SR = T S

Journal of Chinese Institute of Food Science and Technology

Vol. 24 No. 2
Feb. 2 0 2 4

Bk EKIEM-ZRIEE SYHIH & R SR

A&, MR

LEI: 2

)i—‘% \:Fy %’}‘L 1,2%

(REHBERFLBALE TRSHE R 300457
2EAFRYE RERMIL RS RARNELERET #H®6TTF 832003)

FE A TR I A A 2RI B — 5o RAE LA D 3N F Ao i T4 B0 % v 2% BRI A (MS) A B4, A5 & 2858
FEIL 2, BE 3 (DBS) 5 i R 4E (CS) i ik A ) & Bt X 2 R 7w — 2 B 4E 44 (DBS-CS) , M| & 5 &M 69 A 45 4
WlE A RGN STEBRAFEAN AT FHE, EREAN ML EREH- TR LE D 0B @ M A T RAEA

5 OBMBENMESNREFTALLESHN FABLERK AR TRRG,

Bt % )& 69 DBS F= DBS—CS 64 £ &b E 1%, 45 dh 25 4

WARSETABE, b REPEHARAERNEHE CRBRGYRL SN LM LG ERENLE T RBLSAR
BAF IR - RBEL DA EAG BRI EA LT ARPBERT D EAITA, AR ERARAF—HHALZE

I BRI T R,

B335 }-7"/5:7%9}, ;’%%7”5‘, ﬂiﬁi&tﬂl; #Hi’flﬁfﬂ, REFHR

NERS

TER IE — PR IR 8 W RREMREGY , b
HEEVER I SCEEVE AL, TTEAAETARE
X GREMY Y, R TR RS HE VE R A
VoA 1) 22 S 2 figk TR U 3 %) LAk e S5 0 D B o 22
SRR Z P, RRVER BA 5 At kb2 |
BERCRE T3 28 AR M S5 B b X TEAR KRR 2
BRI T RARVE R B o 38 R T A (I
R RBP4 ) ke (SCBR BR AL R AL SR ) B
(PO ) 85 7 1568 R AR TE M E AT Ak, 388 5 i 411
) T A1 S5, DA R AR I R SR R A 1A
PERA RN SRAF IR AT 4 BRI
T R TE R O Y DG B U AN,
(Pullulanase ) J&—Fh 3 # Jid 52 1§ , 68 1E £ 14 b /K i
SCHEVER Y 1,6 WEH S, WD EM I 53 S04k
JE B AR 7 B i (R 2R B BE 2 T, X ek
PEREE o BA R s, RRw Lt o4k
GIFERAE | H A R A B R 4 R RE L TR
B R 2 Wy R b AT AR T R 8 1 i

56 B Bl (Chitosan, CS)J& KKk LW ME—nY
BRI 20 R IR T e R, CS BA RAFmA:

1009-7848(2024)02-0169-10

KB 2023-02-10

E&WA . byl Sy BHLL R 4T H
(22ZYGSN00360)

E—1EE . X, L Wit

BEEE: FAPYUL E-mail: zkzhou@tust.edu.cn

DOI: 10.16429/j.1009-7848.2024.02.016

PIMI AR R R R U TE U, iz B
TR BE2Y A dh SF Tk, tesh  EX A
filt AT AR R R SE ), L e AR A [ e, 40 o g
W, e R A, PR, R R SURIER B
UTAESR, BRI Z BT SR TR TETERS 5 2 RO AR
HAEMY, AHAFTEARGE CS B IMAA R T T UE
ky—7c BHE R Y O A R oy A5, R R
CS A LA 3 7 JE by 9 AL 447 M, Diao S
WER R BIVER 5 CS 2T FA4k HUS /Y9 A H. AR T ik
T HEACTE R (MR | K AR
S5 ) o TETERY I o A rh 8 20 0 R4 v TE S A AR
TEVE AN ity T

PTAFR, VR TR R IR BERD 5 72 BB
AHELAE PR v IR GE R I AR RE RO AR 2, R e i T
A EME, 1 DBS 5 CS ZIu] (i AH B.AE A 15 2
— WS . DBS 15 K IR TE by B 4548 58 4 AN [A] |, 4 )
HIREIE AR o A 8 22 B TR 3
oy EAT B S A B A9F S B S AR BT R K TER S
7o RS A AN BUE S A5 T a5 H AR E TR AT
AR SRR ARAS — TR B B9 S W O TE A,
(9 Tl i R B IE 2%,

1 #MREAZX
1.1 #R5EEF
FOKTER (HBEEM &N 28.7%), IR &



170 hoE

i oF i

2024 455 2 #)

P A PR A BRZA 7 5 3% & 22l (1 500 U/mL) , VL
I FHAE WA BRZA | 5 52 M (CAS: 9012-76-4,
JIi T BE>90% ) , 111 7R SR R A= W FHE A R | 5 Efi
R SRS T EEE A (DMSO—-d6) , bR A= )
P A BR2 A H el R R o i g

12 UB{5E%

SUIS10 H# M F 2B, HAR s

L ; Better2600 OGBS HTAL, PHAR B R A
FRZsH] AV T 400MHz A% 0 3 9 8 5% A, Jb 5 A
T R A B F ; DMAX2500 X528 77 5548
H AR B2 R X St 5 Q50 A 20 M A3, L i 37 373 Rk
Iy WAL AT PR 7] 51850 8 HL A5 6 21 A8 3% |
MARS 60 345 i A8 4%, 78 [ 38 8K« R B AT IR
57l ALPHA1-2LD ¥ Zr T AL, 75 E CHRIST 2
A);CTO2A 4= [ 3l 8 I 28 VK B, 1 Bt 3d (X
ARRAF
1.3 RIEH*
1.3.1 WS-t REE SR & e
By i 25 2 B8 Lu 559 7 36000 T R EE K 10
g FORTEME T 100 mL 22K, BT 121 CH
FEZETRRK A H 20 min fFH 52 210, K i ke
W& EI 2 58 °C, NN 200 L %2 2% it o 17 il e M
5 h, KEE, A H E 5 R T A B Tk TR
7 (DBS)

FH 1% & 2 ¥ W e 1 53 4 52 80k 0% ,1%

1.5%F1 2% 1 5¢ FAMER U (CS)!, K JIE S V8 B v W
5SS TR T 3 B 52 BBV WOR A, JREE pH (A
% 4.8~5.0,7F 4 CTHFE 24 h, 2.0 (4 000 r/min,
10 min) HCILTE W HEAT ¥ VR T 1 J5 OF S 2 100 H
i, BV AT S 28 A5 AN [ i 5 1) T S K GE -
RWERE GY (DBS-CS) o LIARSEAT I S A0 F A oK
VEA Ry A O BE R ) B R A TR R OK BE R —
FCEME G (MS-CS),
132 EE5FWME 2% Panda 9 ik
FHER =R o o e FE R A3 1.3
DA EE# 0.4 mL, 5 2 mL HAc—-NaAc 28 Wil
(0.2 mol/L,, pH 5.5) 1 1 mL i =i % % (10.00
o/L)IRA, IIZK E 5.00 mL, 75 3 /K % 44 7 20 min,
REEZRG,H 60%LBERERERZE 10 mlL, 7T
SHIRA), HE 15 min JFEPE K 570 nm 20 E
R FEIR (DI E AR (P,

P(%)=(mg—m . )x100/my (1)

it gym—— DIFWR TR e,
1.3.3 GO gE A A H B R
(SEM ) WLE I SCHT 5 FORTER —7¢ BB E S Wi
iR AL R S R B O 4, E S kV
BN 3 F R T SR AT R R SR
1.3.4 R AAINE RS, HZEHK
BIFVEMFE S, TEMEFR LN 1 600 r/min Y% 3
THERE, AKFRE S BT FR 4000 1.33 A 1.52,
MRG0 b 7 O I 5%~10% 0 B A] 347 47
oA
1.3.5 AR 27 AMETE (FT-IR) 087 T
FEFE A S KBr( i kb 1:150) 1R & & R, 78 400~
4 000 em™ AIFIFEVE I AT 4 em™ Y HER T, FHE
32 A4 T FTIR DGtk K . B850 Bl AE 1 200~
800 em™ MY T A GG HEA T HLI LB, f I v
M 45.5 em™ R SR F oA 1.9 B9 SRR G O
1 047 em™/1 022 em™ &b 6 W i e 55 JBE 1 Sk SR A1F 3
AR i B e R A L
1.3.6 I 2EVER (TGA) 081 AGHIFREL 5.0 mg
F ISy WO AR R b, i B 3 B A
R BCREME L B B S RS L 30~600
°C, FHHE R 20 C/min, 3813 72 PR 45 2 0
# 4 60 mL/min,
137 X-HHELATHH(XRD) 20 Hr 16 40 kV Ay
JEAT 40 mA WA T A Cu—Koo 567 55 580 2%
(A=0.154 nm) FEAT X-FFLATH 50 Hr . FAHE K
20=4°~45° 4 #E Ry 2°/min, 2K 0.02°, R H
MDI jade 5.0 #E47EIE AL BRI 42 B 2R (2) 15 A1
XF 45 EE (RC)
RC(%)=Ac/(Ac+Aa)x100 (2)
A RC——HHXF 45 & BE | % ; Ac——4h i IX
BT ; Aa—— T 28 TE IX a1 AR
1.3.8 #ZREILAREGE ("H NMR) 20 SR Li 55
M7 BRI % . FREX 10 mg #E 50 T 500
L DMSO-dg 1, 7 95 °C T i 420 min ff H5¢ 4
WiE, RHEHBRAKEMER 2R E T, 7
25 °CTF X i AT A% 1 e i S0 43 A, BURE B[R]
2.18 s, 44 32 1k,
1.3.9  WAEFFMENE B 3.0 g M 25 mL 75




524 4 2 M

L& E R IE - e A A 0 ) & R B M R AR 171

KRG A, mPHIAL 20 min 75 2 15 0 AE 5
WML 3 mL BT DUAE SRS T B2 35 mm F
AR b BB RN T mm, A0 55 A DA BT 1k 7K 93 i 2k o
TE 25 CF #F 47 2h 25 i 28 I A8 R 0 I 2
1.3.9.1 SRR E (AR5 ) PERE S
HESLAA R T M S A R W 5T D) R
SrBIAE 180 s A 0~300 s 337, FEM 300~0 s i
VT AR R S 9 22 Ak, R ] Herschel-Bulkley 57
[0 (3) HATILG 43 0 A5 B RE G 1 s 28, T e
mr

7(Pa)=r+Kvy" (3)

A7 5 YN T, Pas Ty Jet e B2 A7
Pa; K B8 BE R B, Pa-syy By PR sl
n—— B FFAE 48 B, J0 5 4N, R VA D 25 2 i
AR FEEE
1.3.9.2 ZhASHMENE SRR IR IR AR
Fe o M sl A8 A2 R . R R ELY 0.1~10
Hz, 5330 022 0.1% , 1 A il O SR PERE SR X
0 A5 R BE AR B (G7) MR A & (G Bl AIR
AR BEN AEAL 1 O
1.3.10 #dusab @ 508 A s = 0 3 A4
AT B S R L YRt 22 7 R s o ] IBM
SPSS Statistics 26 X 4 HEAT 8L K 2Ky 22 43 H7
22 5 VBT (P<0.05) , FH Origin 2018 %K {4 1t
112:® . i MestReNova #{F4r#1 'TH NMR 1%,

2 HRESMH
21 SEMHHER

WE s, ST B £ oK
VERY WS T ORJE By B SR S R ORTE R - R
WA YR OIIE S . MS FUkr 5 B0k G I
B Z HA (K 1a), 5 MS ML, MS-CS-1
AT % 1 AR A RURE | U 2R I A Y6 WS AT TR AR
(FE 1b) 2Rl i 2 AbFLS 75 3 () DBS HokL Y
FRHETEH LA T WAL, SRR , BUkE
R SIFH I THEMHARAL (K 1e), 5
DBS #H b, DBS—CS i (1) £ 1 w0 HLKE I BLA
ANER 3 TORLAR TR B AE — i, BB 5 SRMH S 0
RGN, 26 2% 1 BN 1) 58 SRR B W R N
TR [B] 119 285 75 00 o B ok il 5 %% ([ 1d~11)

22 NESHHTER

ME 2 7] LIFE H,DBS 1 DBS-CS (1) 41448 43
A4 KT MS,MS Fl MS—-CS—1 Flki 45 5 B £ 0 4y
i, i DBS-CS & A W iy Hi 45 K 22 5L 80 B0 43 A
B 70 RS B BN, A R AR L
WK, KRS, AR R IER A HE Bk
75, Dso (B (BITRLAR 50 A1 ik 2] 509 B BT Xt 107 1
kitt) L MS<MS-CS-1<DBS-CS-1<DBS-CS-2<
DBS<DBS—-CS-3 Wi 722 4 , MS A RLAR 4345 i [
KR 10~20 pm, £ 52 58 5 )5, DBS Fil DBS-CS
RLAE AR A T3 R, 3] g 2 R A 3 2 K i
PR 2 M R R 4y O BLERE 2 T2 IR AH
PLERAE B BOTOR RT3t kA2 /N 4
FHE SRR IF mPRi AR K7 0%, X 58
BER s RAHRT A
23 FTIRSWER

AW R S Y O SR WER AT R TR S SRR e )
R, WE 3 PR, B RS AE 3 400 cm™
A B TE WA FI 2 930 em™ Ab 3 AR 35 7 2 o
JEH-OH F1-CH 5E 45 R sh", 5 MS H L,
DBS M e 55 MS AL, 156 B A i S 3 7 v i
A Y B 0 A2 SR, TR i AN TR) =2 Ak 7R
T AP 2 i T 2R AL, ILTE 3 400
em™ Rb AR B AR 1 639 em™ Ab LRI S RE Sy
K5/ O-H 25 ik )1, MS-CS 1 DBS-CS
FESABTE 1560 em™ Ab HVEE T H 357, X /& N-
H A5 (R 101 ) SRR IR, 156 BH 3 3 R 7 R
TE BT B S B AR T o 2 R A B A
W VE ¥y — 78 B A '™, DBS-CS 7E 1 560
em™ Kb I B R T MS—CS, 31X nJ figJ2 K i 2
AbFRREAR T X BEVE R A A 2P, REEE LR
FRHE N R AL S S R ATE A, NS T
TER S RN E SR, 76 1047/1022 em™ 1Y
FTIR WOt B U AE AT DL R AR JE B B 1 35 A2 A 7
ghER , AE 1047/1 022 em™ ZbAY FTIR WG L il
1, 2 BH U B 1 R DT R P UST 1 04771 022
em™ [ HUAE ZEJE MY M AEAE I 3 25 5% (3R 1) i S i
FHFN 76 SO BN A5 V8 3 B i B R A P 3
B TR, Ul R A A AR P AR A I S
AbFR R ST R B A K



O &

172

=]
=

A,

R 2024 455 2 W

(b)MS-CS-1

(d)DBS-CS-1

(e)DBS-CS-2
. MS. ERPER ;MS-CS. EKRTEM T RIEL 59 :DBS. L
K VEHR ;DBS-CS. X EARVEM-FERIEL W, 1,2,3 53
FR N 10 ¢/100 ml JE B2 77 90 IR 0 B 1%,1.5%
2% FFFIR W

(f)DBS-CS-3

X 1]

—

I DBS-CS-3 (D5=87.23 jum)

HEE

I T
£ IDBS-CS-2 (D5=77.97 pm)

'" il

[ i H
{ I DBS-CS-1 (D5=64.80 pm)

b

b
.

N

.

<o

g1 I

E o [ DBS (D,;=79.45 pm)

& ¢
o o i B
£ - ¥

= -

S o wﬂﬂ

- I L L e o Y

i
OON-lsQOOONAO\OOON-&O\OOON-&O\OOON-&O\OOON-&G\OOO

T MS-CS-1/(D5;=19.79 pm)

2| 1 10 100
p IR

Particle size/pum

B2 BRXAEE . GEMN-EREEAYNKESHE

1000

1 BREAERN EEM-TREESYNABBRER
Fig.| SEM of starch—chitosan complexes Fig.2 Particle size distribution of starch—chitosan
before and after debranching treatment complexes before and after debranching treatment
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Table 1 The combination rate, relative crystallinity and FTIR spectra analysis parameters of samples
o 4 AR 2 A %% Loanon sEah KA A8 X 2% & E %
MS - 0.748 +0.013" A 38.44 +0.68"
MS-CS-1 65.65 + 0.34° 0.632 +0.012" A 32.49 +0.14"
DBS - 0.699 + 0.113¢ B 35.08 +0.39°
DBS-CS-1 83.12 £ 0.04" 0.685 +0.021° B 31.52 £0.21¢
DBS-CS-2 85.71 £ 0.13° 0.647 +0.115° B 29.90 + 0.35¢
DBS-CS-3 86.79 £ 0.07¢ 0.595 +0.010° B 29.43 £ 0.24°
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Fig.3 FTIR diffraction patterns of starch—chitosan

complexes before and after debranching treatment
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Fig4 X-ray diffraction patterns of starch—chitosan

complexes before and after debranching treatment
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Fig.5 'H NMR spectra of starch—chitosan complexes

before and after debranching treatment
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Fig.7 The steady shear stress of starch—chitosan
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complexes before and after debranching treatment

K2 BELEW REH-EREESUHNMERESH

Table 2 Thixotropic characteristic parameters of starch—chitosan complexes before and after debranching treatment

Py T 4T 4 R
A oh BIRE S REFRK AHFIE MXEH EBRES MERHE AFHE MERH P
(1o)/Pa (K)/Pa-s" d83(n) (R%) (19)/Pa (K)/Pa-s" H4(n) (R%)
MS -92.01 218.93 0.239 0.9932 109.42 25.39 0.583 0.9994 15 290
MS-CS-1 -82.43 178.85 0.226 0.9935 90.78 18.71 0.585 0.9995 9 246
DBS -25.64 46.12 0.086 0.9975 3.52 0.57 0.739 0.9981 4 505
DBS-CS-1 -3.28 17.98 0.240 0.9927 6.08 3.15 0.530 0.9995 1 436
DBS-CS-2 -6.40 28.11 0.203 0.9844 5.18 2.17 0.638 0.9996 3151
DBS-CS-3 -1.43 13.42 0.319 0.9843 10.27 1.55 0.702 0.9998 532
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Fig.8 The dynamic viscoelastic properties of starch—chitosan

complexes before and after debranching treatment
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Abstract In order to investigate the effect of debranching treatment on the structural characteristics and physicochemical
properties of maize starch—chitosan complex. In this study, maize starch (MS) was used as raw material, pullulanase was
used for enzymatic debranching, debranched maize starch—chitosan complex (DBS-CS) was prepared by mixing de-
branched starch (DBS) and chitosan (CS) solution. The microstructure, particle size distribution, crystalline structure,
molecular short—range ordered structure and rheological properties of the complex were determined. Results showed that
the more chitosan attached to the particle surface of debranched maize starch—chitosan complex, the tighter the binding
force between particles and the larger the average particle size of the complex, and improved thermal stability. The crys-
tallinity of DBS and DBS-CS decreased after debranched, the crystal structure changed from A type to B type. The FT-
IR spectrums of and 'H NMR spectroscopy showed that starch and chitosan could form complex, and the composite of
debranched maize starch and chitosan had better effect. The debranched starch—chitosan complex had typical weak gel
dynamic rheological behavior and pseudoplastic shear thinning behavior. This study provides a theoretical basis for obtain-
ing a new type of green security complex modified starch.

Keywords waxy maize starch; chitosan; debranching treatment; interaction; rheological property



