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HE. A& A HAB-TEMPO (TEMPO %4 2,2.6,6-m9 W Avkwz-1-R A0 B4R ) 4k 2 BAARER £ B4,
RABRAB BB T EINGHEE ST RBRGEGTa, DA CRBELECE T @O R EB LA
Z, Fk BEZAEFEEL (HPIC) MR ME FAEREALOHLL S, BEhNEZRGR
BB, AR EAIECRENRAFRENRERLE, R BB, TFLEIARZLAH THRE
EUR | RIEMAE, BAL T EMA BT S A BB AR R T 60 h B RIE E R Zk 63.0%, 18.4%, &
BEAS5T%, WY AR F M 4531%0, BALTHRIE, REBRERFRE, 48 TEMPO FHim
TML, B YABRE S ERG. IIANNAEAARBRECRBERAZHORE ., REMRE, MY
mBATEBES> T LOELLS S, 2 RIZEBEEVRAERE, XBBRAGR ST RBLECEMAY
s - I N

KR A8-TEMPO; mwiiE; RAESZ; LALKE,; aXEMH

FEES: TB484.9 XEFRIREG: A XEHS: 1001-3563(2017)13-0078-06

Effect of Carbonxyl Content of Glucosamine Molecules on the Properties of Chitosan

PENG Chao, CHEN Guang-xue, XU Jun-fei
(South China University of Technology, Guangzhou 510640, China)

ABSTRACT: The work aims to explore the effects of introduced carbonxyl content of glucosamine molecules on the
properties of chitosan with low molecular weight oxidized by laccase-TEMPO (TEMPO is short for 2,2,6,6- tetrame-
thyl-1-piperidinyloxy) system, for the purpose of broadening the application of chitosan in packaging area. The content of
sodium ions in the samples to be detected with high-performance ion chromatography (HPIC) was used to characterize
the carboxyl group content of the sample. The improvement degree of physical and chemical properties of chitosan
was characterized by detecting the moisture absorbability and retentivity and oxidation resistance of the samples. The in-
troduced carbonxyl of chitosan molecules could help to improve the moisture absorbability and retentivity. The rate of
moisture absorption of oxidation products in saturated potassium carbonate and saturated ammonium sulfate solutions for
60 h could respectively reach up to 63.0% and 18.4%, and the rate of moisture retention was 5.7%. However, when the
oxidation degree exceeded 45.31%, the moisture absorbability and retentivity remained unchanged. The more addition of
TEMPO is, the more carboxyl content of oxidation products is. The introduced carboxyl groups can improve the moisture
absorbability and retentivity of chitosan’s oxidation products. The increase in the carbonxyl content of glucosamine mo-
lecules will improve the oxidation resistance of chitosan. Such improvement is of far-reaching importance for the chitosan
to be applied in the packaging materials.

KEY WORDS: laccase-TEMPO; chitosan; carboxyl content; anti-oxidant activity; packaging materials
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AR E . ER TSRS BTz S T
BT R A AE DU PR R 22 | LB AN
S, HETNE BT AR R, BT 1
Xt AR B M S F 5T LA O LR T Ak i v Sk
VA I A B — o R Y i AL AL (R E-TEMPO )
KA, JFE S R |« Z0AM G5 S5 A I 52 50 ik 52
fil.-TEMPO 4a 1A 28 T LA £51E LKy 7e W Co iz 1
IR AR S, , IF A B AR A . S5 A B
FERMEr T I AR UEE R | R TR
SFEPERE, ERX T iR I ARIE R AL G AR R
A o T R AL W PR RE R W A 2

SCHG R 4% (B B R A9 B i -TEMPO 1A R 4 AL M1
RoURME, A ki 2k TEMPO BO¥R I, 75
I HIRE ST 5 AR R A R S AL
47045 R AR SR & W R M B W | PRIE L BT
SR P~ PR A T U, D DA i i 2 e
PR Mt PR AR, WS HB e R AN

1 X

1.1 HRRIEE

Al BB TEMPO., 2.2-BR&-— (3-43-
I EME -6 iR ) &%k ( ABTS )T Sigma-Aldrich
N OB =95%, T i A 1790 kU; ZEH
W RER N ( HA-Oligo ) W T8 BE AR B ik A W 5 25 4
BRAFE; BMHHEEGAARLE, a5
NOVOZYME 51003, i /15 1072 U/mL.

W B0, M5 1CS1100, SEEEZ A
Al MM, RIS UV-2550, HAREAF ;
PEIHL, Q500-V20.6, [ TA {UHFAT; X 5
LATHHMY, 5 LabX XRD-6000, H A& HAH;
e, JSM-IT300, JEOL, HA,

1.2 HRHEE&H®

I RS RME I H 5 B 4 g 7o BEE T 250 mL
HOE R, AR RO 6% E LA 200 mL,
60 C A1 FFEMHIRFE IR P FEM# 4 ho B AREEYIIE
W, IR 2 AR AR uE T, ARG AR EREE 4 11
HIICK ZBEEDTEE, I 6 mol/L A A LTy pH
2 7.0 198 FERMERE M), 2 0.45 pm Y TEFLUE
SR, WIRES T 12h, BB,

2) SeRBEMEAAD . FRELS M 7esihE (4 g)
53 E T 1000 mL BEARHT, LA 400 mL 2 2-Z T8
WA (pH=4.5~4.8) , f#1L5 TEMPO Jfi it 7348
1%, 2%, 4%, 8% I-fi Ho5¢ Vi it A & v b o 72
TEMPO FBEFR 43588 in 320 U (£ 400 pL ) %G,
TEKIE RS 18 h (IRJE N 30 'C) o gk
WG, Jela et AL uE AN AR B,
[RFEA# H 6 mol/L By AL ENIE 14 pH 2 7.0, A

FABERG 28 RARARUE W , RGN )G, A —&
PRI TR BT Ak ™=, i 0.45 pm fLAZ
MR 8 o S AR B0 A RS T 08 LB ok,
ffiH 0.45 pm FLARTEREEUE, PRSI A —E AR
I TEK BEDTTE =, it B EE 2~3 K,
— YL IR TR IR B BRI, R 12 h A
FHAHTHENLEEAT T4 8 h, ¥ TR rRe 5 ok
RETE R B I AR TR AR AR o AN[E 5T 5
HHE (4 g) S9IVAT 400 mL 4 2 2- L TRANZE vhis
W (pH=4.8) ", sy 44515 2 AR S AE R a8 L BE
fhe BT TEMPO $% & AR THRIC: Control,
Lac-T(1%), Lac-T(2%), Lac-T(4%), Lac-T(8%)-

1.3 ®WilAFE

1.3.1 RIS Ak

PR L BL A 0T DU A B T A ROk
AETT) SR o 00 € T ARG SR T 2 e i ) b 5 1
i, PN 1.0 mL/min,

1.3.2 WA WP e e

TE 20 CHREET, HHEME T P,0s EEH 24 h
J& BT RN B R e i T (R X EE R 81% ) FIAE ANk
FRER VA TR (AERTIREE S 43% ) v o 3 S RF S 18 i o
b 4 A E A U R OKBE T (R,) -

R,=(m—my)/my*100% (1

A m FEESE TR 60 h 5 RN R
(g); my MFERA T i (g)-

1620 CHRJET, B TR (NH,),SO, 1w (A
STHREE N 81% ) H1 60 h BIEE M5 2 T RER T1as b,
KD o BT AR RE )

Ry=m3/m4*x100% 2)

K my HECAGER THAS 24 h 5 HE S K5 5
W (g); ma FHCAKEE T8 BRE S K 20 0 2 (g) o
1.3.3 P bikne

W e SR ATE B R B 9 7 A ABTS Y5 H1
DPPH %, HFEEICFEINMHCENEME, 1H5H A
P 3 T B 23R T LR AE 1 I 0 9 B SR A T 12 T S
K ABTS 3E £ AF A AL 7T RIER LA TEE

ABTS W BCHIZEK: A 2 mL WEN 2.6
mmol/L B Fi PR 5 2 mL #E R 7.4 mmol/L
) ABTS ¥k, 7EGAbEfE 12 h, #1415 ABTS
FEE-S728

SR IG FICIK TR B 50~60 475 & 734 nm AEWEOE
R 0.700+0.025, B 2 mg iR T 2 mL 57K
W, B 8 mL MRS B SR AR RO, FRiE
4T 40 min, W EIHAT 5 min XHEWAE 734 nm AbRY
WG RE AT E o I 2 mL 257k 5 8 mL Mkt
JE B A B ISARIR A, B RS AR FIHERG) R
A HIETHEBR R, THBRREE, Pra e Reias .

ABTS H M 3R R =(40-41)/40 (3)

~—
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K. Ag B AFEWOCHE s A, 8V JE OB .
1.3.4 MR

i Q500-V20.6 MME ML, FEM BN 2~5
mg, JHEHZEH 10 C/min, ICETE 50~600 °C 153
e ES
1.3.5 X Grefiz ghaamm

S FE RS XY R T X TR, IR
AN SE AR 7 R S R 254 . ] Cu #, Ka
HRTE 20 CHREE AN (40 kV, 20 mA ) .
1.3.6 I BRI

) FA 14 F B LR e T 25 4, o o R B Y 23 )
ZE N VR A B RS BB R A M FE AL e R RE A
MR 2 Tt 4 A B S, 78 ISM-1T300 B4 H 1
BN BT WSO A, B AR 10 KV,

2 HRSUE

2.1 BFaigieim

AL AL S N S TE O TR - O TRAN B % vh iR R R aE
T30, BT LLSEAR =4 b i e s 1 R BB ok B RO VL iR &R
R P2 PR FLHEAT A Na©, AR5, &t alifbi
=W, RN AR R iR FE AN SRR D, AT L
AR B DA B B 7 B o A b SR RS S Y
BB T, Control, Lac-T(1%), Lac-T(2%), Lac-T(4%),
Lac-T(8%) ) 4M &+ (i UL & 1,

180
160 | Lac-T(8%)
140
120 + Lac-T(4%)
\f__n,_ 100
fir 80 | Lac-T(2%)
60 -
Lac-T(1%)
40 +
20 - Control
0
-20 1 1 1 1

1
6.5 7.0 7.5 8.0 8.5 9.0
B} 8] /min

K1 A[E TEMPO HIHEAORE i B RS 1 (3%
Fig.1 Sodium ion spectra of Control and chitosan with dif-
ferent dosage of TEMPO

H1 T TEMPO JIHERYZ2E 5, e RBEA L™ Y 2 3
AR @3S, WL 1. HrP Lac-T(8%)Ff: i Y i If
BRI, 25 AR B g AR AT L2200 AN T AR Fla 4
BT hRAEER , J AR A AL W IO 1)
T, LR 0 T RS B A B ES  i  RIRAR
B m AR (IR 1), B TEMPO JTJ & (13
I, FE R AL Yy e S RN, B ALY
ROl T RIS BRI . KA 2= B

&1 Control BRARERUEENTREFREY
Tab.1 Carboxylate ions content and degree of oxidation of
Control and chitosan with different degrees of oxidation

b Na it Ve B/ FRIRR B 7k &/ FALR/%

HR

(mg'L") (mmol-g™")

Control 5.9 — —
Lac-T(1%) 44.6 1.68 33.1
Lac-T(2%) 58.9 2.3 45.31
Lac-T(4%) 100.1 4.1 80.77
Lac-T(8%) 118.6 4.9 96.53

Control LA N AN [) AR B2 10 At A5 it 1 ) 255 ot dt
W2y 5.9, 44.6, 58.9, 100.1, 118.6 mg/L .
Lac-T(8%)FF i (AN 25 ey, THA R T & R AR 2
F kBN 4.90 mmol/L . T 8 4 # Lac-T(1%),
Lac-T(2%), Lac-T(4%), Lac-T(8%) M 48 1k % 43 51 Ny
33.10%, 45.31%, 80.77%, 96.53%. W T BE& HE1L5
TEMPO Jii 243835 I, #elE-TEMPO & ik R4tk
R 7e BpE L Co BRIET L M E AR FE .

2.2 BGERRIBMRE

TETE IR 5 IR o B AE AR R EE Sy 8 1% A il
i PR 0 VS TR A 43 %o 14 AR TR A 8 YA v 00 IV R
T JE T e g PN DV 2 R A T2 e T WAL /K 4 R ik 1)
PR, JESEAEAL 60 h J5 AR A 24 h IIRIE 3R,
Sy F & K Control #£, Lac-T(1%), Lac-T(2%),
Lac-T(4%), Lac-T(8%)7cSMHAE M M . FRi 2 1
TR E W R4S ( HA-Oligo ) 7E 60 h i3 iy 1
A 20 h AR ) SRR A L 2,

ST IMH AL 7 W 1 T e VB T B 10 R v
PR EFAAL, LR ekl ., M4
HEAZ G, SRS T ESIAT R, WRAT
RBAS 2] T ok, DORKN YA RN TIA, Kig
() COOH JE A et FIuK 43+ Z MY i S B L R AE 72 23R
Wi IR R N a7 B TR R B e 2S )
W2 AR, B R R 2 —Fh i N-Z B 4
R 255 3 S P OURRE SR T B R 2R v 20, 2 )
FRFZ W RARS Y, el T HRR (% 2 (] S8 T 45 44 F0 3
TWAFTERSL . BRILMASLEILHA, TR TF N
i SR il W R R L — i IR . IR RE U

2 2 nlAl, it A Lac-T(1%), Lac-T(2%),
Lac-T(4%), Lac-T(8%)# i fl HA-Oligo I RE3E, AN
7 TR T e VR RV W 2 B P P M RS W, B
TEMPO Jii £ 43 B0 N 2 2% R I | %07 ARG 38 5 3
WHSAUL0 7= 0 1 2 0 6 5 R S A R HA . Ak
TEMPO Hit, ALY R T 45.31%mHE,
AL ) I N SR AT AR S R N R BEK 20l 45.31%
(AR i, HEIR AR VR 1 B A B i S . 5 HA-Oligo
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Tab.2 Moisture absorption and moisture retention of Control and chitosan with different degrees of oxidation

MR (R ) /%

TR RIS ) /%

FE - - ——
o FGHE B 81% I 43% T T H e

Control 5.6x1.5 3.1+0.8 0.2+0.1
Lac-T(1%) 38.441.1 10.242.0 3.040.7
Lac-T(2%) 63.043.5 18.443.2 5.741.0
Lac-T(4%) 53.044.7 14.941.9 3.940.6
Lac-T(8%) 60.544.2 14.341.1 4.540.6
HA-Oligo 38.242.2 48417 4.040.8

) W TR AR B R AT T HE K PR, B4k B e BB A T
MR REE T HA-Oligo MMLIRVERE, fRIEYERES
HA-Oligo fHIT. 454 HA BYMESS kLA K7 BB
W) o FE5 LA K LR PERE T, TR aES HA
FIZERIAL. HA W B R ILSL AR M R EES, 4 2 4
SERM AT S — R A, HA 4> oS ) R 3
TEA 50%. Se BB AR & 45.31%
A B i A IR PR VR BB X — R A L, HE ST R
BEFE S 19 53 F 4549 533 W B RR 25 M AR AL, o T 1628
JE) = 5% Ay RCRE e ek R 121 A K 3 9 R R 3 P I TR
—FE, A3 FRE_E AR I RR LR A HL 22 A] By K B
YEHT, REHE—25 Tnas W
2.3 AR

ZEH ] ABTS  H HSLIH PR IE R IEAE i 1
PrEALYERE, B0 ABTS At L8 R0, piiuee &
B R B Sk fiE S . Control, Lac-T(1%), Lac-
T(2%), Lac-T(4%), Lac-T(8%)7c R FE M 5 ABTS H

HIEERONE 6 min JUA5HAY F b FETE BRA LA 2.
100

I I
80| .

ABTS H 25 R /%

Control Lac-T(1%) Lac-T(2%) Lac-T(4%) Lac-T(8%)
Fedh

B2 AR BE 50 SRR b O DT SR AL PEfE

Fig.2 Oxidation resistance of chitosan with different

degrees of oxidation

7o R R T B A — XS R R, fE
O T KRR B I W R 6.3, FoRBERY
AL, TR e, BrRLAA
— AR ) SRR pH (I, S fliAE
Dy WA i B P R ke 1R o U R e B
BERAA RS, ABTS [ i A 5 AW ER

AfetE, " —C—NH, BIUE LS —C=NH.
TRILIL M AEAE, A0 e 1E FH 32 20l
PR THERTRE S, N 51 AR I 7C BB AL
m AP AL RE I B E . Bl 2 ATH1, 4 TEMPO
AT E AR S N Z AL 4%, ALY ABTS
A L B R AR, A=A b ag
FERUR( IR IS

ABTS [ 3R &2 A H&, Control,
Lac-T(1%), Lac-T(2%), Lac-T(4%), Lac-T(8%)7% 5 b
FEM P ABTS HHEIGEBRE DN 62.7%, 74.9%,
78.3%, 92.4%, 94.5%. MEIEF R DT LI AR
HEENR M, ERENILAA MRS 2 B
Jinse .

2.4 HEHSN

ST IR S 0 B A AR LI 3, TS R
9 50~600 C, ATLIATRLATE 3 ABrBe. 55 1 BBk
ETEREZh 140 CHbiE, 76 140 CZHT, 7EMT
FEore MERE I R A Bk . th T2 RA K
S A 7K SE AN )RR AR PR S OB P A 5 K
Mas oK ZE RN S BTk . mE 3 "%,
Control FIEAL G AYF7E R BERE S AR EL , Lo 2 61 2
R, R THEREILA LTI, FEREX K
SRR RE IR, BA —E AR ENE. 5 2
MrBE R AEFEIRE N 160~400 C, X—M B ET KA
FeRBER R, 70 B WE I BE & A I 2 R AR R )
Wi s ROl 5 3 B B R AR AR IR A 400 ~ 600 °C,
FEX R, BRI IR A 20 . BRIk BRI Y o
gt I 3 R, R AR e R
iKE] 600 CHYEIE, F i Lac-T(1%), Lac-T(2%),
Lac-T(4%), Lac-T(8%)F1 Control i %k /3524
M 12.33%, 12.53%, 13.34%, 9.35%F/1 14.84%. Lac-
T(1%), Lac-T(2%), Lac-T(4%), Lac-T(8%)#1 Control
FCRMERE ST R B B R 31.27%, 34.54%,
31.18%, 41.63%F1 25.44%.
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40 -

20 C 1 1
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B3 OR[RE AR B 52 SRR ROAE ) TGA 2R

Fig.3 TGA curve of chitosan with different degrees

of oxidation

LAV 3 BRI, SR FR -
TEMPO (K RZA )G, T L5l ARIE, XHMFEE
PEREA — g, BG5S ARILILA N 2, IR
SE RN R,

2.5 X{TStaH

¥ HA-Oligo, Control, Lac-T(1%), Lac-T(2%),
Lac-T(4%), Lac-T(8%)F X S5 E % WK 4.
&l 4 AT, 50 HA-Oligo Al Control H1JF 1A 1 B
s GERY  TRER Lac-T(1%)M1 Lac-T(2%)H T2 3|
—EBRER R, RS T LS A RIS AT
THr 2 Fikef L, JFiR I IARZE . XRD &S
| Lac-T(4%)F1 Lac-T(8%)FE i 5 I H 4 B JL2E 57 B
B EE N BH B 1 S R Z5 K, Lac-T(4%) M1 Lac-T(8%) M4
SAALFRS I 80.87%F 96.53%, HRILS IS TH
fih 52 BB A AL =W, JOF AT 40 W g AT DLk B
Lac-T(4%)F i (9 S B 2544 LE Lac-T(8%) 5 MIEH & o

Control

T
M g
”ﬂ Laﬁ-T 1%)

Lac-T(2%)

HA-Oligo¥f: i

Lac-T(4%)

10 15 20 25 30 35 40

20/)
¥l 4 HA-Oligo, Control M/~ [R] & AL F2 B 50 B i AL b
Y X S AT O

Fig.4 X-ray diffraction patterns of HA-Oligo,
Control and chitosan with different degrees of oxidation

VA BB BT 1 RS 20 T A e 1 2 D TR T
AR ILEE R, AR R R R R IR e R A AL S
WBEE AR AR R B A—RE R 3, 522R
BT LI ARSI M, SR e, Rk
4 S BN A ST B TR O 4 A, AT g 5

RHERFENE . FERM oI A Z RIS,
FIXF 431 S R 4 9 A A
2.6 HEBESH

38 5 A U R AN ] AR R B R SR
WERIE S ULIE 5, AT RIS [F) SR A0 B2 i 5 SRBE 34 K
INAS— B [RDE SR8 ks, Ak J5 HABORL A% SEAS R
TEFAR AR . Zead E AL B 7E MUk AR /N, HEEY
5], X FEON R A AR B 0 e R R AEE 2 R .
Control 7 RBEFEM (1] Sa) XL 2R 1 BORLIR P 5
WAL S, WM B SRS . RSO,
e R BT T HAT AR B T R IR 25 0 . AR
AHBEEIRTE, EAL S 5T R RURCR Y 5T T 40 %%
P —, 23] RSt AR R O, R LA
AE. MM HTE, fE—aEREN, RS T E5lA
BRI Z 4y WA EAE R kR, B R T e R b
S FHZS RIS I o RSS20 F] 2 ] 3 K, H 5
IR B ISR R B BB T o

5 um

5 um

d e

&5 Control NN [a) AL R BE 1) 7 SMHAE i (9 3 il v 3

Fig.5 SEM images of Control and chitosan with different
degrees of oxidation
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Wi, SRR T LI ARIIEHI L 1
BN 8%K) TEMPO L) M i kA7 Ak &4k, it
BAAEATYH RS EE I RS EN 490
mmol/g, FALFH 96.53%. ffiJf] TEMPO Jfit /%L
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R 2%BF, T BRI ARBE AR 50%, AT
W SR AT IR B e K AR, BERS T AR 24 h 54
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BRI TR I & X e B ERE R, e
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