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Abstract: Chitosan-pectin gel beads (CPB) have high potential for removing heavy metals from food. This study aimed to
improve their stability, recyclability, and adsorption capacity by modified CPB with gelatin (Gel) and carboxymethyl
cellulose sodium (CMC). The structural characteristics of the modified CPBs were characterized using Fourier transform
infrared spectroscopy (FTIR), thermogravimetric analysis (TG), Zeta potential, scanning electron microscopy (SEM), pore
size distribution analysis (BET), X-ray photoelectron spectroscopy (XPS), specific surface area analysis. The adsorption-
resolution conditions of modified CPB were optimized, and their actual removal efficiency for Pb(II) in C-phycocyanin was
evaluated. Results showed that CMC-modified CPB (CMC-CPB) had higher thermal stability, rougher and more porous
surface, larger specific surface area (20.28+1.35 m?/g), lower zeta potential, stronger metal ion adsorption capacity, and
higher regeneration efficiency compared with CPB and Gel-CPB. FTIR showed the functional group of CPB had significant
difference after modification, and the main group in CPB were carboxyl, hydroxyl, and amino groups. TG analysis
presented the thermal stability of CMC-CPB was higher than that of CPB and Gel-CPB. XPS analysis showed CMC-CPB
had the strongest absorption peak for Pb(II). The optimal pH and temperature for the three adsorbents (CPB, Gel-CPB, and
CMC-CPB) to remove Pb(II) were 6.0 and 60 °C, respectively. The Pb(II) adsorption process of all three adsorbents fit the
Langmuir isotherm model (R*=0.9543~0.9811) and the pseudo-second-order kinetic model (R*=0.9963~0.9991), and the
adsorption process belonged to the monolayer chemical adsorption, involving the complexation of -COO, -OH, -CO-NH,
and Pb(II). Based on the Langmuir model curve, the maximum adsorption capacity (q,,,,) of CMC-CPB for Pb(Il) was
69.37 mg/g, significantly higher than that of Gel-CPB and CPB (P<0.05). Combing application effect of three adsorbents in
C-phycocyanin, CMC-CPB showed a great prospect to efficiently remove Pb(II) in food of algae and C-phycocyanin at

low-cost and environment friendly.

Key words: Chitosan-pectin gel beads; modification; adsorption; C-phycocyanin; Pb(II)
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HHMESEW B Pb(ID & 2.
1.2.6 W31 RISCEE 1.0 mg/mL SERRER I
555 50 mL 100 mg/L Pob(ID IR &5 )5, 18
30 °C F1 pH 6.0 554 T #E¥% (200 r/min) W [f} 0~5 h,
e i B R EREBEKEER 7R, SR ICP-MS 34l &
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FH AR MR E v v W B I R B Y Po(ID) i Mk
(68.54 mg/L) }% pH 6.2, Kokt /5 1) CPB fE e fE4%
AT 7 FH T B e v e B O T, 2 e R g
P4 77 T AR 7511, 513 A i) e R e s s i 2, 11 2 B
W Po(ID & E .
1.3 #IEAIE

LA SEss s g 3 IR SEH B L) “ mean+Std”
PR, ARl FROR N 4E 2 8] B 3 P 2E
(P<0.05), R SPSS 23.0 #4754 H7F1 Origin
9.0 FAHATVEE .
2 HEREZHR
2.1 SEM 5 BET &#f

SR SEM X eicERi IS 9 CPB OIS T 1
FAE, E 1 R, g5 EOR, 5 CPB AL T, 2k
)5 i Gel-CPB Fll CMC-CPB EL A3 5K i F2 11 ,
XA HERE A TR S CPB By A4 FIER S, 1L
4k, CMC-CPB R H B A 2 1925 BRghfa, AR5
A BEIRALTE I EL AN, B AT ARG £ )8
BT A B R AT 2 4 S A R o

CMC-CPB

CPB Gel-CPB

1 BtERTE CPB (9 SEM 437
Fig.1 SEM analysis of CPBs before and after modification
T EHERORAEECH (5000%); T HERCR A ECH (1000%) o
F 1 MRS CPB RIEFHESEL

Surface characteristic parameters of CPB before and
after modification

Table 1

FEf REB (mYg) AR (emYg)  FHFLE(em)
CPB 3.48+0.06 0.04+0.01° 25.25+1.12°
Gel-CPB 10.96+0.35° 0.13+0.05" 19.08+0.96°
CMC-CPB 20.28+1.35° 0.27+0.09° 21.21%0.88°

TE: RPN A 7 REfoR 22 53 1 4 (P<0.05)
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RN, EE 1) CPB bR A 3255, Gel-CPB
F1 CMC-CPB ¥ LEZR A2 10.96 F120.28 m™/g,
25 T CPB(3.48 m%/g) (P<0.05), iX5 SEM 4347
FILE IR IEA—2 . FLAARTAGHE LA A FLAS Bk
/INFREH R JE EERE ERF LI BT
2.2 CPB M4 RIERISEHHFE
2.2.1 ZIAMSHRESMT  FTIR G 8 T Hrke
mEEAREE . B 2a SWoR T MRS CPB B REHRI MY
AeAk, G5 WoRCHERT S CPB B BER 45 M & A=
ARb, H R ERFIENEUN TR : 3000~3600 cm™ A4
KT N T+ O-H {45 PR 3145 2800~3000 cm™ 4bHY
IR WL igs Sk C-H Xt Bk B 4B Xt Bk 7 A P8 s 14 5 1300~
1000 cm™" X N 1% W WAL 65 Sy 42 1 R I 1) i 48 3R 3
U021 3455 em ! Ak Y W Wi e X6 % T O-H AT N-
H B PR S [FHig; -COO SRR M ARSI FRPLAR IR 3
439 A 1635 Fll 1436 cm™!, 5 R FE (-COO) & ]
REE S

a
’\'\L o~ - — CPB
! I —-— Gel-CPB
g " e CMC-CPB
g .
baa]
%
400 1000 1600 2200 2800 3400 4000
WAL (em™)
b 1004

TR (%)

160 2(I)0 3(I)0 4(I)0 560 6(|)0 760 860
R (C)
K2 SRS RS CPB ZL4MGHE (a) FIHATE 34T (b)
Fig.2 Infrared spectrum (a) and thermogravimetric analysis (b)
of CPB before and after modification.

P (TG) 43T 222 T f e B0 B AL FH 34
FaxE k. I 2b BoReMERT S A9 CPB H b A 1
Ulo &5 R RBMERTS BY CPB B itk 84
3 BBE 7RSS 1 BB (50~250 °C), CPB. Gel-CPB
1 CMC-CPB A E ISR 10.27%. 10.06%
T 8.60%, 3K A GBS HH T+ W BA 7711 2= 181 14 W [ /K R 2= 1D
IKIZE % TR 2 B (250~550 °C), CPB. Gel-CPB
1 CMC-CPB M AESEIEEINZI R 51.55% . 51.62%
1 53.29%, NI HESE Tk K b -G WrBE i R A0 4

B SR IUT G 656 3 BB (550~800 °C), MBI
R 2 BB W R R, CPB. Gel-CPB #ll CMC-CPB
A PRCER R 2R Al 23.44% . 23.44% Fll 13.92%, H:
AIREVA R TFRIAML S E S ibimfas . MR Eik
F| 800 °C H}, CMC-CPB HJ#NEE i #1142 (75.82%) i
E(P<0.05)IKT CPB 1 Gel-CPB W54 (85.34%) .,
PR, BOPERT S 19 CPB e R e YA T 250 °C,
H. CMC-CPB y#aE s T CPB Al Gel-CPB.
222 PPERTE MM Zeta 234 ZERTAISTIRIE
M [ 70) g 22 T B FRL T Ak 22, HLEE A & TR B T HE U
5P, & 3 WoReMERT/S CPB 1Y Zeta HANTEANA]
pH(3.0~10.0) 2514 T Y2 {4 s, setEnT /5 CPB 1Y
Zeta L AF pH3.0~10.0 YJ3RE0 K 1 B Aoy, X PIBES
HEAHKEMN COO FRHAIF X, BizE pH YN,
W B 500 19 Zeta H AN A2 S REEAIG S B I i #a B, T 4E
pH7.0 S5f4 T HER IRy 19 1 FR AT Bk, 22 HH G [ 2R
LEEBE TR . A, REY RS H45E] CPB
M) Zeta A7 AR K257 . 78 pH7.0 5141,
CMC-CPB 4 Zeta L3 ik ] —-34.95 mV, B B AL T
Gel-CPB(—32.6 mV) #ll CPB(—28 mV), #H{ CMC-
CPB 5& )8 & T A RE 1%

—=—CPB
—+—Gel-CPB
—+—CMC-CPB

ZetatLfif (mV)

K3 EehERiJE CPB 1Y Zeta L SMHT
Fig.3 Zeta potential analysis of CPB before and after

modification
W RNFFR LR AR pH B[R AP R &, B0 22 7 8 3%
(P<0.05); & 5~ 6. & 9 [Al.

2.2.3 XPS JGiESrRr  XPS %K) H TR
PSS A E B T 2RI BLE . 1B 4 BoR T ekt
W B g o OO N X H W [ Pb(ID) J5 19 XPS i
K. & 4a FE 4b s = B 0 B 50 8 2 e [T
Pb(1D), b4, CMC-CPB %§ Pb(11) I Witz i,
BHIECIRZ B P (D) U2 . 78 Pbaf 35 (E 4b),
143 F1 138 eV Ab i i 58 BE W AT 5351 A 5L T+ Pb4fy,
FI Pb4f, ,, J5# 7T BE PbCO; Fll Pb(OH), A 3¢, FH
TP AA, BRILFIRILZS 5T Pb(ID) B 0L,
& 4c(O1S) 7~ -C=0 X ] 4 Wz WA e A7 ‘8, 7 W
Pb(ID) 5 & m#e, 00 O 15 Pb(ID Z Al &4 T
MEAEM . 7E Ols &l #, CMC-CPB W [f} Pb(11)
Ja, Hi-C=0 iy & i 532.8 eV i = 532.95 eV,
TE Cls i H (& 4d), C=C. C-O Fll C=0 HJMZ i 5y
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Table2 Adsorption isotherm parameters of chitosan-pectin gel
beads before and after modification

) Langmuirf 7y Freundlichf& %!
Fefh Quu(mg/g)
bfi(L/mg) R k Im R
CPB 55.86° 0.1584 0.9543 1.014 1453 0.9372
Gel-CPB 62.50° 0.0935 0.9975 1.040 1.476 0.7635
CMC-CPB 69.37% 0.0121 0.9811 1.112 1475 0.7428
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Table 3 Adsorption isotherm parameters of CPB before and

after modification
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