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ey A ALMES., LEATRR R B EAEFOMATLEELT (MFC) ABIRE 8 L AH s
A, BERERARS QR PH GBI RGP, FIHBOERER., ik RARRRAZTH AT 4
FHRAARARAZGRBR LR, BidHEYRHE MFC, 244K FHBH & MFC A8k, AR
Ak b AT R A AT AR AR B ZAAAWY GC-MS SR L L 2R R A BEEBH .
MFC &8t a3 h =4 LM, iR @R T30 T E S 3 A 2.0~5.1 m¥/g F= 5.0~22.0 nm;
Ly MFC 69 R A 10 1 B ,MFC LB IR A9+ 461 8 £ 4 4.38 mg/g L LB PR 4.38
mg Mk ), MENESBERGH TN LN B A RBR A, MEBRBRENAEY, Bk F-FHAh
3.1%. %&# MFC AU A &L E . P, T Kb Biata, LARFHEFRE,

BEAME, AR, Mg E; ARk, &8
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Preparation and Essential Oil's Sustained-release Property of MFC Aerogel

WANG Xiao-juan, ZHANG Zheng-jian, GAO Meng, CHEN Yun-zhi, ZHAO Yan-lin

(Key Laboratory of Food Packaging Materials and Technology in China Light Industry, Tianjin University of
Science & Technology, Tianjin 300222, China)

ABSTRACT: The work aims to solve the excessive release problem of essential oil in antibacterial fresh-keeping pack-
aging and achieve its sustained release by means of the microfibrillated cellulose (MFC) aerogel which has high porosity,
large specific surface area and good adsorption performance combined with thyme essential oil. The pretreatedment of
eucalyptus bleached kraft pulp was carried out with different dosages of endocellulase and high pressure homogenization
was used to prepare MFC. MFC aerogel was prepared by freeze drying, and the sustained release properties of its essential
oil were studied based on the basic performance characterization. GC-MS analysis of thyme essential oil showed that, the
main antibacterial component of it was thymol. MFC aerogels were of a three-dimensional porous structure. The specific
surface area of aerogel varied from 2.0 to 5.1 m?%/g, and the average pore size ranged from 5.0 to 22.0 nm. When the es-
sential oil: MFC mass ratio was 1 : 1, the initial retention rate of essential oil of MFC aerogel was 4.38 mg/g (4.38 mg
essential oil remained in per gram of aerogel), and the amount of essential oil released to the sealed container showed a
trend of increasing first, then decreasing and gradually stabilizing with the average release rate of 3.1%. MFC aerogel is a
kind of mesoporous material of high porosity that can prolong the release time of essential oil and has excellent sustained
release properties.

KEY WORDS: Thyme essential oil; endocellulase; microfibrillated cellulose; aerogel; sustained release
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Tab.1 Experimental materials
R FLA AR
[ SEAS LTSS s TLAR R WA 4Rl A B2 ]
WYL 4ER G (R B ) [izgéa WS (P ED) AEYEARE R
[Eiky fhaf 4l BT R X SRR KSR AR AR )
JB A T A 1 kAl IR A YR AT IR
ke Al RHET 3¢ T4 2% 7 A B )
i 80 Pa Al REHVLRAL THARFA B
Tk 2 Al RHE T 3¢ A 2% 7 B A B )
oK 2 Rl B[R RETVTRAL THARA PR 7
VKR BaRE KEAIT R THARA R
G i AW Y
2
Tab.2 Experimental instruments
HFR A A e
FLIATHRAL T2505 KUMAGAI RIKI KOGYO
PFI ¥ L P40110 E000 PTI 4 FRA ]
e R BAIL AH-1000 ATS Engineering Limited
BT IRAL CTFD-10T H S AMAH B TR RA R
SRR JSM-IT300LV HAHL T
X AT X D/max-2500 H AR B 2 ]
B R T VRS KH-600DB B AR 7 A A B )
SO 5 BT kI AY GCMS-QP2010 5 B 52 5 A6 R
12 GC.MS 0.25 um; BEREIIRFE N 300 °C; /M LR 20 0 15 2%
SRS, KA R 99.999% ; i H N 1 mL/min;
SRR THE YR 4R iR 22 60 °CL 285 L) 5 °C/min
1.2.1 () ETEE 200 °C, FFLL 10 °C/min Y T &

BC10 L B G WMBE M 2 10 mL IEC ki, A
T pL FEAS, XTSRRI . A A
e EERE RS VE-5 ms, #A% K 30 mx0.25 mmx

300 °C, PRFFE 3 min, JIEFM R LB ME TR,
RSN FHEBHE S 200 °C, kiR N
250 °C, A ACh AN, HEE (miz) N
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50~1000,
1.2.2

YERMFREL 0.010 g bR ZE 100 mL (A EI
FHIECERi BE S 100 mL, I ik B0 0.1 g/L
PIARERG & . BEJS HEMR B IR HERE 25 1.0, 2.0,
5.0, 8.0 mL F 10 mL &, MiECkiEmE 4]
B, FlE SR ERE N 0.1, 0.2, 0.5, 0.8 g/L BB
TR IE

HEA S BUR e 4393 R 0.1, 0.2, 0.5, 0.8 g/L
FIARUEVS IS 1 ul, 7 LR S EG5% 20 F 2 ik
FE, 0SSR HAEAR RN MR T 0 B AR AR, DA A 7L
Ty e 5 SRt AR e, Y I P AR T T R A N A s 24 il B A
R AR R A O T K

38 2o T AR — AR VA TR A B R A
BRI 20 A iy B 10 uL AR A 2] 10 mL
ECked, ML uL gERE, ¥EFT GC ERAHr,
5 0 AR T P B A I 1 4 X

SRR EE BRI E A 8 Rk sy,
aob T AR — 2 AR B ARG P A Y
T BB R W, B A B B 79.8%, 11.7%( DL
Bo1), BEEHETREHmIE, BAEmNyiE
T o

71 TIC
6_

51 EEEB
CyoH1,0

TR (x109)

1t BB
CoH1s0

| | l ! 1 l

L I La 1
4 5 6 7 8 9 10 11 12 13 14 15 16
A} 6] /min
Bl BEFEmSE TR

Fig.1 Total ion current of thyme essential oil
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1.2.3

BESEES DA A (JlAH ) 10 mL ., nhi& 80 (FL
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BAF ) 0.001 g BT FLACE ARG KT it
A AL BE (TR 800 W, #7 i) A 60 min,
MR 30 °C), FLBARIAFHEGREANTE.
SEATHASEA TR RBEREGkFL (LA 2a),

1.3 MFC

H VK SR FTC /K BEPRAMIR A5 21/ pH ol 4.8
() 2% I A BN T3 R 30 SRR A EL 37 iR 1
Hrp, JFHEATRERE, KL AEY A R IMA R Bk
% R R B I DDA 4 R X AR AT K A, TSR
PIRCRE AR 5 B Ay BUBC I R 10%,  7E 50 °CoKiR 25 1F
TR 16 h, BHJGTE 80 °CKIEH Kk . )5 ¥ i
YIikAs PRI (A73%) BEIE % 80 SR, 5 2 i ) MFC
IR 214,

W P45 7K 5 e T 8 B80T £ 43 450K 1.0%09 MFC 7K
e, RTHECUEATE A EUS , S TR RS AL, 15
F] MFC /KBER . BL 15 g MFC 7K BE I 1420 i e 2 i
MLH, F—12 COKFH LR 7R 24 h, SRJE K HE S B
TRURT BN ST R T HRAL B, R SRR 5t 5 4
TR 5 RS MFC SBERE, WK 2b, AR 4R A FH & A8
[, 753 6 U/g B AL BR4E MFC K BE( E6-M ).8 U/g
FEFAL B4l MFC SBERR (Es-M ). 10 U/g BEFALFE
4li MFC REEIE (E1o-M ) il 12 U/g filgfi ik B4l MFC
SEEE (E1-M ),

1.4 MFC

1 )SEM., S5 % H 3728 7l A2 7= 19 JSM-IT300LV
R 7 WA, 8 100~10000 B R RAEEC R F14
WREE T HEH T /MFC BRI A O 5

2) XRD, i X STEATHXAT4E MFC S EEHE
AT, A BT RE S ) S B 254

3)BET., FREX 100 mg 2247 A BES LA R 90
mm RS E T, R R AR L, 1

¢ K Il/MFC S BEIRE &y

Bl 2 E AR IOk LS B R

Fig.2 Morphologies of thyme essential oil nanoemulsion and aerogel
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2.1 MFC
2.1.1 SEM
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3, RIAT I FLBR A o X R St b 3
TE MFC K EMRH, M EISSUNIME LA 4 R 47 24
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TSR 3 B i) = 4E 454
2.1.2 XRD

TE MFC UBEE (il 25 1L B rh, A 0 75 2R 17 il
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REXT 21 4k 22 245 it DX IO 21 28 3R B 205 40 R 485 b B 4 o
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Fig.3 Scanning electron microscopy (SEM) images of MFC aerogel pretreated with different enzyme dosages
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Rl 22,6240t BUAT ST, HL 50 50068 0L T £F 4 K 14
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&
X
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Fig.4 XRD pattern of MFC aerogels
2.1.3 BET

ANFE G B MFC AS05E B 1 L B 25 44 1 O ]
5. I 5 A1, MFC S BER 1Y BETU S 4 3R W] 1e
T AR SF B FLAR 1 A AR VE B 43 51 2.0~5.1 m¥/g
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MFC S5 i 1) B 2 1 B 2 e P o A 398 om g ok 2>
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IR Ry 24 21 2k 2% il FH ot 2 i S 0o B A0 75 1k, Sk
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Fig.5 Pore structure characteristics of MFC aerogels with
different enzyme dosages
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Fig.6 Nitrogen adsorption-desorption curve of Es-M
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Fig.7 Sustained release performance of E¢-O/M
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