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Abstract: To develop the polysaccharides from Spirulina platensis-chitosan composite film (PSP/CH-film) with good
performance, nano-SiO, modified SiO,/polysaccharides from Spirulina platensis-chitosan composite film (SiO,/PSP/CH-
film) was developed. The effect of different mass concentrations and different particle diameters of nano-SiO, on the
structure, physical properties, mechanical properties, bacteriologists and biodegradability of SiO,/PSP/CH-film were
explored. The results showed that: Nano-SiO, had good compatibility with chitosan and polysaccharides from Spirulina
platensis, and the surface of SiO,/PSP/CH-film was smooth and flat. The addition of nano-SiO, with a mass concentration
of 0.05%~0.15% and the particle size of 30 nm improved the tensile strength and antibacterial properties of SiO,/PSP/CH-
film, increased the thickness, swelling degree and opacity, but it delayed the biodegradability and decreased the elongation
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at break. When the mass concentration of nano-SiO, was 0.1% and the particle size was 30 nm, the SiO,/PSP/CH-film

exhibited excellent antibacterial properties and tensile strength, which was beneficial to prolong the shelf life of food and

improving the actual durability of the film. When the mass concentration of nano-SiO, was constant and nano-SiO, with a

particle size of 500 nm was added, only the elongation at break increased with the increase of the particle size. Therefore,

nano-Si0,, as a good modified material, could be well dispersed in the blending system of PSP/CH-film, improved network

structure and comprehensive performance of the composite film.

Key words: nano-SiO,; Spirulina platensis polysaccharide; composite film; physical properties; mechanical properties;

biodegradability
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Py, FoRIEEE . AASIREE . nIZEWREfR . JoaEdfil
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Gl TR JIE 8 (Spirulina platensis) J& T W 5% [ 112
fends, b, B EENERESE N . PSS EY
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i FHRTEC 1 mL Ff B AiCK AR B2 10 mL. 3%
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PCPERRAS 3 A, B R PO A K vl 5 A4 g5 433 Dl 5
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K E R 30 min. PEARHE LRI K Sy, S0l T
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W, BISIERAT FHEHPAR . #BY AR H A4S 0.8 cm
BN TP e, B8 T 37 °C REFEFE Y 24 he
AR B B ELAR R NI B RCR
1.3 B

A i — 40 H 52, B FH Mean+SE JE X,
SIATACEER A DPS 9.01 47T Duncan’s JE M 221505
25301, P<0.05, 5 225 . VEEZRA Microsoft
Office 2016,
2 HBRESH
2.1 SPUEEHINER

B 1T s, S BB R 2 B0 JC (4 WK
PSP/CH-film H T BP0, B2 L A g
SE4, T A S ECUL R IR SR (0K 7 PSP/CH-film &
il EES IR AN 0.1%. B4 A 30 nm Y SiO,,
il 5 H 19 Si0,/PSP/CH-film 52 Bi 45 375 B 19 JK 4 (0
R, R 5 PSP/CH-film JGHH B 25 5% . & 25T
Hu¥E) 5], RIS -

K1 CH-film, PSP/CH-film. SiO,/PSP/CH-film {4
Fig.1 Appearance of CH-film, PSP/CH-film and
SiO,/PSP/CH-film

2.2 HEMLOIMNEES R

LT AN GEE S AT AT LU S 4 F IR G2
(1) 4 A 25 P B 45 2H 43 W 4RR A 35 AT A AE 54 AR,
PSP/CH-film 5 BT & & &0 0.1% 19 30 nm K. AE 1Y
SiO, #l £ 1% SiO,/PSP/CH-film 8 BL i 21 4R S i 43
Mran&l 2 frzs . PSP/CH-film 7E 3500~3700 cm ' &b
A R WG, X R B T 0 T -OH 5 77 IRbE
T -NH, fH B AR, 4G5 a3, BEE Sio, myn
., SiO,/PSP/CH-film 7 AN AT F5E5 i e WAL, 3
Pl Sio, FUYiFES-OH 5 PSP/CH-film HiiF#-OH 4%
AR, I B B AR AR, 1723.61 em™
ARy R W g R R B 1Y P 4% Pk 3 14, PSP/CH-film 5

Si0,/PSP/CH-film 7 2251.49 cm ' 11 1723.61 cm
PHAR IR 5 B2 T L-F-AH R, ELICHT W o H 3, Wz s
WA= PR T3 2 M AN e SR SRARIRAS T B At
] SiO,/PSP/CH-film & & i 2 1 JE il — 2 i &
B, A SEHT AT R AH A PHERTAR P

3709.83 cm™!
t — XIRAE A
— R PRLH L A
9
e 1723.61 cm™
A T
p 2251.49 cm™!
A
R
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PEEL (em™)
K12 PSP/CH-film 5 SiO,/PSP/CH-film HJ£LAM AT IE] 1%
Fig.2 IR of PSP/CH-film and SiO,/PSP/CH-film

2.3 SiO, RMEXNE SR ARSI

2.3.1 SiO, BIHEXIE -G EREREAVSEm K 1
AT LLE Y, BOHEFRIA KRBT 30 nm Si0, BYES X ek
PR E | 255 . AN EE | IR 28 5 (P<
0.05) . XA HESEH T/ SiO, AT LITEIA 5] 43
LT BB RIS e R EL I 28 25 44 v, TR T 43T
Z [E] g (B B, o S 28 A0 B DR SR, O H/ kAR 53+
TS B, DT SRS L EE RS e Y . [RlE) Sio,
IR B BT, 65 Si0, T ANRELkS: 575 bk
FHE 2 WA T IR ARG A4, DT 53 B EAS 53
(6], EEARARARAG NN o i TG R EE A i, JEr A
B, T LA ERE Si0, BUHG > s, stk
JEAIELFERA TS, FEAIR T AT WY =32, O H. Sio, F
H2 A6, ULl Sio, I Af#i15 SiO,/PSP/CH-film
BT IRAL, e BGHE W] BB WK . T
K SiO, RIMAAAER Z TG VEREILH, AT RAFI 35
ZKVE, IR, ATREH T4k Si0, S7eRpEfpE iz
(B TES 43— 1) U B, R JB A 431 () (5 1) 4544, 5
BOKSFFHE G BT, I H. Si0, At ¥ nT LAfH

F 1 AFEYK Si0, BIMENE A IR %
AN B TN T 52 i)
Table 1 The effect of different nano-SiO, additions on the
thickness, density, opacity and swelling degree of
the composite films

§ o 175 HH -
B R (um) B (glom®) T(’fnﬂ{; IR (%)
PSP/CH-film 250+29° 4.85+0.108" 4.21+0.070° 365.53+8.467¢

0.05%(7J30 nm
SiO,/PSP/CH-film

0.1%f1%30 nm
Si0,/PSP/CH-film

0.15%/%130 nm
Si0,/PSP/CH-film

410+£31" 3.46+0.164° 4.27+0.086° 2195.89+20.897°

567+27* 3.00£0.162° 6.00£0.102° 2714.15+47.410"

61046 2.90+0.224° 9.98+0.434° 2015.97+23.005°

TE: [FFUAR RN TR R 22 57 .35 (P<0.05); R2~35 (Al
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PHIZ G AR R A HNE, Ak T IRAH K. (Had
B9 Si0, S¥E MM G AN sE4x, 73Tl &5
YL, AT K S10, HAT SR K PR, T A 440K
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2.3.2 SiO, Wi &4 YL R S E B4
AU RE = AL P TR B AT AL %, Ry
HOBLBRITEREA B THIR TR Shid B rh i 1 g, SE R BERY

AT, Herb, Pt B Sz ke 1 JIEAY g~ B2, T
DT AR S R A SR . AR 2 AT LU H,
24 SiO, WINEN 0.1% B, Si0,/PSP/CH-film HIPLHL
MR . BEYE SiO, RYBS N R Le g nE] 0.15%
Bf, Pehram B FRES] T 6.3 MPa, {H A5 T X 18

ZHl. Rhim 550 (Y5 IER, 3l Kokl i etk
YEFIF& T T 52 SROBH i IR ) B har 5 58 1 BEL I 4 e o

Si0,/PSP/CH-film [P THITEE i E e v, FE W] st se
Tk SiO, FURLE I i 1 PERE R AL S BRI e 2R
BRI FTIE U, B9 T ST RIAH EAEH, = 7E

TR P AN T PR A i, I s 220 - SR S A oK

SiO, Pk 53+ [8] i SRS A, (50 T80 .58
YU A ISR AT T 14 IR L 2544, i 1Y g 24k

fig, MR S B U RE N H 1. BERY 2~
TR ST Ik PeEn, T AR 25 BE )N, (EUR

Prhism AR . (H 2SS R, Sio, HIR A
T, SEGHRI ORI, SEm S B2 A5

HORCAREREE R (R, BEE K Si0, S HEagHg i,
SiO,/PSP/CH-film 11y Wy 24 {1 < 5 [, b 45 2R 5
Tang £ SRAHIK Si0, XFHERY/ IR 2 Ia e IR A
AEROAFIRSS 2R —2L, PIRER Tl S b Y P %
LEAAES N IVERT T 43 T B R PESS, DT 22l RS

W R TR B

£ 2 RFEGEK SO, TINS5 A BEAURIERE 195200
Table 2 The effect of different nano-SiO, additions on the
mechanical properties of composite films

o] PrhiimE (MPa)  WIZUHRHCE(%)
PSP/CH-film 5.64+1.04° 12.37+4.73°
0.05%F%30 nm SiO,/PSP/CH-film 5.704£0.73¢ 5.34+1.25%
0.1%f#30 nm SiO,/PSP/CH-film 7.65+0.52° 2.78+0.22°
0.15%f1%930 nm SiO,/PSP/CH-film 6.30£0.15" 3.82+1.01°

2.3.3  SiO, @Shndm X 52 & A= Py - R AN B 1
AERYSEIN  SiO,/PSP/CH-film P /14 & et HE FHim
BEIPELERANEE 3 FoR, R T LIE Y, SiO,/PSP/CH-
film 192 55 % 4 35 /N T PSP/CH-film [ 2% B3 (P<
0.05). JfHEEH SiO, By, Sio,/PSP/CH-
film (YR ERIBHTEAR. X RIIGIK SiO, wT LAZE
TS A= KAk, @ik SiO, VEA—FP ICHLRIEZY
Kppkl, A Btk B2 A e, Ak, usingl
K SiO, HAIN T B BEFNSE IR Z Al TRV PEFIAHZE
P, T AT B0 IR 285 44), DAITREAIS T A4 1)
BT, HERYS Yao 0% F Tang 4689 Xt SiO,

F 3 AFGEK SI0, BN E AR E R IR0
Table 3 The effect of different nano-SiO, additions on the
weight loss and antibacterial property rate of composite films

R RFER(%) W B (cm)
PSP/CH-film 78.21+1.49° 1.61+0.06
0.05%0130 nm SiO,/PSP/CH-film  69.42+0.55" 1.65+0.07*
0.1%[1%30 nm SiO,/PSP/CH-film 63.63+1.31° 1.704£0.03*
0.15%f#30 nm SiO,/PSP/CH-film  59.39+0.70° 1.90+0.13*

AP E 45 SRAH— 3K

B B WA T T R DR R B A A ) BB T
iy, LA R R AR LI ET . ik 3
HJ 1, SiO,/PSP/CH-film 14 3 B8 P&l B 4% Bifi & 44 oK
SiO, HRHIER I IG TG <, HIZ WM B 16 P AE G i,
5 PSP/CH-film 47 22 RAHIF A ik 3 (P>0.05) . KKy
FEERMES TGl i ) SRR AT T e, R A
gL i e D TSP s o w7 WONT (TP eI
BEIVER], I B A 3 b e e, PRtk 5228
HEFIE 2 BETE B b e 2] 1 2R AE L Sioy/
PSP/CH-film 5 PSP/CH-film ] 45 R 45 fiy 4110 B 1
A, SiO, TSN GEIE— 2L IR 1 41 PRI Z PR,
{2 Y DNA FIHE TS5 21 460 R R 20, 3
ANEEPET-H1, BT SiO,/PSP/CH-film A4 B LRSI
F PSP/CH-film,
24 HEMNE SRR
2.4.1 RARXTE G EEERERsEm 2Dt
FETEUS AR [F) BT B i AT T, AN [RPRLAR B9 9 oK
SiO, % PSP/CH-film S PEAYFEMR o BB £ 5T i 7% i
A 0.1%, (BRI EAES52 50 i1 500 nm B944K SiO,
A A i 25 1 et 52 58S, RIS 30 nm UM R LU
YyERERE RN RE . A FEPRARAILIK Si0, K55
FPPRPEREUNER 4 PR, HIER 4 AT, BEE YK Sio,
Bt RSF Y3 K, SiO,/PSP/CH-film HYJEJE | 25 1% |
FIA K BEBE Z FEEAR, (BJEANE W BE 599K Si0, kife
FUNRIEAC R .t TNk 2 2y AT 5, H/ IVt
LT 25 5 53 BT 5 SRME L BT 45 74 h B i B0 X 2 4
ey, JT LA/ IDNREAZS B AP RS BE R o RIS, Bl 4K
SiO, BIAR G IR TAT i LU BOHLRE 2 A2 S AR
B EE 1 BROE HL e 2 BUT B, Bk, SiO,/PSP/
CH-film Y5 BEBE AN K Si0, LAz R 1% 3 I 1mj ik
sINe BACPE ISR AR 325 W JRE S B L B 3 A T B A (P<

F 4 ARFRARYIK S0, X E A R HEE BE 1Y R
Table 4 The effect of nano-SiO, with different particle size on
the physical properties of composite films

R JEJE (pm) % (glem’)
30 nm HYSiO,/

W (%) B (pm™)

PSP/CH-film 56727 3.46+0.16" 2714.15+47.41 5.99+0.10
50 nm [1SiO,/ . . . )

PSP/CH-film 570+£12*  3.10+0.24* 2103.324+36.97 11.83+0.30
500 nm fYSiO,/ 460432°  1.0240.16° 834.63£30.53°  21.72+1.09°

PSP/CH-film
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0.05), A] GBS T IHRA2 10 SiO, 1EUEIE H Z BB
IR RS, DRI, X AT LG s et 2RI T T R,
DA T 52 R 2K SiO, AERACPER HR AT 38y 1 430K
5 AFRE . Rahman 25 P\ B R R A2 13
K, SiO, KM IR FLECR B RIS, {5 Sio, L3R
AR Si-OH & B2 R, PRI, 524 s s i
IRFEIF N, T LA It B AT

2.4.2 RiAEXFE A REHLARYERE . REf-E RE S B
FOSEI  AEPRIARANK SiO, XHE AR PERE RIS
R MEETEARE I LR 5. RER S nTLAAE S, BEEYN
K Si0, RiARmIE I, &G TR B2 TR (P<
0.05), Wi Zd i B FAB AR AN I8 55 (P>0.05) . 7T
FEJZ T 490K Sio, kiF bt/ 30 nm B,
TN Si-OH FEZELIINST TEAEAED, JIL7. 1Y Si-
OH /IRIARYIK Si0, 255, 55 R PE b Z R
L2 25 He, I HIL LRI, FRIADHDRE s v Be s
o T EEEE ST, FrLA 30 nm BYK Si0, B ARG
BERETI . AR Si0, Fi— i i WILEE Rk 285 571, B
RIAR I R, HR T AR S AR AL BRI, ZE10)
=i, FFLL 500 nm BY4NK SiO, 5245 ik W S84 4 5
TH&E . 24 Si0, R RAFRT 60 nm B, KERSF1Y Si-
OH J& DL EZ LA 7 Gq- &1, brsferEaesr,
FITLA 500 nm BIGK SiO, AR E R R E FEIN(P<
0.05), BEHH ILE &2 A MR REFA T FR R I, IEAT, FINEE
L5, AEPRIAE(30. 50, 500 nm) 4K SiO, Xt
HCPEREHI R M T i 2 M (P>0.05) .

5 RRBARRIGIK Si0, X2 A BHURIERE
I AN TP 5
Table 5 The effect of nano-SiO, with different particle size on
the mechanical properties, weight loss rate and antibacterial
activity of composite films

B PUhmsgE  WEMRR RER PR EAR
(MPa) (%) (%) (cm)
335131(:?-83&/ 7.65+052°  278+022° 63.631.31°  1.68+0.05°
SSS’;TC?;‘J_S;%/ 5.63£0.40°  3.96£1.43 60.71£0.27% 1.70+0.04°
sgg;/rgﬁ{ ?1‘%/ 2404037  5.30£1.68° 56.01£0.90" 1.71+0.08°
3 4

ARICHFFE T 912K SiO, X PSP/CH-film [ 5211,
E S EL LN GRS Si0,/PSP/CH-film #E4 T
FAIE, 45 F M. Si0,/PSP/CH-film H SiO, 5525k
FrssE 2o A A T SRR EARE I, BA B aAR s
PEFIPNEWER]. 8 Sio, rusiett, nTLIR S SiO,/PSP/
CH-film FOHTH7 58 BRI R, dghn 178 | 5K
FERIASIE W B, (H IR UL e 2% T A= MR figk, FEAIR
T Wi R . BYKk Sio, RSN 0.1%, kits
JSE2k 30 nm B, il #4514 Si0,/PSP/CH-film 43 4 4f
FOM B AN TR L, AT S ISP Y. HeAh,
Ry i — B RIRL T HAR I AIK Si0, X SiO,/

PSP/CH etV G RSN, A2 BT IR 500 nm
) SiO,/PSP/CH-film, J3 45 J&L B A% 3, {0 JORLAE 11
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