split plot design

1000ppm 2000ppm  3000ppm
4 0O 6

p 0.05
p 0.05

85
p 0.05
p 0.05

p 005

95

p 0.05

p 0.05

p 0.05



p 0.05



Sofos et al. 1977

Cross et al., 1980
Muzzarelli, 1996
Chitosan, 2deoxy-2-amino glucose polymer
Chitin
2000

Knorr, 1984
2001

Muzzardli, 1996

Veneroni et al., 1996

Sudarshan et al., 1999



1989 1989

and |zumimoto, 1994

1000ppm 2000ppm  3000ppm

1996; 1997, Soto-Peralta,
Ouattara et al., 2000
Darmadji
2000
85 95



Schut, 1976
Hanson 1960
Helmer and Saffle 1963

complex colloids system

matrix

Schut, 1976
oil-in-water emulsion

water-in-oil emulsion

Helmer and Saffle, 1963
CAS 1995

70
-2~/



Fig. 1. Structure of meat emulsion.

Schut, 1976



free formaldehyde combined

formaldehyde 10ppm
1
2 3
4 1995
CAS
65.0% 25.0%
14.0% 4.0
10°CFU/g Coliform 10 MPN/g
E.coli
Salmonella S. aureus
1995
chitin 2000~3000 N-

N-acetyl-D-glucosamine B -1,4

2x10° dalton Knorr, 1984
Shahidi et al., 1999 C-2
-NH, -NHCOCH;



CH_OH CH.OH CH_OH

H H H
H H
OH H 0 OH H 0
H H H
H OH H H OH

OH
Cellulose
CH,OH CH,OH CH,OH
0 0 0
H H H
H H H
OH H 0 OH H Y OH H
H H i H
H  NHCOCH, H NHCOCH, H NHCOCH,
Chitin
CH,OH CH,OH CH,OH
0 0 0
H H H
H H H
OH H 0 OH H 0 OH H
H H I H
H NH, H NH, H NH,
Chitosan

Fig. 2. Simplified structure of cellulose, chitin and chitosan.
Ravindra et al., 1998



crustacea

Table 1. Chitin content in some organs of crustacea, insects,
malacostracan and fungi

Type Chitin Type Chitin
Content Content
(%) (%)
Crustacea I nsects (continued)
Cancer (crab) 72.1° Colocoptera (bettle) 5-15°
Carclnus (crab) 0.4-3.3% 27-35°
8.29" Tenebrio (bettle) 2.1°
64.2° 4.9°
31.3°
Paralithodes (King crab) 35" May beetle 1.6
Callinectes (blue crab) 14% Diptera (true fly) 54.8°
Pleuroncodes (red crab)  1.3-1.8° Pieris (sulfur butterfly) 64°
Crangon (shrimp) 5.8° Grasshopper 2-4°
69.1° 20°
Alaskan shrimp 28" Bombyx (silkworm) 44.2°
Nephrops (Iobster) 69.8°
6.7 Calleria (wax worm) 33.7°
Homarus (lobster) 60.8-77.0° Molluscan
Lepas (branacles) 58.3" Organs
Clamshell 6.1
Oyster shell 3.6
I nsects Squid, skeletalpen 41.0
Periplaneta (cockroach) 2.0° Krill,deprotenized shell ~ 40.2+5.2
Blatella (cockroach) 18.4°
10° Fungi
35" Aspergillus niger 42.0°
Penicillium notatum 18.5°

(continue on next page)



Type Chitin Type Chitin

Content Content

(%) (%)
Fungi (continued) Mucor rouxlii 44.5
Penicillium 20.1° Lactarius vellereus 19.0
Chrysogenium (mushroom)
Saccharomyces 2.9°
Cerevisiae
(bakers yeast)

*Wet body weight.

°Dry body weight.

“Organic weight of cuticle.

“Total dry weight of cuticle.

°Dry weight of the cell wall. Knorr, 1984

10



cellulose

chitosan

Orlowski, 1991 Muzzarelli 1985

w/w

2001

non-toxic
biodegradable

biological function

11



Knorr, 1984
2001

1997

linear cation polyelectrolytes

Shahidi et al., 1999

250 1999

Poulicek et al., 1986

carrier protein  CP

minerdization matrix MM



Chitin —»

w ——» OO0OO000O0O

CP

2209900
{ééééééé

T —
S 0 o

MM  minerdization matrix
acidic polypeptide chain

CP carier protein
chitin-protein complex

Fig. 3. The modd of chitin combined with protein and CaCOs.
Poulicek et al., 1986
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CaCOg; MM

CP MM
Knorr,
1984
1.
Knorr,
1984
EDTA Brine and Austin,
1981 1987 2N
2.

Knorr, 1984 Brine and Austin, 1981

Stanley
1975

14



Crustacean shell
Collection and storage
Sizereduction

Protein separation NaOH
Washing
Demineralization HCI
Washing and dewatering
Chitin
Deacetylation NaOH

Washing and dewatering

Chitosan

Fig. 4. Simplified manufacturing processes of chitin and chitosan.

Knorr, 1984
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0.5N
SN

40~60
1988
60
110

110

/8

Mima et al., 1983

1988

16



Table 2. Conditions for preparing chitosan of different degrees
of deacetylation

Degree of deacetylation Treatment conditions needed
30-40 30 NaOH, 6-8hr
40 NaOH, 0.5hr
40-50 40 NaOH, 1hr
60-70 50 NaOH, 0.5hr
70-75 40 NaOH, 2.5hr
50 NaOH, 1hr
60 NaOH, 0.5hr
75-80 40 NaOH, 4hr
60 NaOH, 1lhr
80-85 40 NaOH, 6hr
50 NaOH, 4hr
60 NaOH, 2.5hr
85-90 50 NaOH, 8hr
60 NaOH, 4hr

1988

17



Mucor rouxii
Aeromonas
spp. 50
1999
Shahidi et al.,
1999
Cu™ Pb™ Hg™
2001 Hirano et
al., 1984
10 mg/mL, pH 4.0 85FTU 8.7FTU
chemical oxygen demand COD 2394mg/L
951 mg/L 1624mg/L 6mg/L
Bough, 1975
cellulose

264mg/g  421mg/g
80mg/g Shinagawa et al., 1979

18



Table 3. Applications of chitin and chitosan

1. chitin/ chitosan
2. chitosan/glucan

chitosan

chitosan

chitosan

chitosan

chitosan

chitin

. chitosan

10. chitosan
11. chitosan

©®NOD O S W

chitin

chitin

chitin

chitin

chitin

chitin

chitosan
chitosan

. deaminated chitin
10. chitosan

11. benzyl chitosan

© 0 Nk WN P

1. chitin

2. chitin/ chitosan
3. chitosan

TLC

Hg, Pb, Zn, Cu
Hg, Pb, Cu, Cr, Co, Ni, Mn

Fe, Co, Ni, Cu

(
|actase
gluoose isomerase
invertase
amylase
trypsin  chymotrypsin

5-phospodiesterase
a-chymotrypsin
lysozyme

lysozym

phosphatase

pyraszines

19



L A

. chitin/ chitosan

modification

chitosan
chitosan
chitosan
chitin/ chitosan
chitin

chitosan

(

1988)



Table 4. Application of chitin and chitosan and their derivativesin
food industry

texture

21



Affinity flocuulation
Fractionation of agar

RCB's

Shahidi etal., 1999



distinct
phase
1999

cross linking agent

1999

Lactase Glucose isomerase chitosanase

Stanley et al., 1975; 1976 1995

Shahidi et al., 1999

polyamines
Young et al., 1982 pH5.8

Pythium paroecandrum leakage

23



Table 5. Functional properties of chitin and chitosan and their
applications in food industry

4. Bifidobacterium
spp.

10.
11.

24



12.
13.

14.

15.

25

(

1989)



\Y,

Fig. 5. Schematic illustration of the antimicrobia activity of
chitosan.

Young et al., 1982
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Leuba and Stossel, 1985
DNA MRNA Hadwiger et al.,
1985
Wang 1992 O 05 10 15 20 2.5%
2% pH 55 6.5
pHS5.5
S.aureus S typhimurium E.
coli Darmadji and lzumimoto 1994
0.01% Bacillus subtilis IFO
3025,bE. coli RB, Pseudomonas fragi IFO 3458, S.aureus
IAM 1011 01% 1.0%
Lactobacillus plantarium 1AM 1216, Pediococcus

pentosaceus|AM 12296  Micrococcus varians |FO 3765

05% 1.0% 4 10
1995
80% 60% Shigella sonnei
32.7% 11.4% Pseudomonas
fluorescens 30.5% 13.4%
Simpson 1997 Pandalus

borealis 1% 2%

27



4~7 8
P. fluorescens E. coli, P.

vulgaris, S. typhimurium

2000
9
1996
20%
2000ppm 5 10 10°~10°
CFU/g 10°~10° CFU/g
pH
2.
edible film
Kitter 1998
bologna  pastrami
4 10 21 Enterobacteriaceae

Ouattara, et al., 2000
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(1)

Soto-Peralta 1989
Golden Delicious

silica sol/gelatin/bentonite

0.5kg/m’®
0.5~1.0kg/m® L value
1997
0%
(2)
Knorr 1982
microcrystalline water binding

capacity 230~440% w/w

fat binding capacity 170~315% w/w

29



(3)
Lee 1996
0.1%
10% 0.2%
0.1%

0.1% mayonnaise

(4)

pyrazines Knorr,

1984

(5)

hemoglobin

malondialdehyde
1999  St. Angelo and Vercellotti 1989
5000ppm  N- N-carboxymethylchitosan,
NCMC



99% hexanal

-over favor

1996
10
30%

(1)

WOF; warmed
Darmadji and lzumimoto 1994
02% 0.5% 1.0%
TBA
1996
NCMC

dietary fiber

Roberfroid, 1993

1990: Knorr,

31



1984

(2)

1% 2%
(3)

et al., 1999

0.7% 0%
39
Hirano et al., 1990
80

Veneroni et al., 1996

Muzzardlli, 1996
Shahidi

(Suzuki

32



Fig. 6. Schematic illustration of the chitosan-promoted inhibition
of fat digestion ( in the stomach).

Muzzardli, 1996



Fig. 7. Schematic illustration of the chitosan-promoted inhibition
of fat digestion (in the intestine).

Muzzardli, 1996



et al., 1990; Tsukada et al., 1990; Razdan and Pettersson,
1994 Knorr 1984
bifido-bacteria 1999

1979 ; 1988
sulfonated chitin  sulfonated chitosan
N-ary-carbamoyl-D-gtucosamin  N-arylth-
|ocarbamoyl-D-glucosam-ine

disintegraton Knorr, 1984

Allan, 1985

1983
1989
FDA



Mccurdy, 1992  Bough and

Landes 1978 5%
Hirano 1990
0.8 1.4 g/kg bw/d 239
PER
L Dg 16g9/kg bw LDsg
350g/kg bw Arai etal. 1968 18 g/kg bw/d
1996
kg
189 6.59 0.8g
60kg 48g
2~5%

2000 Koide 1998



Deuchi et al. 1995

A.D,EK

E 5%

D Deuchi et al., 1995
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Sugano et al. 1980 Tanakaetal. 1997
10%

2% 5mg 5

Deuchi et al., 1995

mal absoption syndrome

3~6

2000



(TCA-22, Table

Model Grinder, Butcher boy, U.K.) ( 6.5mm

) PE 4 (TL-520R, TIT,
Taiwan)
3.5mm -20 Medical Freezer,
Sanyo, Japan

85 95 150kD
85 1000ppm 2000ppm
3000ppm 95

1000ppm 2000ppm  3000ppm

(Stephan, UM 12, Germany)
BL-20, TIT, Taiwan 5



Table 6. The specification of chitosan

Chemical parameters

Molecular weight 150,000~160,000
Dry matter 90%
Ash 0.5%
Degree of deacetylation 85~88% and 95%
Solubility 90%(in 1% acetic acid)
Turbility 50NTUs
Viscosity 500cps(in 1% acetic acid)
Feature
Powder 180mesh
Microbiological parameters
Total plate count 100cfu/g
Escherichia Coli ND
Coliform Bacteria ND
Mould and yeast ND
Toxicological Data
LDso 18g/Kg

2002



Table 7. Frankfurter sausage formulation

%

100%
=4:1

25 %
2.0%
3.0%
0.4%

120ppm

400ppm
0.3%
2%
0.2%
0.2%
0.1%
0.1%

a4



1000 2000 3000 1000 2000 3000
ppm  ppm  ppm ppm  ppm  ppm

01 2 3 4 5 6

Fig. 8. The flow chart of experimenta design.
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30

30
30
2 12
Nippi casing #250, Nippi, Japan
KA-1990/220E, ASCA, Germany 40-42

40 40-42 20 75
98% 60 70
Ny:is PEyo LL7 15u
m/LDPE 20y m/LDPE 70y m 1050 m

MULTIVAC, A300/16, Germany

4 (TL-520R, TIT, Taiwan) 012 3 4
5 6 ( total plate count, TPC)
(Psychrotrophic bacteria) (Salmonella spp. )
(Coliform) (Lab) ( pH value)

(thiobarbituric acid value, TBA value)
proximate analysis ( sensory evaluation )

(shear value) texture profileanayss



=

1/2

1/2

Fig. 9. Theflow chart of frankfurter sausage processing.



Proximate analysis

A.O.A.C.(1986)

Yield %
1992
KA-1990/220E ASCA, Germany
70
% = g / g x100%
Total plate count, TPC
11 99
Stamacher, Model 400, England 2
plate count agar Difco 37 48
FDA, 1978
Psychrotrophic bacteria
11 99
Stamacher, Model 400, England 2



plate count agar Difco 7 10
FDA, 1978

Salmonella spp.

11 99
Stamacher, Model 400, England 2
Salmonella shigella agar Merck 35
48+2 Salmonella
Salmonella FDA, 1978
Coliform
11 99
Stamacher, Model 400, England 2
Chromocult coliform agar Merck 35
24+2 Chromocult coliform agar Salmon-Gal
Coliform Galactosidase
X-Gluc E. coli Glucuronidase

FDA, 1978

Coloring difference test

Mean et al. 1987



Color and color difference meter, Model

TC-1, L
value a value b value
pH value
Ockerman 1985 10
90 2 pH meter MP320,

Mettler Toledo, Switzerland

Thiobarbituric acid value, TBA value

Ockerman 1985 10
50 2 46
3 HCI:H,0=1:2 HCI 1
0.5% sulfanilamide Sigma 20 HCl vlv 5
AntiformA  Sigma Kjeldahl flash
5 5
TBA 0.288g TBA 100ml 90
35 10

Spetophotometer, HITACHI U-200, Japan
538nm Optical density, O.D.
O.D.

47



10. Sensory evaluation

Cardello et al. 1983

10 2cm
hedonic
scale test
1 7 1 7
1 7 1
7 1
11. Shear value
10 2cm
Rheometer,

Model NRM-2010J-CW,
31 6 cm/min

Rheometer, Model FR-801,

kg/cm?

12. Texture profile analysis

pal atability



Gonez-Guillen and Montero, 1996
Gonez-Guillen and Montero 1996 1992
Rheometer, Model
NRM-2010J-CW,
Chewing test
Toughness Cohesiveness

Elasticity Chewiness

Range 10000g

20cm Test speed 60cm/min
Sweep speed 60cm/min H’
A A,
B, B>

Factor, F 10000g/20cm

Toughness H H’' xF
Cohesiveness AslA,

Elasticity B./B;

Chewiness Hx  AJA; x B,/B;

49



completely

randomized design; CRD split-split plot

design main plot
sub plot

SAS SAS, 2002

GLM procedure

| east-square mean



Range=10000g Sweep speed = 60 cm/min
Test speed = 60 cm/min F =range/20 cm
Toughness:H=H"xF

Cohesiveness =A,/A;

Elasticity =B,/B;

Chewiness =Hx(A,/A)x (B,/B,)
Adhesion:A;=As xFx test speed/sweep speed
Viscosity: C=C xF

Fig. 10. Standard curve of texture profile analysis.
Szczesniak, 1975
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58.94%
60.14~61.58%

p 0.05 85%
3000ppm p 0.05
15.25~17.82% 15.26~16.14%
2.51~2.95% p
0.05 2000 0.2%

1992

81.32~84.10%

water-holding capacity
1991

52



Table 8. Effect of chitosan additions on proximate composition of
frankfurter sausage

Treat S Crude

gegrete IOft' Concentration \1.igure Protein  Crudefat  Ash Yidd

eacetylation ppm %
Control* 58.942 15.442 16.48% 2.95% 8273

ddss 1000 61.02% 16142 16.672 2.77* 83.84%
2000 60.55% 15.412 15252 268 84.10%
3000 61.58° 15.322 17.822 251% 83.70%

ddos 1000 60.14% 15802 16.80*° 2.73* 81.322
2000 60.99% 15782 16512  2.74% 8218
3000 60.64% 15262 16.058 2.71* 82572

A Control

ab p 0.05

A Control means without chitosan addition.
&b Different lettersin the same column indicate significant difference p  0.05



Knorr 1982 1.59

30mL
1.
p 0.05
85%
2000ppm  3000ppm

p 0.05 1000ppm p

0.05 95%
2000ppm
3000ppm P
0.05 1000ppm p
0.05 Wang(1992) 0.0% 0.5%

1.0% 15% 2.0% 2.5% S. aureus E. coli L. monocytogenes
S. typhimurium
95%
85% 1993



95%
85%

0.05 p 0.05
85%
0.05
p 0.05 1995
80% 60% Shigella sonnei
32.7% 11.4% Pseudomonas fluorescens
13.4%
2000ppm
1000ppm
p 0.05 1000ppm
p 0.05

Darmadji and lzumimoto 1994

0.2%~1.0%

85%

30.5%



p 0.05 3000ppm
2000ppm p 0.05
95%
p 0.05 1000ppm
p 0.05
1000ppm
1000ppm
2000ppm
0.05
0.2%
2000
20% 2000ppm

10°~10°CFU/g

2000ppm

1000ppm

85
p 0.05

2000ppm

p 0.05
p 0.05

3000ppm
p 0.05
p 0.05

P
Joetal. 2001

1996
5 10
10°~10° CFU/g



dd8s ®dd9os

45 r

Log CFU/g

25

Control 1000ppm 2000ppm 3000ppm
Chitosan

Fig. 11. Effect of degrees of deacetylation and concentrations of
chitosan on total microbia counts of frankfurter sausage.
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65
6 2
55 /
S s - 24
L 45 _ Contra
o " ddes
2 4 ddos
- 35 =
> Y
3?_/'
2571
2
0 1 2 3 4 5 6
Wesksof gorage
4 6

Fig. 12. Effect of degrees of deacetylation of chitosan on total microbial

counts of frankfurter sausage during storage at 4
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Fig. 13. Effect of chitosan additions on total microbial counts of
frankfurter sausage during storage at 4



4.5 -
1000ppm
. /,ﬁ_/ 2000ppm
s = 3000ppm

Log CFU/g

W eeks of storage
8 4 6

Fig. 14. Effect of dd85% chitosan additions on total microbial counts of
frankfurter sausage during storage at 4



Log CFU/g

Fig.

5.5 ~
5 /
s Control

4.5 =#=1000ppm

4 / 2000ppm

3.5 7 3000ppm
'S

Weeks of storage

B 4 6

15. Effect of dd95% chitosan additions on total microbia counts of

frankfurter sausage during storage at 4
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1994

1000ppm

7
Pseudomonas
85% 3000ppm
p 0.05 1000 2000ppm

95% 3000ppm
2000ppm p 0.05

85%  95%
95%
85% p 0.05

2000ppm  3000ppm

1000ppm p 0.05

p 0.05

p 0.05 Darmadji and lzumimoto 1994

0.0%

02% 0.5% 1.0%
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0.5%

85%

p 0.05
95%
3000ppm
1000ppm
2000ppm p 0.05
p 0.05
r=0.93
p 0.05
1992
1994
CAS



10MPN/g

Jo etal. 2001 0.2%
Darmadji and lzumimoto 1994

0.0% 02% 0.5% 1.0%

Young et al. 1982

L euba and
Stossel 1985 polyamines
p 0.05 95%
85% p 0.05
p 0.05
Y

0.05



ddss ®ddos

4571

35T

Log CFU/g

Control 1000ppm 2000ppm 3000ppm
Chitosan

Fig. 16. Effect of degrees of deacetylation and concentrations of

chitosan on psychrotrophic bacteria of frankfurter sausage.



55

»
(&

Log CFU/g
D

Fig. 17. Effect of degrees of deacetylation of chitosan on
psychrotrophic bacteria of frankfurter sausage during

Storage at 4

Control
- ddss
dd9os



Control
¥ 1000ppm

2000ppm

3000ppm

Log CFU/g

Weeks of storage

Fig. 18. Effect of chitosan additions on psychrotrophic bacteria of

frankfurter sausage during storage at 4
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Log CFU/g

o

o1
ul

(¢}

4.5 Control
4 &= 1000ppm
2000ppm
35 3000ppm
3
25 \
2/.
0 1 2 3 4 5 6
Weeksof Sorage
85% 4 6

Fig. 19. Effect of dd85% chitosan additions on psychrotrophic

bacteria of frankfurter sausage during storage at 4



Log CFU/g

6
55
5
45 Control
4 S ™™ 1000ppm
2000ppm
35 3000ppm
3
25
2{!/ .
0 1 2 3 4 5 6
Weeksof Sorage
95% 4 6

Fig. 20. Effect of dd95% chitosan addition on psychrotrophic

bacteria of frankfurter sausage during storage at 4



L, a b value

~ L
L a
b b
L L
p 0.05 95% L
85 p 0.05
Darmadji and lzumimoto 1994 0.0%
0.2% 05% 1.0%
L
L
95% a
p 0.05 85%
a 95% 85%
a p 0.05
p 0.05 b
b 85% 2000ppm
3000ppm b 95% p
0.05 b
85% 2000ppm  3000ppm b
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L-value

ddss dd9os

54

52 1
50 r1

44 r

42 r

40

Control 1000ppm 2000ppm 3000ppm
Chitosan

Fig. 21. Effect of degrees of deacetylation and concentrations of

chitosan on L-vaue of frankfurter sausage.
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ddss ®ddos

55T

45 r

a-value

35T

Control 1000ppm 2000ppm 3000ppm

Chitosan

Fig. 22. Effect of degrees of deacetylation and concentrations of
chitosan on avalue of frankfurter sausage.
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ddss ®ddos

Control 1000ppm 2000ppm 3000ppm
Chitosan

Fig. 23. Effect of degrees of deacetylation and concentrations of
chitosan on b-value of frankfurter sausage.
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1000ppm p 005 b

95% b
pH
pH a r=-0.30
p 0.05 pH
La b
~ 95%
L 85% p 0.05
a 85%
95% p 005 b 95%
85% L a b
p 0.05
4
L a b ~
L 2000ppm
L 1000ppm 3000ppm
L 2000ppm
005 L p 005
L
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L-value

Fig.

0 1 2 3 4 5 6

Weeks of storage

24. Effect of degrees of deacetylation of chitosan on L-vaue of
frankfurter sausage during storage at 4
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Control
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6.5

55 B
3 5 Control
S 45 #4485
® 4 dd9s

35

3

25

2

0 1 2 3 4 5 6
Weeks of storage
4 6

Fig. 25. Effect of degrees of deacetylation of chitosan on avaue of
frankfurter sausage during storage at 4
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20
195
19

18 -

wsr—— = e -
17
16.5
16
155
15

b- value

0 1 2 3 4 5 6
Weeks of storage

Fig. 26. Effect of degrees of deacetylation of chitosan on b-value of
frankfurter sausage during storage at 4

Control

= 4dss

ddos



55

% 52 V Control
-

§ 51 1000ppm
! 2000ppm
— 50 3000ppm

49

48

47

0 1 2 3 4 5 6
Weeks of storage
4 6

Fig. 27. Effect of chitosan additions on L-vaue of frankfurter sausage
during storage at 4
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a- value

55 k:‘*wi — —¢ % - ”"-—LY‘\'V{

5 =l I Y g Control

% 1000ppm
2000ppm

4 3000ppm

0 1 2 3 4 5 6

Weeks of storage

Fig. 28. Effect of chitosan additions on avaue of frankfurter sausage

during storage at 4
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N —  —= Control

= 1000ppm
17 2000ppm
16.5 3000ppm

175 \\tﬁf’—'f

b- value

0 1 2 3 4 5 6
Weeks of storage

Fig. 29. Effect of chitosan additions on b-vaue of frankfurter sausage
during storage at 4



p 0.05 a
b
1000ppm
3000ppm
1000ppm p 0.05
85%
L
1000ppm L

0.05 2000ppm

p 0.05 3000ppm
L
p 005 L 85%
a 85%
p 0.05 85%
b p 0.05
p 0.05
b
1000ppm p 0.05
b
005 b 85%

p 0.05
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1000ppm

1000ppm

2000ppm

3000ppm
1000ppm



95%

L
p 0.05 L
a
p 0.05 95%
a p 0.05
b 95%
p 0.05 Joetal. 2001 0.2%
L a
L a b
a r=-0.89 b a
r=0.35 P 0.05 a
b L a b
p 0.05
95% 8%
p 0.05 p

0.05
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52
S — . M
o 0& Control
>
B 4 - 1000ppm
? 2000ppm
— 48 3000ppm
47
46
45
0 1 2 3 4 5 6
Weeks of storage
8% 4 6

Fig. 30. Effect of dd85% chitosan additions on L-vaue of frankfurter
sausage during storage at 4



5 Control

- 1000ppm
2000ppm

4 3000ppm

a- value
N
a

0 1 2 3 4 5 6

Weeks of storage

8% 4 6

Fig. 31. Effect of dd85% chitosan additions on avalue of frankfurter
sausage during storage at 4



20
195

19
185 -

18 &‘\i/_‘w Control
175 = " 1000ppm

17 2000ppm
16.5 3000ppm

16
155

15

b- value

0 1 2 3 4 5 6
weeks of storage

8% 4 6

Fig. 32. Effect of dd85% chitosan additions on b-vaue of frankfurter
sausage during storage at 4



56

52
<} Control
>
B 5 - 1000ppm
? 2000ppm
-

3000ppm

8 PP

46

a4

0 1 2 3 4 5 6

Weeks of storage

B 4 6

Fig. 33. Effect of dd95% chitosan additions on L-vaue of frankfurter
sausage during storage at 4



7
6.5
6
55 —&

Control

5 ¥, P A
— e  ——p— = & *1000ppm

=

45 -

a- value

2000ppm
4 3000ppm
35

3
25

2
0 1 2 3 4 5 6

Weeks of storage

B 4 6

Fig. 34. Effect of dd95% chitosan additions on avalue of frankfurter
sausage during storage at 4
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Table 9. Effect of chitosan additions on sensory evaluatiom of

frankfurter sausage

Treatment

Degree of  concentration
deacetylation

Color Tenderness Juiciness

Hot dog Overall

flavor  Acceptability
ControlB 4632 350 4132 4.25% 4,752
dd85 1000 3.50Pc  3.13 4132 4,502 4.252
2000 413> 4.25° 3.632 4,382 4.382
3000 3.63F 3.63® 3.752 4.00% 4.002
dd9os 1000 3.00¢ 3.7%2 3.502 3.63 3.632
2000 3.25P¢  3.38% 4132 4.25% 4,252
3000 3.00¢ 2.88° 3.382 3.88%® 4.002
A 1 7 1 7
1 7 1
B Control
ac p 0.05

A

very dry, 7 veryjuicy Frankfurter ssusageflaver 1 bland, 7

Overdl acceptability 1 didike, 7

B Control means without chitosan addition.
&¢  Different lettersin the same column indicate Significant difference p  0.05
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Table 10. Effect of chitosan additions on texture profile analysis of
frankfurter sausage

Treatment
dDg:égﬁoncommtra“O” Toughness Cohesiveness Elasticity Chewiness
ppm
ControlA 71.378 0.56832 0.9363? 40372
dd85s 1000 7.392 0.52042 0.9521a 38202
2000 7.422 0.55522 0.90862 41632
3000 7.43 0.5600= 0.9187a 38482
dd9os 1000 7.442b 0.5773 1.0100a 35422
2000 7.46%0 0.49182 0.92962 30662
3000 7.473 0.495]a 0.9791a 35392
A Control
ab p 0.05

A Control means without chitosan addition.
&b Different letters in the same column indicate Significant difference p  0.05
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EFFECT OF DEGREES OF DEACETYLATION AND
CONCENTRATIONS OF CHITOSAN ON KEEPING
QUALITY OF FRANKFURTER SAUSAGE

This study was conducted to investigate the effect of chitosan
addition on the keeping quality of frankfurter sausage. Chitosan with
different degrees of deacetylation (dd85% and dd95%) and different
concentrations (1000ppm, 2000ppm and 3000ppm) were added to
frankfurter sausage. Frankfurter sausages were vacuum packed and
stored at 4 for 6 weeks. Samples were taken for total aerobic plate
count, psychrotrophic plate count, color, pH and TBA vaue, texture
profile anayss, shear value and sensory evauation anayss.

The results indicated that the total aerobic plate count and
psychrotrophic plate count were lowered with the treatments of chitosan
addition (p 0.05). The degrees of deacetylation had no significant
effect on total aerobic plate count and psychrotrophic plate count (p
0.05). Frankfurter sausage with dd95 chitosan additions had significant
higher L value and lower a value and b vaue than dd85 treatments (p
0.05. No dgnificant differents were found with increasing
concentration of chitosan on L, aand b value (p  0.05). The pH vaue
of frankfurter sausage was dSigniticantly increased with chitosan

additions (p 0.05). The pH value of frankfurter sausage was
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gigniticantly higher with higher degree of deacetylation and
concentration of chitosan additions (p 0.05). Oxidative rancidty of
frankfurter sausage was signiticantly reduced with chitosan additions (p
0.05). The TBA value of frankfurter sausage was reduced with higher
degree of deacetylation and concentration of chitosan additions (p
0.05). No sdignificant differences were found (p  0.05) among
treatments in texture profile anaysis, shear value and sensory

evauation.

Key Words: Chitosan, Degrees of deacetylation, Frankfurter sausage.
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Fig. 1. Effect of different chitosan addition on appearance of frankfurter
sausage.



