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411

50, 60 70 °C

0°% 20
0°c 30
20 30
(p>0.05)

(2548)
epigallocatechin gallate
50 °c epigallocatechin gallate

10,20

4.1

(p<0.05)

30

30



41

C )
50
10 140.231£0.13
20 140.80f+1.70
30 141.03£+0.03
a, b,..
412
4.1.1.
70 °c 20
4.2
DPPH
DPPH 68.51 70.32 %
20 % DPPH
DPPH
10%)

(redluction reaction)  oeew

Guo (1999)

catechins

(°C)

60 70
146.44e+0.42 153.55bc+0.71
152.09c¢d+0.19 154.77ab+0.71
150.800+1.83 156.48a+1.70

(p<0.05)
DPPH
DPPH
2 20%

(p<0.05)

2 10%

67.72% |,

(25
(20%)
steric hindrance ( )
DPPH ,

steric hindrance
steric hindrance
EGCG

Electron Spin Resonance Spectroscopy (ESR)
EGCG 0.1, 0.2

1.0 mmollL  ESR



EGCG 2.0 mmoirL

steric hindrance EGCG

steric hindrance , EGCG
steric hindrance catechins
EGCG (D ring) axial bond (e bond) 2
pyrogallol groups 3 gallate groups ( 41)
equatorial bond (a bonds) e bonds EGCG
steric hindrance catechins

catechol oxidase

EGCG (Wang , 2000)
DPPH
20%( Ivy
' steric hindrance
DPPH 10%
4.2 DPPH
DPPH
(% w/v) (mg GAE/qg) Scavenging (%)
2 155.08c+0.86 68.51°+0.06
5 164.72c¢+3.38 69.58hb+0.23
10 335.00b+2.4 70.32a+0.23
20 605.61 a+0.86 67.72c¢+0.11

a, b,... (p<0.05)
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41 EGCG carbon-hydrogen bonds ring a
bonds e bond
Guo (1999)

413

0 (control), 2, 5, 10 20% ( /v)
p. fluorescens, . aureus, E. coli
. Enteritidis (inhibition zone)

4.3



43 . aureus, E. coli, P. fluorescens

Inhibition zone (mm)

. aureus E. coli
(Contact (Contact
(%owlv) surface) surface)
Control 0.00d+0.00 0.00c+0.00
() ()
2 1.00dt0.00 0.00c£0.00
(+) (+)
5 4.25¢10.35 1.000£0.00
(+) (+)
10 7500071 2.25a0.35
(+) (+)
20 11.00% £0.71 2.63a0.18
(+) (*)
a, b,..
(*)
()

0 (control), 2, 5, 10

. aureus
(11.00 +0.71 )
25
p. fluorescens . Enteritidis

. aureus, E. coli, P. fluorescens

4

-MA U

. Enteriticlis
p. fluorescens . Enteritidis
(Contact (Contact
surface) surface)
0.00£0.00 0.00£0.00
() ()
0.00£0.00 0.00£0.00
(+) (+)
0.00£0.00 0.00£0.00
(+) (+)
0.00£0.00 0.00£0.00
(+) (+)
2.00£0.00 2.00£0.00
(+) (+)
(p<0.05)
20% ( V)

inhibition zone
20% (W/V) E. coli
10 %
20%

. Enteritidis



4
EGCG, ECG, EGC EC
(lipid bilayers)
Ita
(Cushnie Lamb, 2005)
EGCG . aureus (Si
. 2006)
(. aureus) (E. coli, P. fluorescens
. Enteritidis) lipid
(lipo protein) (lipo polysaccharide) pimilic amino acid
11-22 %
lipid (Mandelstam, Mcquillen
pawes, 1982)
( ) 2547, Jeihanipour, Karimi Taherzadeh,

2007)

4.2



421
4211
49.11 -62.11
0 5% ? 5
(p<0.05)
44 ?
(% W/v) ( )
0 49.11b+1.20
2 50.46h+0.45
5 52.32h+0.08
10 58.37a+2.10
20 62.11a+3.25
a, ... (p<0.05)
4212 (L a* b¥)
?
2,510  20%( I L* ( - ) *
a( - ) L* (p<0.05)
? ?
(90.89)
pheophorbide, phaeophytin -~ chlorophyllide
theaflavins  thearubigins catechins
2
phaeophytin ?

chlorophyllide (olive green) chlorophyllide

10 %

31

L*



pheophorbide (\NaJker, 1964)

pheophorbide

phaeophytin pheophorbide

phaeophytin

, 2532)
L*
ax, b* (AE)
(p<0.05) 4
10 20 % a*
45
¥ a* b Ae
(% N)
0 90.89at0.08 -2.18ct0.02 10.06et0.04 8.94et0.02
2 78.740t0.24  3.73ct0.17 32.14d054 34.71d0.55
5 73.82¢t040 4.80t0.25 35.88ct0.19 39.64ct0.35
10 70.24dt0.07  6.03a£0.06 38.150:0.06 43.54k¢0.09
20 69.32et0.25 __gi_._@_9_§_¢_(_)_._2_@l 39.89at0.16  45.54at0.19
a, b,. (p<0.05)
4213 ?
WVP
4.6 WVP
(p<0.05) 2 20%
WVP (p>0.05)
WVP
Siripatrawan  Harte (2010)
Fourier

(interaction)



Transform Infrared spectrometer (FT-IR)

NH3+

46

% M

10
20

ab,.

422

4221

DPPH  ?

DPPH

2 10%
10 %
DPPH (
(‘hydrogen donation)

(2007)

absorption band NH3+

WP ?

WVP

(9.mm/Pa.day.m?

0.86at0.03
0.610£0.03
0.590£0.07
0.590+0.15
0.560£0.03

DPPH

20 %

4.1.2)

catechins

(p<0.05)

2,5, 10

(p<0.05)
?

]

39

20% (

(p<0.05)

DPPH

steric hindrance

Zhang

{

DPPH

Kosaraju
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catechins chitosan matrix
catechins
Siripatrawan Harte
(2010)
absorption bands 1700 1660 cm'l

FT-IR spectra

DPPH ' DPPH
10%
DPPH
47 Yo DPPH
DPPH
(% N) (mg  Scavenging (%)
GAE/g)
0 3.75ex0.03 2.56et0.12
2 9.08dt0.47 40.5800.28
5 15.17c+0.05 58.54ct0.34
10 31.770t0.44 63.74a0.45
20 3714047 62440037
423
( . aureus) (£ coli P. fluorescens : Enteritidis)
E. coli

, ,(index microorganisms)

Pseudomonas SPP.



.aureus
staphyloenterotoxicosis staphyloenterotoxemia (Notermans
Salmonella salmonelosis

(Borch

2,5, 10 20% (V)

48
(Contact
(%wh)  surface)
0 0.00(+)
2 1.00(+)
5 1.00(+)
10 1.00(+)
20 1.00(+)
(+)
() ,
2 20 %

Arinder, 2002)

4.8

Inhibition zone ()

E.coli
(Contact
surface)
0.00 (+)
0.67 (+)
1.00 ()
1.00 ()
1.00 (+)

P. fluorescens,

5

p.fluorescens

(Contact
surface)
0.00 (+)
0.00 (+)
1.00 (+)
1.00 (+)
1.00 (+)

. aureus

20 %

41

Otterdijk, 1985)

. Enteritidis
(Contact
surface)
0.00 (+)
0.00(4)
1.00(+)
1.00(+)
1.00(+)

. Enteritidlis E.coli

E.coli
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2 % P. Fluorescens, . Enteritidis E.coli

( 4.1.3)

inhibition zone

inhibition zone

(-NH2)
? EGCG,
ECG, EGC EC (Chen Chan, 1996; Sakanaka , 2000;
12007) ? active
compounds
? 4
} ?
Tripathi (2008) E-coli, S.aureus B.Subtilis
chitosan-starch film chitosan-starch solution inhibition zone
? ?
? ?
2
43. ?
?
10 % ?
1 ' 2
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4311
L* ( A S * (

4.9

L* &
* (p<0.05)
(p<0.05)
a* *
(p>0.05)

L* *

myoglobin

nitrosohemochrome
'Fe+ Fe3+
L*
DPPH DPPH ( 4.7)
DPPH 2.56 63.74 %
a‘k
a*
(p<0.05) a*
a‘k



peroxide , nitric oxide
hemochromogen nitric oxide myoglobin oxidized porphyrin
(Jjaberg , 1970) '

L* a* b*

(L¥, a* b*)



49  L*a* *
Storage  Treatment
time(days)

0 All treatments
4 C
CT
CT+GT
8 C
CT
CT+GT
12 C
CT
CT+GT
16 C
CT
CT +GT
2 C
CT
CT+GT
: a b,.
C (control) =
CT (chitosan film) -

Ae

L*

57.08al040
56.70* £0.35
56.2010.29
54.590.21

5192 1028
56.06* +0.46
56.03*£1.62

58270022
57.86* 1012
55.65°10.24

58.55040.34
56.86*10.30
43205/

50.56° +0.65
56.8900tt1.14
54474022

CT +GT (chitosan film + green tea) =

a*

22.08°40.18

21.80°0t0.45
21781011
2172 11

21 470,35
21.66** +0.34
2147°0520.28

21.16"40.12
21.34 004
21.50%* +0.46

20.74°10.33
21.02* 1043
21.31" 1042

20.1940.76
21.08*° 1047
21.25* .15

15.50* £0.18
1559 +0.32
15.41*40.19
15.40*10.62

15,62 .20
15.42* 1014
15.60°* +0.35

15.76* +0.05
15.32*+0.47
15.28*0.64

16.21° 10.20
15.32*ct0.61
15.08*d+0.45

1624° 1011

15.03*10.44
14.70a0.30

(p<0.05)

4°c

Ae

1.80c0.02
189c+0.22
2.95"40.28

191°+0.27
251*40.62
2.40% 1048

2.01c0.34
182c0.22
2.42+0.09

2.5340.31
192 #0.35
3.22°40.72

341°t1.24

2.03c021
3.18*10.23

10%



"»f

4.10

4.3.1.2

, 2549)

(p<0.05)

pH

12

(2537)

46



410

Storage time
(days)
0

4

12

16

20

C (control) =

CT (chitosan film) =

CT + GT (chitosan film + green tea) =

Treatment

All treatments
CT

CT +GT

CT

CT +GT

CT

CT +GT

CT

CT +GT

CT

CT +GT

y b,

4°c

Texture
(gram force)
1975.283+35.44
1828.75ab+31.10
1869.38ab +22.63

1891.25ab+41.37

1759.65ab +£56.64
1848.98ab +44.43

1877.75a +£43.29

1512.00boc=40.50
1726.30ab +£37.17

1687.89ah+32.34

1153.98ce +20.28
1588.33ac +37.46

1625.69ab +23.01
916.53e+50.44
1520.45bod +42.02

1544.49abod+45.41

(p<0.05)

: 10 %

4
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4321 ™
pH ?
?
pH (p<0.05) 4.11
pH pH
. . oH
, ?
pH ? chitosonium acetate
(Nunthanid , 2001) , ? phenolic
acid Viuda-
Martos (2010) pH  bologna sausages orange dietary
fibre,  oregano essential il ?
pH pH
pH

Dykes, Cloete  Holy (1991)



411 pH

Storage time ~ Treatment

(days)
0 All treatments
4 C

CT

CT+GT
8 C

CT

CT+GT
12 C

CT

CT+GT
16

CT

CT +GT
20 C

CT

CT+GT
C (control) =

CT (chitosan film) =

CT + GT (chitosan film + green tea) =

pH

6.56a 0.02
6.54a0.02
6.53820.02
6.47° +0.01

6.50" 10.01
6.48¢ £0.00
6.400H +0.01

6.500c+0.01
6.48¢ +0.01
6.39¢ +0.00

6.41ce£0.01
6.50mc10.01
6.41c6+0.00

6.36" +0.00
6.44d £0.01
6.39f£0.00

(p<0.05)

4°c

10 %

49



4322 TBA

lipid oxidation

lipid

oxidation

TBA
(malonaldehyde) (

TBA

(p<0.05) 412
TBA
TBA

NH3(
2544)
lipid oxidation 1
lipid peroxidation
, (Gordon, 2001) Yen
(chelate) Fe2+ 88.7%
97.9% oue , 1988
Cu+
6 amino group

(24

oxidation
Shahidi, Arachchi
oxidation
ron  hemoproteins Fe2t+

Jeon (1999)

lipid

oxidation

condensation

, 2545)

TBA

(2007)
EDTA

hydroxyl group

2

Fe2+
Darmadji ~ |zumimoto(1994)

chelation  free



1 1 catechins
oxidation (Gadow , 1997)
(1996)
trolox
hydrogen donating
90 % catechins
hydrophilic (OH)

oxidation

TBA

Rice-Evans
TEAC (

1mM)

ipid



412 TBA
Storage Treatment
time(days)
0 All treatments
4 C
CT
CT+GT
8 C
CT
CT+GT
12 C
CT
CT+GT
16 C
CT
CT +GT
20 C
CT
CT+GT
C (control) =
CT (chitosan film) = ?

CT + GT (chitosan film + green tea) =

TBA

(mg malonaldehyde/kg)

0.01*10.02
0.06h£0.01
0.05hi+0.01
0.04'£0.01

0.12¢40.01
0.099+0.01
0.08s+0.01

0.15° 0.01
0.12f+0.00
0.10s+0.01

0.1 001
0.13det0.01
0.12¢+0.01

0.20a+0.00
0.16mc+0.01
0.150/10.01

(p<0.05)

4°c

10 %

52



433,
4331
413
4°c

Storage Treatment
time(days) (CFUig)
0 All treatments
4 C

CT

CT+GT
8 C

CT

CT+GT
12 C

CT

CT+GT
16 C

CT

CT +GT
20 C

CT

CT+GT
CT (chitosan film) =

CT +GT (chitosan film + green tea) =

*=

. nd=

Total plate count  Yeast/moulds

(CFUIg)
<20
3.6x102
<20
<0

42102
<0
<0

1.8x10s
)
<20

3.5x10s
<0
<0

>109°
4.5X103
3.3x102

(CFURY)

(CFUig)
nd
nd
nd
nd

<0
<20
<0

38x103

Lactic acid bacteria
(CFUIg)

nd

<0

nd

nd

<0
<0
nd

34X102
<
<

1.0x103
<
<

>109"

<20
<0

10%



1
20 crurg
12
1 105¢
20 crurg 20
X102 4.5 X103crurg
1.1x10scFurg
104 crusg
( , 2536)
0-8
12-16

3.4X102-1.0x103cFurg

(2004)

NH3+

Sudarshan, Hoover
Helander
E-CO//
(binding)

RNA

20

glucosamine

Knorr, 1992 4Helander

(2001)

1,8x10scru/g
. 2549)
3.3
1,5x104
20
20
(Steel Stiles, 1981)
Chung Chen (2008) Liu
(Papineau , 1991 ;
- 2001)

glucose lactate dehydrogenase

Transmission Electron Microscopy

DNA

- 2544)
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y
catechins
' .aureus, E.coli, P. fluorescens . Enteritidis
4.1.3 (2007) EC caffeine
Staphylococcus aureus, Bacillus subtilis Escherchia
coli Hamilton-Miller (1995)

Escherchia coli, Salmonella Typhimurium,

Listeria monocytogenes, Staphylococcus aureus Campylobacterjejuni

4.1.3

434,

(p<0.05)

412 TBA



105 CFU/g (
12, 16 20
105 CFU/g)

(p<0.05)

20 16

1.5X104 1.1X10s CFU/g

4.5x103CFU/g

(p<0.05)

20

4.13)

16

3.3x102



9.00
-g 7.50 -
6.00
4.50 -
3.00
1.50 -
0.00

4.2
¢ (control) =
CT (chitosan film) =
CT + GT (chitosan film + green tea) =

400 |
350 -

X
i
58
| 150 -

050 -
000 e

43

¢ (control) =
CT (chitosan film) =

CT + GT (chitosan film + green tea) =

8 12

«91 «1( |

16

20

CT+GT

10 %

ar cT
@ CT+GT

10 %

°c

5



10.00 - 3
8.00 -

6.00 -
d°¢ I C

o CT
2.00 f H CT+GT

0.00 T T T i T

4.00 -

azumnmmavindend

4.4 4°¢
¢ (control) =
CT (chitosan film) =

CT + GT (chitosan film + green tea) = 10 %

m C
ot CT
@ CT+GT

45

4°c

¢ (control) =
CT (chitosan film) =
CT +GT (chitosan film + green tea) = 10%
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