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Preparation and analysis of nisin-loaded chitosan-starch coated paper
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ARA LD 2 B R AR 8 By b A R K B 8, B R 5 R A
25 0.3 7L/m”;Nisin 89 FmF £ 3 1 g/100 mL &, ik H 4
KT K AT B oA B Aok & W) H R e R & 5 50k 70300,
72.8% . # Nisin & R 48 & 8 ik A 4k 2 PR AE 17 i 1k 49 F) BT,
BRuRBAEMAR AT A R THAE LAAR LR
B A AR BT A ik S T R AR R R K AT A e e
KEMARA.
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Abstract: Objective To prepare a new kind of grease resistant -anti-
bacterial paper using natural biological material as grease resistant
and antibacterial agents, and to test its grease resistance and antibac-
terial properties. Methods Grease resistant-antibacterial paper was
prepared by coating grease resistant antibacterial agent on paper. The
grease resistance grade was tested by surface repellency test. The in-
hibition rate of coated paper on Escherichia coli and Staphylococcus
aureus was calculated by colony method. Results When the ratio of
1 g/100 mL chitosan to 10 g/100 mL starch was 1 : 2, the grease re-
sistance grade of coated paper reached 8, the cost was about
0.3 RMB/m?; when the addition amount of Nisin reached
1 g/100 mL, the inhibitory rates of coated paper on Escherichia coli
and Staphylococcus aureus were 70.3% and 72.8%, respectively.
Conclusion Nisin-loaded chitosan -starch coated paper, while
ensuring grease resistance of paper, cost less than chitosan coated pa-

per and has more suitable viscosity than chitosan and starch. It also

E&WE :HZEE S AR RS (45 2016 YED0400701)

YEH & X5 L TR R AR A

BISIEE S (1966—), B LR K#EHE . WL AE W, 1+,
E-mail: lulx21@126.com

Wi EHE:2017—06—05

106

has better toughness and flatness than starch coated paper, and can
inhibit Staphylococcus aureus and Escherichia coli effectively.
Keywords: chitosan; starch; nisin; grease resistance; antibacterial;

coated paper
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)46 1 AR A5 B 1 P o P R T T T AR B g AR A T
TR EH I BB Tk e S e g — R,

TECHER b A 3 50 B ) — o DL AT A= 4 B A 1 R AR v
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26003 : FIFE B A RA A

AL VE R BRI L £ R LR L IE B NaCl, H il L%
T BT Ak [ 2 AR L AN A BR A

A R R R A R BB R OB P AR T ROUIR - AR
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AT 60 pm, RIEBHEAEILA R A A 5
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1.3.1 Wiy vnsn] 4 v 70 o 4%

(1) A7 P E 3 B 00 ) 4 18] 100 mL & B F 7K ol
A — g B REYETE R L 7E 90 “CoKiE H i+ 30 min, ff JE A

WAL W 2.4.6,8,10 /100 mL A 3E R WL . 55 1 o

(2) FERBEGT M H 4. 17 100 mL Z /R 5k IR A%
WP (B 5K IRFL S 10 200 Jim A — & 1 1Y 58 B0, A
e I B PR AR AE 50 °C A AF T 8k 30 min, {3 78 437 % . il A
1.0,1.5,2.0,2.5,3.0,3.5 g/100 mL #)5%c BBHIE R . % H .

(3) ZABMAH M 1 g/100 mL W2 REBERS
10 g/100 mL #4L 5 R TEM IR A0 A3 IR 3 0 1,2 0 1,1 0 1,
102,10 3 MIRBUEL Rl A . 15 3 7% BB 5 8 M v TR A AN TR 1
BIR AW . MRS B — & i H 5 5 8L e
50 ‘C/KIE 122 Bk 30 min, 45,

(4) Ui 7 Nisin B30 L3S BK S TR A 57 1 771 (G2 2R 4
VWS VEM AR T S 10 2) gk bh 43 5 1) v A —
A Nisin, JF 984 pH & 4.4 i & 0.0,0.1,0.5,1.0,
1.5 g/100 mL Nisin B 57 B30 .

1.3.2 AUk A T PR IE K B0 E R A DL R AT IR
AT AR W AT 4 2 RBEAT . BRI S mL e B 4 A Bl
FHUR A 2R B B 51 FE 20 em X 30 em (4 40 B i, 60 C
THET 1 min, B BT #4752 IR A, Z J5 FRRAE 60 C
BT 1 min, £E 23 °C.50 YoM X BE 45 T ALEE 24 h, %
HEAT BI7 1 55 3K

1.3.3  FHEAB LA BT (0T A B A L R Uk A AR B AR e 2R
i E K LA B S A Bl il 3 VA A AR R TR AE

1.3.4 Bt SR GB/T 22805.2—2008 H 3 ffi HE
JF A AT B B i PERR . A SRAR S BEALIR I S AR, A
AR5 SR 7= A W G R i B BE DU UE A A B B AR . TR
Rl 8Kk 3 4E 0.027~0.033 N/m"™ , [ it € & By il 4K 119 By
AR —IREERAE 5~8 K.

1.3.5 Bl o 48 00 B R 3K 6 & R Rk Nisin (1 By
IMPLEFI A IR K 3 cm X 3 em AL B FIRE PG4
A 0.5 mL W5 10 mL & 3% B (25 1 X B AR
B4 WA 0.5 mL JGE KA 10 mL E 3 W) .39 CIHE ik
B g% 24 ho ¥ M AT AT % 24 b R BOR B 101, 10°,10°
%, 250 0.1 mL FP-Mrbs 3k B IR B IR k959,37 C
R B 5% 24 h, B T8 B0 A6 30~ 300 CFU Ay 3% 35 B 471
BLOIEHRX(DOITEME R,

E="2"" % 100% , )
N,

A

E——EH %, % ;

n 50 41 T V% U, CF U

n; Xof B 20 TR 7% £k, CF U,

2 #gikG5iie
2.1 BIMFIRENRKKGHMERRARBENZIE

FH e 27 286 B 110 7 e 700 2 B L o A% 00 O R AR TR 2R IR
fEIRALHE 24 b JF SEAT PO AR PEREAL N L SR ISR 1.

H T 1 T £ 25 1) Bl s 45 R SR IR 5 4. 3% 1 XS B il
FYART 5 FM B AR BUR Tidie., 45K, YR
WEES 3 g/100 mL B ¥R AT AR B S o 7 9. iR BB K
BT VR BE 45 11 (550 mPa » ) . MTEMVEEE N 6 g/100 mL
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Table 1 Effect of different grease resistance agents on grease resistance level of coated paper andsolution viscosity
75 i1 77 il 2% B M A5 4% WL/ (mPa « o) e RBHR AT i/ (g » m™?) FEMIRA A/ (g m™?)

3.0 g/100 mL 7% R MHAE K 7 550 5.00 —

3.5 g/100 mL 7% B IA 8 850 5.83 —

6.0 g/100 mL J& ¥ A 6 17 — 10.00
8.0 g/100 mL &K A W 8 29 — 13.33
10.0 /100 mL Ji B ik 10 39 — 16.67
SERBVE S VE R AL 10 2 8 69 0.56 11.11
SERBIVA S VE R R 103 9 67 0.42 12.50

b IR A AR BB T g T LIk E] 6 %, H TP &4
AN T 25 0 S TR KM R TR R 22 L B e
LR %A B K P W A 465K o I 26 B R 4% 9K F %
P2 KWLM B YT R IR E N S F R, B G TE R T A 4K
ARIE I L RAR & ARAS S5 e . 258 JROBH VA T 5 T B T R
PRELEE 10 2 B, v A 4Kk B0 B il S GA B 8 . BLEETE
B BESE (69 mPa ), [ B I A 485K A9 7 3% 5 15 9
T R T UE R U A AT 4 T R B

7o M VE B BT 4 4 B0 40k 180,18 T/ kg I T
PIAGF I 3 /100 mL Fe R MR A 45 .6 g/100 mL 3& ¥ IR fii
4C 55 52 4 W7 il AR T A AR (G BEOBEVE TR S TR IS TR R BLLE
10 2 MRA M4 K 0.9,0.18,0.3 7&/m*, B & 4 B il 7
FE R UE W A7 40K B T 45 9 5 7 S PR RE M AT IR T AR B
FCRME I AAE T R R AR BE F AR
2.2 FAREBEFRARKEDHETERE(SEM) 4

SEM 1] H ok WL 58 Rl 43 #1746 7k R I 2 00 S WL 45 4, 2 4y
M 4Gk S Uk J2 3% 1 45 R4 1 — P G768 000 04 O =X .

P 1 ORT R U A AR R T 2T 2 S A L AH AR Tl AL BRI
MBS 50535 . WA 3 g/100 mL 72 BOBA WK 1) 4% 3K B8R
KA £ HE TR BRE 4 S FE L (B A7 76 48 2 FLBR IR M A8 B T
M b B SR 0B LT 10 g/100 mL Y& 8 V4 W Uk A 4K

' b) 3 g/100 mL 5¢ A

e

(d) S5 By iR A 4R

(e) 10 /100 mL JEMHF R

7 A3 2l

A1

SEM picture of grease resistant paper coated by

R B b Ak A
Figure 1

different grease resistant agent
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AR oy B — 2 7 K 2 We 4% 3K A0 0L L BIL AR B A0 By ik 1 BE .
S By il ) 4R K 3% T I T AL B ST R IR O 1 5 T
B UEW] T S A B R T SR L B s il R B A G Y £
A PERE L FE TR A I L AEEK .
2.3 BiBMEAXE REERMHLR

o 7 K A B R 1O 7 I 5 IR 0L ) B A Mk
AALTF 30~300 CFU, & T340, I e 1 O B 10° 4% Ay il 4
AT BV RO IR R A R LA 2,

FTEL 2 mT R B i BT T X < B0 ) 2 R 1 A o AR A
1A T X K AT B ARG (1 — 3% 22 3R K. AT RE S Nisin #5 2
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B 5 W kv B T U X D L S R L T >
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Figure 2 The number of colonies of Escherichia coli and

Staphylococcus aureus and the antibacterial rate

of coated paper
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600 Da f4rF R 5 il it . Nisin {943 T8 2K 3 400 Da, [H
U R o 3 3 2 G B T 0 40 A D T A e L A T ke
2P B TR A B S R 2L A M DT T B TR R
WA B TR B e R A A Bl B R T A AR
TR B 2% P B A R M AT BT B 2 G PH M B 4 T S R TR T
Y B — s I E

B BT T 700 P Nisin 9835 5] 1 /100 mL i, i A
R ke o K T T 1 4 0 6 76 R T A0 A 340 ok 70.3%
72.8% Bt 7056, nI A S B AL B AR RE A AL K i R
W5 & A AR AR . O T A Ik BP0 R 0 R
i ) AR S B BT B TR B 1 ¢/100 mL Y Nisin Bl i,
I P, A X BRI S0 1 g/100 mL Nisin () By i 57 5
3 U A1 R T o AR e L DL 3.

1 ¢/100 mL Nisin

(a) KIGHFIA
1 g/100 mL Nisin

(b) & HOMHERE
B3 HHERABFEGBAL K1 g/100 mL Nisin 4
By it 4 0 AR AR AR T R R e

Figure 3 Comparison of the number of colony in the blank

control group and the 1 g/100 mL Nisin coated
paper group

2.4 BEETTE AL 1 EE AT

RS EAR ERBERARK R RARURE S
I 700 790 ok A 206 1) Bl R B L DT A S SR R L A B 4
HUBR Y BE DR AT T 0 22 20 #r » 245 21 2% B VA A 4% A 4% 28 ML AL ok 3
BRI A o, P2 B MR ER K. L4
B3 980 790 U A AR YR L TE R IR A AR R R . 48 B B AR
F U A AT DA ARk 4% 5 1 BB T Rl 4R U A 4R — R
H .
3 &R

KA RE S M EmAE R PimA L2 1 g/100 mL 5%
BRI 10 g/100 mL JERHE R AR 10 2 B, B b
3 56 BE 38 v, 9 A 4R 5 B I 2 G S B T A0 A A Bl
5% BB U A 4R T AR KR B HL T AR T T R A A 4R G A
gi R EREG . FEH BTN WA R I, B A B il R 40k 3R

WETCAL B TR B0 B AR N I 2 B2 T e R L3
Ry B B A g 2R S M AR E S TR A I LAk, A
IS 55 170 B AR X R AT - < 8 A R R A — S
YRR ¥ A& 1 g/100 mL Nisin f¥ B il 77 81 751 (9 48 5K % K
AT DA R <5 6 ) B R 00 4 5 3 3 70.306.72.8 04

2% 3Tk

(1] fij s, WO, P, 55, e b YL g FORS 4RAR ) 2% 14 B 15 i
[J]. a3 T, 2015(17): 49-51.

[2] KHWALDIA K, ARAB-TEHRANY E, DESOBRY S. Biopoly-
mer coatings on paper packaging materials[ ] ]. Comprehensive
Reviews in Food Science & Food Safety, 2010, 9(1): 82-91.

(3] EwAn, BB, RV, o BB/ FEEALZ & T ENY
HEREWEFEL) . STk S HUBR, 2015, 31¢6). 7-10.

[4] JAIN A, DUVVURI L S, FARAH S, et al. Antimicrobial poly-
mers[J]. Advanced Healthcare Materials, 2014, 3(12): 1 969.

[5] CLEVELAND J, MONTVILLE T J, NES1F, et al. Bacterio-
cins: safe, natural antimicrobials for food preservation[]]. Inter-
national Journal of Food Microbiology, 2001, 71(1). 1-20.

(6] SBif ¢, sk22 gk, W4, 45, Nisin ZEFRYIH & b i 8L A LT ], £ &
LHL#E . 2001(4) ., 30-31.

[7]KIM Y M, AN DS, PARKH J, et al. Properties of nisin-incor-
porated polymer coatings as antimicrobial packaging materials
[J]. Packaging Technology &. Science, 2002, 15(5): 247-254,

(81 E . FURRHERR B 2 AE XY Vo B B Sk b Ay R LT ). 2 dt 5L
. 2013, 29(4): 174-175.

(9] LA By AR Hl & e ARLT] KEtE4R, 1998(2): 2-10.

L10] faf . 25 3 A W U0 A 250 977 it 4 5 2B Rk 199 o B 1 1 7

WD]. T8 1L R, 2015, 4-7.

L1 2, B, ENAMT AR R R 5 kAT T E
w4k, 2013, 32(2): 56-60.

(127 2l BFNE, AR, 5. B S PUIAaL 8 bR oy 2k e LT ). 2
ez, 2011, 3(2) . 34-36.

CIST SRVE N . W& DC, JBHE . 55, DU A RHE £ 38 P i B e it Jé
[17. £ B2, 2015, 36(5): 260-265.

[14] 248, X4k, SR Bilg 71 i /6 T AL B JER LT ], =
BRiE 4%, 2003, 22(5); 51-53.

[15] SANCHEZ-ORTEGA 1, RELAGADO C. Characterization and
antimicrobial effect of starch-based edible coating suspensions
[J]. Food Hydrocolloids, 2016, 52(52): 906-913.

[16] GHANBARZADEH B, ALMASI H. ENTEZAMI A A. Im-
proving the barrier and mechanical properties of corn starch-
based edible films: Effect of citric acid and carboxymethyl cel-
lulose[J]. Industrial Crops &. Products, 2011, 33(1). 229-235.

(171 B, BEEAh, U, 45, FUMR 5% 5K B 2 (Nisin) 1 3 1E 1 &
A E LB AL L], ERRE . 2008, 27(9): 87-91.

(18] W EZ 4 Tl Br4s. GB/T20944.3—2008 27 41 i 4 B 1L BE T #r
%3 Ay B IELS]. dbat: A E bR E S ML, 2008 6.

109



