /A7) ; HH-6 ZU R fHiH K4y (1]
KEZRHE AR AT 5 Avanti'VI-25 S L
ML (£ Beckman A7) ; UV-2600A B14&4hu] i,
ST CEEICRMA S H IR AF]D) ; Waters
2695/2489 = RHAH EL A (32 [E Waters A H]) 5
Symmetry Cig RAH A EAE (3.0x250 mm, 5 um, 3
Waters 7)) o

1.3 RWAHE
1.3.1 T¥ 74
L

i WA, [l iy [ B

AL —— 4K

PR —> YR

BRI RR R, 1k 80 H I . FE AR E (g)
RS (mL) , BEUERGEE N 1120 g/mL 1)
L, FREXASHERY K 1 g ¥ hn 2 U/mL 1) 57 B W
20mL (pH { 5.00 , S50°CHRH R 60 min &,
TR 5 min &bV, R RN g, IR
G, SERE S0mL, R BhR R (Bl
B AR EUE (tea stalks infusion, TSD
FHIR) AR PA25 B 1 /KR F A5 2 1) TST A I .
1.3.2 IUREANF %

HUARPE)S ) TSI 1 mL, 10000 r/min &0
10 min, £ 0.22 um ALUEMIE Y85, £ HPLC &
Mro WAHCIE M symmetry Cig (3.0x250 mm,
5um) IR, WA 0.5% L FRKHE (A) Fl
HEE (B) , ZRMEDERRIE N 88%A (0 min) -88%A
(5min) -81%A (16 min) -76%A (28 min) -70%A
(32 min) -88%A (40 min) -88%A (45 min) ; ¥i
0.5 mL/min; A3 30°C; &K 278 nm.
1.3.3 RF-ZARREMHHT

I 1 mL TSI F14 mL (% BSA R A, =
%% 5 min, #5845 5 -4 000 r/min 0> 20 min,
3¢ B3, M 3.5 mL IR AN (SDS)-— L lENE
SN (1g @ 5mL ;20 mL/100 mL) S #
UIE, FEAIMUTIE 5C AR, 590 nm &b BAZK k) 25
R, WS A
1.3.4 R34 snz

KT N0 5 o 2 FUREIRE (2/100 mL)
PA%FE 100 mL $ERGE HPUGE 1R R R
1.3.5 &RAME

KHIE R Fe™ i J7vE I 2 TSI ffrik J5 oL,
1.3.6 OH g dAFREGMZ

KK E TSGR A dhHeas 7,
1.3.7 DPPH A &y i Fhse Al 2

R L5 TSI iR DPPH [ hidtfie 'S,
1.3.8  xHhk a—ig B b 3445 A

Z ok K B g L 7 ED I UG B . B
0.25 mL Jif o-3E R B (0.05 mg/mL) TP
O IR N 2R TE E a-3e K3 D » IR 0.25 mL
TSI, 37°C {436 10 min, JIA 0.5 mL JF &2 %0k 0.5%
VERIEW. Y 30 min 52BN 1 mL 3,5- 4
Sk (DNS) Wi, Wh/K¥# 8 min, RIS
KEREZE 10mL, LK ATEE, 540 nm ALK
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EEE Ao WRZZ bR MR, P A A I
FAH R A N T Adsg=A wise—A s
IR o-TERBE ) (Th, U)o DABEIRZED
W (0.02 mol/L, pH {H 7.0) AAFSMI IR, &
AN CRAEEEEORD 500 R HBR o-TE R B TS
71 Ty, U)o ARIEMAFNEIFIET (T J5 (L) M
W AR AL SR IR, el R -TST ¥ S5 il
o MHEEE (%) =(T1—T5)/Tx100,
1.3.9  xtARAE B e 6145 A

SR @I E LM B, B 1 mL
TSI 5 I mL B IS (2 mg/mL) JRE, X
e s B ig i, 37°CHi#A 5 min, A G
PE [FIRERLE Y (0.05 mol/L, pH H 7.7 MW
FRZZMP 4 mL hn 2 mL Bt , 37°CF, #iEdk
30 min, RPN 10 mL —HI, 4kS:4+E 5 min,
Kb N, RIS AEEUIR IR . R 42 B il
4 000 r/min 5.0 10 min, B _EEFHAH 4 mL F/h
HEEH, AN 1 mL W7 Ot 2340 5% 0 PR
W, HmEsE Y pH {H=6.1) , #&¥% 5 min,
4000 r/min Z5.0> 10 min 5 B2 AGHUAHT 710 nm
ALV AR o S5 B 1 mL 28 PP oA A R OB,
DU AN IR A4 N TG T s 7o X TR I i

Bt th G Kt BTG 10T B 7, B oH B A 21t
SN TR o= G K BRI 5
1.3.10 %itsi

RIS S5 R LA 4 YCHATINE 3ER R, S
i/ SPSS 17.0 BEAT J7 225007, 22 et 4 B R XS
2N, MFEFRER R ZE A RE, ANF
FRERMZEREE (P<0.05) .

2 HREHM

2.1 EERMENTFE/ILEZZNZMN

[ A R I T % (R B, 20 M 2l JS T
FifE% 3ok 2 UimL, B8 48 AN[RI B i T4l Bh 3
2B 5, AT A A U (tea stalk
infusion, TSD) H1JLAY 2 A& S A1 s 7 i i s
(£D .

FHE 1 AT, Bl BT BN I s, LA
FNE DK RIS R, B LR R
(EGCG~ GCG. ECG) Kifnk/b, Hr, i1T EGCG
()& sk, WD R Bt K, JERE R LAY R
(EGC. GC. EC) i, N E TR (GA)
RN, VLR TR AE R R LA R
OIREAL R AEE R LAS R, [RINREH GA.

F 1 FRBTEHRENFEILFRMEN

Table 1 Effects of tannase concentrations on catechins in TSI
LR FE R RIS
BT RERE " Contents of catechins/(ug-mL™")
Concentration wim - - REET UL e RILKHE I
GA/  BETIL REETIL AR gewe BETILRE 00 0 EEREULRE o sew e s
of Tannase/ (ugml") sz n LR FEE RILKE T HETHR Nonestorn [EEEDIITSS SIIP S J58
(UmL™) 'J(\}”C‘ I;G é TR EC GCG H fig catechins  Estern catechins  Total catechins
EGCG ECG
0 35.88¢ 439° 157.55° 329.82° 48.23¢ 6.71° 85.13" 210.16° 421.66 631.83®
0.4 244.07° 467 374.99 106.44° 96.00" 0.00° 61.37° 475.66° 167.81° 643.47"
0.8 305.20° 3.64° 413.42° 34.51¢ 103.87 0.00° 49.06° 520.93" 83.57° 604.50°
12 337.21°  3.34¢ 43197 14.74¢ 108.56" 0.00° 43.69¢ 543.88° 58.43¢ 602.31%
1.6 340.73* 3419 429.56° 11.54¢ 109.50° 0.00° 43.44° 542.47° 54.98¢ 597.45"
2 351.44*  3.59° 434.44° 0.00° 112.54° 0.00° 37.82¢ 550.57° 37.82° 588.39°
e IR F R R ZE R R (P<0.05) o FHEELY 1:20 g/mL, BEfFEHEE S S0°C, BEMEHB 60 min. J:EEELJLASH % ==GC+EGC+EC;

g LA # % =EGCG+GCG+ECG.,

Note: The different letters in the same column indicates significant difference (P<0.05). The ratio of tea stalk to enzyme: 1:20 g/mL, temperature: 50°C, time:
60 min. Content of nonestern catechins = GC+EGC+EC; Content of estern catechins = EGCG+GCG+ECG.

2.2 BERIRE XM EAE)LE RN

IR 8¢ 7 N () 3l B 6 B A FH T 254 L
REREI, RWNE 2 . WNE2 aJLUEH,
FEAHRHMIGHL (30°~50°C) &40 F, JLA&ERE. Ik
BeZ LR 2 A GA SR EH N, BALAERSE
M W ZE 1N, I R R AR A AT PR LA R
A RN TR R . AR E (40°~60°C) 1)
Thr, BERLA R & g, JERA LR ER
A GA FEFFE N, DS i sl R T4
ST H R AR A FH IR i, 1% UL EGCG 7 it
AR B A WX

2.3 BEfERRTEXEAE) LSRN

SERGB R L oA 25 (10 25 5 Bl i 11 I 1] (¥ 42 4k
IR 3 s o [FIREHD, BEAE B AE TN ) R 2
FEM LR I R REIEER, R RS, Ak
BE7 LR A GA [R5 BN, AR NATIRI . %
R R M T B R DB AT R A ) LR R I AF A
DN Ji DAL 28 5 W T K ) S5 % ik ISR
RIRE R OR (5l BEAE IR TRIFRSE A, oA 3k
HONFEEER, B LA KW, ARRE )L
REAWIGI . 75 min I, KA EER LR R O
AR, B AT S 1 T A IR PRI o
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Table 2  Effects of enzymatic hydrolysis temperature on catechins in TSI

LR FER IR 1
N N L Contents of catechins/(ug'-mL™)
it & b 3 - - = oo
Tem;”eimre AT e mmay RRET  REPLE ELEK R LA e e
\ | LR ER RILKE ZBRETR BETR TOERRLAE LR ELRE
I'Cc /(ugmL™) K& JLRE . ; Nonestern ) ;
1R g EC BiE BE . Estern catechins Total catechins
GC EGC EGCG GCG ECG catechins

30 230.35¢ 3.50° 374.40° 0.00 78.16° 4.49° 17.17¢ 456.06" 21.65° 477.71°
40 254.21° 3.87° 383.60° 37.80° 96.22° 451° 28.88° 483.68™ 71.19° 554.87°
50 303.42° 5.12° 420.16 25.71° 107.84 3.78° 41.06 533.12° 70.55° 603.67°
60 326.61° 4.48° 414.92° 5.89° 102.61° 4.18° 35.30° 522.01° 4537° 567.38"

e F— PR R PR R 2L 2 3 (P<0.05) o BRI HY 1:20 g/mL, BEZRINAEN 2 U/mL, BEFEHIINTE24 60 min, IERESEY )L R & R=GC+EGCHEC;
FiE B! LA 2% =EGCG+GCG+ECG.

Note: The different letters in the same column indicates significant difference (P<0.05). The ratio of tea stalk to enzyme: 1:20 g/mL, tannase concentration:
2 U/mL, time: 60 min. Content of nonestern catechins = GC+EGC+EC; Content of estern catechins = EGCG+GCG+ECG.

R3 EESERE B EHEILE R
Table 3  Effects of enzymatic hydrolysis time on catechins in TSI

JUAE R IR
Contents of catechins/(ug'mL™")

ISF Hterm N N b - § e NN T
Timemi (o, BRI KBETL igi?# gy D A RE KK R ARRUER men uesun
Ge EGC é&égﬂG EC GCG ECG catechins Estern catechins Total catechins
0 107.59" 1.68° 281.01¢ 0.00° 39.31° 0.00° 3.83° 321.99 3.83° 325.82¢
15 169.85° 8.01° 310.46% 206.51°  83.15° 5.29° 63.62° 401.61° 275.42° 677.03°
30 211.53¢ 6.84° 326.39° 146.09°  86.38 4.52" 58.04° 419.61° 208.65° 628.25®
45 262.09° 6.82° 374.44° 10331 94.71™ 4.21° 42.75° 475.96¢° 150.27° 626.23"
60 337.74° 3.78° 398.69° 6.93¢ 101.53° 4.55° 31.68° 504.00° 43.16° 547.16°
75 377.08° 4.09° 453.28° 0.00° 117.82° 4.8 3.37° 575.20° 7.65° 582.85"
90 374.39° 4.28° 445.36° 0.00° 114.10° 425" 2.76° 563.74° 7.01° 570.76"

E: A SRR P RER R 22 VLR (P<0.05) o BRELED 1:20 g/mL, BRI 2 U/mL, BBAEHIEZ 50°C. JERRTLLA R & fk=GC+EGC+EC;
Pig L2 3% & - =EGCG+GCG+ECG.

Note: The different letters in the same column indicates significant difference (P<0.05). The ratio of tea stalks to enzyme: 1:20 g/mL, tannase concentration: 2
U/mL, temperature: 50°C. Content of nonestern catechins = GC+EGC+EC; Content of estern catechins = EGCG+GCG+ECG.

2.4 BTEMFE/ILZZNERRE Horr, BEAY)LRZR R HD T 94%, ARBER)LAR R
XAt GE P K AR IBUR B8 g Ab PR AR R I3 9N T 156%, [AlIN GA & #3807 684%, Hi]
TSI LR FMAMBATHE (K 4) o NE 4L Bl SRoK g e ) LR BB LR %R, [
Bl BRI TSI LR R A BB S W IR GA.
IKEEHOITERIIN T 11.5%, JLR FZA AR 2 2,
F4 BKERSETHABZHTILRZNRERE
Table 4 Contents of catechins under the conditions of boiling water and tannase-treated

PRS =Sis-—¢731 3
Contents of catechins/(,ugmL’l)

. BETR ; - - =
WO FR T , N REBETIL WETIR RILKEFE .
GA g S ey S - 5 3 CIEBRARULIR R e S e
Treatment A BEPIL REEEL e a e wng mnnrm e rm TEUER ) e umzus
/(ugmL"™) K& RKE i » Nonestern . .
1% I EC s [ . Estern catechins Total catechins
GC EGC catechins
EGCG GCG ECG
KL
Boiling water 44.07° 4.89° 142.82° 211.35° 55.09"  46.59° 19.88° 202.81° 277.82* 480.63"
extracted
A 345.55° 6.38° 413.66" 12.41° 99.45" 4.17° 0.00° 519.49* 16.58° 536.07°

Tannase treated
T A=A RER R E R (P<0.05) o Fh/KEREG WhKAHEEE 30 min; BEARS(:: BRI 2 U/mL, BEAERIEE 50°C, BEAERHE 60 min,
TR SR LA 5 E=GC+EGC+EC; HEE LA # % H=EGCG+GCG+ECG.
Note: The different letters in the same column indicates significant difference (P<0.05). Boiling water extracted: tea stalks were extracted in boiling water for
30 min; Tannase treated: tannase concentration: 2 U/mL, temperature: 50°C, time: 60 min, the same as below. Content of nonestern catechins = GC+EGC+EC;
Content of estern catechins = EGCG+GCG+ECG.
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2.5 BT-BEHRBEWHT

FUTIEZ MR, WA RS YORM R LT
ERF, T ENZ R Z AN, R
U K T B S AR, T B R R e A AR S R £l X
WRIE RS A2, R RS s 3 b el e vy 2 11 &5
B I A GTTE, 5 AR R 40 RS SR T K
kRO, DRI, 0 B R A B I
P RAREEE X B e g o i A SR
VE, PRI AT g g s B U R PR R
1) 1R P20 B 1R H 1

I 2 T B AL EE TST H B e 2 1
15 H 4 A (Bovine serum albumin, BSA) 540 (&
D o WE 1 RTBUE ], 7E BSA-FLTILE R RS,
Bty BSA JUEMRBEMIIE S, B PldE 8 (A i &
Btiz3ahn, miH, fEFR-— BSA JREIKE R, &3
7 PR FH 1) TST T £ 1 5 17 8 B SR LG 0 JiE
A, IXAHERE R O A R E AL B ) TSI LA #
BT ) LR =S AE, BB LR BZ A L
Fefi, AR T HEAREGAEM TS, $
Ty RS A S B AT EE I AU AR
A (] RPN e A B S e e
Kawamoto ™ A HF ST /K fif 07 55 BSA FEITHE (K6
SERMAT, EMPRERHR TR e TRES S EA
JRERAEREE S IF AR R

12 ¢
—=— 4RI 42 Tannase-treated

1.0 —— %} Control

08
0.6

0.4

590 nm ALY YA

Absorbance at 590 nm

02}

0

04 0.8 1.2 1.6
7R L AR BRI
Concentration of bovine serum albumin /(mg-mL™)

e RS RREEE 1:20, BERIE 2 U/mL, BE/ERIELE 50°C,

Note: Conditions of tannase treatment: The ratio of tea stalks to enzyme:
1:20, tannase concentration: 2 U/mL, temperature: 50°C, time: 60 min;
Control: under the same conditions, using deionized water as extraction
agent, the same below.

B 1 $7EE st TSI 7 -BSA REMWe #on
Fig. 1 Effect of enzymatic treatment of TSI on precipitation
of BSA with tannic

2.6 FIASENE

K 2 BoRHEER (25C) AKIR (4°C) i
TEEAE T o BB 6T TSI ZSFLE R 5.
KR4, iR B ARG R AL FE ) TSI ZRFLE
JS R SN, 17T 0 B PR 1) 1 I L 1
4°CHEA7 30 d Db FEH, 2o B AL BRI TSI ASHL &

EYILEEER (P>0.05) , AL TIZILIE
B S I I A, I B BT I S A R T
2% TSI A2 FLIE A = TSI [ fa etk .

0.8
—=— fighiie 4% Tannase-treated

s HE
06l = %} Control

04t

02t

0

5
Tea cream content/(g-100 mL-")

1 2 3 4 5
I 18] Time /d

a. =il (25°C)

—~ 05 ¢
—'—:1 —n— [i4fiE 4% Tannase-treated
S 04 1 —— XJMi Control
®y
22 03}
I 5
= £
&= S 02 L
-
5 01}
S
0 , . . . ,
6 12 18 24 30
[ 18 Time /d

b. fiGil (4°C)
B2 FEAIRRG AL T A
TSI A 3L mE 49 %
Fig. 2 Effect of enzymatic treatment on formation of tea

cream for TSI during storage under room temperature and low
temperature

2.7 BTEMFEREREYE RS0
2.7.1 LR AR

— kUL, YIPTAEARE ) IR R R ) IE
FHOGOGR . ARSI, B IIBOGAE 4 8K, 3
HILIE SR Re Bk, PrAa b Re )t s, il 3
A, B TSTIREE R RIBOGEE S X, HEe
BT REALBR ) TSI BOGAEIE AR T X 4L, i
U R LR BRI 28 5 T WAL B 5 34 IR e ) i
HEAHEHAEAREE, £KIH 0~800 mg/L [
JETR IR E B A RO AE L SR e 1K

12 ¢

—=— [ifF4f 4 Tannase-treated
1.0+ —— %} Control

200 400 600 800
F BRI T TR S
Concentration of TSI/(mg-L™")
B 3 TSIBEREH] /& 698 R Ak
Fig. 3 Reducing capacity of TSI with or without tannase
treatment

0.6

700 nmAWE AL
Absorbance at 700 nm
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2.7.2 3t OH A B AFRENHH

T2 B PR A 20 R AR AR e o e AR ) —
PEARBIRIN L, APAE AR R T AR A, (H AR
T, 5 AARRAS ., A R R, ARK
£ TSI X OH [ FHAEMITEBR SR WK 4 Fros. WF5T4s
PRW, BTSN TSI OH H Hh3EH) HAT i A
o BEESEHGRTRIR BE IS 0, RE TR 1
TSI SRR RBET LT;, 1148 B T BEALH ()7 M AR
WRE P IGE BT, 4IREER T 3000 mg/L B, OH H
ML B TR 2R e IR A

100

o«
(=]

[N}
(=]

S
(=1

—n— [iff4fi¥ % Tannase-treated
—e— XJ f#{ Control

%)
(=}

OH [ Hi A& %
OH' Scavenging effect/%

2000 4000 6000 8000
ZRRIAE OB R L
Concentration of TSI /(mg-L")

B 4 TSIE&ALAT/E T OH A bk ad ik Rk
Fig. 4 OH scavenging effect of TSI with or without tannase
treatment

1Cso! " Vi VAN FE B BT AL e AN [ el
THEREES), EFRIE MIE BRI 50% I FE i 1T
WRE, LAATEUN, B hIERREE R, BRE
PrAMTE RS . EARIG, AR S LA ih £k
JIREVHEAR R SRR TSGR OH H i
FEI ICso A 1 085 mg/L, T AL H T BEAL B 1Cso
4192 mg/L, BAF G 110 BRI BE 0T HE 2 B A
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Tannase treatment improves contents of catechins and bioactivity of
tea stalk infusion
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(1. College of Bioengineering, Jimei University, Xiamen 361021, China,

2. Key Laboratory of Food Microbiology and Enzyme Engineering of Fujian Province, Xiamen 361021, China;

3. Research Center of Food Microbiology and Enzyme Engineering Technology of Fujian Province, Xiamen 361021, China;
4. Research Center of Food Biotechnology of Xiamen City, Xiamen 361021, China)

Abstract: Tea stalk, also known as tea stem, a residue obtained from the process of initial tea selection, is a very

abundant and low-cost agricultural byproduct which is plentifully available in southern China, and its use has not

been exploited and standardized. In this study, in order to use the agricultural byproduct, tea stalk, thoroughly, tea

stalk infusion was prepared with the help of tannase preparation from Aspergillus niger IMU-TS528 by the solid
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state fermentation of tea stalks. Then, the property and effectiveness of a tannase-aided treatment on the contents
of catechins and bioactivity changes in tea stalk infusion were illustrated, including their antioxidant activity and
inhibitory potential against pancreatic a-amylase and lipase in vitro. Results showed that, with the help of tannase
(2 U/mL) treatment at 50°C for 60 min, the contents of catechins in enzymatic hydrolysis tea stalk infusion
changed a lot, much ester catechins (EGCG, GCG and ECG) were hydrolyzed into non-ester ones (EGC, GC and
EC, respectively), accompanied by the production of gallic acid. Compared to untreated tea stalk infusion which
was extracted by boiling water, th total catechin in a tannase-treated analog increased by 11.5%, and ester
catechins decreased by 94%, along with the increases of non-ester catechins and gallic acid (156% and 684%,
respectively). Meanwhile, the tannase-treated infusion had a relatively lower binding ability with protein and less
tea cream formation, which were effective in improving the clarity and stability of tea stalk infusion. Furthermore,
after being treated with tannase, the antioxidant activity of tea stalk infusion had a significant increase, as the
tannase-treated tea stalk infusion had a greater OH and DPPH scavenging effects with their ICs, decreased by
74.1% and 25.9%, respectively. In addition, assays of pancreatic a-amylase and lipase activities were used to
evaluate the effects of tannase treatment on pancreatic enzymes inhibitory activities of tea stalk infusion. And
whether it was extracted with tannase solution or water, tea stalk had some inhibition rate on pancreatic o-amylase
and lipase activities. However, the tannase-treated tea stalk infusion had a significantly higher inhibition rate of
pancreatic a-amylase and lipase activities than the untreated analog (89% and 107%, respectively) at a
concentration of 5000 mg/L. Results from this study demonstrate that tea stalk infusion with tannase treatment can
obtain better quality attributes, which is promising for the economic utilization and value addition of some
important agro residues.

Key words: enzymes, extraction, bioactivity, tea stalk, catechins, transformation
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