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Abstract

As a non-toxic, good biocompatibility, biodegradable natural polymer, starch was widely used in
biomedical fields. However, starch-based materials are easy to be degraded by enzyme system,
which limits its application. In the present work, the structure and performance of cross-linked
potato starch film were investigated. In the paper, human body environment was simulated by the
pH of 7.4 phosphate buffer solution containing alpha amylase and the degradability of the differ-
ent crosslinking degree of starch film was studied. The content of polysaccharides in degradation
liquid was determined by 3,5-dinitrosalicylic acid colorimetry, which could quantitatively reflect
the degradation rate of cross-linked starch film. Besides, the dynamic changes in the morphology
and mechanical strength were characterized. Results showed that the equilibrium swelling ratio
(ESR) of starch film decreased with the increasing of STMP content. The degradation rate of starch
film decreased as the degree of crosslinking increased when the crosslinking agent content was
below 15 wt%. The degradation rate of pure starch film reached 55.0% within 7 days, while the
degradation rate of crosslinked starch film was only 1.6%. The SEM and TG results indicated:
starch film began to degrade from the surface of the more loose part. No poisonous substance was
imported during the crosslinking process. It shows a promising prospect as materials of guided
tissue regeneration.
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it 2 EEAR, MR ML AR FRIA N « AT T = RBEERSN (STMP) R AL R BR VS IR FEBRARZR 5 F
RS, UpHA7ARSH a-SER BN BRI S P B BRI A AIREE, AT ARZBEE K
B R B BRAR MRS . SR 3,5- ZAHEE K BRIET E MR F N 2 S ', VB R BEREATR K AR R,
W EFKMRILR, HRIE T XBIEH BERKABARIEP RSN KRB RN, SRRH, X
BEFISTMPHI & BT 0~15 wt%h), BEERS BN, KB FERKEARR T, BRBEEER
Witk . BEERCBAIEE R, TBEMERENIRRE, WEERE IR, 7 dNAen EREARIE
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1. 5|

VERE —FCRIEEE . MASICAR. M R A TR, e AT 2 RO T AT R R, £
PR ARSI VR R B, ORGSO — B2 BT
FAEN EEEM[L]. SCERPHE LA oot At f 2 A o2 [2] [3] [4]. JEH
B pPRlE F T AR e 25 s iy, VAN FLAE A P 1 B AR AT VO B A R SRR SCHR P AR D A AR A
IR o= A9 T 1) 25 2 (OE 5 N LY P ) 0 B P 51 BB 7 21~101 U/L [5]) RPNV # SE 44 R AE A 41
T 7R PO 175 000

AR =W BERR N 5 ek IS BENLIE6] [7] [8], FEVEM IR h 5] N = 1w ER 4N (STMP) Al NaOH,
FVER LML T R R i R b SR AL AT B . BL pH B A 7.4 (RS IR £ 8 VA Ve RSSO, R LIS Mok
FEJ9 100 U/L, AE 37°C I AN [ 22 BRFR P 1 = (i B2 (ST MIP) i A, A B e b RS (U R A A 28, R 3,5-
T 7K A 2000 5 AR PPt JEobs 2 B DAV HCRGAR 22 9T T S (S S Ve LA E R AR EA 058 R ) 454 5
PERE, T EGAEE 7 BT 22 91 A2 TR S P e e 1 i

2. LW
2.1, [ER

TR ETER (Mg, W B R IR A F); ={RBEREI(CP, Aladdin Chemistry Co. Ltd.); 3,5-
K AARR(CP, FZHE B A IR A T); DUK AT B0 (AR, 255 B SR LA )
a-JER (2000 UL, Fi 2 A IR A PR A F) o
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22. X DHETEMIENTIE

5y A 14 g B EVER, 2.8 g Hl, 0.27 g S ALEN, 150 mL 253 F/K A F] 500 mL = TREEH
FE 75°C N HFEHUI4L 30 min, IN#E 95°C/R4R A 1 h, ikl fEIREF 150 rpm, HARREIE 257C,
Z IG5 BN [ 57 43 %0 (0 wit%, 1 wit%, 3 wi%, 6 Wit%, 9 wt%, 15 wtd) (-2 B, $ithEi44) 10 min. 4R
JE IR B2 N AL, FIRE, AUk i (Potato Starch Film, 3] '5 4 PSF) M AN R 22 Bk 1) & B (152
I 2 F i (Cross-linked Potato Starch Film, %5y CPSF). BT 50°C. 70%RH 18 A8 {5 47 4% 24h,
B R, #7549 5 7> 5 PSF. CPSF1. CPSF3. CPSF6. CPSF9. CPSF15 [{JAZ kI .

2.3. ZERDE R IRA T EE MR

W HEAA LT % 20 mm x 20 mm BFE &, S IKIIRET, SEHE R B T S KA o 50°C T 2R 1E E W
SRIG TR S BB T B 28K (B 32 M, 24 h 5 ST /N OB IS, bR F i 4% 18 5 22 T 1
KAy, FRE Wy “FAFAK2 ESR (Equilibrium Swelling Ratio) & X 9 78 /3 vA K 24 h 5 i B AR L& .
AC TRVE A I (1P 1 5 1K 2 (ESR) % (L) tH B

Esr =1 Wo 10006 (1)
W,

K@) Wo R TR bR, 9: W AR Ak 24 h JERIBR, g0
24, XEDRERMIRNEENE

R SZBRVEN IR AR 2 om x 2 om K/, FRE Wo, BT BEAIBERR S22 Il IR AL BRI 5L, 7
BT & EMR B SR i, 2 37°C N AR R sUKIHEIR R &5 T BT AR AL B, BRRG—
BRI 1a] 1 mL BEMRRA LIS, Ao SCIRTE D B A B A 5 123K (2) T 5

Degradation rate = el

x100% )

0

XQR)F: ¢ BB AIEIEREIIRE, mo/mbL; VACK MR IIARN, mL; Wo fCRAZBIE IR &, mg.
25, XEDHEEHIETENE

AERIE N IR VR A R AR, T REM RRRIG LI T B ARl e mE, A S8 rh LT REIRIEHLIT
JEE ] T SIS E PR R R S E, a1 R

ARG IR KSR R 1.5 cm x 3 em K/, BT PBS ek E, b N L E e ig i,
FIFFRAT IR, KRSV RERE N KR . JEEIT U, PP, FRAS T 5 HEE AR B 8 Wa(g). B4
FESHE R 5K, BCFME. HiH5EE (Tensile Strength, TS)4% 2 (3)H5[9].

o (W +W,)x10° 08
hxd

XE)F: W REEMFE, g5 W [CREAAKERBFRE, g5 h AEBEK%EFHME, mm; d E
JFEEF3E, mm.

26. EBEHSESENNE

N EB IR SR I PR B0, 3 N0 5 PRV P RO S5 B R S MM R BRI DL AE 22
BRI E B M e 5 LRI RE T I3 - BRI R IRIZ AN 3,5- RS KA R (AT DNS )75 [10]

x10° (kPa) ®)
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{RFTPE AR 7 V00 e P R B, HORMy Ak & S84k, IRERE A ™ AR, 45 SRiei /R KA KANE . 3,5-
TAEEKIRE R AR Yol REE S RTINS AL IR SH T T
B2 HFPEAE L 2 05 R g E [11] [12].

1) bRtk e ) 2

43 99 B 2 BEAR VR VA 04 0.2. 0.4, 0.6, 0.8, 1.0 mL T 15 mL &, %547 1. 2. 3. 4.
5. 6, HZAMKMEEHFZE 1.0mL, 250N DNS 5 2 mL, /KA 5 min, BB HRKAE, F
FHZEMKANE 2 15 mL. B 1 SR A EX R, 540 nm K T I &5 B ORI OGR4 IROG -
HIMEEAR B 2R, Wl 2 iR,

Fi e/ N 3 EAT LR Ve [, 45 2O SRR 2 20N : y = 0.9007x — 0.0396, R® = 0.9913,

171

Figure 1. Test device of wet strength of films
B 1 EEENREE, SREE; 2, KiE;
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Figure 2. The standard curves of absorption and glucose concentration: (a) UV-vis absorption spectra of glucose colorimetric
solutions with different concentrations; (b) standard curves
2. BRE-AEEREIREZ: () SN RRIEE; (b) R

O

DOI: 10.12677/bp.2018.81003 23 YR


https://doi.org/10.12677/bp.2018.81003

B 't FEE 5 9 2 A )9 PR U B R A 22 R PR G &R
2) FEah S EE
K Lamda35 %458 Ah-FT UL 73516 ) AR 5o v v T o e R At BUR: ot FD 55 0 T IR 1

2.7. X SHERATH A

B AR AT TR S AT T Ve B R T TR Ry A, MIARTE M B 45 ik e, KSR 1F: W3, 3R 40 KV,
B 200 mA, FFETEE 5°~60°.

2.8. BEMLIES

B I E T 28 7K AR L EBR B G 24 BT, ARG TN LS B A R T, WER R, R
FH KBr [E =M, F93% 36 4000~400 cm™, 9878 32 Wk, 4% 4 cmt.

29. FHBEFRAERES T

BB SR BT R SR TR T 5, EWTmm 4, HE-LRmmI S, s PR
KT TS
3. &R5118
3.1 XHEOHEEMERN FTIR SR EFE RIS

SKH FTIR S EC ek B AT E Bl i (AL 24 S ARk, FE3 5 P A v A o5 s M s R LA IR,
TE 3 A 1.

H P 3 T, 934 cm™. 860 cm . 763 cm AL AEN HIHRAE I, BI A o-D-MH R 3R 2 0 0B SRR B
3400 cm BT B & R -OH R g PR N6, 1640 om™ &b R g ATE b 431 N 45 & 7K 1-OH 25 il
PRENE, 2931 cm AL RIS I B AR S C-H R4 dR2hI%, 1154 cm AL é )y C-O-C 2] F
) C-O iR 54, 1081 cm™.1024 cm ™ Ak (R icié Ay C-O-H L [ F ) C-O Mh4atRahI4[13] [14] [15] [16].
1239 cm &b TT I JE T P=0 MHZEIRS)IE, 1206 cm AL AT IHJE T P-O-C R 4E4R3hI&[17], FF
H 5 PSF Ml tb: CPSF 7£3X P Ak (W WG 4 BT i, 3X AT RE 2l T3 TSN 51 N e B s 55 [ (845 P=0

1239 1206
kA

Transmittance (%)

3392 1024
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Figure 3. FTIR spectra of starch films
Bl 3. TR FTIR 3&[E
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A P-O-C P4 HRENIEIE5E; CPSF X)-OH MR EIIEAE A, Hia st $igsl, X i B-OH R sh A
FWF, -OH HASHREEIUR, BRAE T ACHERM[18]. BA FIXEeer AN I AN A2 (k352 STMP S
B 43 T B AE IR SN AR 1l 1 PR T 5 AT SR L 1 A M HRE SR o AR A = (B IR BN S5 VM IR S IR, ZEVE R M
Bh SN = AWBEER N (STMP) AT NaOH, (AR B AE ML T i R A P R AL A2 k. & 4 B, STMP 23
T P-O-H 5 A RTEN 778 LR ER R A A SN P SR, A A B A BL L FSEAs 701 2 e i it
WEr e e, B2 g (A AT IR X 2% 25449 19] [20].

K R — T3 T AT S R AA R 8- 2 73 ok IR A IR RE B DTk 55— 7 T K 38 A T DARAE AL )
SRAREEBIITE DL, 217K 3 2 B R SRRk PR, TR A K R R o AR B ) B0 S IR
WA FE B, AT iK R B, AT B = e 25 S5 K SN EUE S BUB R IR T B
DRIt JEE BRI K 31— s RE S BT DA et S X A2 IR B2« AN R AZ IR PEAE it (P S A R R 1 Bl
M 1AL, B SR STMP S = (KO3 I, X S HBE (1 7 I 3 B BRI 3R Wb A 2R v Sk ik
SEPIZHTIR D, SRR L B AT I, s 18] RN 4 S A N .

32 XBDRERHRERBIETORSEhFENEY

A P AR AR I A2 R PR DR R 70 B FOBAS IR B T 22 1 B an ] =2 e FLIRAAT I oG . i, AL
X EE 34T 1 A R A R B 28 B e o RS AE A 5] 2% 1R T B A — s ) R)JS IR S AN 22 e Re AR Ak, & 5 B
No HIE 5 AT%0, FEREE 12 h J5, RASERHITERIE PSF A4S BAFE BRI A BRI CPSFL il CPSF3 £U58
P AR A T/ B PR VE A BRI S IR AR, 1 B TR R [ B e D K o O A A
S FEYTKYE: 1 CPSF6 7ERFE 12 h J5 Ui Re ORFF SIS, CPSF9 fE/fR 4 d 5, A —
SEI )R, AR B oK) CPSF15, FLAERgfR 7 d JEIEMIANEANREDRRR,  H LA 5231 & (1)
Ak, I BAE— @ HARVE R AN, 3 IR FRECUT 1) ) 58 R o LA 30 G B Bt 45 A8 IR AR B2 IR 386 K,
AT AP G A 8 T B R AR S, RIAE R o -VE R B R B T A I TR R ) 2 I R B — e IR A

25 R 0 SR 2 B LG AN [ A8 B RE R A B )V A e P e FLAE B R R i ARk, B

Table 1. Equilibrium swelling ratio of CPSF with different contents of STMP
#® 1 XM R TERKE

Sample Equilibrium swelling ratio (%)
PSF 1814
CPSF1 355
CPSF3 277
CPSF6 267
CPSF9 223
CPSF15 181
0]

Na_P.O. (NaOH) ||

3379

R OH » R (0] P (0] R
ONa

Figure 4. Proposed mechanism of the cross-linking reaction of starch with

STMP

Bl 4. ®#M5 STMP BB R RIA1IE
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Figure 5. Photos of films with different degradation time

5. RNEIAZERH & 8 832 B M IR O L S e B AR A (B A 2R 1L

GURDLIE 6. Hikl 6 ATIHL: 1) STMP ZZHRREMS BORMBR e b I sR, I H.BGE BORBESS AL L H 1Y
KNG, CPSF15 (IR rl ik 60 kPa, ZEAZ RARAZECUER B CPSFL 1 3 fif, T ARAZBIERD 5 PSF
IR A BEDRIE  2) DL A IR AR A 38 o i PR () S T PRAIG, XA R T iR AR Uk i, M
P EBREHLBB A SE A 207 ) a-1,4-FE 8, S T2 PEREFRAIR[21] - AR IR ZE SO VRV A, SZIBH & Sk,
MR, B S B, DR DS IR A HE b A P L D AR AR PRI

3.3. JEMIRRPBRRNE

N ERHTER IR PR ARFERE, SR DNS 5k 5 (0 370 5 AR AN [0 I 1] F F AR A o JEURRE P 5
P 7 AN R A TR FEE A8 I v s I 1 Bl AR R (R . el /1 7 T 0L, R SIBR PSF B & BRI A ZE K, i
SRR IR JERE R & P . 22 2RREAE) S BN N[22], 5 605 VIR RO 0 S A €0 I 5 1 A B O
KITINIR o T it 5 F A TR FEE AN K WA 2 A 4T 8 AR TR IR A 1A K, G L 24 s B B4 i ) 15 wit%
i, CPSF15 Jgf# 7 d Ji, BEMFE GUSUIA R W B IARLL &, U8 CPSF15 TEE Mg I/ER T 7d )5,
ATHA R A T S ) B A X TR A BB 1 P A T SR AR B/, ST v, TERR T B TR AT T X 48 &5 4
RISl 76 g AR A R IR IR IR G v, b o0 T (R L DR R 0 SR MO BE S, AT (S 753 Ve A I 20 - Mk DA 5 3
K0 o3 T P L, AR T R i v LA I A S L P R A

R FH R Ab-0] WIE RSO B e 523 BT B AR P /N o0 1340 SR (1 2 Rt — 20 18 B [ AR AR B 5 Rl A et
[ R EHZR (1 8). FHIE 8 WL, FEACHRARBERARMT,  FHMERAR A i /N o) 134 SRR VR P58 BT IS B P R P
Bfg e R, BRI AR PN B RS A DR B A BRI S A I ST T B AR B B, X R BAAE T R
FEAER] A F B X3k 1) Bgor T vl S X, 12 DX S 7 i A v A 22 Hh ] 3 K A4 A0 43 7% 1) ) B
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Figure 6. Wet strength of films with different degradation time
[ 6. ZEXARAYITIRFERE ARATE) AT 1L

Figure 7. Photos of colorimetric solutions of
degraded films, degradation time: (1) 1 h; (2) 2
h; (3) 4 h; (4) 8 h; (5) 12 h; (6) 24 h; (7) 2 d; (8)
3d;(9)4d; (10)5d; (11)6d; (12) 7d

7. NEIRZEFIE 2/ ZBLE M BR A PERR
WEERE, FBEERE: (1)1h;(2)2h;(3)4
h; (4) 8 h; (5) 12 h; (6) 24 h; (7) 2 d; (8) 3 d; (9)
4d;(10)5d;(11)6d; (12) 7d

ARK, MTTAEASIERD B 7> 7 T4 B N R A B S S, PRS00 AP S I 8 R AR X g 2) gy
TARAT B X, A% X370 B HE B (PR 45 S A S BR) IR IRARERE /N, S i 703 B I N X 8K,
B PR S ML e AR AR AZ X IR T, AR S HLIZAD RN, I TP 03k AR B PR I g e I A AR I X I8 T
MR SIAE L IE B — E (B, W1 CPSF15, BT 70 FHEMI R 7r . miEscHk, WK EIR(hR 1 7]
W), AR S SR A AR R R T P RETUAS IR /N 73 T3 SRR FEAR I

VEA R e e P R DX ARG AT B IX R AEAE AT DA HT H XRD ESE(WLE] 9), RASEIER IR PSF 7E 260 20°ff iz

DOI: 10.12677/bp.2018.81003 27 AWt FE


https://doi.org/10.12677/bp.2018.81003

—=— PSF
1 —e—CPSF1
504 ——cCPsF3
—v— CPSF6
1 —e—cpsry
40 1 ——CPSFI5

Degradation ratio (%)

= T - T T " T " T T ~ T T f T T * T ﬁ' T
0 20 40 o60 80 100 120 140 160 180
Time (h)

Figure 8. The relationship curves of degradation ratio and
time while the films was treated by a-amylase solution

[ 8. NEZHAFZ R IR B RRE B SERARATE] A9 X
ARihzk

starch film
crosslinking starch film

N MWMWWW

. T T
10 20 30 40 50 60
20 (degree)

Figure 9. XRD spectra of films
9. JEMERY XRD iEE

HYIIL T BH R BT A T IR 4 0 (23], 3K 15 B R R AT) A A e S AR TR R IR AE B X, 1 i AR AR AR 4 R X
M ACBRIE RS CPSFO (17 XRD [ 1% 2 B 1 [ 25 B e b 7 B A A T 8 TR IRES (0 T8 6 TP LR EAR)
LR DR A 92 R T [ B A A R A BB e 2 Ui 17 S K 43 1% 1038 B RN A ME Y T T 1l v P I Ak ) &
X, BEE BRI, ACERTT S8 2 T Lo K Ik B DA o TEE R S o Ess, fifS
SETEIX AT AT A, BLE CPSF15 FUACHRFE RS, e X Ab TANAT JORZS . i Bk isHig ar 4,
TER 11 A8 B P T A S s M AR K, A8 IR AT S A 701~ AR FH AL skl BELAS T S A 1 g
fift ) Si[24]
3.4. BRMEXTZELE IR F AR

KA FTIR (& 10)F0 SEM (] 11)3RAES> B 1 A e A M g Ak 11 ) PRI 25 S5 R RSO T 3 AR 4K

B P 10 AL, A2 R Mt A i I TRl ] FTIR JEASARBL, 7R3 BRI 5 U7 T % A B 281k, XA
o-VERY BEXTVE N 70 F HIVE R T ZE VI a-1,4 BWEEFEE, P= B AN A 3R & B AR SR M, e AME 2 A K .

Il 11 v PSF J& CPSF15 BfHfif mif Jo (2R 1 S Wi rp i B FE R o |11 9(a) (b) (e) () PT IL, KB PSF

DOI: 10.12677/bp.2018.81003 28 AR


https://doi.org/10.12677/bp.2018.81003

Transmittance (%)

CPSF enzymed

T T T T T T T T T T T T v I
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm")

Figure 10. FTIR spectra of CPSF unenzymed and enzymed
10. AZBXAEEERE S R E 2 TR LI Sh ik E

3 5.0kV x500

(a) AR PSF K

4 5.0kV x500

(c) PSF g 2 h & ii

100um |5 5.0V x400

(b) AME PSF i

(d) PSF Figfi#t 2 h Wi

100um

1OOLI1mI
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1 5.0kV x500 5.0kV x400
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Figure 11. SEM photos of PSF/CPSF unenzymed and enzymed
11. ESRRRIFEHY PSF & CPSF MFH SRR A

H1 CPSF15 [ 1H [ Witk 2BG I B 450, T R RIEME . PSF &/ 2 h 5, R I 2 LIRS
HOARMI SR, W SEA N L BUERE, NAESEIR PSF RIEAA H Bl — 3R G5, X2 H T
CPSF15, PSF B§{ERINI 52, 5 o-TE M IR AT PROHER A2 [ 8L, B4t () 5 B s T B A vih . S8 PSF 3R
[ EL B ) 22 LI 2% T35 . PSF AR T (0 ) FE R 2908 150 um, g 2 h 5 )5 B2 K208 55 um, 1568 PSF
ZMfE 2 h ]G KA TAR KIR B FA# . CPSF15 &l 4 d J5, RiADEM ARS8, FFLUIRR
BB, WTTH SR ACAE SR B (MRAS, CPSF15 B ff a2 )2 K208 175 um, B§f# 4 d J5 1) CPSF15 JE K4
79160 um, UiW] CPSF15 ZHfik 4 d J5 KL T —EREE I MR, HIEME YIS L PSFAKIEZ . A SEM 7
HrrfCAUE i, PSF fil CPSF15 [ i fig 4= L& M ) 3R T T 46

CPSF i} By il M B4 PSF MRS, RN ATREN: KBNS, VEM 0T WRESERD, 35
TEMELRIKERETT, SBUEM TS5 a-VeBBEN T IRHARNL2 N F4h, B AR AR5 5
e, XS T a-lEBBE B NEM T Fik, SCHCE M veR LR SR it By g vk ae,  Hol
DL T AR A2 BERR SR 5 CPSF (BAR 11 o

4, &Eig
1) SBFIEEA 0~15 W%l , BEHEACHERAr B s, S BB i T 05 T K 2R/, B A8 A
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rf A

Ko BEERCBFE LRI K, AZBERIM BEAR RS JI A8 55, 7d N PSF B3R 1A 3] 55.0%, i CPSF15 HI
R RAN 1.6%.

2) SRVEA HRBE AL AR, FEACIBO & BROR, JReREOR, PR AR
3) tHUEAD REEHR AT J 1K) SEM 23 M el A1, PBS FRIEAR IR AE o-VE K Mg AR (i At A ph 3R B
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