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Preparation and characterization of food antioxidaant active packaging
films containing Quercetin loaded with mesoporous molecular sieve
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Abstract; MCM-41 ( Mobil Composition of Matter No.41 ) nanosilica mesoporous molecular sieves were prepared with cetyl

trimethyl ammonium bromide ( CTAB) and poly ( ethylene glycol ) —block—poly ( propylene glycol ) —block—poly ( ethylene glycol )

Mn~2900( P131345) as a dual template,and further using MCM—41 as a carrier with natural quercetin antioxidant,low density

polyethylene (LDPE) as a substrate to prepare a food anti—oxidation active packaging films.The product had a specific surface

area of 439.173 m’/g,a pore volume of 0.665 em® g™',and a pore size distribution of 2.4 and 4.0 nm. After the quercetin was

adsorbed , the average clearance rates of DPPH free radical at 24 and 1200 h were 56.75% and 66.01% .The diffusion rate of

quercetin in the food simulants in active films prepared by quercetin adsorbed on mesoporous molecular sieve was lower than

that of active quercetin films, decreased from 2.127 x 10 ™" to0 3.089 x 10 ~'*.It showed that the anti-oxidation activity of food

packaging prepared by using mesoporous molecular sieve as carrier would has anti—oxidant effect and sustained release.
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( Controlled Realease Packaging, CRP) %I /2 GE % 4% 1
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1 #elEF*
1.1 #HRENEE

Witz 22 oSk 3k — 3L fk 4% (CTAB) | IE fif:
% 2,15 (TEOS) \25% 44 7K . JG7K Z, W (EtOH) | e 3k
fig  — F Bk 95% £ BE 25 R B2 A B
5FE] R (2 W) —block — 2R (T %) —block - 2
( Z.F)Mn~2900( P131345) 1,1—- " 2H—2— =%}
FEORWE(DPPH) ¥R RL T A AR B A BR A
A I E R 245 (LDPE)  ExxonMobil 23] .
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IKIE R B 2E B — P AR S A R A
RJ-TDL-50AMILR G RE BB .OHL T8 H L5
PR AR A A Has F4fE i —1EAA;
TENSOR £T4MGHEL (FT—1R)  fH[E Bruker 2\ 7 ;
D2 PHASER 6 57U A1X  FE[E Bruker 23 ] ; ASAP
2010 A EEE 35 Georgia A H], 51510 34

TR AEE (SEM) - HAS H A7 kRG24t 5 DSCQ2000
PHEPHTAL(TG)  FEE IR H] 5 LTE16-40 XL

AT L. LMCR-300 L )2 i sEHL #5541  LAB
TECH TR BRA R TYS-T 3% % i 1242 . BYT-B1
BERMARAL BE R 2 e HLH R A B Fl 5 LRX
PLUS 5KN HL-FAH RIS ML 9% [F 55 1R 48 (LLOYD)
A2 73 UV —1800 4N 56 56 BT H AR I M
N

1.2 XZWH*E

1.2.1 A-fL4rF i MCM-41 il %  Jo¥: CTAB,
25% 47K . P131345 iz 0.4884: 2.6: 0.00954 ( AW 5% vh
{#iff1 0.96 g CTAB 1.8 g 25% 447K .0.15 g P131345)
M EE SR LWIR A, FH 83.00 g KB F KM, £ 60 C R
JRIZIEFE 0.5 h, FE AR A 58 45 % , 3T A 6.00 g
TEOS , #kZe 4L 2 h, % A 150 mL Kz v 58, 78
100 °C fifk 24 h, SRIGBUBIR G, 53 il IEoK 2B
2B F /K YRS EOUR, SR FH 1 I 2 B335 04 7 1 43 1
F 100 mL Jo7K ZEEFN 10 mL ¥R EEBR IR S, 78
80 C R a6 h'" JHH 7= 4y, 7 550 °C B g b g
Be 1 h, B H 5% EHRAATE .

1.2.2 M R 1.00 g Hil )i FEAE 50 C 5
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T 50 mL JooK ZEEH IS AR MR, L 1.2.1 11050 ¢
FER A 3 TE K S BEEE W, 500 v/ min R R
JItFE3 h, R E T RS THRAS, B E N
0.08 MPa, #tF it %, #REAS 1.13 g, 155 MCM-41/
Quercetin,

1.2.3  préafbim e milile 7E 170 CF fd A
RURAFT-H AL 53 0l 1 28 o 4 43 B0k 1% i AL o+
Ui T S B 1% M 2 R OB R RN 1% 1
MCM-41/Quercetin HJ LDPE J&-& %7 T, [ B 2R &S n
Lo T Mtz 22 . MCM-41/Quercetin /] LDPE 7.
TFAERXTRR . FE 190 °C T, i FH BB AT 55 H AL 4>
i)t A& o BRURSEARN T B 43 0 1 % B A L4 F-0f o
SYEC1 % BN 3O & 4B 1% () MCM - 41/
Quercetin 1) LDPE 3 &, & 28 i I8 09 J& B2 3 R
(55 +2) pm,

1.2.4  AFLArF IS TS HT AR R
T B (SEM) £E 15000 £ T ULES T4 14 2= 181 T 550
FRAE s G544 53 BT SR /N X STERAT 5T 53 BT (SAXS)
MR A : CuK, (0.154 nm) 38, SEE DK 2.2 kW,
20 FAREE 1~10° 5 Z20 =W BRI BRF 2 36 53 B - AR 98 45
TR B2k, 38 38 BET ( Brunauer— Emmet — Teller ) i
AR A e A5 L LE 3R 1 AR FLAAR AR, B 5 BJH ( Barrett
— Joyner—Halenda) *ﬁﬂﬁ%/ﬁ;?[ﬁ%ﬁ?ﬁ“” o
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MCM/ Quercetin 47 FT-1R 434, F1 3 yu. BBl & 500 ~
4500 em ™' BGEESE PESIT A S 6E MCM—41 #fi ) 2%
MCM-41/Quercetin #17# 2L B 43 H7 (TG ) , M ik 5%
4 FHRVE B : 25 ~800 °C, FHR R AT,
10 °C/min,

1.2.6  PrEALIEPEALRE I HRRHT

1.2.6.1  JyZEMhRE 43 50Xd 1.2.3 hFEIE 1% - FL47
T L 1% M R B 1% MCM — 41/
Quercetin [ IR HE AT AT BB I3, P 7 vk = PR
GBT 1040.3-2006 : £ & Wi I8 2 (55 £2) wm, 58
BEN 15 mm, SEEG 3 EE 7 200 mm/ min , J& EL[E] (497 46
PEES Sy 50 mm , a0 = Y IR BT 34918

1.2.6.2 RHREPERE S AIXT 1.2.3 FHFEIE 1% A~ FL5
S R R 1% M R e R 1% MCM - 41/
Quercetin [ IR AT BH BR P BRI 1, 460 <0as o PR
2 B8 GB/T 1038-2000 253, FR R 45 I — 5k
12 em x 12 em BYFE G 038 = U B 0T Y416 ;5 i 7K
ZESMEMZ B GB 103788 Rk, A 2 W AR 45 R
IR EARN 8 em BYFES, , A = IR BUGEECTEYAME .
1.2.6.3 DPPH H HHEZFR DPPH BEHRII A G
— ERUEAL B T 1, AR R AR W 5T T 5 AN A Do T
PRIRS JB R SE PRS2 451 B AR S2 80 07 3 S
FREX 19.7 mg DPPH, Jin A %] 500 mL 95% &, WiEH, 55
Oy BRI LM B S 0.1 mol/L A DPPH 95% £, i
VW o B AR ES INBT AT A X REBRFIUAS [R] B 43 1 &2
B 40 mm x40 mm K /NIRE , D) 34 5] R
B A 10 mL A5 68 R & A, 7R R o A T B
DPPH & )m %+, BT 37 CHIEFRMA b, #O6 N
0.5 h #1124 h, ffid & W REREHC D Bt 22 5 DPPH
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Se4AR I L, FH 58 A1 53 56 56 BE 1IN E SN IS A B TE
517 nmARWZSERE, (23 20 (1) 35516 ) 19 DPPH
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M2 . S TR PR B 0.0020 g TR Y M e 2=,
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FERE TN RE AN [F) e B M Bz 22 v W e R, T
A I K R 374 nm, 22 Mz AR 2

Mk iz 22 DA 355 P S ) AR 0L U T 1 R s 3K
e 1.2.3 rpfit Bz 3 I . MCM/ Quercetin 78 I 53 51 2%,
J% 15 4~ 80 mm x40 mm PHEIE AL, LA 40 mL 1y
FEOFESHR T, 280 40 mL 95% Z EEAE & Sl
Wy, N AAF AR SO D, B S BT 37 Cr Atk
FEAE AT RS . 43 aE WA ER 15 YRR SRR
FAASTALLVR , DU e ' B, I (1) m g £ ml 103 7 7
SRAS X R 3 Hs TR] ST AT L P M 2 2R R R RE

WY R B P A AR P, M R
B AR ELSO BE A, i B s PR RS IS AL T,
WP REEAEAR FEL ) v W0 U 43 AT 24057, 2% THT i BE AR AR Y
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PHOE F P BCERL R A, PR R 20 D LUPEAL
WEPE R ECE 2R, A (2) XY R D
PEATAN B
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21 NAZSNENSARSREEHREFE
2.1.1 JESSMHT il 1 s, 78 15000 45T B 20
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Fig.1 Scanning electron microscopy of MCM-41
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2.1.2  FLESHST B 3 s, MCM—41 (1 I B
I A5 T £ L B LR (1 TV IR 2553 2R, /. P/P, = 0.1~0.4
I, SRk ] b, W B R RS I N . AR R g HE
2] 0.85 [fHiTht, ZEiR Lk 22 7F P/P, =0.85~1.0
M, S5 2 ra) T [, e By A A 4K B T, 35 3 W B Y
B8, RS B RS IR 2, P/ P, [T 2 O, 32 5 B2
FIFAFLAERHARFHE™ o 5540, NI 3 Hh T LA H
W B A TR L RN I B A IR A A, X AT BB R TR
A4 B o4l e BB OB &, 5 WL B Hr J5 (. Adsorption
Hysteresis ) B 45 H o 1 T 5 1) 2800 B 18 B 45 Ui 2
i# 37 BET( Brunauer— Emmet— Teller ) H 545 U 380 145
# MCM - 41 ) 2 1 B 439.173 m’/g, FLARBLS
0.665 cm® g™' s A&l 4 s , AL o3 0 28 B LS
Ak 1y R B FR IR B WA, 45 3 FLAR 43 A0 B, AR 4% BJH
( Barrett — Joyner — Halenda ) #% % 15 H. L 45 73 i A
2.4 nm#F1 4.0 nm, MCM-41 /N FLAR 53 A Fas = /Y
Pe R 0 AL AR, A F) T KRR & o T iR
22 NALZEUEEEME RS
22.1 AT WNE S BEoR, #1086 em ! T
W Wi, 2t FLIE N A AN AR AR Y Si— O RS AR 1Y
Si—O HAEXFRANGA PR 305 1 HZ A, 800 em ™ BRFIT F I AT i
JHEAETXIFRIY Si—O-Si fEPRBN AL HA Si-0-Si 25
HEPRBh , 76 970 em ™" BT, BF A AT — 2 100 2R 1 W 0
P, T Si- O FEW By P4 PR 3), iX & MCM-41
AL 53 F O B 28 R AE A W i g MCM - 41/
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40 SR EE I WIS B AR 350 °C 22 A7 43 it 8 SR A vy, i3
F| 800 CJRIFARTE I, HBLR Ny R A =), N
=~ 30- SRR 2R IR SN S I Bk A s MCM —41 W B A Rz
T B FEA R 2 AT R , FT A M 2 T % 1 R
2 A 1 U MCM =41 AT Al AT LB D K 22 R s b
= 100 4
B 104 o0l — . MM
0 . . . . . . . . . . & 80 - | \\WI\TATI/Quercetin
0.0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0 \}g 704
AHXT s J3(P/PO) = o
3 MCM-41 UM BRI S5 2 =
Fig.3 Nitrogen adsorption desorption isotherm of MCM-41 401
Quercetin
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= ()
E 6 MCM—41 Hitj 2 MCM-41/Quercetin #4343 7 [
E:{ 031 / Fig.6 Comparative analysis of termogravimetric analysis of
2 N
;’,:\;:(_ J T MCM-41 and molecular sieve loaded with Quercetin
ol L 1. 23 HENEMEEEBIEESH
, , , , 231 JEEPERESPT e | AT 7RS4y BRI T 4G
0 2 6 8 10

4
fL1%(nm)

B4 MCM-41 L4075
Fig4 Pore size distribution of MCM-41
Quercetin 43531 H BT H Bz 32 104 457 ik I WAL e FIT MCM—
41 [ 970 em ™' 4 AiF W Wi 0, M) Z2 B MCM — 41/
Quercetin #£ 5 I Bt T4t B2 28 RAR P, I HAR A

oy RN £
1-

Hith K 2R 4l g U R 480 K 3R 00 o 1 O, I
1 FRAR R ARG, {ELDRIT SR AP R AR T, 10 IR R 1S 9 45
AT LA SR ) PR AR o 2 e SR e v e
TOBMAC, 3 (AORL 718 v SR W) S A b Y 03 BROPE S
AT LIRS B 3 TR, 51 A R AR 20, DA I WA
e, (4552 5 AR A1 PR AR 4, (B , TR 3
ST BR EIE 22 JOHLIEUREE [ AR N T S, S EUL
G ARz FOB R AR

232 FEREAMESNT 2 AL B LT

i Je %o T JIBE %) 75 Y P R ) AN R S 4l il B2 RO
_ MCM-41/Quercetin 215145 , ¥R A9 35 18 1 T R,
g S B 28 OB P fi 7K A I 5 3 B2 B 5 7 S 1

zs wom, A O, WO, A R B In.
’ 2.3.3 DPPH [ HHEIHEIREE R M3 3 Al45,0.5 24
1200 h B, BT 5340 1% MRz G sy DPPH [
. Fh LT I 5 2 7 L (LTS 1200 h B, R R 380 1% 1
0 500 1000150020§§§15(2?n§g00350040004500 5000 Mol Hz 2275 P BB 0 1 B R AR s 24 h BF RS TR, R
I B 1% MCM—41/Quercetin 435 14 15 1 Vi 195 SR AH 458
5 MCM-41 5 MCM~41/Quercetin ZLAM )il 24 h AT T4 e, Xof B 2L 1 53 9 LR 43 1% (9 A
Fig.5 Infrared comparison of MCM-41 FLAS T 0% B S 06 BG SIE T 92 BRE S2 36 b fF fE — Sk

and molecular sieve loaded with Quercetin e

222 REMsZW HIE 6 A, MCM-41 #f 5 f 2.3.4  JEMERERSBUEARRIREBGHE S WnE 7 R, i

BRI, B R 2 FLVE DL K T RE SR B Y A A
FCSEAT ALY, sk /) 14 5 e mT e R W B A9 == R
IR G5 L K i B 5 B ) s 1 L R L s M 3R B B

e BARUE M L &M 13 Jr #2 o y = 0.0858x +
0.0053 ,R*> =0.9991 , S 45 S Z BALE 0.2~8 pg/ml i
BN 2RI LR, K 8 N e 75K 1% #it

1 MCM-41 #if &z & MCM-41/Quercetin 38 5 12414 fE

Table 1 ~ Mechanical properties of films
] MD # oA ik TD #7 A fE MD W 32 TD iK%
(MPa) (MPa) (%) (%)
X B2 160.36 155.41 340.25 470.98
1% itz R 124.23 117.46 735.74 860.21
1% H-FL53 i 145.96 139.77 604.11 720.51
1% MCM-41/Quercetin 132.76 122.79 416.95 530.87
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22 MCM-41 #il fz 2% . MCM-41/Quercetin 3 57 1575 0
Table 2 Water vapor permeability and oxygen permeability of films

205 B (g/m’ 24 h) BRA(g-m/em’-s-Pa)  E(0,) FH(em’ -em/em’ s -Pa)
popilcEa) 7.3773 5.967 x10~° 92.192 x10~°
1% it jiz 2% 6.3936 6.199 x10~° 96.489 x10~°
1% A LAY T 7.1314 6.579 x10~° 91.821 x10~°
1% MCM-41/Quercetin 6.7559 6.3368 x 10’ 113.845 x10~°

3 MCM-41 #5235 MCM-41/Quercetin JERE R S A H B BR R

Table 3 Absorbance and free radical scavenging rate analysis of films

- WOLE F I SENEBR AR (% )
0.5 h 24 h 1200 h 0.5 h 24 h 1200 h
X} HR2H 0.918 0.917 0.918 0 0 0
1% Ml e & 0.259 0.231 0.276 71.79 74.86 69.93
1% - FL53 i 0.896 0.895 0.901 2.40 2.52 1.85
1% MCM-41/Quercetin 0.620 0.397 0.312 3241 56.75 66.01
Rz Z AR5 E0 1% MCM-41/Quercetin 5 A # Bz 3 g:é:i/e

FERTAT LA I L, F My Mp BT LB S, 52
BEE R (29 52 d) , PSS T I v il Bz 3 0 RS ik 3%
HRIBB T, WM R EZNY R D =
2.127 x 107" em’/s , ST S5 A B ALY T e 3R
MR B A 6.52 eg/mL; MCM—41/Quercetin & H#i Ji7
ERP I EE D =3.089 x 10 " em®/s, Sy 45 R BB
AR ALY A B 2R B R 2.70 we/mL, it L
ST )e , S R EM P Y BRI
T — R G, U BH A FL 43 O XM R 2R 0 B
AH W PP B o

0.7 5

0.6 1

4
W (ug/mL)

K7 Hi Rz Z bnie i 2
Fig.7 The standard curve of quercetin
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Fig.8 Release behavior of quercetin film
and MCM-41/Quercetin film
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F]FH TEOS .CTAB .NH, - H,O #1 P131345 FZEE /R
Fboh 1:0.4884: 2.6: 0.00954 , il £ th —F AL FLIE A FL
AR, SEM [ SAXS 1A BB R BT 5T 2 B
Yk v BEA T 4N U &5 i, I Lk 3R AR D
439.173 m*/g, FLAAFA A7 0.665 cm® g, LIRS 41 H2.4
F14.0 nm, TG WIXFRBH LIA-FLA-TF 0 by 244 w7 LAIg
INFRARPTEF B Fa e vE, DPPH [ i 3L 35 R S0 56
KB T MCM-41/Quercetin 4T 48 Ak 1% P4 15 19 A 241,
A AFES 1200 h(50 d) MIERRF A 66.01% , 3 W3 4
B ALME . MCM~41/Quercetin B B2 28 699 1
FHL D (em’/s) AR L 53T i 48 B 2 32 00 B 1L
FHAE, 1 2127 x 107" F &) 3.089 x 107, KB 4
L3 Tt X P AL A R E R .
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