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AR 5 K B R4 O BT B TR R A R F A L R
KYEM N2 . HoAth Ak 2430500 35 Sy [ 2 4 A AL 2
A B2 F) A gl S A e dli, BRI 100 g K
KIEH .2 ¢ MIVEIEMEEM 1 ¢ « JEH S, 5 500 mL
) Na, HPO, - #7522 thid W (pH=5) IR & . JF 1E
50 C4&AFLL 200 r/min fHEBEFE 14 h, V25 R 5
PR AW NaOH ¥ WO 5 pH S 2 (Al 2% 7
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G Stojanovic ZF™ J5 ik il & . 1E B K BE R
A 15 g Z4LTEK .70 mL 95 % A Z B H 10 mL
12.5 mol/L # NaOH % . ¥ B T 35 CfH i K
WHEHBERERRAL 1 ho iImA 10 mL %4 6 mol/L &
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Je UL AR SR R R 24 h DU K B R A Y
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15 NB|HAWMAERSHE
D 4 B 20 46 5% 3% (FT-IR) 3£, 78 Model-

1.1

Nexus 870 B ZL AP G 3EAL |, 43 5 %) CA.CMS Fil
CA/CMS #EATEEH 43 7. B i 5 B R KBr 8 oK
TRA DL 4 R OB KBr JE - #E4T FT-IR 43600
D E AR 500~4 000 ecm ™,

2) X-SF 717 41 (XRD) ¥, 7F Bruker D8 Ad-
vance X HF £k A7 814X _F ) 52 K 4K E K IE M .CMS il
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(A=1.540 6 A) & JE R 40 kV, 4% N 40 mA, 7E
57<C20<30° MY A7 5 A1 BEJE Bl Y LA 10°/ min B9 44
TR E F AR L & HIOBk 4 RN 0B A D B I ) R AR
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B, 5T 4 CHKAER B, i hiks R
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Fi IR Zeng A8 7 LI E RETE /R Rk 2 AL



5% 53

PINBRIEG S . — Rl 280 PRy T e 28 1) ) 6 L bl PR B R RE AT 5 83

TE A LA 1 S I R L T R I R T 3 2 AL e
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T 37 CHHE S FRAH % 24 b O 10 P B A,
T A = b L A — R LR AR SR
T 34 P47,
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W07 EXG A TS K vk T ¥ TE R RARAE S |
FATEHE /I T390 L R/ B AR — B /b B (1 em X
1 em X1 em) A RIBAESHMT N R 30 min, &3k
B AERN 50 pL WEE A 10° cfu/mL (% K i A1 3 5
W, KGRI S 0 R B R B TE B B 48, 4 °C Uk
FAARAF I LA 4 22 /K 43 [R) st 8 B A4 RY B 7
IR . RS LT 10 mL RRIUAE 5 s i
HIRI 5 min, 0.5 %6 1978 SO A TR RN JC 1 K /R X R
W B 2 min, i 5 2 RIRK W R PO 8] 3 048
T4 °C UK HPR-AE A B AS 8]  1R]  50 BURE B 50
mL JCTE A B ER K P 5T 5 min, ¥ TR R TR
e — ERBUE I 100 pL B BT [ 447 Al 1 5
e ERREA), 37 CHERE IR 24 h, WM b5
T R ALRE S EAT 3 AT .

4R Brasil % 7k, 22 A 413 508 w1k
T R HTE RS /R T 3 2 AL TE M 4 IR T IR
W5 FHAE T R P R 2 min, UL T £
MR, A% 1 2, P REER RPEZE
FLE o V2 N 7 OBV VR T AR R I 1 R S A
B2 2. TE 2 P W G IR, AT [ A %
Z2.

1.8 5P ZRENHK

A5 38 2k W A X R R R A (TVB-
N 9 B 5t 2K PE Ak 3G P 6T S8 0] B 6 B . AS B Y
TVB-N 9 & W 7 % & 3 F B X b #E GB/T
5009.44-—2003¢ P 5 A il b T A= b oE B 43 B 5 )
A HE S, EAREREI R

W BT B X IR A TC R R AE B IS /N T U R
INDY 3 g AR — B /N, 43 A TR BT R DR
HR U 5 min, BT R HE 2 min, B E SRR KK
Bl BB 148 F 4 °C vk A PR A, B PR R 8] s 1] 43 331
X R i R AT R FE A A S

TAC ] — 2 VA 8 110 A 0 T V5 VR O P s A e 2 0
b HL e B R B BRIl o0 TR IR PR
HIFFJE A 50 mL 808 AR, e SR m
BE S A 20 mL ZE 18K, Y BTALAL B 3 min J5 25
LB 50 mL £ M. B 10 mL ZFE SO A
5 mL 100 g/L MgO ¥R & W bl 1k B F 2l 1K e &AL P
ZEMR 8 min, ZRARH BT R EEAT 10 mL 3 %0 B R
WO AT 4~ 5 ik Y 21 -8 T S TR 5 4 7 R T TR
BT EEE T i, FH O bR vk B 1Y R R T (O g ¢
SBR N B SRR R LT L0 SR E LB . TR
B DAZE IR KA ZS oo B S2 58 A AR P A T DU o
3.

V% P b J A (CTVB-ND | & 3t F 2 5t
.

(V, =V XeX 14
TVB-N(mg/100 g) =

m X 10/50

Horpr Vg 0 5E AR BT AR B R R b R A AR
mL;V, A E 2 FIEAE R R AR AR B, mLsc 2h
TEER S BRI ,mol/Lsm NIRRT . g,
1.9 HiEAE

T2 56 IO 147 DAY 3 M R o R 25 R s BT AR 1Y
s R A SPSS 17.0 e it B fF kA7 ab 3, 2 4H 2 (8]
L BCR ] ¢ K3, 22 4 1) 9 LR JH B TR R Uy 22
ST, A1) P A L R A Tukey #2586, UL @ = 0.05
Ry G I A
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FiL o4

1 AT, CA R AE 06 43 551 M BRAE 3 062 Al
3029 em ' (Ar-H $fiffi).2 816 Fl 2 743 cm '
(—CHO K39 1 674 cm ' (C=0 $ifd) DL K
1626,1 606,1 576 1 1496 cm ' (FHFEHRH C=C
i1 45 FS B4R 3D F 748,689 cm ' (Ar-H 25 il &b
(1A R ZALIER M FETFE 3 362 cm !
Ab (B i F CMS FK Y O-H 3 A 1 1 45 Ik
3152 930 em™ ' Ab Ay By S LR X AR C-H B 5|
il 644 cm 'Y SR K B A AE K 45 7E 1 600 Fl
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1415 em "AbAIIEH C= O X FR$E M FI-COONa
PR FRPL AR R, RIHRHP RS CMS 454 . CA/
CMS &% (B 1C) Wik 5 CMS 1Y A 1
(E1B).CA 7 FH 1 C= O 85 5 1E W W A7 F
1675 cm "4k, CA/CMS B 5 06 {H 55 5 1Y B A%
AC-H g3 n (E 1C) £ B CMS il Uy 3# 1
CAEZSIO

% 6#/% Transmittance

W% (cm™) Wavenumbers

B 1 AERA)RREESILENB).
BHRESILES/ AEBRELEY(C)MEEMIMLEE
Fig.1 FT-IR spectrum of CA (A), CMS (B)
and CA/CMS inclusion complex (C)
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o

F P 2 TR R U R R AR AT S 0 BT
13°,15.3°,17.3°,18.2°.23.1° 1 26.9°, Jy S fy A Y
S5, BRI FTR FORE AR N S A5 B Y
R W Ik 22 FLUE M A0 S 0 R 5 R A B R
AR g5 B 2 Cll R T CA/CMSHL &
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B2 EXREFEEHA) BRESAEHBIREFE
SILEM/ AEBELEY(C)X HEITHE
Fig.2 XRD patterns of native corn starch (A),
CMS (B) and CA/CMS inclusion complex (C)

Yk CMS 1) — SE R AF W 1 58 J3 AR fk L, #E 20 =7.5°,
L1.9°F1 20.3°Ab & BT —Se i, i v g 2 i CA 2
FT CMS 1925 5 N3 1
23 AEBMRENPAEBRBFERESW

K 3A R T EKFEEMMIEA, /T WK £
LA B A 22 30 T8 /Y R bR L 2 1 A X' W 4 A
3T, FH K BRUE A 5 1 2 AL VE B 1 URLE 28 G
&l 3B 7R, AT UL 28 il /K M 5 ORI AR R 1RE 5 22
Y sk SR AR TR 2 A ) o AL L AL
BYA 1 pm, X B G5 APE TRl 2 B Rt
B, E AT HE DN A AR A A 45 A RE R T I 2Ny
PR A T ] 85 A o S s i o, G o 4 R A 2
FECH R . CMS BBRE 2 (B 30) 5 £ ok Z L3
M ARARL, B AR PR T B Ak S 0 S CMS 19 2 1L ks 25 1
WA PR, B 3D WoR e RBEA ) CA/CMS
MR RAIEA . W TIERMHE S T — )2 #0572 R
B, SR AR 75 57 5 fly T EOUHE 7 B CA/CMS
e R A3 T —e
24 BHEZIETMRAEGLEAEBRSYHHR
T

B AA AT AL, CMS 8 — 26 5 By BEAE 40 ~
120 °C, g & 9 2> 5 K i #K A G, 1 280 ~
320°CH S8 R Be R H A B 40k, CA/CMS
PR E RS CMS AL, 5 — R EHr B 40~120 C
XoF I K B 25 R A A TR RE T AR R 58 R EE Y
B 140~250 “CH P T 45 %) 4 1 R R T 52 TR
fE 250 CAA . MME B Ik A RERL 8.4% +
0.2% ;85 = K B Bt 280~320°C 5 CMS [ . %f
Wi R TP 22 FLTE M 1 A B ol . AR 4B AJ R, 1
P AR 5 AR i 4 R R Y B SIS AL A R R DX
JiLART LN DSC il £k 45 s A [ 1 f B . 76 CA/
CMS fiigk F,190 “C H B 1 AN/, 33X Xt 1 25 Bl
CA MM 7, X e 53 B 25 SR HR R B CA B iR
L4 7 CMS M.
25 HMEBREGEYHINEEE

M1 A AL, CA Fl CA/CMS K i #F H L #
e 2 R TR RN R 1 RE AR B A B 0 S AR ] B
A T AR R ) 1S 4 A T 8 R, CA/CMS 1Y
PUATEES CA TEAMHIE MR B T ICA W8 22 7, X &
B CAIN A CMSJ5 - CARY T T 5 P B8 A B A% .
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A EKRJFFER Native corn starch; B: K ZFLIEH Corn porous starch; C: 38 T IELFLIEH CMS; D75 T 0 11 o PYRE B /2 1 3%
ZALIEH CA/CMS covered by chitosan.
3 AMBFEMEERR
Fig.3 SEM of native corn starch (A), corn porous starch (B), CMS (C), CA/CMS covered by chitosan (D)
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4 BRBRESAEMMAER/EFESILIENHNRS N
Fig.4 Thermogravimetric (A) and differential scanning calorimetry curves (B) of CMS and CA/CMS

X1 ARBRESFYHAESTEMWNEEER)

Table 1 The antimicrobial activities of CA and CA/CMS(1ZD) mm
R AAERE/(mg/L) CA B ZALUEN - WA 45/ (mg/L) CA/CMS
Bacterial strain 200 400 600 200 400 600
KIGHFHE E. coli 4.240.3a 6.3+0.2b 8.940.4¢ 4.3+0.3a 6.00.5b 8.7+0.6¢
A ZERAT B B subtilis 4.34+0.4a 6.44-0.2b 9.240.5¢ 4.4740.4a 6.54-0.5b 9.140.5¢
BT BEEE S, cerevisiae 4.540.3a 6.340.5b 9.440.3¢ 4.240.4a 6.5+0.3b 9.4+0.4c
L HIEE AR NG FRE R R 25 83 (P<T0.05), Note: Values followed by different small letters indicate significant difference
(P<<0.05).
2.6 MR X KA R R mg/ LIRS/ R Z LM U4y (B) | R EERE/

NP 5 B« A X I A7 I 8] S R AT FR TP k22 AL N /52 JRB 11 42 B 3 (C) L 0.5 2058
PR B B . 400 mg/L PAEEE (A, 400 FBHVAE T (D) JCTE/K (E) 5 5 A [ O fif 77 15 W RE
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st A0 3 F) X i) PR] e 8 K A R A R R RN s T
WK >F R >CA>CA/CMS~CA/CMS>L-b-L
B2 1 2%, FiRgsREW, @ CA
H #2558 CMS,CMS/ 52 BB, n] DL CA 1Y
TR TS AL R0 R Ut A R A B ) A T K AT
P AE A BV BB A8 AE K XS R I A7 B ] G h 3 i )2
JZ A% 1 RPN R RS R TP L ZFLE M /e R
i T i 2 EL A S B 1 DR B IO L X AT R T CMIS
ST RBER 2 FL BT 55 R KRR T CA &
W, IR SERBERM CA LIi% 28 55 M A7 7.
AT RE X K AT B A A B AR

w2 A
=

- EED
EE

log cluol E. coli

e R T R, B = S B R =)

<

0 5 10 15 20
fHA]/d Time

A:400 mg/L W 400 mg/L CA; B:400 mg/L PR /R H
FLZ LM LY 400 mg/L CA/CMS; C. REERE /R R L 4L
VERY /7R A A #E L-b-L self-assembly sample; D:0.5%
Fo BRI 0.5% chitosan solution; E: TG 7K Sterile water. H: 4R
K EARRE/NG bR 22 5 W% (P <C0.05) Columns with differ-
ent small letters indicate significant difference (P<20.05).F [l [d]
The same as below.

Bl 5 AEEEFALENBR
ERBEEPXBAENHEET L
Fig.5 The effect of different antimicrobial
solutions on fresh-keeping of chicken breast

fillets by the count of E. coli

27 AEBUMRENBABESPEZELHEER
(TVB-N)& £ & i

534 400 mg/L R HEEE (A) . 4100 mg/L I
B/ R Z fLIEM 45 (B) R/ R B2
FLVERY /5¢ RBE A 2 BT HE (C) 0.5 0 52 M IR T
(D) T 7K (E) A 5 FAS [|) (0 9 VR A Sy £ i 550 Ak 2
XS P I T ARG 10 d B4 R M AR R
(TVB-N) & 248k (B 6). X 5 FpiE AL #5139
P TVB-N B 247 Fifi it 5 B (8] 38 o im 365 An, 3 02 i
T RS IE R WO R RS R MR R A Y
FEA R MR SOk AR EL B 100 g IR
TVB-N & & #id 30 mg B8t E B AR HEY, 15

4°CHRI 1 d JF. % 5 Bl A O 6 500 Ak 380 39 )
TVB-N & &¥/NT 20 mg/100 g. Ui W% Y 24 4b T
Bl E AR AS . A A R R A 4 d S LA
SF XY N RE S TVBN & & NN T 30
mg/100 g, 1M FH A RE R /32 WY B 22 L e K / 52 SRBl 2
2 R 120 B Ak B R R TEGE K 4 d 2
H TVB-N & A58 4R 7F 30 mg/100 g ZF,
SR RE S NEH . N 10 d B RS R F .
TVB-N 7 f K /N5 40 BEAY A A PR B0 A0 R &R .
T 7K > 7% B> CA>CA/CMS~CA/CMS>L-
b-L HA1%E 1 2, sbas RS e & H s
Py v 30 A 3 R B A R — 2 FRIRIESE T H CMS
o CMS/5¢ JME B 213 A 30 22 J5 1Y) TR o it e 2 L
I (0 B BRI A RHE K T XS IR Y B AR (R
Bl . fEAASII iR R A% 1 )2 R
R /R WL Z2 AL VE Ky / 5¢ RWE OB 48 LA fie s 1) £
BRERICR

- A A
N B
BB C

A

it [)/d - Storage time
Eo6 AEREFALEHIBAE 4 CHER 10
PHELREHRERSETN
Fig.6 Postmortem changes in TVB-N in chicken

breast fillets stored at 4 ‘C during 10 days

using different antimicrobial solutions
A I A

AT 5 T — b iy VR /R T 2 AL BER /
7o R 12 T2 A T R i R A R T A
Il aod e LI AR e D AT VX AT S T
B RBE R AT A T ik IR T AL A5 . %
T 2R PR T ol S 1 45 A I R AVRE TR /N T L
HAE Z2 LAS M Y 2 v P E G A 2R Bl SR B
B L DT 5 B0 2 R A e 1 O 4 o L XU A 2008
3 o 10 TR S 8 R X8 DAY R A Y R M T T A 0
AT X 2 A e T ol A LA R Y D B
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Ph o SCPr S b A RS A 2 A — R B
APy A=A AR Ak 33 R S o B Y (R s D) 1) 32 2L
JELIAT o AS9F 5 388 e 00 X6 PA) 7 I o e 2R e
A S M B B R AR G W) CRIE S 1 3 2R R
TVB-ND I 75 42, R PP Ak AN [7] £ S 550 %F 38 P £ i 5%
ZRIY B SR T A8 A5 T A R 2 1 4%
BEAE T 0 A G £ S 55 Z AR 31 1A AE K. i HL
SR WP LB M ) 22 L VE By B A B B KR TR 1R
ZK R B e ) R i v R R ) S AT A i 3K R B ) 119
BOR . ARSI B 925 K TVB-N 2 & & 52 30 25
A FATTIE WA T JORE M S 52 5 YRR RE A BT R
Ik AT RE T I P [ 1R BT T 2 A R e
PERE

R 3 22 FLE N A 7 ROBH AR 2 A% T JA R A % 8
AR AR ST E AT D B 2L R 4 1N R T
V5o P 780 ELAT AR R 08 1 P 0 2 Bl e 8 ol i
G5 1 R T DAY R 1) BT A T R B ROR L iR A
RO T PR (19 XA 2 — b BILARLF) £ o R 6 51
Bt .

2 % x M
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Preparation of a novel microcapsule of cinnamaldehyde
and its effect on food preservation

SUN Linhao ZENG Zhen ZHOU Yao XIAO Feng CHEN Hao JIANG Hong

College of Science , Huazhong Agricultural University , Wuhan 430070, China
Abstract In this study, the carboxymethyl porous starch (CMS) synthesized from the corn starch
was used as coating material. The inclusion complex of cinnamaldehyde with CMS (CA/CMS) was pre-
pared and its structure was characterized. The results showed that cinnamaldehyde was successfully
packed in the porous structure of CMS. A Layer-by-layer self-assembly technique using chitosan, a cat-
ionic biopolymer with antimicrobial property, was used to encapsulate the anionic CMS. A novel cinnam-
aldehyde “CA-CMS-Chitosan” microcapsule was obtained. Its antimicrobial activity and effects on chick-
en breast fillets preservation were investigated. The results showed that this cinnamaldehyde microcap-
sule had a broad-spectrum antibacterial activity. It can effectively prolong the shelf life for chicken pres-
ervation.

Keywords cinnamaldehyde; carboxymethyl porous starch; chitosan; layer-by-layer self-assembly;

food preservation
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