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FH o SR LL AN 3% 43 B SR J B v g b 7 S 7
WAL, 8 2 BEDT R SR S AT Al
IR A AL RE AL, LA B AR 2R . Ay TR Y
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1 MBEF®E
1.1 R 5iF

28 X (Green tea leaf,GTL) i " [ 46 2 4
T AN al AL, Viscozyme® L (FEFH L4 R
fif§ , i 1% 77 120 U/mlL) , € [€ Sigma 2\ 7 ; FoodPro®
CBL(FZ & A L4 R, #1571 1500 Ulg) , i iE
R IR A T 5S22178 i (S A LY R G,
I 7110000 Ulg) , L E AR A RA R E
2T 4 T (B 714 20 000 Ulg) BaTRiff1 2 7L 50
(RG-1 544 ), L ifg 5 A= M B A5 BR A W) 5 75l
MR (HG 4544 ), H A E A0 B2 (76.68 + 0.35) %,
PEE CNW R A | BrA s a3 o i a4
1.2 FEMUEE

Nicolet iS50 FT-IR i B i 21 4h a4, 2RI
85 53 Bl 45 A FR 23 ) ; Thermo Fisher Scientific 3000
o 8RR £ T AN (BC AT s 2 TRk D% ) | v 1 3§
BRI R B AT BR A B OMNI 048 2 MY, 26
Brookhaven 1 #% 2% 7] ;s MCR302 % 7= WA i€ %% i A8
A, 12 AR AR B BR A
1.3 #EEF*
1.3.1 REBEIRIOT S B a4 A o K
I3 M FRHC 200 mg 25K, 5 4 mL &R [ g
0.02 mol/L. 8- 1R 4N %% i (pH 4.5) #4758 41
RAE, THEIRIR S 30 CRB 3 h, BRI
02 . 1)S22178 i 50,200,250,500,700 U;2) ¥
21 4k K il 4.5,45,90,135,300,600 U;3) FoodPro®
CBL 90,180,713,1 000,1 420 U;4) Viscozyme®
L 0.24,0.6,1.8,3,6 U, ¥ 5 IV 5 94 i 8250
(4 000xg,20 min) , WA I35 W, I a2 ~f LM 1 1R
T

TR (%) :Z‘—leoo (1)

D A —— B PR EE R & i (mg)
Ar——200 mg Z&ZSH HEZUBEE IR % i (mg) .
1.3.2  EEXTEE HG E5EF RG-I M#ER M L

TR A A SR e R BT a7 A7 2 2L 3R BE 43 S AR Sk R
HG E 4 4546 A1 RG—T 4 25 44 A bR vE R R 5 31
1 100 mg 77 M AH A7 S 5 A BT 7 A7 2L R bR S 2
ml 0.02 mol/L. & 12— FR¥NZZ vh I (pH 4.45) 11
A EZIR AW T I AR & W8, 8504 5 1
fE AR5 %5 0 30 CRNE 3 h, BEAYAINEZ 1)
600 U S22178 i ;2)1 200 U FoodPro® CBL;3)
0.25 U Viscozyme® 1;4)500 U 2148 &K il . <
IO 5 FRRE ff S0 (4 000xg, 20 min) , W 7% WU
T, T AR A R

1.3.3  CBEUIREai AL B R R I s 1.3.1
WREOTE, #10 g &k 405 & 10 000 U
S22178 fiff .4 500 U FoodPro® CBL.15 U Vis-
cozyme® L 5% 4 500 U - £ 4 2 i 19 2% R 2
TETE R AR 57 a5 30 “CRE 3 h Jw , 8540 (4 000xg,
20 min) , WCHE BVEW . A 2 FEAR TR TEoK O BE,
UUBE , B0 (4 000xg, 15 min) , EEVLHEY) . A 1
R LB TR, BE CREDITEL IR 2 T H
BT IRFEAT IR R OUTE K e 4l A T R T
Jo BT LA B 0 SRR AL

1.4 MEHZE

141 CEILBEER &R E S5 Rk Lk
N A T e LB R R B kU 68 RN S
FE AR 530 nm 3% K A0 B EAE, I DL 0~200 mg/L
(21 FUBERE IR O 2 I8 TR LB RE R & ik &
DR it Ay 144, D0 R P R I e v 1A 7 2 L 1 i
TEMIE o K 25 mg SRR T 0.5 mL 64%
R, §E 30 min J5 A 5.5 mL 2810 K BIR
BHEWE T 80 CHE IR #% H i #4 60 min, &0
AT I, W P LML 2 =

1.4.2 M RM-LLASGRE 0T R i FR AR
WU SR FH A B I 2T ARSI A 2 ) 8 1 mg SR
FESL A 200 mg KBr 525318 A 5, 3 36 b Bk AN AF
FESAIR G W IT 0 A o 7E 400~4 000 em™ J%
B B SRR S AT, eSOtk R, R
Sun “F 2 Liu &R0 75k, #57 DE B 5 A/
(A ptA o) MEZ AN ZE A [T 5 72 . V=87.609X +
25.768 KA M ERALEE . X A pp——
Bl 1 742 em™ Ab A 04 T AR 5 A \go—— @35 K P
1 642 cm™ &b i T FH
1.4.3 43 it o3 A i I e

R dh 4 1 T
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Tt A1 R FH v OB o R A e P A o v
JER 0.5 mg/mL BRI W, 4 0.22 um JEAE T
D& LA, T FHZEER K SEC 300 B (kA s 22
oA 2% X5 FE 5 HEAT oA . IEFRAEE 0.25 mL/
min, AT 20 wL A& 4 0.1 mol/L NaCl H &
W2 #N— 2 R 2% Wl (pH 4.5) N A, 76 25 °CF
K,
144 HEARSERMOWE L 0~100 mg/L i f2
PR WCRIEAR R 2, R BLER 43 HT A (TOC)
I e SR A vl 2RI o R (/L) Y, R FH e 4
K 5.4 K358 1 Tk B
145 S ENE RS (20 mg) 4 4
mL 4 mol/L. =% Z & (120 °C,4 h) K it )5 , i A
0.5 mL 0.5 mol/L 17K 3 -3 — FT J& -5 — ik mafs wpk il
(PMP) (70 °C,30 min) A7 fir A4k . fir A= 4k J5 B b
(8 P R R P e OB i A e, T
BT EAE T A Thermo C18 £ (4.6 mmx250 mm,
FLAE 5 wm), PEBLH N 0.1 mol/L B ik £h 2% wh i
(pH 7): ZHE=82:18(V/IV), BEH UV Kl £
4 245 nm, W # 1.0 mL/min, #EEEAFL 10 L, F
25 CHE

43 ) B TR R 10 mg/ml L—(+) - ZE
W L= (+) =BT HAARE D-(+)- KB D-(+)-T &%
B D—(+)-2F AN (97% ) .D-(+) i % B
(99.5% )V W M FRAEE I . RG-T B i J 52 1
e FUBE T T2 AN B2 W O B AR R BT AT SRR
L IR R/ S SRy R AP > 2L SROME () 0 B 4 R, fR T
BT o7 A1 A A LM 2 AR E T RG-T B e v
DR 0 ey Rz AT 2 LW 5 o B R AR R RG-T 2
e, RG-1T B i HAT HG RS 5 28 i i
REA G G, AL & i 2 o FUBE R R 1Y
BB i T RG-IT AR I L A & 2 FLBE
FBTRLACTRE DA o p UM RN BT AFDs & i 5 2R
W Bt 1 bR AR b ] R R RG-1T B AL e 42 B
RIARAL
146 ZWHERMNE REHELHZHE &S
5 A TR R A I E T K 250 pL RE WS
315 wL WA R RS W 1R &, A 1 mlL pH
7.5 WBERR R 28 v, T IRV 5 min, I B
TE 540 nm 3 K AR A EAE , B 0~0.5 mg/mL 45 £
My 22 AR T 2 THIR R IR it () 22 T i

1.4.7  FHEEMIE  FBRE SRR R 2 R M
JHE 2% it 228 S0 S 29, o SR A i 5 25 B K ST )
RA,25 CHFERGHEI (50 g/L) TEBT L) 3
1~100 rad/s JEFMIFEEE . 1€, NS UIERLE 1 s
IR

1.4.8 RARMIIE B TR S0 2 20 v Fr L 2k
FEHA T 0.1~0.3 1 5~10 Z [0], BEHFEAC i 2R e
W N 1 mg/ml B W . R HRLAR 23 BT X
(OMNI, Brookhaven , USA ) il 5 Hoky 42 43 Al

1.5 SitA*

% F Microsoft Excel 2016 #4347 £ 45 1
Geit 550, A TR UL B RE S E S E 3
K, G R BRI HEZE (v £5)7, RH]
BRI 2R J7 22 47 B (One—way  ANOVA) il Duncan’s
R E RIS AN 25 BENE, BEMEKE
1 P<0.05.,

2 HR5HSH
2.1 4 FEEX RERENE R R

RSB o3 O 28 4 il A 3RS RS B E W,
TN H o SR RE R & B A ROR AR IBOR | 45
W 1R R S22178 M \FoodPro® CBL,
Viscozyme® L F12 £F 4 2 il B i i 204 OR JiE
FEIPCRITATIK 80% ., 4 FPE T, Viscozyme® L 4filih
A R RHOR Fe e 48 mg Z583 U 0.003 U i
RIT3RAS 9T % 2R e, T H B Wl 3k B3 — 25 145
ZEEES N A 3 Umg, X ATRESZ M T Vis-

100 i@

8034
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Fig.l Extraction rate of pectin under different enzyme

addition amounts
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cozyme® L B T & A £ 4L R g% S50, i85 A B
FLAFT SR W il AR SR Tl 25 22 RIS O, TR R
o P 241 IR Y 5 A R R0
2.2 4 FEEXT R HG E#£F1 RG-| M5 A9 52 M
DR M A A S s AR B A1 2 FL 3R B 4o A Sk
R HG EHE A RG-T M6 09 b5 A | i 2ok 45 5
HEBH (35 23 7 4 F xR e HG 255 #1 RG-1 M)
FERSZm Qs 2 Fs o B 2a o I A AR R A
A 1 A5, 78 SEC IS i ff B B a1 2y 23
min,, Viscozyme® 1, &b 3 5 14 77 Ml AL AR SR I 7 €533
I 23 min AbAYAE5 IEEEAIE 2 T L Viscozyme®
L A 58 4 B A RIS HG F248 . S22178 il b 2 11
T A A7 2R 7E €3 [ v 23 min b 19 17 5 e AR
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min b B A5 5 W LA AR AL, 3% W3 T R il T
R HG 8 A2, K 2b WoR B fa 2L
RWEEA 1A e i E Y R B Rl 2 38
min, £ 4 FEEE RS B9 RG-1 MIEE7E SEC 3
W TUARARL, FREH 4 T SRR ) RG-1 M 4% % f
AL

n] W A YE s FoodPro® CBL Ab PR A4S )
R E5 ) 5 R IR IR G A ARARL, 17 L 7 o il 2
IR RS54

12500 [ | = 7K
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Fig.2 The molecular weight distribution of commercial citrus pectin (a) and arabinoxylan (b)

before and after treatment with different enzyme concentrations
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S22178 fiff FoodPro® CBL Fl£T 4 2 fifg 4 5 it (1)
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green tea pectin extracted by four enzymes
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2024 455 1 W)

aifk, HETFSIMRAE 4 s, BT Vis-
cozyme® L IR T AR5 T 4549 (W1l 2a), I
RS /N PR 2 O T i R AR
B3 FEEXS HG S B AAF AL 78 73 B fifk 50 B 8 e
fEE, AR SR AR S P AR 2 KAy F
PR = ok, 5K G A 1A 2T 4E 2 il b 2R
A1 EE ,S22178 iff \FoodPro® CBL 1 Viscozyme® L
i b FER (A, HEMIM 2R S g R 2 &k
THEEP SRR L YE R R T O
WG 28R

242 FE AiALJE RBORE A B SR AR I
JHE 7 T AR SR I, 25 a1l 5 B . 4 Rl 2k
FE 1Y Zb 52 B AR R 0 3 2 BT UMb B B
Fe sy DI R0 1, & SRBRE B R () 22
5t ,FoodPro® CBL Zlifb ¥ 1Y 26 B i K (m,=1 227
mPa -s),S22178 T 4 fL £ ) B E IR 2 (1,=862
mPa-s) , T 21 45 5 B 2404 10 6 B2 80K (=154
mPa-s), Viscozyme® L ZEEFEAN 0, 4 P 4b B
WAL RERE AR ROR 22 5, X B0 S Al Y
Gy AT A 2 R R AR A3 AT A G
243 AbfEAERL WE T A0S SR R A
e o (B8 LB RE IR (& A I 2 By F045 Fh
FUES ) SRR 1, DR RLRERE IR | 2L b
A7 A1 4 T B2 i R A& R S AR R Y R
i, Viscozyme® L glifbAE i L i & i e, Ok Ok
S22178 HF 4l fL R A1 27 4 R A LE AL, 17 Food-
Pro® CBL 4l Al FF 1 7K 4l 46 R v R 55 12 AH X 482
Lo KRR 822178 M £EALHE T GA/Rha Y {H
R, 29220, AU H FEZON R W HG 4544
Viscozyme® L #lifb 4 | 2 £F 4k 3% Mg 40 b & F
FoodPro® CBL 4l 1L #£ ) GA/Rha #1 (Ara+Gal)/
Rha fH#/), RUPLRBRBYh & A ELZHE
(SRS S5#E , FEPRIE HG SRR BCR B LT, 3k
38 Z RG-1 1 RG-IT Z5 M i 2R e, DARE 4L K
SR HARES . SR RG-IT 25 ¥4 78 40 it BE v iy 25
() 457 " B 5 30T A A 400 JR B, T RG-T 58 % T
A G i BEROT R T RG-TT 25 K4 1) 38 B/ B 4%
Ko o] UL, Sl e v BT 22 RG-11 4 1 47 7 22 B 3L
SR e 1 Sy 435 ) T 4 S0 4 LR v ) AR R, R
JI2 1 5 1 5 2T G 31 R0 2 £F 4 2R 04 R i AF SEPY T
AR i R R 2 AR AR 1 1 AR AR T R R W] A

F:a:7/K; b:Viscozyme® L; c¢:FoodPro® CBL; d:S22178 fiff;
e PLFAE R,
4 ZEREEHEUNETHREHER
Fig.4 Various pectin samples purified by ethanol

precipitation method
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Fig.5 The variation in viscosity of purified green tea
pectin samples extracted by four enzymes under

different shear rates
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S22178 4 AL FE FoodPro® CBL 4fi fbFf: il 2 £F 4
ENS I gy e R g = D e Ty S = Ny N 1] Viscozyme®
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it R P BT, SECEANHE QBT S RR  iy 4 R 4
K
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SR S22178 il 26 Ak AF 11 2 B2 AKX T FoodPro® CBL
aifb FERIZEEE , AT UL B AR HG 7 32 B 25 4t

AEHR (A5 20 A9 Rl P o Jo 22,
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Table 1 Compositions and monosaccharide content of purified green tea pectin extracted by four enzymes
(mg/g pectin dry mass)
K S22178 B ¥ oF Yt B FoodPro® CBL Viscozyme® L,
FIUAEEE R (GA) 371 £ 6° 416 £ 5" 408 + 4" 406 + 16" 477 £ 5°
R &4 (Rha) 15+1° 20 = 5¢ 36 +2" 361" 69 + 3°
£ 5L (Gal) 16+ 2" 40 + 1° 16+ 1" 10+ 2" 8+1°
I 32 4A 4% (Ara) 24 + 1° 32+1° 58 3" 552" 71+ 4
GA/Rha 25 +2¢ 22 +6° 11+1 11+1 ERS
(Ara+Gal)/Rha 29+02" 39+ 1.1* 2.1+02" 1.8 £0.2¢ 1.2 +0.1¢
# & # (Glu) 129+ 1° 50 + 3¢ 101 £3" 99 +9° 152 +7°
AHE (Xly) 42 £ 1¢ 60 + 5" 96 + 7 90 + 7 86+ 6"
Eam 221 +1° 161 +1° 158 £ 1" 176 + 3" 47 £ 4
% B 57+2 43 + 3¢ 68 = 4 61 =5 39+ 1¢

T« [ 9B R b 35 A AR R /DS S BB T 5 B 7R 28 57 AN I35 (P>0.05) & A A Tl/ING 55 B 36 7R 22 57 1 35 (P<0.05) , T L FIR T

244 TR SRS aif)E R R
st P 43 I 43 A FH s ROROHE 8 5 A0 S, kAR
O3 A FHRLAR S0 M AR I, 25 S 6 s, &l 6a
04 ,S22178 i 4li Ak ¥ F FoodPro® CBL 4l fk £
1E SEC B3 /) 43 7 T it 43 A 5 7K kb B 4l 4k
FE o F i A3 A AR ARL, #E 20~25 min P9 BLER
ZIRG T, Viscozyme® L ZliAbAEFI: 2T 4
R AR SRS TYRER L, INrTH)
iR 2%, T AR 4 R T R A R AT R
LMY, XY AT RETE £ BETTRE 0 i

7500 | —
S22178 [
— 2 LT Y i
ge0e == FoodPro® CBL
- ViS(~ozyrne® L

nRID

15 25 35 45
£ B4 B 1]
Retention time/min

(a)

TR B L BRI S BULAE 35~44 min W/ T
UEEH 5 389558 . Viscozyme® L A1 IR HG SRR
FE, PR R AR TE 4335 & 20~25 min Y
Koy FUEIARE K, 78 35~44 min /N3 F IR
f55tan . L2 T, FoodPro® CBL 4lifbtf B 1E
20~25 min PN B 1A J2 06 U0 IR SRR A F)
TRER K, HAs MG w2 R8N, 7]
W, o e R HL A B B T R SRR i B A
HF AR PESRI (LKL 5)
afi b Je R A i R AR FDRL BE AN 5, 45

20 S
S22178 fif
— P LT YR
16} == FoodPro® CBL
— Viscnzyme® 1L,
St
m .=
w
£ st

0 > :
10 100 1000 10000
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(b)
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Fig.6 The molecular weight distribution (a) and particle size distribution (b) of purified green tea

pectin samples extracted by four enzymes
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WEL 6b iR o 21 21 4k B 2l AR 1Y 7 AR AR Bk
S22178 fiff 2l fb B Fl FoodPro® CBL &4k A% Y5 k1
BHEE, 1 Viscozyme® L gl fb A% (19 7 £ 00 42 e
N, A H T 4l Ak AR FoodPro® CBL 4lifb AR 7E
JCRLE T A 1 AR IEER A, AR 100~
1 000 nm 5 , 2 B RE i 19 20 70 ]ORN I
Heg 3 A ai b e 3 B 2 A AR BME 5 g, 1
320 BLZE 200~1 000 nm i B, R S IR AE
40~200 nm {EH . Viscozyme® L alifb R A2 5N
F A IALE 200 nm BT, i TR 2 4R R AL
Y 2T 4 R OK B B 5 RS SR U K
L, PRIk B Al 2 2 2 22 i 4l A6 A AT FoodPro® CBL
it ke, A ER R ES (WK
5y

AL, BT FoodPro® CBL ZifL AR (454 5 K
SR AR HL AT B A A R, PR ol R v
PR M, RTRIAE S 20 i RE 5 R R B A4
SMEERLIO A i n] A Sy B AR R N TR
i ATl

3 #it

S22178 Hf . 27 4k K M \FoodPro® CBL Al
Viscozyme® L ABAE =5 203 BOR B, R BOR gk
80% ., S22178 Ml Viscozyme® L XK HG F 4k
AR, HHILF5¢ 28 Viscozyme® L [, 2F
21 2 [ F1 FoodPro® CBL Xf % ik HG 3= 4 Al
RG-I 4% ¥ JC W& 2w, & 245, FoodPro®
CBL 2l AE 1 55 B2 5 K (=1 227 mPa-s) , 47 4
M 20 AL FE B9 B AR (=154 mPa-s), Vis-
cozyme® L B JEIA N 0, FoodPro® CBL 4lifbif
R B R 48% (HG 4 43% ,RG -1 ] 5
5%) , HAH L T2 47 4 R il i b A, FoodPro® CBL
Al A RE R R I S5 R B R 2H 03 (R BURL R /NAR T
EPMAN SIS, i RIR R By AR
A, A T REAEL R o 0 M B | ATE SR X XU ) B
A
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Enzymatic Extraction of Natural Pectin from Green Tea: Composition, Structure,

and Properties

Luo Yu*?, Liu Yongxue', Fu Yangnan', Zhang Chen"**
(‘College of Biological Science and Engineering, Fuzhou University, Fuzhou 350108
2School of Advanced Manufacturing, Fuzhou University, Quanzhou 362251, Fujian
*Fujian Food Biotechnology Innovation Engineering Technology Research Center, Fuzhou 350108)

Abstract This study employed four commercial enzymes (three cellulases: S22178, FoodPro® CBL, Viscozyme® L, and
one hemicellulase) for the extraction of pectin from green tea. The investigation focused on their impact on the primary
structure of pectin and explored the relationships among the composition, molecular weight distribution, particle size dis-
tribution, and pectin viscosity after purification. The goal was to develop an extraction method for obtaining structurally
intact natural pectin. Results indicated that all four enzymes efficiently extracted pectin, with extraction yields reaching
80%. S22178 and Viscozyme® L disrupted the main chain structure of pectin, particularly its homogalacturonan (HG)
backbone, while the hemicellulase and FoodPro® CBL did not significantly affect the main and side chain structures of
pectin. The purified sample with FoodPro® CBL exhibited the highest viscosity (17,=1 227 mPa-s), whereas the hemicellu-
lase—purified sample had lower viscosity (7,=154 mPa-s), and Viscozyme® L showed nearly zero viscosity. In conclusion,
pectin obtained through the FoodPro® CBL process closely resembled the original pectin state, with a purified pectin con-
tent of 48% (HG backbone 43%, RG-I side chain 5%). The particle sizes among components were similar, exhibiting
good rheological properties and displaying typical shear—thinning behavior.

Keywords natural pectin; carbohydrase; chemical composition; molecular weight distribution; viscosity



