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ABSTRACT: Objective To improve the characteristics properties of konjac glucomannan (KGM) film.
Methods KGM/CNC/PS active nanocomposite membrane was constructed with KGM as the matrix, cellulose
nanocrystals (CNC) as the enhancer and phlorotannins from Sargassum (PS) as the antibacterial and antioxidant

agent. KGM/CNC/PS active nanocomposite membrane packaging materials were screened through physical
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properties, free radical scavenging ability and antibacterial activity, which was used to package fresh pork, and
the rotting rate of fresh pork was determined by the total bacterial count (TBC), total volatile base nitrogen
(TVB-N), thiobarbituric acid reactive substances (TBARS), pH and others. Results When the mass ratio of
KGM:CNC:PS=100:9:9.81 (KCP-9), comparing with other proportionscomposite films, the active nanocomposite
membrane was significantly improved of the thermal stability, mechanical properties, water vapor barrier properties.
When the mass ratio of KGM:CNC:PS=100:9:18.53 (KCP-17), the active nanocomposite membrane had a higher
antioxidant and antibacterial properties. The film was applied to fresh pork, TBC, TVB-N, TBARS, pH and others were
significantly better than pork without any preservative in the control group. It determined that KGM/CNC/PS active
nanocomposite membrane could delay the deterioration rate and extend its shelf life of fresh pork. Conclusion When
the mass ratio of KGM:CNC:PS=100:9:18.53 (KCP-17), the prepared KGM/CNC/PS active nanocomposite
membrane have good antioxidant and antibacterial properties, and it has potential application prospects in the field of
food preservation. This study provides a reference for improving the mechanical properties, antibacterial and
antioxidant capacity of food packaging materials.

KEY WORDS: konjac glucomannan; cellulose nanocrystals; phlorotannins from Sargassum; active nanocomposite

film; antibacterial property; antioxidant activity; pork preservation
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nanocrystals, CNC)BEHCE M P EL . HLAR AN A4 B BR S5 1:
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ok, oA AL S P I Bbt A TE M AR I R ik A R A
A R AR 32 3] T ATz R

SRMT, A4 T £ 1 v M6 1 T A 2 i PR (R iy T ) F 5
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115308 (plate count agar)(E#iH, & % mAH 1Tk
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PL402-C B F A R (B R 0.01 g, FEZ ML= (L%
FHBRAF); RW20 HBIHE (TR IKA A F]); TDL-50 &
WA B O LEEREER); HH-4 BB R /KR
B CE MR A IR AR, KQ RAHE A BIE VLR (L
RIS E A A R D), S4800 3 & SR B (H A H
SEATBRZA l); Nicolet iS5 i HLIH-2T A {0 (3 [ FE 2R K it
JRBHE 2N F]); MCR301 Rheoplus 32848 (B ) 42 Z< WA
2 ]); SDT Q600 [FIAE# A (32 1E TA 22 +]); AXS D8
X S LRAT A (P A 5 ve 8 7)) WDW-5 Gl il i 1
REPLAMA I ML (K BB X LA FRA F); Kjeltee HLIG
ERALFTZE FOSS 24 F)); GIPP-09 A3 T\ TC i H4 RAL( b ¥
A, FRHE PR H); PHS-3C fE#58 pH BRI H (GEE%%
BRI RBHEA D, UV-2600 L2436 H A S 28
Al); MC-4L92 Y85 vKAH (34 AR 1 e d A5 BR /A 71);LS-100HT
AR R K ARG A YRR G R AF]); T 10 basic
ULTRA-TURRAX ¥JBiHL(TEE IKA A Hl); WSC-3B fE#(
Kt 22 (I SR A (AR AT PR H]); DH360AS fH
TR FRAA (RIS R R =R A PR A D)

1.3 KGM/CNC/PS AKX E & IEHIF

KGM/CNC 4 ¥ 0.03. 0.06, 0.09, 0.12, 0.15 g
i) CNC 2 5I% A 100 mL #B&4iKH, 25lkRic A KC-3.
KC-6, KC-9, KC-12, KC-15, ¥ CNC i #E17 60 W ##
75438 10 min, 10000 r/min $J5 3 min, fLA 1 g KGM ¥}
K, 60°C/KIB 44T, 400 r/min $it Rk 2 h, HiekE 1.5 h BFAIA
100 mg =%, ¥ 30 mL RV BRAETE HAS N 9 cm AUEE
FRI_E, 45°CTF 4§ 12 h, 25°C, HISHRSE 50% 510 T V453 d,
T 3 W B R O e e A KGMY/CNC IR AT )5 225036

KGM/CNC/PS il % : KC-9 IR-A MK B4 R 5 MR =
KFEIRQ6°C)H/NT 45°C. # 0 g (0%). 5.45 g (5%).
9.81 g (9%).14.17 g (13%)F1 18.53 g (17%)H4 PS 5T 5 mL
LB Fkd, A3AFRIC g KCP-0, KCP-5, KCP-9, KCP-13
HKCP-17, BJ5H PS S IBINMAE] KC-9 K H 400 t/min
1 he 0.5 h BFIMA 100 mg N =8, %5, ¥ 30 mL Ji
IR AEAE EAE N 9 em MREFRIL_L, 45°C T4 12 h, 25°C,
AIXHEE 50%2%44 T -4 3 d.

1.4 KGM/CNC/PS EMARE G IRIERENE
141 ATz

FASPEBE SR F MCR301 Rheoplus 728 {3, PP50 #%3k i
AR, WK E RSk S5O ARE B Y 1 mm, BYUIEE AN
0.1~100 s, JEEH 25°C,

1.42 1% Zetarsbkagn

B B I-21 M (Fourier transform infrared spectroscopy,
FT-IR)IE YGHETE N 4000~400 cm™', ZE4 R S (attenuated
total reflection, ATR)K&: I, CNC % T ¥y 5 KBrig&, 4
PR gy 4em ', 32 IR/RE.

143 AL A4 E T BN T
K $3H H F 2 #0%5% (scanning  electron microscopy,
SEMAR T IR AT T A0 o RTALEE: 45 35 P Vi =M T 2R B
WL, WS W S T A T A B
1.4.4 AT MR
FIH SDT Q600 [ i {SCAE /U R Hh 70 A A
RUPPERE . A0 O EE 43 H7 (thermogravimetric analysis, TGA)
TREEE FITE 30~600°C, N4, 10°C/min, Fih 3 mg.
1.4.5 AUtk fE )2
SR F AL A W) L T RE e 3 560 AL A 5 11%) Ui 234 i
- (percentage of breaking elongation, EB, %) {5 &
(tensile strength, TS, MPa)FA T, AL HF/N A 50 mm
x10 mm, Z M EF 10 mmx30 mm, HS 4SS0, fi
M EZHCH 2 mm/min, 3% A (D FIQ) TR
#J TS F1 EB:
TS=FI(WXT) (1
EB=(L—Ly)/Lyx100 @)
o F o R JI(N); W AR S iR ST e B (mm);
T SRRSO B B R (mm); L R S A R 2L i
B (mm); Lo A SEBII6HE (mm).
146 KEARZLFNZ
FHEE 7 A 125 < I3 g, 105°CTR T4 12 h
B JEK EALAS A 40 mm=25 mm FREAR, FIREMEEHR
H, ZREA DA E . W FAXHEE 75%0 =T ik
fr, MEREAK 12.56 cm®s BERG 1 h FREE—R, B 2R
M 2 TS, KRS Bt 2 [water vapor permeability,
WVP, g-mm/(m?-d-kPa) %A A R (3)i1HE:
wyp-AWI(AxA) )

AP
b AW SRR 3 TR (2); 4 S R Z MBI B (m?); At
Bt Rl [al B (d); AP AW A K ZE R SR 2 (kPa); O FH
J&(mm),
1.4.7 DPPH & sy 3 iRl

%% SIRIPATRAWAN 25188y 5 e — 24624 HF 20 mg
PR ALS mL Z8IBAKIR S, 1= 3 h, BEIZHEE K 5000 r/min
#5010 ming H 1 mL F5# 5 4 mL DPPH (0.12 mmol/L
TGRS, B THE 1 h, 517 nm AWK
WERE . FESh DPPH H i3RI BREE (%) AR (4) T H:

DPPH H H 335 bR =(1-4,/40)x 100 4)

AP Ay RS EIE; Ao X IR OB
1.4.8 FLE MR E

SR JF I8 485 e U s S O P TR R 7 -
HA10mm B F, BE&A 100 uL KGH sk 45
fEEEFE ML, 37°CHE IR F2 40 1557 20 he
1.5 KGM/CNC/PS #KE S HEREEFARE L
BN A

BB RS I R A SRR A, VIR 20 ¢ Ze KT iR/
Yoo BEMLAT AL 3 HEATAREEAL T, (XTI, Al FTAT
PR3 (2)H KCP-0 AL BE A B 48 B, (3)F KCP-17 {3

R i il B
R B
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1.6 JEAERNE

1.6.1 WHEZHAME

F M8 GB 4789. 2—2016 ( &L EE KR B MR
AR TRVE BEONE ) T AR B TE SO E
1.6.2 TVB-N 4% %

Fi GB 5009.228—2016 & EF Z4atrfE &P
PERMEFRILEIIE ) o H SRS & EME TVB-N,
1.63 TBARS 4 &M &

ZZWHEPIITEMEG Y. BUS g RS, A
25 mL 7.5%M A LR, Y5, #HE 1h, B 5000 r/min
#5010 mine B 5 mL FiEW 555 0.02 moL/L fiftE H
ZRIMAELZEBE B, WK 30 min, ZIREBHIE N
A 5 mL =HEHERRS), FrEa 2, B 2K 532
F1 600 nm AR . TBARS (mg/kg)i B AR (5) 14,

1

Ay, — A
TBARS= 3327600 T 72.6 x 100 3)

155
1.6.4 pH M=

U5 g IAREIEE, N 100 mL &858k 3%, #+-E 30 min
Ja BB T pH MIRE
1.6.5 ik E

AR RTAR B I L SRR T R BRI A R SR T
RGP, I ARG TR R TR IR R Z(%):

i1

A Wy RERRIIA T (Q); W SRR TN RO B (2) o
1.6.6 &ENE

7 A 485 2XORE 98 (8 22 (G A T B BE N 5, B A I
PEENE, BN BENLE S 4~ .
1.7 IEAIE

DL EBR AR B AN T 3 IRE B L0, RASE 2kt
ML 22508 7, I SPSS 25.0 & Origin 9.1 4347
Bl Kt B o BrA FEAS Y(E 22 (8] A 22 (BRI XS 5 22 30 LR
5%, 4 P<0.05 M HA BEMHES

2 HERS5HH

2.1 KGM/CNC/PS WK E S EREMRELE R
211 A4

KGM/CNC/PS IS %L & A BY DA 0C R & 1 B
N, B AR EREY D R BT R R, e TR
A RaS, Has SR PR R (AR AR, T BB DY )R
BN SN o T RELE AT AR, MR T A0 ZERER, PS
HeFE/INT 13%HF, KGM/CNC/PS RV 76 FE I PS He BE (i
ifi_F Tt PS WREEIRE 17%0}, BORBREHEE P&, MRk E
PS 435 KGM il CNC 43-FIFEA AR, F a:fe e w U,
TE IR 2 s [l 45, IR RS M2, (H PS Wil
IFRELAT T 4TI S AR, (R TR T I

100 (6)

%13 4%
50
45F Ve, = KCP-0
v -
4O FL e taallr LKcrs
s pesiitggeeeily, TKCP-13
i "aley tay, ¢ KCP-17
] LM DS
o 30+ "u % Ay
=¥ -l.o I
iy 251 n e X
M -':Oxx
& 20} e,
15 "
I .!!
1.0} U "
I %
0.1 1 10 100
BYPIHEE/(1/s)

1 KGM/CNC/PS {&PEA KB A A R AL i
Fig.1 Rheological properties of KGM/CNC/PSactive
nanocomposite film-forming solution

212 fshka

BEGY FT-IR /(& 2), 3332 em™ 4b 1 O-H (457 3)
FHARIEE; 2884 cm ! Ab B C-H (4RIRSIEHEIE; 1641 cm™ &b
I N SRR 1373 11019 cm ™' R C-O 145
PR3h; 873 em ™' XA T H BB AL BRI PTP), B PS
B FT-IR 51, 3384.2919 FI 1694 cm ™' b A4 E 43 Bl & O-H .
C-H & C=0 My h4ite3h; 1627 1 1519 ecm™ HZEELE C=C
PP, 1627, 1367 Fl 1239 om ' ALEFIEIESEH PS 575
TR 45 41 2177 4= 1 PS 7E 1080 om ™! AL AE I BEA BT, 3
] PS 5 KGM/CNC [R5 F M EAE T, KEshn PS
5% PS # KGM/CNC XA FT-IR #a3AR LA X ek
W] PS 5 KGM/CNC [ [a) TCAM TR L, ANAEE S,
B PS S RLAHEIN, RS O-H i, 3500 £ 3000 cm™
T Tl P9 A TR DR I 25 R T AR 9 . 24 PS Lk #1] 17%0,
iFEg O-H 212, (AR . Ui KGM/CNC X PS HA
B A A

1373 873
+ 1149407
A 1h

W A8/ %

4000 3000 2000 1000
W/ em!
Kl 2 KGM/CNC/PS iG PR 5K FT-IR
Fig.2 FT-IR spectra of KGM/CNC/PS active nanocomposite films

2.13 A BR4tiafHeTRME
NIl 3 fi7m, KGM/CNC JEWT FESRIAS), A 41/NE8L,
KCP-5 il KCP-9 #R1Ai#: KCP-0 isi%k®s . “F-u, i8] PS 78
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KGM/CNC B4 5] FLAr—F I A ELA R PR, 8 PS
5 KGM Il CNC HAZ e m AR AR, {H KCP-13 Fil KCP-17
JECRERE, HEURRLINZSE . AT 682 fE /Y PS £ KGM/CNC 7
B ARy, B RIS LIANG 255 725 2wt
KGM/AR P ERE R M W A S AL

S4800 5.0 kV 7.9 mmx5.00 k SE(U) 10.0 J12000 54800 5.0 KV 7.6 mm>x5.00 k SE(U)

3 KGM/CNC/PS T PEH A A I A R ek w43 4 v 4%

Fig.3 SEM images of cross-sections and photograph of
KGM/CNC/PS active nanocomposite films

2.1.4 #AETM

WE 4 Fis, 30~600°CTEEIN, #5407 A5 ff B
Bt 3B Bi(100°C AR )i 5 REE K B T 4 1 7K 43
K. MBS KCP-0 BEMAREZER 103%, T KCP-5
(9.15%)FdLAh & PS 2, J2[H°H PS BE(R T KGM/CNC 4
Yy A R SE IR, B T AR R, 58 R B,
FIEAT B MR AR 175~353°C 22 ] H B T B 4 0 ot et 4 2
KCP-0 M2k TR R 55.94%; $R1 KCP-13 WMz
1 54.93%, FEE PS Fl KGM/CNC JF5L 5 a) H B4 F4H
HAERA G, Mo FREWIRE . M, B PS A 1Y
I I KGM il CNC i) 7= A8 T3 A0 A A BAE A, 2
T R M R e PER Y KCP-17 41 T PS W
B, <HIRBG M BE, 3F I gEEE AR, PR PR EDY

100
90
80
70
60 -

/%

50
40 |
30 L

20

100 200 300 400 500 600
R/ C

4 KGM/CNC/PS W& A 5 B TGA ik
Fig.4 TGA curves for KGM/CNC/PS active nanocomposite films

2.1.5  HuAdEgE

BUERE 2 ITAN S A e B E R sl 5 BT,
M\ TS #1 EB BIANJ7 A WA ST 24Nk . PS HesE
¥} KGM/CNC/PS i TS Fll EB f#4£ i #3520 (P<0.05), Fifi PS
WREEHE N, KGM/CNC JEAY TS {ELH1(76.09+0.046) MPa 3 i)
(101.90+2.68) MPa, 5 KCP-0 #ftt, KCP-9 JEf¥ TS H4hn T
33.9%, FIRER PS FEMMEELTHA 51500, T T &M
WL LEHIY . PS WRIE KT 9%I, TS B4 FI&(P<0.05), Tk
Jeid £ PS BRI T4 Fialka e Y. S 4k, KCP-5
&5 TR EB, FIRER PS ML, FEEEN S TR
HEAHEAEFA R, B T R MBS 2B, PS MR
F 5% % KGM/CNC JEfY EB JoW] 3%, KCP-17 JERY EB
HART KCP-0 B, WRERFHEMBTEL AL M s fE AL
T TR, X L A bGPt iR
AU RE R OIS bty & BIPL,

a s 150
100} -=—EB |45
b be 140
135
801 C'Va 4
Ky 4130 §>
125/
% 60| b =
b {20
b —— 115
40t ¢ H10
15
20 A . . . . 0
0 5 9 13 17
PSHJE/%
I ARV FRFRR AR PS W 2 [ BA B %S,
P<0.05, FA,

5 KGM/CNC/PS iE PR 2 53 BRI HLAR A g
Fig.5 Mechanical properties of and KGM/CNC/PS active
nanocomposite films

2.1.6 WVP

PS BIAS N B % KGM/CNC/PS JREBH K P RE Ao 5w 4n
6 Fi7R o 24 PS W EEAE T 9%IKHT, KGM/CNC/PS Jii WVP
5 M\ 3.96 T 4% 2.30 g-mm/(m*-d-kPa), "]HESZ: PS5 KGM
A CNC 945 F | A0 B AR A 5B, PS dl it & it
KGM/CNC FAH BEAEH, TR NS0 ML, w8l T
KGM/CNC JEEKEEPY . PS MR T 9%It, A K 1
55, PS W IRF 13%8Y 17%0F, PS 435 A, AR T 7
LS M B, SEWVP BT HAh, PS & KALEW),
HATHEZ 0 A i A S, Sk FrosEm Al Wik
PS FriEid i, BHAKHE REREAR
217 #EMFR

A H AR R A AR T R, BT
REMENOEREENRETNNEHEERTREEM.
KGM/CNC/PS i) DPPH A fh5&i5kR3 41 7 fi7z~. DPPH
A HILERRRS PS FEEIFHE, KCP-0 [ HILiElRR
%09 3.18%, KCP-17 5%} DPPH A HiZEriEREE N 82.1%,
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2 4 J R A I 2 4 %513 %

24k KCP-0 11 25.8 f;

RWoR, BN PS J5, BTARE

REIHIR(P<0.05), [N PS 7L E]AE = By LA RS 47T
SEARTEERS, I AS] KGM/CNC syt A LR 7

5 -

WMP/[g-mm/(m?-d-kPa)]

90 -

60 -~

30

DPPH H i L7 2 /%

9

13

PSHREE/%

6 KGM/CNC/PS {E 4K A Y WVP
Fig.6  WVP of KGM/CNC/PS active nanocomposite films

9
PSHREE/%

13

17

17

Kl 7 KGM/CNC/PS 4G PEGK B A IR BT A A i 1

Fig.7 Antioxidant properties of KGM/CNC/PS bioactive
nanocomposite films

A

74 B A% /mm

E

16

—
S

o]
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9
PSHREE/%

13

SR B AR/ mm

2.1.8 FHE ML

WEFT KB, B b 2k & W iE 2 R A AR
W, ATHELME AR A, R EIPTEE AR AR
R IE 2 B T35 NS RPURE 4 . B R AIR
(RE Z o) IR AR G B PR B AFTER S A
[E] e FE PS [ KGM/CNC/PS BEXt A T 14 A 4 B (0 A Bk
TR R A BR RE ) A T (B 8)o 25 SR AP, KCP-0 Xt Pl
RS TCHIHIVE L, BE PS ¥ EE RS N, KGM/CNC/PS X K
J VR R 4 B8 €6 A A BR U P I TR SR AR, T4, PS VRIE
R V7%, SRR B b
2.2 KGM/CNC/PS K8 & & JE x5 PO p9 R £
S
22.1 TBC

ARG B R BN EERE, HREEERN
FRUERLE TBC 4k 6 1g CFU/g B4 P BIVAT ) 5 4y i I
WK 9 R, ¥hA TBC H(3.88+0.22) 1g CFU/g, 45X i
ZHAH L, KCP-17 403840 TBC g4 /N, XTHRLHAESS 6 d
ik 5(6.28+0.30) 1g CFU/g, 4% AT 4G F 8 1fii KCP-17
IR 6 d {U M (4.67£0.21) 1g CFU/g, %5 12 d iK%
(6.33+0.14) 1g CFU/g JF IR B MR Jot . X 156 W] KCP-17 fg
BUESRA R SIS i 3, AR B R A .
222 TVB-N

T 2k A R S A T E & S BB R E A
RS, PR AR R LR AT . =SS N B
PEAL G0, it TVB-N AL E & [ i, GB
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