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B, FHEPAARERWGL 300 J7 t, SRR O ™ Yy
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HFH i S AT 45 232 IO, DR S SR AR R N &
FERC A 2 Ty AT AR R .
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HEgn Ay UL [ e, R AR A R
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B2 W AT IRIE, FL RO R 2 mAH L,
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1.1 i 5

SR BRPGERE R T RS I,
TIKHEN 6.5%.

FERWE (PHIRIRREDBEARARA ) 5 Folin-fh
BOF CRgHEEMRRERARD » BETFR. L
KOEE, T7/K Na,CO5 =&AL, &bk, KA.
K BRI EL 25% % 8. AR, . FR
ASEAYE SN al; WAk =9t 80 4
fhegal; LBk GEBR=EAHED .

1.2 UHE5EEF

JSM-6360LV v W iEi: HAM A ;
JFC-1600 &1 HAHRFAF; MS-2000 HOGK
PR T B SR S0 8 T s KO-600DB R K448 75 Vs bk s «
B Ll T PR AR AT BR A AL s UV-1700 A3 66 T
HA B3 B490 fghh 7%k #%: Hiit- BUCHI A 7] ; SHA-C
RUER R A8 RS RAR; GS2B-B ML FIHE i
s il g .

1.3 A &%
1.3.1 FeyO4 A% 69 %] &

PR 23 tvE iz, 4 0.1 mol/L FeCl, % 5 0.1
mol/L FeCly % LMAFRALL 1 2 2 InAEH T, R e~
PEAEas iRt IR A, FRI, ARSI
FEFH 2 50°CHE, ZA8 51 ngK, 2 pHAEA 10 Zifi.
FE T 80°C/KM T #K 30 min, 51BN, AT, 1FE



280 ek TR 244

2012 4F

ERSE, HBECEE, IFHZERK R Uik,
g, %M.
1.3.2 AL AR AR AR 64 ) &

Bl — & AR AR I L 73 BN 3% e SRBEBS TR, 4%
WL AR RS Fe SRR R AR R L A 12 20 I ANRERZ
il FE T L2 2% SR [22]

1.3.3 MeAAFayme

3 MFREL 0.0500 g ke BRIk, PRSI ETE
A TR Bl P 57 R B AR R R P e B Ak S SR B AR, N
20.0 mL 0.05 mol/L HJ#RIR, it | h AFILE 4 v, MY
15.00 mL () E3EW, 1 0.0500 mol/L f#) NaOH {4 &,
BE R feile d%a (D) PFERIE S R
3t i (mmol/g) = (N,V, — NV, x20/15)/W (1)
X, Ny ARE SRR IR L, mol/Ls ¥, A ARHE £ R 1) 1
B, mL; N, Atk NaOH ¥ %, mol/L; V, AAr#E NaOH
FIARL, mL; W oNTUERI R, go
1.3. 4 A ACRE 7o BB OIR KO T SR

Y475 30 Pa FEAWR T 12 h 5 FIRIEAGRETE
SROBE IR FH 5 P e ] 2 S e 4, W 45 PF M : 40 mA, 80 s,
FHAH 7 BB WKk M R A
1.3.5  JeAAumbld & RAB IR A

WAE 30 Pa FEAZARTIR 12 h 5 ek H 281K
VAR, INNEGR TR B8 0.3%7S i 2 B4 B 23 10T 5
76350 W FiER 10 min, FHIOGRLEE (SO i fERRLIE 7>
i o
1.3.6 ERBZEHNTATESHEYEL

S HE 22 Wy £ B 1 5E SR Folin-Ciocalteu J7 7%,
DAL T RRAE A bt it 2 22 0 PRI 5% o

W 1 bR i 2 1A 5 RO s 3=0.103x+0.012 ,
R*=0.998, x AL FHRIKE, mgL; y WL,
1.3.7 ¥RF5EHeRKR

AR5 R FH 8 75 30 Bl B B O SR T (1 2 W )
BRI HERRRBUR M 5.00 g, N 100 mL =i,
FERRE L 1 0 7 g/mL IMARFL 40K 60 Y% L BRI
1E 60°C. 420 W F#EHL 25 min, HH 2 &, KHEEGE &
JE, 1E 40 CFHMTEA WS, WS 2 WL .

1.3.8 Ji b & B MRk E R & 2 BAW R
B F 6% B & X

H— 5 e ARG PERLER, I 20 mL 0.5 mg/mL SR L
MYRLER, BOLEE, B TRIKT, —eWhiRE. —
SEPEIR R YRy — e 0], o0 25 5 F b v i £ )
ELW o, VP EIR (%),

%W%A:Qégwmme (2

X, Co AR 2 RN 4G BURIRE, mg/mL;
C WY e i 22 Py ) B ek, mg/mLe

AR Bf 22 Py RO Rk B IR TS BRI EE . 9
IRFTE . 22 WAl PE pH EM IR M 35, DA M ff A
KBRS, 70 B IR 3R, 0 BT DR 30 22
(RS2 TP

1.4 W Bz g T SE L 1 B B L i 1 T B MR I Tk IR Bt 3 R
EZEMI T ZE&ME

FE LR ZAR G 1 SE R b, [ 2 Z 3R pH (H 4 5,
WS B ST 1) A 40 min, JEHURER A & (XD« RS (X))
PRIREE (X MIRIHZE, DLZMWFR (V) Kmipy
fakr, RAGTHAE SASO.1 FP g mi I il Ty g 37 = [ 2
—JKF ) Box-Behnken B8, K2 4wt oKL 1,
AR 1. 0. 1 MR AEERN . .
fR7KF

F 1 EXRAEERRKFRELE

Table 1 Code and level of factors for orthogonal test
iy R A UAEREYES REIR e
Xi/g X,/C X/(rmin’)

-1 0.05 20 80

0 0.15 40 120

1 0.25 60 160

1.5 BB REREMBETEREZ AR
FREX 4.98 g Akt 1t 72 ZE Rk, A 20 mL 0.5
mol/L S HE LRI, #OGHE, B TRIRT, 44.8°C,
127 t/min FH I 40 min, W450 85, WL PRSI
BRE T R4 %) NaOH WU H % 1 h, B E,
W BB PR AE 765 nm FlE OGS, THE 2R
(%)
__VXC 00% (3)
VyoxCyx A4
X, VONVEBOREARRL, mL; C ARG R 2 B IR R
IR, mg/mL; Vo AW BRI N S SR 22 15 4 O P
AR, mL.
1.6 HIEAEFE
CAZ W B o0 H AR B, DGOSR R f s R B ol 2
PEIREEN BB, SR SAS9.1 Geit /3 b i3t 47 $i ke
bR % 45 AT

2 HR55h

2.1 RREUHEERENIREE S ENE
3 2 w50, WAL S ST IR oK i) 2k 2 R BRI,
T WITEIA A BE IS ARG 5 SR R B I R, BAA
ANLEn] e th S5 s R AR Y, TR S 2R
T GRS 4 — TR G, d RS R B
$em, LB T 4.56 mmol/g.
®2 HlESBEPHHREELE

Table 2 Amino-group content in microspheres during preparation

s 7% WA AN ReiE G N ARG

” FREER T 5 M Ak SEERBEREK
AP 2.44 132 4.56
(mmol-g™)

2.2 RRENHERREERIRC/NMEH R
HIE 1 R H BB I AT DUR il HE T
HOES] TROKRG, BMERTE, ks, RiBot
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Fig.l Scanning electron microscope photo of magnetic aminated
chitosan microspheres (%250 times)

2.3 BRECHEERERIKORES S

i 2 ATRUE Y, OGRS H R A i paek
f) d(0.5)% 85.884 um, Bl 50 %[MIpIERKIAR/N T 85.884
um, d(0.9)4 272.170 um, Bl 90 %I ERFIE /N T 272.170
pm, 3 BH 2% T S S AR 5 TR M Ak R TIOK

6 -
5 -
S 4t
=2
K3r
%2t
WL
0 1 1 1
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¥/

B2 BeAAm R e A B
Fig.2 Particle size distribution of magnetic aminated chitosan
microspheres

2.3 Htﬁwﬁ% MHEREMBRNERES BHIRM A SRR
%ﬁ.gu
2.3.1 &RmMiﬂﬁﬁﬁ&mgﬁﬂwx%ﬁ%

T 20 mL 0.5 mg/mL #3572 My R SR HGR, [ e 2
WA pH AR 3, TEWR BHELE 25°C, FR KL 3E 150 t/min
TR 1 h, 5 AR S B R (e LI 3
90 r
85
80 1

751

UAGE LD

70

65

60

55 . . . . . . . )
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2B 1 he
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Fig.3 Influence of microsphere dosage on adsorption effect

B 3 s, B S REE 5E SRR = 4
o, MR R TR, fEARIRERHE (22
D 403 g Ja, WHHAR VAT, (R 215k &
(T2 WD 015 g Ja, RN, #iE
F)ER SRR A, R 2 AR ek, AR
T e, ERBIMERH R (=T 2B >0.25 ¢
Ja, BRERGYE, Bk a8, BRI iiTE
TREREIH 4 0.05~0.25 g/mL, A7) 22 IEACR G
2.3.2 R AT IR R R B RO 4G R 0h

I 20 mLO0.5 mg/mL PR ZWFEHR, [ 2 2 yfH
WopH MM 3, TERAIE 0.15 g/mL YRR, 7ET bt
WRPE 25°C, FRIREEH 150 v/min N 3EATIRBR, WR B I ) 5o
WG B 2 1) 5 T DL 4
90
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80 |
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70
65
60 |
55+
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UAGE 7S
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i 1) /min
e [ 2R pH {0 3, THERHE 0.15 g/mL ZEMHSNE, 7EW
WL 25°C, PRRIELE 150 t/min N HEATIR T
B 4 oR WA A) 3 eR M ROR 69 %R

Fig.4 Influence of time on adsorption effect

HHIE 4 mr%, BEE BN RT3 N, W bR R I
B0 E AR, IR (<40 min) , RN ANTESS,
DR SR B3R A s TR BB TR (540 min) 2R B
2 T RE S S EURA T, BN R R
TEML BB TR 40 min BF, WP 5, WO AR St
5] SH R i A ) 326 4 40 min
2.3.3 BB EATRM R FH

L 20 mLO0.5 mg/mL 13 R 2 My Ok, e %
WA pH Eoh 3, TlERH I 0.15 g/mL Z W,
TERRIRSE T 150 r/min FWLFfT 40 min, IR B3l 5 X6 W B R
) 5% WLIELS
86
84
82+
80+
78+
76
741
72+
70

UAGESLZS

0 10 20 30 40 50 60 70
W2 BELE / C
e [ 2 WA pH {ECR 3, TORKAIER 0.15 g/mL ZWPHISE, {ERIK
$34 150 r/min FWE Y 40 min.

B 5 RMREARM R A

Fig.5 Influence of temperature on adsorption effect
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HE S wln, BEEWR R R T, TR SRS R
RGN BN B, RIS, ROV IERREAL, A
40 min W, THEKSZMMLEED, MEEA S, R
NN, BRI, MR 40°C I Bk F)F
i, DAL, A& R 40°C.

2.3.4  BREERATEMBORA 0

# L 20 mL0.5 mg/mL 13 R 2 Wy 4 HOR, e 2
Wy H R pH 2N 3, TUERKHE 0.15 g/mL ZMH A,
TEWR G 40°C WK BF 40 min, 37 PR 4 38 0 W B o4 1) 5%
wi WL 6.

90

85

80 |

75 F

W B %

70

65 1

60

55
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33/ (r-min™)

TE: [ ZWYRIEG pH {E20 3, Wk 0.15 g/mL ZMPHISW, 2EWH

I JEZ 40 "C NI 40 min.

B 6 R EATRI AR 8

Fig.6 Influence of shaker speed on adsorption effect

I 6 A, BEARRARE N, IR RS n
RIG IR BN PP, BB, TERREE L, 5
Z I AT AR A D, AR N RO e 2 s Mk
NG, TR 2 W e o el B T RN A,
YA R 120 r/min I, WA R, RIHOGERERR IR
5 120 r/min.

2.3.5 Bk pHAESTR I R 697w

#H 20 mLO0.5 mg/mL 3R 2 My HE R, [ 2 1y
FHIRW pH E4 3, ORI & 0.15 g/mL ZEy IR, 74
W T 40°C, FRARHEE 120 t/min R 40 min, 2/}
FHERI pHAEDOS IR B2 11 5% Mo LI 7

85 r
80 +

75

70

% B 2/%

65

60

55 : : : . : !
0 2 4 6 8 10 12
pH1H
e [ Z B SR pH (H2h 3, BRI 0.15 g/mL ZEYMHIRW, 7t
HIE 40°C, FRIKFEHE 120 r/min R 40 min.
B 7 Ak pH AR R M 2R 6%

Fig.7 Influence of solution pH value on adsorption effect

B 7 Ao, B 2 e pH (L AIBE N, B AR5
BN JE BEAG, pH <5 W), Bl pH AEIKTF &, WFR B
WK, pH H=5 B FHHIL B 5 K 4 pH {E >S5 I,
W BBl pH 8K R X 2R A FERZm AAKRZ
FImYE3E, SR LR H R, KSR 259
FRPE, BRIESAE S H s, fRIUET 2L+
TEASAEAE, AR TR, BRI, 25 11k
FEPERA N, WP ORI ES .« Rk, 20 pH (HIEFE 5.
2.4 RRE LR BRI M % B 5% 4 B9 E N7 gk
SRS
2.4.1 AR A E S B R HARE

IR B G 25 R T 2 LR, 45 R R LI
T 1 57 SR W Al B R B 3 SR s 22 Wy 1 S 406 22 Iy W i R
AWM, KR 3 YT ok TR FH > B R T
> W PR RE s IR IR IR FH s R B B R B R T A
RIG TR 2%, R g 187 bl T v DA Ak R 3 SR s 22 1y 1)
T &4, M4 SAS 9.1 A HiTH Box-Behnken
wit, AT T 17 AREHAL, g5 Rk 3.

£3 ABRITRER

Table 3 Design and results of experiment

RS BRI WRRRE G AR X B /%
1 -1 -1 0 49.595
2 -1 1 0 63.920
3 1 -1 0 79.380
4 1 1 0 80.165
5 0 -1 -1 50.370
6 0 -1 1 76.115
7 0 1 -1 72.260
8 0 1 1 79.855
9 -1 0 -1 44515
10 1 0 -1 78.910
11 -1 0 1 60.625
12 1 0 1 80.010
13 0 0 0 76.935
14 0 0 0 75.825
15 0 0 0 74.065
16 0 0 0 74.115
17 0 0 0 77.885

AT SAS 9.1 B Axs 4 3 1 ks St 14T 2 S0 IRl 53
A A5 S0 PE DA RR AL B 22 Py B B 3 X 1 2 el Rk
MR PR J3E 28 PR I B — R 22 T DB 5 R o 5K (3D
Y=75.765+12.47625X,+5.0925X,+6.31875X5-5.5675X, "~
3.385X1X,-3.7525X,X5-1.9325X,°-4.5375X,X;-4.1825. X5
(300 3, ¥ bl Sl AL B 22 MBS 3 ) FICIUAEL (%)
X, ~X; 539000 FId E AR R i .

XRBAAT T 22000, SR ILER 4, BRREE
PER I WA 5.
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Table 4 Variance analysis of regression model

JTERIE PR Bl ¥ F1i4 Py
ki) 2197.662 9 244.1847  26.15872 0.000141
iR 65.34313 7 9.334732
el 53.86372 3 17.95457  6.256276 0.054359

gl 11.4794 4 2.86985

B 2263.005 16
R=0.9854, R*=0.9711, R’4;=0.9340

MR RRI T 22538388 4 v WL, P 4e=0.000141<0.01,
L N A Tl I Sy i A P N A
P=0.054359>0.05, KBBIRPIA E2E; BIRE E
YSE BB R 44=0.9340, KWL BEMLRE 93.40%HM I (i
HIAEAk s AHSE R % R=0.9854, #HIZBI LA T B AT,
A A TE R, R DU AR 6 R P RO S R v
Py B 1 AT S b R

x5 EEFERERAHNEEMHEE

Table 5 Significance test of regression coefficient

BT fEdhTHE AdE beifERE . P WFE
R 75.765 1 1.37
Xi 12.47625 1 1.080204  11.5499 0.0001 *ok
X2 5.0925 1 1.080204 4.714386 0.002172 *ok
X3 6.31875 1 1.080204 5.849587 0.000631 ok
X’ -5.5675 1 1.488959 -3.73919  0.00727 ok
pes -1.9325 1 1.488959 -1.29789 0.235454
X? -4.1825 1 1.488959 -2.80901 0.026183 *
XX, -3.385 1 1.52764 -2.21584 0.062259
X1.X3 -3.7525 1 1.52764  -2.4564  0.043695 *
XX -4.5375 1 1.52764  -2.97027  0.0208 *

Ee HONIRES, CAEH

R 5 [Pl RECE E MR I 45 T Jn, A
I X Xy X WIS OO XA REE, X R
%; TEIﬁXngx X2X3EM.%§; ﬁi\%lﬁiﬁﬂif‘z%o
2.4.2  PREALELM Z BB % BRIl B @ AT

AR XX XoXs X0 N AR B 6 Y S 2 3%
M XX WP R Y A B2, AT 5, XX,
XX NP Y (RS WL 1. B 20 3t i A i 1 1
BV S0 7 R 25 A L 5 T e SR W Y 22 T 6 MR R 26 ) 2%
NEHEAT AT 5 VPA, I o fe R 2K P

Kl 8 MR BHELEE A 40°C I, sk F B IR DR 2 30
W BRI A T RE M . M 8 AT BUE H, SRk &
PR PR 3 1) A8 B A 6 W B AT R 5 . MR A
AL T IRACAKCT I, T 25 i 5 40 A A 30 140 498 o v 3
WK, UPER AL TR R KIS A 8 A )
1 A B R I 1) =l A N E 2 7 N e 5 e
W B R B AR FH S (O B i oK, HLIMMR R, 9%
PR A AL T 58 i KT IS R B 3 B ik FH 2 1 4 v
Ly NE

P9 STk ok 3 g I, WO A 8 R A At
B AIAS LSRN . B O PR LA Y, R B i 5 R
T DR A T 1) A8 TELAE P X R B R A7 S 2 i o M R ol
Ab T AR I 95 B 56 o 5 o DA B 9 110 18 o ot 3 9 448
Ko AW LR AL T /KN, BB R R L T 1

78
72 -
e
S 66 y 1 -
2 i / 4 h
= 60 LN
= 54 - & Y
48 .
-1
s
1 ; 9 %gﬁ
IR ! K
a TR SRR R AT AR R X
K B 2 5 ) 1 ) 1 17 ]
Y B %
] F
=
1k
-1 0 1
X AR
b BRERH by BT AHL R A A

VA I PR 45 e 2
e BRI 40°C; B XA g, Y AL SEhRfE .
B8 MR F. 4R AREE IR AT M R ok 0G0 B 8 A 2k
Fig.8 Response surface and contour plots of interactive effects of
adsorption rate with microspheres usage and shaker speed
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Fig.9 Response surface and contour plots of interactive effects of
adsorption rate with adsorption temperature and shaker speed
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W Bt 2SR G NS 08D s AR IR AL TR A,
P 236 o B I B P 6 I 360K, HLB RO, MERIR
AL T 7K I, I TR O S PR G s T o R 4
05 vk /N o
2.4.3 mAEITAHMA

FIH SAS 9.1 BAFILAL 5 15 2 (1) 2 S AL R 52 SR 0k
TABR I B S SR 2 W G e T &5 B E R
0.249 g/mL ZMyfHEEM, WHHEE D 44.8°C, REIRF A
127 t/min, FERESAE R, 19 B AHE T 76 SR Tk
WG B S S 22 T P O B R R (i T TA B 83.10%. T 54
PR S AT SRR, BB A 0.25 g/mL, MR PR
JE 45°C, FRIRHH 127 r/min, THERAT 22 Wy 61 B 28 1) S
FRfEik 81.58%, HHXTIRZEN 1.83%, fifHT)E % Wi R ik
78.73%

3 it it

ARG A H 7E 580 M Fes Oy HEMEM) AN G &, 00 1
SERRE T I Z W R I A AT IR R SERBEE RS
FAT RUFIADARENE . AW mT B e B 2 n 1255
DR, e A M 58 SRR AT SR A R 2 Y 1Y
W B ARAT) 2 T, HL a6 A A e SRR TR
BRI RV 23R4 FLSCAR IR, Fonl i H5e R 2 il 4 8t
W BT IS, s RAFAE T B WFAEARAE T 52 gl
PVL KB T, FARF R AR N H e 3 AT
Btz 2, j&—FTor £ i QAR IEP. Hr
BEVE AR T BRI SR B, AT A2 DA R Sk B o 6 2%
P A B R LA R SR AR P B P 55 U TR AT Ji5 20T
FU, LUYIAESE SR 2 Wy 3R B B b AR5 2 N AT, JF
T T A SAEGETEM L, IR REE 52 SR
RO 37 SR 2 T (K I > B ROR B2, SRR
ZWESER, By T NS Rt o B, JF BT R
AT T HEAR T 58 ZREMH AR xS SR 22 oy ) WA R 2 B
ARG 3R 2 Wy (K B 2 B3R T A B, WIAT I

%,
4 2

D MR 2L DL T FesOy Wit%, SOAHE:
VEACIRVE 4% 0 T Wtk e SRR AR O, e LA T i Ak
ook, SRR ROR S, R A), RNERTE,
Ha i )n, aHas4dm 4 4.56 mmol/g.

2) NEHALBENE 72 ERE ORI SE R E 2 Wy 25
HO 22 W W B 22T Sl 2 e, DR 355 e S O A sk
FH > B0 PR > W BRI o AW B ROk % 824545, F
JH i S TR 25 S 37T M R A P e SR B R R R S
W IR 2 AR, MR AR 2 45 560 0 I 2 A B ]
SEIRY, R PSR Ry o 5 7 N HE A v 0] 5 M W B ) 0K
Bt DR S A TAE AT R, 04k e A 1 1 7 2
PER BRI S R Z W L2 Bk EA
0.25 g/mL. WEFfHRE A 45°C, FEIREEH N 127 r/min, WK
Btk 81.58%
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Optimization of adsorption conditions for apple polyphenols by aminated
magnetic chitosan microspheres

Yuan Yahong, Cai Luyang, Yue Tianli, Gao Zhenpeng, Zhao Xubo
(College of Food science and engineering, Northwest Agriculture and Forest University, Yang ling 712100, China)

Abstract: The aim of this study was to provide a new and feasible way for separation apple polyphenols(AP), and to
study the influence of AP by chitosan magnetic materials. Fe;0, particles were synthesized by coprecipitation. Magnetic
chitosan microspheres were prepared by inverse suspension cross-linking, and analized through SEM and laser particle
size analyzer after aminated. Then, apple polyphenols were adsorbed using the aminated magnetic chitosan microspheres.
The single-factor experiment and response surface method were applied to optimize the adsorption factors of AP.
Process parameters of AP separation by aminated magnetic chitosan microspheres had significant effect on adsorption
rate of AP. The influence order of factors was: usage of microspheres>shaker speed>adsorption temperature. The
optimum adsorption conditions of AP by aminated magnetic chitosan microspheres were as follows: usage of
microspheres 0.25 g/mL, adsorption temperature 45°C, shaker speed 127 r/min, and under this condition, the adsorption
rate could reached to 81.58%. The combination of chitosan and Fe;O, magnetic material had a good adsorption
performance and quick separation of AP. The results of the research can provide a theoretical reference for the
adsorption of AP by magnetic materials.

Key words: adsorption, optimization, separation, apple polyphenols, aminated magnetic chitosan microspheres, inverse
suspension cross-linking, modification



