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Extraction of Protein from Tea Sullage by Protease
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zhou 310035, China; 2. School of Biological and Chemical Engineering, Zhejiang University of Science and Technol-
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Abstract; The extraction process of protein from tea sullage by protease was investigated. The
results showed that alcalase and protamex were the best proteases. The highest extraction rate of
protein reached 34. 2% at the optimal extraction conditions: 4% alcalase, 35 ¢ 1 ration of water
to solid and for 4 hours. And also the highest extraction rate of protein reached 18. 6% at optimal
extraction conditions:3% protamex, 35 : 1 ration of water to solid and for 4 hours. The best
double proteases extraction process of protein from tea sullage was first extracted by protamex,
then by alcalase. The percent of cucalase on protamex plays key role on the extraction rate, and
the highest extraction rate reached 42. 1% when alcalase addition ratio was 25%. The optimal
extraction conditions for double proteases process were pH 8. 0, 60°C and 4% proteases addition,
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BEERMWFRHSARE D, BRELES R
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BENSFRRE, X EARNELH —HAAE
BB AIR R T AEC , 2SN IR B R B HE AT
MR I B R, X 3 B OB AR TR AL B 5 0 5 FT B —
ERTBHERT . B X EOHE—REER
ZERAARC- I MM REPTEYL 204 ~30%
MEBEARNERA RITHTR. RARERREH
BEAREA XRMES, EMERRETEARK
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1.1 TRHH

FEBEEED - TERMNER . FKBEIK. &
W 15 min, #tF, B8, & 60 BARHER, B R
&.

EANKEAR. . PHEEAB. BREEABM
HEEOMYMWERAXZENEEEYHANFTRL
CIP
1.2 FEXRUBFS5ESE

721 BN EV, L E =TS
FA1004 BB FAHRY, RBHFRNXEH &4
% ; TDL-40B B.0 4L, b R B 2 8841 2 Bl
#;SQ211—-9B BHEER A M T HL, BB I ERF
PEERA A E; 1001A—2 BB BT HREE,
TH RN S SHZ-82 BIER IR
HMEEEFERAFHE.

1.3 BEEXIE

FE-MARR—EHBEEHL(REEKR)—~
VEAE XK pH. B B — b0 B 18 B — 0 # Bl L BS —
BLOAB-EARERLBE-UESEARSR.

HERE pH EMAZ A, FRERS , KB
FHREWMBEMpH(AZ.BRE X1 C,pHL
0.05), & Bt ¥ k¥ X 15 min, RFH L
(10 000 r/min, 10 min) 535, W E ERFEAHE
BOrERERE.

1.4 SEBRFHZE .
1.4.1 FAFHELNZOHSFETEGRARRE
#H¥h SHNEABREEAB.PHEEAB.ES
EHMAEARNKEAR. A& B REREM pH
ZHETLLFEME 2% B EH 30 : 1(mL/g), M
2h, MEBARMRRE,
1.4.2 BHFOESFZETEORARBRENY A

AHEBRBEEABEMEN 1% ~6% (HE
pH 7.5, BB 55 C,m/E 2 h, At 30 = 1
(mL/g)) B KW 20~45 : 1(BEE pH 7.5, 88
55 'C,AtH 2 h, BN & 2%)%11%51113‘@& 1~6 h
(& pH 7.5, % 55 C, % &k 30 : 1(mL/g),
BmE 220, MFREFEARBRENEWE. £H
HRSCIERE bk 4 W Bt L 5 0 B R 48 B A (8] 4
SEHE3IKFELGHERLR,BE 3 WK, HMAERR
SR D, UEARRBE I ZEIEG.

1 BUEFAREXXBARKER

Tab.1 Factors and levels in the orthogonal array with alca-

lase

S

Xk ¥ A B C
WEE/(mL/g) HBmME/% RIS E/h

1 30 3 3

2 35 4 4

3 40 5 5

1.4.3 S4Z9BNRXETREORRREN Y
AHRBREAFEEAEAMEN 1% ~6% (BE
pH 6.5, BB 55 C,BHA 2 h, @ K 30 : 1
(mL/g)) W E WM 20~45 : 1(EE pH 6.5, B
55 °C,af08 2 h, BN & 2%) MEBAEMN 1~6 h
(B pH 6.5, 8 F 55 C, B I 30 = 1(mL/g),
BmE 2%, MREFEARRRENEW, £58
ER LSRR b5 E b B &8 2 Bt el 4
SEHR3AKFELGHERELR.BEH 3 K. HIRER
ZH(LE 2, UEARRBREREEIF.
1.4.4 MBARBARZETEORRERENYH
EEREEAMNESEABINRENR, KA
BHEBRTIZ . W-HEREFELSASAEOBRER
(nEgE 3%, BB 35 1(mL/g), BBETE 4 h,
pH 7.5, E 55 C), EREE. R4 ZAREER
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FERI(EME 4%, WE K 35 : 1(mL/g), RIE
] 4 h, pH 7.5, 55 °C), Wl & % 11 R /9 BRI
RB_HIERFEEABEEOBRI. AR

®3 NEHEAEXXRBARKE
Tab.3 Factors and levels in the orthoyonal array with double

protenses

K, AR AEAMRR. WEEE RN BE - . 'EB? .
BME, EHEREONEELRE, HHEEOES pH f& BE/C IR/ %
HEEABMELAMN 204 ~80% AR ER L 1 7.0 50 3
MEARSRBENEE., 755 E B 50 XS # 5 s 55 .
SRABEECES SEMEMLAE, vRAeE s .5 50 5
EREASF BERMARBKEL 35 1(mL/g),
REBETE 4 h, MUEECBESESEOHEBMNEL 1.5 MEAHZE
B1:3, RALGHEXLHEL 3 K. HENE KBETEORSBENERAS DN RERE
EARBEAGT pHE BEMBMEXNKESR L B,
BEARBRBEMEM, XREITIE 3. Lp e
%2 WATAMECRBER KL 2 #REH®
Tab.2 Factors and levels in the orthogonal array with prota- 2.1 AAMENESaHEUTXETEARENEZEY
mex %“ﬁ]
. ® % RETHEEAM MEEAR. Z4EAW
WE L/ MWR/%  RESHE/ AR A KRR B4 B RE KA T X
] ” ) ) BEAREREHEM, ERAEK 4. TH,BEEE
B RRI R EX 183U, KK EESEAME.
2 3 3 3 & RBRE EBCR R, TRER FEX TE A S
3 40 4 4 FEARNKMBEBAEE KB, X R R
F ARG, B s AR FRARKER,
4 TEAMENEAMNZERPEARRNZHEN
Tab.4 Effect of different enzymes on the protein extraction rate
—_— REREH EAR
REBE/C R pH HmE/%  WENL/(ml/g)  HE/h RER/%
FHEEB 50 7.0 2 30:1 2 9.48
BHEEARS 60 8.0 2 301 2 18.31
HEEEOM 55 7.5 2 30:1 2 10. 95
HARKRESM 50 6.0 2 30:1 2 7.75

2.2 WMEEAREMXEPEARRNZNHRWE

2.2.1 ¥R¥4H BERORBENER.BE L
MBRAEXMRETFEAREREFOREOE 1
Bim. WA, EREE OB INBB A R RE
INES B A E M TR R, R 0. 520 B MR AT Y
10. 9% B 4 Y Bt BY 22. 41 %%, T X4 EG I B Ak R 3
hnE, 3R B I R 0, X T BB el TR 0 B 3%
BB, N AEERTBEO R KFREES
FAHERABEORERENOREEER. R, HE
EW R ORI B, KRB K, BB KR
MEARKBRENMK. TEARITBHEHFH
on, R R TG B m R B AN
BEIN~NER. RELSERYWBSES

REAMEANLRREREE. AXRERA, FE
FR R R R R T L RS T K, 2435 3 40
: 1(mL/g) b}, |EUE A 35 22.45% ., B RHE
B A, SR BRI A BT T B, X AT BE R B O E
KBRS, ATTREMIT
BHEEABERATABERYEARMILSE. B
M, WA L 35~40 ¢ 1(mL/g) HH. EEHRER
R BUAT [R] Y SR T3 i, 2R EATA]GS 8 4 h
J& BT Y5, X W 68 2 B O B & B 1 A 6 (8] 44 2
K. BOEHIHT TR ABEELHNNLER
TEALFHHEQ R, B ERBRAEEL 3~4 h
RH,
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Fig.1 Effect of alcalase on the protein extraction rate

2.2.2 EXHH BHUEBEOMERLRMEAMLER
RESWREZSMES, HEREHEEWKRERMA,
EEINE A R {H 4. 163, LB E K #Y 3. 643 TR BLAT
B8 1. 770 # K, B E A R REE W R XK
EEME, HXERB L, FRE|JRESFERA
BIRKFEAEGHN A B, C,, BNEEINE 4% W E L 35
: 1(mL/g) HREXBTA 4 h. NEEXERER £
SETH,EMEN FEXTRELNFHE, B
ZHM FHEBKT Foo , HXBENHAESEAR
RBEHABEY W, X 5RWAHITERHE B,
BEKFHAEMEMEN 4% . BEH 35 :1
(mL/g) $RBESE] 4 W) B pH 7.5, 8% 55 C&fF
TREEAR, BARRREAK 34.2%.,

2.3 EAEBABXNFBENEARERENTW
2.3.1 #R% 54 RABHMENE. BB
MBBREEMEARERENZWME 2 iR,
AT 50 7 B 8 40K e 4R S o I 9 386 n T 4R
B, HRE 1B E AT 9. 58 % R 4% BT Y
12.45% B K m B gk SE 48 KB, _RELR IR B,
HHEEBREEABAORMED 3% ~4% X T,
75 5 O 4R MO B R L 3 I T 8 K, 43K B 35 ¢
1(mL/g) B, REER N 14. 2%, ¥k [ Hb 2k 42 3% KAt
RBBHAHEM. TRABELTKREEMTE
ALFERG T, BOA R E EE 29 0 35 ¢ 1(mL/g) HH.
T R R o R I P A S S T s 24 4R B
BTN 5 h X BB KRR 12.56 %, @1t 6 h A,
RBMEJLFARE,

2.3.2 EXSYW HEABEHAMEXZRMHMALERE
EHAWMRETME . AMREKK/NTLUES,
FAZAEOBRREARYWBE KRB L,
HAEBME. RERZAWMER, TUBIEK

KEHAE A B C, BNES N 3% W 1 35 ¢ 1
(mL/g) RHBTE] 4 h, EEZ G TREGFHER
B IRBURTGE 18.63% . AT ESHTAA,.3 BHEK
B FES KT Foos» WX 3 MERXM RBEEA
BERW, LPBBERY FESK BINRY FHE
HWK XG5 RWA TR
F5 WESAMEXXRER
Tab.5 The orthogonal experiment and results for the alcalase

extraction

RS
T R 9
(ml/g) BEmk/% AR/
1 30 3 3 24.38
2 30 4 4 30, 57
3 30 5 5 28,41
4 35 3 4 30. 56
5 35 4 5 33.86
6 35 5 3 29. 87
7 40 3 5 27.25
8 40 4 3 30.25
9 40 5 4 28,68
K, 83. 36 82.19 84.50
K, 94. 29 94, 68 89. 81
K; 86.18 86. 96 89.52
ky 27.787 27.397 28.167
k; 31.430 31.560 29. 937
ks 28,727 28.987 29. 840
R 3,643 4.163 1.770
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Tab, 6 Analysis of variance for alcalase treatment

RS HAFAMETXRFTESNR

Tab. 8 Analysis of variance for protamex treatment

FE RET HmE THRE F& B FE  REY HBE THRE FiE B¥

kH  HMS f  ¥FMV # kE HFMS f ¥EmMV #
WEK 21465 2 10.733  23.485 WEK 15473 2 7737 68.769  x
Mm@ 26483 2 13.242 28,975 BE 14,709 ) 7355 65373 x
REATE  5.942 2 2.971  6.501

B 0.91 2 - 0. 455 REETE 5. 407 2 2,704 24,031 =
ST 54.8 8 REe 0.23 2 0.115

(D) Fo0s(2,2) =19, Foo;(2,2)=99;(2) *» BEKF BRT 35819 8
H 005, B (D Fo(2,2)=19, Fo.0,(2,2)=99;(2) * BEKFE

27 MAEAMEXERER 4 0. 05,
Tab, 7 Orthogonal experiment and results 2.4 AHERNMEAREARENZNEEH

T ax . o TR IR 2 TN 2 0 o 7 R SRR B

5 A0S mmm/v mmetEn BRE/% WEIFR. THRAAEAEAN, EUEE

1 30 2 2 10. 89 BHERERNSPRBTERRET, BREWT X

2 30 3 3 14,34 50.25% .,

3 30 4 4 15,16 50

4 35 2 3 14.76

5 35 3 4 18.63 5 "o

6 35 4 2 16. 34 % 30|

7 10 2 4 14. 67 B

8 40 3 2 15, 55 % 20t

9 40 4 3 16. 89 v sl

K 40. 39 40, 32 42,78

K; 49.73 48.52 45,99 0 5 ' . '

K, 47,11 48.39 48. 46 EHEEH Vot Ruidiig=t,

B 13.463  13.440  14.260 FRERIBRER  EHARAKILNR

ks 16.577 16.173 15. 330 M3 ABRERSREMFXEFEAORBREHEN

ks 15.703 16. 130 16,153 Fig.3 Effect of the double proteases procedure on the

R 3.114 2.733 1.893 protein extraction rate
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MBEKKE pH E, AREZRE. NHESRERY
BIRKFAEHN A B, C, . B) pH 8. 0. 3B F 60 C . B
mE 4N, EEREXHTRERES R, BRREA X
47.76%. M ESHAH, pHREH FEHK
FFoo WHARBEMERNBREFBERM, X

HRUAMTER .

3 # #®

DEFHEEAR.BREEAB. E4EOEM
HANKREABS 4 HEARS, UBEESBER
BUSCRBIF, BB R 18.3% . KR EESEAM.

DRWHEBEAMERRFXEFPEARNRER
MIE HEsnE 4% JEE 35 : 1(mL/g) , SRHAT
[ 4 h, /IR % 34. 2%,

DEAEHMERERRXEFPEARNRER
BIZABME 3% EE 35 ¢ 1(mL/g) IRELA
(8] 4 h,ILEEAT X 18.63%.,

ONBERBRFP,RAXESELE, EHE
EAMRBRN S S RBOTERRRT . BiEEH

o pd

LSRN E AN RRENERAR, YREE
HESSMMEN 25X, REXIAREKXH
42.05% ., WEERRBREPEARNRERRT
%% pH 8. 08B 60 C.ESHN & 4%, B RET %
47.76 %,

£9 ARISELXXRHIRREGR
Tab,9 Arrangement and results of orthogonal experiment of

double proteases

B E

LB — = = B
B mE/C mmm/% o

1 7.0 50 3 34,53
2 7.0 55 4 37,45
3 7.0 60 5 39.28
4 7.5 50 4 40. 86
5 7.5 55 5 41.40
6 7.5 60 3 42,96
7 8.0 50 5 41.97
8 8.0 55 3 44,56
9 8.0 60 4 47.76
K, 111. 26 117.36 122. 05

K, 125,22 123. 41 126, 07

K; 134,29 130. 00 122. 65

ky 37.087 39.120 40, 683

k, 41.740 41.137 42.023

ks 44,763 43.333 40. 883
R 7.676 4,213 1. 340

$10 AMEAETRRERFESHE

Tab. 10 Analysis of variance for double proteases

FE  WEY HHE THRE Fi& BE
kBE HTAMS f  ¥FEAV <3
pHfi 89.725 2 44,863 99.473  »
HE  26.644 2 13.322  29.539 %
Mg  3.135 2 1.568  3.476
REe 0.9 2 0. 450

BRI T 120,404 8

E:(I)Fu_os(Q,Z_)=19. F001(2v2)=99i(2) * E%*:‘F
53 0.05,
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B R BN T, SRR B T D E W S R
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ARE MBEAENERHEENLE/AEE,
ABH X X, Xo X, X, X W EAEFIERR,
StEIE B R —BrRF,. B8 X, ==—0.6311,
X,=—0.5188,X,=0.5725, X, = —0. 6523, XJ%
B Xj=(z:— X))/ A X; #FTER. BE 2 =
182 °C, 2, =82 C, z;=33 MPa, x,=27 MPa,

3 & #

DI BE AL Sk 3R . 7= MR 8 R R 8,
PRI 0  H S AR 18 BRI 45 6
Y& F A SASS. 1 8K X R &5 A VR (L 24T [
B4 KAREFE; M EAFTERRK—-NRE. B
PR EEER A MKERRN T Z S8 8#RE
BEHR182°C, HNEER 82 C, BE—KYEEN
4 33 MPa, 8 “WR¥RES N 27 MPa,
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BEW P GHEATEM T, ATTZH T B =
Bl AR IR & RIEM IR TRE S %,
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