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ICP-MS 7800 H1L/ZHE & 55 B TR Bk 4%, 56
Aglient 2% 7l ;Nicolet iS5 1 HL £ 4p % AL
% # Thermo fisher A PR 7] ; UPLC-1260 155 %0
A TEAL, S Agilent /A ] ;Nano ZCZEN2600
Zeta HLALAY, L[ Malvin 23 5] ; UV-9000 %5 4h ]
Wt EET, R THrEs A R | s PHS-3G
pH I, HUN B #E AR T
1.3 RERINEEE/LESE

B Y B GOM R B T R T, DD (2
emx2 cm),55 CHEF Ry A%, 52 05 (80 H ) JE % T H
B4 F 4 CHEAFR AL,

KPERIE (Water extraction pectin, WEP):
FREL 10 g Eh g hlil B2k, A 200 mL 258§ 17K,
1 90 CHEFEFEEL 2 h, $2 IS5 55,4 000 t/min 25
£ 10 min,95% L BEVLHE 12 h J5 , &M 48 h, & %
THE

R PRI (Hydrochloric extraction pectin,
HEP) . FREL 10 g B 5 Al &2 8y, A 200 mL £h 7R
W (pH 2.0) , ZJ5 B4R A0 BR 5 K 3 R A [A]

Fr B R $¢ I (Citric  extraction pectin,,
CEP) : FREL 10 g Zh Z i K 83, im A 200 mL #7145
PR (pH 2.0) , Z J5 B4R A0 3R 5 /K42 R AR ] .
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TR A 5 2 2 B GB 5009.3-2016 1,
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i TR 12 U 7 s LW T TR O k5 OR H R I - R
000 S e M B SR B S T i U i R

PR A 5 R R S Tk IS 2 2R e 4 PR R B 5 R
Aligent UPLC-1260 il % 5 52 735 43 F i i, €033
AR A RN RID I BE 38 35 °C; i sh Ak
0.1 mol/L. NaCl ¥ (% 0.02% NaN;) ;0.6 mL/min
T 5280 nm £ MG % K, 20 wL #E 4 & ; Ultra-
hydrogel TM Linar &£ (300 mmx7.8 mm,0.25
pm) , B R AT ] 30 minl',

1.4 {EEMLIINRIEF Zeta BANE

R AR L AR e 21 A1 (Fourier Trans-
form infrared Spectrometer, FTIR) AN
ISR AL, 2.0 mg THEEE S AT 0.2 g KBr iR
SRS 5 e R, 3 BTG B A 4 000~400 cm ™
YR 4 em™ T 64 TR,

Be B 1.0 mg/mL S B W, 815 1 R pH (Eh
2.0~7.0, KH Zeta WLAALI A A pH {H551F T
SR VS I FL AV
1.5 REX Pb( ')A IR Bt B8 77 R W B 4 Y

FREL1.5985 g Ph(NOs),, i T 4K T, E R
E1.0L, /5% 1.0 /L Ph( I1 )W, %58 B B s
o 1.0 mg/L 5148 WP 46 pH {E (2.0~7.0) |
#1hh Ph( 11 ) o 4 ¢ B (50~500 mg/L) K W B st 1]
(10~480 min ) X} HIZ B Ph( 11 )RR 52, W Fff
1 FEAE 180 r/min F1 37 °C 4 HE 3R 1 77 Ik 5 % b ot
7o W B 25 55 W B T 15 000 ¢ F 250 20 min
Je , BB WG 0.22 wm JENE SR 1CP-MS il 2 1§
Wb Ph( D) MR EE AR Ph( I ) W Bf % qe (mg/g)
AR (2) 15

g.= LGz CIV 2)
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AP V——I W, L C—— W) Uy P
(1) Bk s, me/L; C——W Mt ¢ min J5 35
1 Ph( D) R mg/Lym—— R &= L g,

W B 45 Y B85 8 . Langmuir 1 Freundlich J7 2
FOR BRI S Ph (11 ) = 6] #9 A B AR T, Lang-
muir IELEME R A (3) F1(4) F 7R, Freundlich
LT BRI A (5)F R,

— gm KLCe
7= 4K, C. 3)
_ 1
RL B 1 +KLC() (4 )
1/n,
q. = KiC, (5)
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A g, SR 0 FRAS B K B A & mg/
;K Langmuir & %5 , L/mg; R, JC = A
93 B H B Ky A ng 43 918 Freundlich & %4 (L/mg)
I o 5 5

W RS 20 g A . R P AU — ORI — 23l )
S BRI N ST P &S VRS 7 DA e
WA (6)Fron U s 2 i B an A =0 (7) Br

SR
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A —— W B B B min;g—— min B9 2R
JBE 1% B % mg/g s K\——40 — G 8y J) 27 55 7 1) 3 %
B, min ™ Ky PG By Iy 2 1R 5 R R
#,¢/(mg-min) ,
1.6 HELESHHF

A EE 3R, SR x s, RH
SPSS JE47 & 43 #7  Origin 8.0 il &, P<0.05 A
Kt 22 7 W

2 HR5ITiIE
21 I EX REEA SRR

o TR R TR L 3 P
SR W7 VLT T S B R i SR ORI 4Ly
i AR R AR A, R AR B AT RIS i 0 2R
HEARHCR (CEP, 28.62% ) . # i T /K $2 1 (WEP,
12.13%) f#h i (HEP, 12.68%) (P<0.05) ., /K {2

B ERIRVE BT BRI AR SR T i K o )
BN 7.11% ,5.09%F1 4.83% , Y975 £ (£ 5 7 5]
RIEEHGB 25533-2010 Y [ 58 i i bR it (<12% )18,
HEP 1) 5 158 K 53 1 e i (3.80% ) , Hk J& WEP
(3.02% ) 1 CEP (2.06% ) , i% 7] fig & i T 1% pH {&
F14) e T 5 TR A 1 BBt A v 2 9 A S A Al B2 v
(A BT 9 140 T BT, T3 17 4y &, 3
TP o7 v BT 4 1 S e vh B 1 B S e A TR
ST AR A SR v B B AR T KR
I 4, CEP #il HEP o 2 3 05 1 2 & & 43 5l i
73.19%F 77.02%, KF (EHEMA RKHYGB
25533-2010 Ay B 5 o1 it bR (>65% ) o g 10 25 2 2R
JE 1) F2 EELE R R, BRI 23 b R Ak 2k FLBE
T TR LA o P FUBH I R A E 4 L, SenT it
F¥ 2% W R T B A 1) SR e LA 3% v ) FE 4 i S T
550%™, CEP By IR Ak FE (58.20% ) & & (% T
WEP(91.93%) #l HEP(73.24%) , %W CEP 5 # 4
J& B 454 fiE 1% T WEP A HEP, [Rli 3 4 B
J5 A5 B 1) R R AL B KT 50%, R 55
Al Bz SRR — Rl R AR IR AR, A R 55T
FH AR V5 BT A5 Al Bz SR8 0 T Ak B — 3500, s A
AH % 1 00 2 SR 3 T i R, CEP 43 T
(598.40 ku) ik T WEP (676.62 ku) F1 HEP (728.63
ku) (P<0.05), PRI H A 4 e 09 0 i vk B L 3R 1T
L, PRL, AP R VA AT EL T /K RN SR R $R BUE A 1
e AT LA R il SR e ) B2 O v
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Table 1 The pectin yield, component content and physicochemical properties of the three extraction methods

I5 47 WEP HEP CEP

PRI EI% 12.13 + 1.44" 12.68 + 0.58" 28.62 +3.53"
K 51% 7.11 +£1.29° 5.09 + 1.24* 4.82 +0.31"

B 51% 3.02 £0.19 3.80 £ 1.05° 2.06 £ 0.45"
&8 /% 5.04 £0.56 4.82 +0.51* 3.75 +0.44*

F SUAE BEBR /% 63.03 = 1.72° 73.19 £0.35" 77.02 +1.83°
AR % 15.81 = 1.08* 1244 +1.11° 10.89 + 1.19"

% F B Elku 676.62 +49.97" 728.63 +5.13* 598.40 +10.21¢

B AL 1% 91.93 + 0.46* 73.24 £1.25" 58.20 + 0.86°

AR TR 2 B 22 5 (P<0.05)
2.2 REFEIRE Zeta BALHI R M
W2 B} 591 ) 2 T FEL Ay v AP ™ B s i) WA oS ) 45 4

BB AR, B 1 BoR 3 ROk TS
MR Zeta LA FEATE] pH {H (2.0~7.0) &4 F 1
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Fig.1 Zeta potential of three kinds of pectin
at different pH values

ARG 3 PR RE Y Zeta L AE pH 2.0~7.0 %
oA, XA RS H S A K COO-HEH
AP b pH E ARG, R Zeta HL L%
I, R Ay (9 L far B 2 | BOR R T A )R Y
WCRfE ., SR, AS TRl 4 B 1545 2 9 RIS Zeta L
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2.3 BRExF Pb( Il )& Wk EE

2.3.1 WG pH AEXS SR B Ph( D) By 52 %)

=
=
1

I wEP
o cep

e
=
T

=)

=
T
o,

UGS
Adsorption capacity/mg- g™
(%3 -
= = Ic
[=9
B He
o
E W
==
s
P H
Z
- e
o
B o
=

2.0 3.0 4.0 5.0 6.0 7.0
pH &
pH value
(a)
B2 #t pHEX 3FRKKHM Po( Il )M (a) X% Rk ERRZ pH EZEX (b)

Fig.2 Effect of initial pH value on adsorption of Ph( Il ) by three kinds of pectin (a) and change of pH value
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WEP HEP & CEP xt Pb( I ) i W B fig 11 414555
Hulfg/2 T pH (AR TR pKa(3.6~4.1) , R
KRR, i1 H 54 E A iy Ph( Il ) 384
TN, Ph (D) 5 R e m A7 e S e R J11EH
TR X Ph (D) 45512, & pH (HE
Wiz 5.0, BB Ph (I ) il W B 5% 72 7 1
LT RE R R SR i 2% 1 9 M A7 A L R T 0N
DL K HA 58 4 800 55 . 78 pH 5.0 B, WEP \HEP
F1CEP XF Ph (1) iy W B 28 3K 31 85 KK, 43 51 R
58.06,62.02 mg/g 1 82.29 mg/g, H CEP %t Pb( Il )
(I [} 5 %5 T WEP A HEP, Fifi%5 pH {H Rt — 4
B, W PhCID ) R T B I 32 5 T 1 12
FECPh () e BN A5 SR T Ph (L) g W B
HREAL, B 2b R WS B pH (B34 B
K, 3% F2 2 R T B R v H S 4 1 45 T R
PERg R, AN W Ph( 1) S CEP W pH (i
X T WEP F1 HEP, 28] CEP i i 2 + 22 it Bl
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232 VIR BT R AR W B Ph (L) 45 T
) by 15— R AL 2 B Wi SR S A A 2038 1) i TR R
Z—, ME 35,7 pH 5.0 FIR A& 1.

0 mg/mL W 4545, 904 Ph( 11 ) 5 & vk B Ry O~
300 mg/L i ,WEP HEP £ CEP Xt Pb( I ) i) W% fff
ARG Ph (11 ) BTG W B A9 38 i mg 35 i , i
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ATREE M TR EWE T, RIKREARZ W]
LA Ph (I ) A BRI A A7 A, L2 1 0 B A7 05
ARIRFNL AN, 045 19 Ph (1) e J5 46 2 SR e 1
Ph( 1) iy 29K sl 2, 404G Ph( 1) BT it vk i
it 300 mg/L,3 AR Ph( I ) Y W B 5% G
MR (P>0.05) , 3% 7] fE & A AR R 1 55 %
B 07 A5 0 BB A B, 24 Ph( I ) 5 vk 28 34 3] 300
mg/L BF T Ph (1) B W B 256 2 28 AR 35 21 i
i, MEAh,CEP Xt Ph( I ) Al W B 3 et v, FL k2
HEP A1 WEP, 25444 Ph( I1 ) & %< & 4 300 mg/
L B, CEP XF Ph( 1T ) 19 W2 Bt 2 (84.73 mg/g) .3 =i
T WEP (57.77 mg/g) il HEP (60.07 mg/g) (P<
0.05),

2.3.3  WERFES AR W B Ph (D) A2 & 4
SR T W B R [RD X 3 A SR e W B Ph (I ) A 5
LSRR WA pH 5.0.,300 me/L ) 4A B 7 5 AR

100

B wee
[ IHep a a &
[ cEP

80+

60

40+

UIES
Adsorption capacity/mg- g™
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Ph( ) Joi i ¥k 2
Pb(Il') concentration/mg-1."!

B3 #MiAREX 3 FREEM Po( Il ) B0

Fig.3 Effect of initial concentration on adsorption

of Pb(Il) by three kinds of pectin

AL L BITEATAT 54 S CEP X Ph( 11 )Y
W B R 0 B I v 1 IR 3 B SR 4 R
HHE SR T4 468 20 AH ™ g i E
FR 43 5t A A1 ) 2R i o L S B 4 U B T I T
F1e7 A [ O A B 0 SR ER A 4
WA ZESR, WE 1 PR, CEP BEiL B K
(58.20% )43 T Ji it e /15 (598.40 ku ) , 6 /N T WEP
(91.93% ,676.62 ku) Fil HEP (73.24% ,728.63 ku),
X AT RESE CEP A % Ph( 11 ) W BFfE 7 i JELIA
CEP B2 FUBEBE R & it 1 3% & T WEP fl HEP,
XA A Ph (I ) i W A1 3 T 3 mT 1 &5 A
R 2 B T L

AN A 1.0 mg/mL (0 2c0F R, Bt 2 W B st 1]
A AE A SR Ph(IT ) % W B 52 22 i 48 fin , 72 120
min ik 2 % 75 , WEP . HEP #1 CEP %t Pb (1)
R W B 238 238 B de R AE, 31X 5 Z W B IS 4 SR AR
(7] 15260 3R B SR Ph (1) F8y W o i — P 3kt i o
(R B, 3 DR oA R T i G R I 43 S fie I
FEAE R 1 W B 67 05, 9 FLIs b Ph (D ) ik
VA e, fof A HL A SR e 9 T e R R i )
HEAT , SR I 2 T 1 W B A7 A i P (D) o 4
SR BT Ph (L) 4 5 B 23 32 37 1k 58] W B
RAS o AR, 3 RO 2T AR 1 SR B Ph( 1) 1Y
WA B 22 S (P<0.05) W B ik 21 - 4 i
(120 min),CEP X} Ph( 11 ) ) W B 2 (84.59 mg/g)
T WEP(54.61 mg/g) Fl HEP (66.84 mg/g) , & W]
CEP X§ Ph( 11 ) ELAT B g iy W B 2808

—
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- (=) =3
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Adsorption capacity/mg-g™
S
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MR 4 s i
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B4 MRHEFEXT 3 F R Pb( Il )& F I
Fig.4 Effect of adsorption time on adsorption
of Ph(Il') by three kinds of pectin

24 REWM Po(Il)AEIE FTIR iEE 447

L FTIR 3 B A58 R B Ph (D) AiffE B
AR A qk, MIE S FTLLA H 3 Rl B 45 31
SRR S FTIR 15 B ARARL, #5 E AT 2208 (9 FR i I
Wl HorR 7R 3 550~3 400 em™ Y T 58 W I I R
O-H 45 3= 3, 78 3 000~2 800 cm™ 4b A 1 1Ag 1
Fon C-H W 4a PR3l , 78 1745 em™ &b B0 i g
TR LR EE COO-R WM 4a R 3h , 7€ 1 628 I
1 441 em™ Ab i W W 22 T 25 FR JE COO 11 fifi 4
Pesh®, W Ph( 11 ) J5 3 F SR B i 3 22 BE 1A
(4 21 A0 P o B A B0k AR T A48 4k, Horp WEP
O-H B M 4 3% 3 16 M 3 439 em™ #E 5 & 3 436
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Fig.5 FTIR results of three kinds of pectin before

and after Pb( Il ) adsorption

cm™ JHEP M\ 3439 em™ ## £ 3 432 ecm™,CEP M
3421 em™ TR % 3430 em™IEM R IR S Ph( 1)
ZIEA T HTHEE 1745 em™ 2b i W I 06 5 7%
% 1743 em™ 4b, BEH] COO-R 78 W Jff i 72 v & 1%
EH, BRI COO M4 k3% M 1 628 em™
11442 cm™ 43 A E 1627 em™ Fl 1 441 cm™
A 5 IR B I R R R B S R R A T AR AL TR
C0025 Ph( Il ) 5L ER,

2.5 REWMER ST

251 WRBMAERARAIAL W R AR IR AT A TR
G4 A S R SR ) =2 180 AH B VR R B AL
M, HFEEMFE Langmuir A1 Freundlich P14~45 i
W AR Langmuir A8 KR 48 8 7 DL R P
X B A Iz B 551 7 35 S5 e 1T, Freundlich 55 7R
& )8 B UL 2 28 A0 B 0 B R Y AR 24 A 2
>, &6 Won 3 RS Ph(I1 ) 25 3 0 B ASE 700 451
& 2R B M B8, Langmuir B8 (R?,0.9360~
0.9963) Lt Freundlich %4 (R?,0.8786~0.9300)
REAHIR 3 AR Ph( I ) Y MR 3 , ix 21 Pb
CIU ) A SR b P W B 2 35 1 3R T X AR 25 65 6 a5 1Y
HZIE A, BAR2E MR b A E 3 R SR Y
B 45 IR 26 AT & Langmuir £ | 53X 5 {5 A 5T
SRR SR, LA BTN A SR N 4 e B
() W BfE B4 A Freundlich A5 7924 535 mf B 55 5L 1 1)
KR PEWOT I OB BB VMG . i Langmuir
BRI 2R IEAL  CEP X Ph (11) A5 R W Fff 25 it
qmax (100.97 mg/g) i & & T WEP (78.63 mg/g) il
HEP (83.64 mg/g) , % W] CEP %t Pb( Il ) 45 & &

JIECR o Ry A2 VPAG W B 7] 5 05 B 3 53 R0 g 1 3 22
ZH, 24 Ri>1 W AF TR, 24 0<Ri<1 I, KT
W o 551) 5 1 A IO EL A R B R R T, A R T I
PEATEN 3 PR Langmuir B8 Y Ry {5 (0.0136~
0.2558) ¥R T 1.0, KB 3 AR e Ph( 1) A9 W
B £ A1 R4, H CEP ) Langmuir 17 RL {f
(0.0136) W& T WEP fil HEP, 2 W] H X Pb
(U)W Btk 2% F0 J 55 T WEP F1 HEP,

252 WRBHBh IR SR AT — G Bl ) A
F G gy 2 B AL ER W R e 6t P (1) 1Y
W RRF R B 7 R T3 AR WG sh 1 2E LA
LAY il 2 S AR OC S8, W — G 3l ) 2E B AL (R?,
0.9962~0.9970) .8l — 9% 5 F1 4 #E AL (R?,0.9848 ~
0.9924) FEfgdti A 3 AR AL XT Ph( 11 ) o W fi id 72
R Ph (1) By M B 2805 5 4% AR A
KRR — K B ) 2 R4S 2] WEP HEP #1
CEP X§ Ph( 11 ) iy 5 KW B 2253 51 R 55.56,70.33
mg/g Fl 87.52 mg/g, Hoxt Ph( 11 ) (1 W B 5 B (& /&
T 2 WA 5 G 0 1) H SRR A A R
JEE B4 | I A CEP /Y B KW B % 1 35 & T WEP
Fl HEP(P<0.05), %8 CEP %I Pb( I ) B &% hY

3 it

KRB TE | FhIRIE S G IR A 43 il $2 I
G Bz TP SRS T A 35 A A 5 R AR e iR AR
Hrr CEP Fl HEP #4 7K 43 F £ F1 2 ZURE R & i
PrkE] (SRl RE)GB 25533-2010 111
bR e FTIR 43 B3R W] Ph( D) A Ff 222 5
B R AT ¢, H 5 Ph (1) LA Ao it i 7 B
IR, BB R Ph (D) B H Y 78 pH 5.0
3 AP AR Ph () iy W B 28 f K, I 72 MR 120
min JEA K B . CEP P2 B & 4/ (BR AL
BRI XS Ph (1) 22 30 1 A5 5 1) W BT B8 7, S5 R
B R 0] 1K 3 87.26 mg/g, Langmuir L& (0.9360~
0.9963) 7 3 Folr 5 Jie i) e A2 W T 45 TR ASE 7Y ) R T 2R
JEE X Ph (1) B4 5 B Ay 5022 35 0 W 6, b 2 I o ot
TS UL, F A, 3 BT Ph (I ) Y R B A2 4
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Studies on Preparation of Pectin from Majiayou Pomelo Peel
and Its Adsorption Properties on Pb(1II )

Feng Shuoru', Cao Leipeng', Gao Kaili', Li Congmiao', Liu Yuhuan', Roger Ruan?
(‘State Key Laboratory of Food Science and Technology, Engineering Research Center for Biomass Conversion,
Ministry of Education, Nanchang University, Nanchang 330047
*Center for Biorefining and Dept. of Bioproducts and Biosystems Engineering, University of Minnesota,
St. Paul, MN 55108, USA

Abstract This study aimed to extract pectin from local Majiayou pomelo (Citrus grandis (L.) Osbeck) peel in Jiangxi
province with distilled water, hydrochloric acid and citric acid, respectively, and analyze the physicochemical components
of pectin and its adsorption properties on Ph( Il ), and explicit the effect of adsorption parameters (initial pH value, ini-
tial ion concentration, adsorption time) on Ph (Il ) and its adsorption mechanism by adsorption isotherms and adsorption
kinetics. The results showed that the yield of pectin by citric acid extraction (CEP) was highest (28.62%), followed by
hydrochloric acid extraction (HEP) and distilled water extraction (WEP). In addition, the esterification degree (58.20% )
and molecular weight (598.40 ku) of CEP were significantly lower than those of WEP and HEP (P<0.05), indicating
that CEP had more carboxyl and higher solubility. The three pectins showed optimal adsorption of Pb (II') at initial pH
5.0, and reached equilibrium after 120 min adsorption. In addition, the adsorption capacity of CEP on Pb (II') was sig-
nificantly higher than that by WEP and HEP. The adsorption isotherms of the three pectins were in accordance with
Langmuir monolayer adsorption model, and the adsorption kinetics of the three pectins was consistent with pseudo first—
order kinetics model. The adsorptions of three pectins on Pb (Il ) were the result of physical and chemical adsorption.
Conclusion: The physicochemical properties of pectin and its adsorption capacity on Pb (Il ) were closely related to the
extraction method, and CEP has a high adsorption capacity on Pb (I ), which could be used as a low—cost, efficient,
natural and environmental friendly adsorbent for removal of Ph( Il ).

Keywords Citrus grandis (1.) Osbeck; citric acid extraction method; pomelo peel pectin; Ph( Il ); adsorption; dynamics



