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The Effects of Carboxymethyl Chitosan on Yield

and Loss of Whey Protein in Cottage Cheese.

Kyung-Tae KIM

Department & Food Science and Technology,

Graduate School, Pukyung National University

Abstract

To present the elementary data of carboxymethyl chitosan
(CM - chitosan) obtained from squid pen(Todarodes pacificus) for utilization
in the cheese industry, the manufacturing condition and structure
characteristics of chitin and chitosan were studied. The flow property and
protein binding ability of CM-chitosan were also studied. Application of
CM -chitosan to cottage cheese reduced by reconstituted skim milk to

increase the yield, protein contents and improvement of texture property



were studied.

1. The deprotein optimum condition of chitin was studied at IN NaOH,
room temperature for 3 hours and then the yield and protein contents were
334+ 2% and 33.19% respectively.

2. The most suitable deacetylation time of chitosan was 90mins and
degree of deacetylation and molecular weight were 90% and 180,000dalton
with condition, 40% NaOH at temperature range from 110 to 115

3. The critical concentration of CM -chitosan solution was 08% and in
the analysis of |I. R spectra, unlike CM-chitin, it showed high peak at
1440cm- 1 with using the CH:-C=0 of the hydroxyl of No 6 carbon.

4. The setting time of cottage cheese and the manufacture period by
added CM - chitosan was unchanged.

5. The rate of increase on cheese yield was 21 28% in added 05 3%
CM - chitosan solution(1% w/v). But the yield just increased 5% with 0.8%
CM - chitosan solution.

6. The moisture and protein played and important role to improve the
cheese yield and solid. The correlation coefficient of the moisture and
protein were 0.7427 and 0.6876.

For increasing of the moisture content, the most efficient amount of
CM - chitosan solution was added to 154% in the cheese making process.

In the case of protein, CM-chitosan solution was added to 157% in the



cheese construction process. They were calculated with the statistic
formula.

Moisture :

F=73.011394- 1.050804x : +80461877x.+0.204086x .*- 0.228813x 1X 2 - 2.444310x 2"

Protein :

F=13.78445+1.16606x : +1.426884x > - 0.29107 1x1* +0.605325x 1X - 1.171795x"

7. CM-chitosan solution reduced the amount of protein in whey.
Especially, the whey protein content was decreased 50% when the amount
of CM -chitosan solution was 2% and 3%.

8. CM-chitosan solution protected the change of cheese color for
4weeks storage.

9. The cheese rheology was preserved or improved. The most
efficient amount of CM-chitosan solution for cohesiveness and elasticity
were respectively 1.24% and 154% calculated with the statistic formula.

Cohesiveness :

F=1.024295+0.412312x1- 2.162170x.+0.293830x - 1.759089X 1X2+2.259426X >

Elasticity :

F=4.185774- 0.8162170x1+0.603382x2- 0.588419x1° - 0.1.759089x 1X» +2.259426X >°



rennet casein

500

(T able 1).
2 80 55%

55 45% bacteria

45 34%
bacteria bacteria
34 13%

( 1981).



T able. 1 Classification of cheese

Unripened : Cottage, Baker, etc
Soft cheese
Ripened : Romadur, Bel Paese, Camembert, etc
Ripened principall
— P p paty . Brick, Tilsiter, etc
by bacteria
Semi- soft Ripened by bacteria and .
: ] : Limburger, Port du Salut etc
cheese surface micororganisms
Ripened principally b
L P p. P y y. : Blue, Roquefort etc
blue mold in the interior
Ripened by bacteria, .
) : Cheddar, Cheshire etc
without eyes
Hard
cheese
Ripened by bateria, .
) 1 Swiss, Emmental etc
with eyes
Very hard ) )
— Ripened by bacteria : Provolone, Mozzarella etc
cheese




( 1992).

(1992, 1993)

Gouda, Cream, Edam, Emmental,
Cottage, Strin . Natural cheese
g g
rennet

(whey)

cottage cheese 1915

. Cottage cheese

90%

60 65% (BOD)



32,000

44% (Kwak, 1993),
, , Starter , , , pH, Ca+ ,
10% .
(casein) whey 25 27%, 10

20% .

6.5%, casein 4 5%
(Timothy etc, 2000).

2

(Kwon, 1989; Lee, 1973).



(Park, 1992).

(BOD)

(Elasicity)

chitosan
cottage cheese

chitin, chitosan

. chitin, chitosan



cellulose microcrystalline chitin

(Knorr, 1982 ; 1984), chitosan

(Kendra , 1984), chitin, chitosan

dietary fiber ( , 1987),

Ilkeda (1993) chitosan
cholesterol , Seon
(1992)  chitosan :
Brode  (1990) chitosan
, Moon  (2000) chitosan

Jeon  (1997) chitosan  Ca’”

chitin, chitosan
carboxymethyl chitin,

carboxymethyl chitosan( CM - chitosan) (Fig.1). CM -chitosan

. Byun (1992) CM-chitin :

, Park  (1995) CM -chitin



CH,OH

HO
NH,
Chitin
CH,0CH,COOH
o
HO
NH,

Carboxymethyl- Chitosan

(CM -chitosan)

HO

HO

CH,OH
!
s}
NHCOCH,
Chitosan
CH,OH
!
s}
OH
Cellulose

Fig. 1. Structure of chitin, chitosan, carboxymethyl chitosan and

cellulose.



(1987)  chitin, chitosan

1983
(1968) 19

«( )
CM - chitin, CM - chitosan

CM - chitosan

- 11 -

chitosan
. Arai
18g/kg

chitin, chitosan



(Todarodes pacificus)

50 14
50mesh chitin
2. Chitin
Choi (2000) NaOH
chitin chitin
3. Chitosan
chitin
Kurita  (2000) Choi (2000)
40% NaOH 110 115
chitosan ,
chitosan (Fig. 2).

- 12 -



Squid pen

~—

& Dried with hot air (50

Grinding

‘ Added NaOH to ground squid pen and agitated for 1 3hrs
at room temperature

Deproteinization

‘Washed with DW and dried with hot air (40 )

Chitin

§ Added 40% NaOH and agitated at 110 115

Deacetylation

‘ Washed with D.W until free of alkali and dried hot air(40 )

Chitosan

Fig. 2. Preparation procedure of chitin and chitosan.

- 13 -



4. CM - chitosan
chitosan Park (1995) CM-chitin

CM - chitosan (Fig. 3).

5. Chitin- Chitosan CM - chitosan

5-1.

AOAC (1988 ) Micro-kjeldahl

5-2.

chitosan CM - chitosan ,
I. R. spectrum
1) I. R. spectrum
chitosan  200mesh KBr (200mesh) 100mg
standard pellet KBr 100mg

2mg vibration mill 10 pellet

FT -IR(PerkinElmer, USA, Spectrum GX) 4,000cm* 370cm’*

Chitosan Sannan (1978) I R. spectrum

(A 1550/ A 2878) (Fig. 4)

- 14 -



Chitosan

& Ground to 50 mesh

Frozen alkali chitosan

Suspend 10g of chitosan in 60% NaOH soln.(100ml)
containing 02% SDS and agitate for 1hr at 0 and after
stand for 18hrs at -20 suspend in iso-propanol (200ml) at
room temp.

L 4

Alkylation

& Alkylation of alkali chitosan with monochloroacetic acid

Washing and Dissolving

Wash 3 times with ethyl alcohol at 20 and dissolve in 2L of
deionized water

Precipitation

& Add 3L of acetone to sodium CM -chitosan soln.

Dialysis

& Dissolving in 1L of deionized water and dialysis for 72hrs

CM - chitosan

Fig. 3. Preparation procedure of CM -chitosan from chitosan.

- 15 -



y =- 0.0203x + 2.8672 (R*= 0.989)

Ai1ssofAzars

o 20 40 B0 80 100

Degree of deacetylation(%)

Fig. 4. Calibration line obtained by plotting the ratio of the
absorbance of the bend at 1550cm™* to that of the bend at
2878nm " against the degree of deacetylation(from Sannan et
al., 1978).

e : IR data of the samples made by the homogenous hydrolysis

o : IR data of the samples obtained by the heterogenous hydrolysis

- 16 -



Choi  (2000)
(90% ) amide Il bend Miya
(1980) I.R. spectrum (A 1655/ A 2867)

(Fig. 5) IR. NIR

- spectrum

2)

Ubbelohde (Fig. 6) 25

Relative viscosity ; 7,= -

7s
S . . . . _ (7- 75) _
pecific viscosity ; 7= T T e 1
S
. . . _ s 7759
Reduced viscosity ; 7= C-p.- C

L . . . . Ui
Intrinsic viscosity ; [7]= Igﬂwo(—ép—)z (%red) co0

M ark - Houwink

K a We Wang (1991) 0.33M Acetic
acid- 0.3M NacCl chitosan

- 17 -



0.8 4

0.6 =

0.4 -

A1655/ AZBET
L ]

0.2 4

0.0 ' , . , .
70 80 a0 100

Degree of deacetylation (%)

Fig. 5. The relation of the ratio of the absorbance of the bend at
1655cm- 1 to that of the bend at 2867cm (A 1655/ A 2867)

against the degree of deacetylation(from Miya et al., 1980).
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Fig. 6. The Ubbelohde type viscometer used for measuring intrinsic

viscosity.
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[7] = K x Mw®

[ 7] , K 341x 10°, Mw ,a 102

5-3. CM -chitosan

albumin

. AImg/ml albumin 100m| 1% CM - chitosan

0% 1% 0.1% 1
Lowry 500nm
(Fig. 7)
CM - chitosan
6. Cheese
6- 1.
Cottage cheese 1%
[ ] ) 2409/ L
12 14% cheese- vat
2% 2

- 20 -



C—
M

y =1.196x ®
o=
_ R? =0.9727 (]
|
[ )
[ ]
O (.8
o
5]
2 0.6
[y}
o
D 0.4
i
=
0.2
0

i 01,2 0 06 0
Concentration{mg/mi)

Fig. 7. Standard curve for the determination of protein

concentration by Lowry‘s method.
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24%

6- 2.
starter ( )Hansen R-703 (Lactococcus lactis  subsp.
cremoris and Lactococcus lactis subsp. lactis) , rennet
(CaCl.) starter
rennet (CaCl.)

6- 3. Cottage cheese

Cottage cheese Y oon (1993) Chun (1998)

short-set cottage cheese . 5%, CaCl. 0.02%
, rennet 1L rennet 1ml 20 Iml
CM - chitosan (Contral)
CM - chitosan starter 15 05%, 08%, 1%, 2%,
3%, 4% 1% CM -chitosan 15
rennet (Fig. 8). cheese 4

- 22 -



skim milk (32 )

L 2

Add starter

-

Add CM -chitosan

-

Add rennet

Whey off

L 2

W ashing

4

Salting and draining

$

Package and
Storage(4 )

Dissolve skim milk 720g in distilled water of 3L

Add 0.05% starter, 0.02% CaCl.

Add CM-chitosan soln.

Add rennet soln.

Until pH 4.7

Cutting a cubic centimeter

Cooking at 46.1 for 30min and increase 15
10min until 51.6

1st : washing with DW (35 )
2st : washing with DW (20 )
3st : washing with DW (4 )

Add 1% salt and draining for 12hrs below 7

Fig. 8. Procedure of short-set cottage cheese.

- 23 -
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7. Cheese

7- 1. Cottage cheese

1)

(FIF 4A:1982)

2)

AOAC (1988 ) Micro-kjeldahl

7-2.

CM - chitosan

, CM - chitosan

7-3.

CM - chitosan

- 24 -



Lowry 500nm

7 Iml
[ (9)= (g) Imlx (ml)]
7-4. Cheese
CM - chitosan cheese
cheese curd pH 4.7 (setting time)
7-5.
(colorimeter
JC801) L (lightness), a (redness), b (yellowness)
7-6. Texture
3bar 24 13mm,
13mm texture
T exture universal testing machine(Instron, USA, 1011)

(Table 2, Fig. 9).

- 25 -



T able 2. Condition for determination of rheology of cheese using
the Universal Testing Instrument

Head Condition
T esting instrument machine Instron model 1011
Weight of load cell 5kg
Load range 1kg
Cross head speed 10mm/min
Chart speed mm/min
Cross Head diameter 13mm
Rate of breaking test 20% of height
Sample height 13mm
Sample cross section diameter O 13mm

- 26 -



1st bite

Force 2nd bite

Al

A2

a b
Distance
—_—

Fig. 9. Instron texturometer texture profile of cube of cheese.
- Cohesiveness : A2/ Al
- Elasticity : a-b

- 27 -



. Chitin, Chitosan, CM - chitosan
1. Chitin
Chitin chitin

(Muzzarelli, 1977).

chitin
3 455%)
Choi (2000) 1IN NaOH
3
chitin
IN
(Fig.10).

chitin

76.8%, 0.5%

(12.

4 chitin

IN, 2N, 25N

33.19%, 37%, 39%

- 28 -



67 |

Degree of deprotein (%)

[ 1 2 2.5
Concentration of NaOH (Normality)

Fig. 10. Changes of removed protein contents from squid pen
according to the concent of NaOH (25 , 3hrs).
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NaOH . NaOH IN
Table 3
IN 0.5N . 100
. 0.5N IN
3
Kurita  (2000) N
NaOH 3
, chitin 334%
2. Chitosan
CM - chitosan chitosan
. Chitosan

amine group

Cs hydroxyl group(-OH) , amide
group (protonation) (Bae,
1996). chitosan

, chitosan

- 30 -



Table 3. Changes of crude protein contents in chitin according to
the deprotein conditions

Concentrate of

T emperature Time Protein(%)
NaOH
lhr 36.99
05N
3hrs 3482
25
thr 34.33
IN
3hrs 33.19
lhr 3559
05N
3hrs 34.66
100
lhr 34.77
IN
3hrs 34.39

- 31 -



chitosan

Fig. 11

dalton, 90 180,000

chitosan 90

60 ,80 , 90 , 180
81%, 87%, 90%

chitosan

40% NaOH

90

90

180,000 dalton  chitosan

carboxymethyl chitosan

chitosan
60 239,300 dalton
, 80 189,200
, 90
. 90
180
75%,
90
, 90
110 115
87%,

carboxymethyl chitosan

- 32 -



100 120

80 - iy
. =—— - 100
G
L 3 ~
[ \\ - 80
LS Y =
= 5
& 60 re0 g
2 -
s \ =
5 = \ o 5
o A 5
B 40 7 N, 0
/ \L"“a-—#-____ L0 =
30 - T e
d T
2':' L] 1 1 ] 1 ] u

o 20 40 B0 a0 100 120 140 180 180 200

Times{min)

Fig. 11. Changes in molecular weight and deacetylation degree during
the deacetylation of chitin for different times(40% NaOH,
110 115 ).
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3. CM -chitosan

chitosan
87%, 180,000dalton  chitosan
suspension chitosan
chitosan
CM - chitosan
3-1. :
CM - chitosan 0.01g, 0.05g, 0.1g, 05g, 1g 100ml
25 3.6719ml/ g, 46,300dalton
(T able 4).
CM - chitosan 1g/ 200ml gel jelly
. CM - Chitosan
gel CM - chitosan
1g CM - chitosan/ 100ml
CM - chitosan
3-2.
CM - chitosan
CM - chitosan ,

- 34 -



T able 4. The physicochemical properties of carboxymethyl chitosan

Molecular weight 46,362 dalton
Yield 73%((from chitosan)
Intrinsic viscosity 367
degree of deacetylation 92%

- 35 -



. CM - chitosan
25% , 05% 1%
(Fig. 12).
CM - chitosan 0.8%
CM - chitosan
0.8% (Fig. 13).
3-3. CM - chitosan
CM - chitosan

setting, cooking 1

. 32 ,46 ,516 , 4 4
, 1% CM -chitosan
0.5%, 08%, 1%, 2%, 3%
0.5%, 1%, 2%, 3%
. 08%

(Fig. 14).

CM - chitosan

. 08%

- 36 -

BSA

0.8%

CM - chitosan

, cooking 2

0.8%



LS |
1.6 |
14 |
L2 |

LY value

e |
06 |
04 | r
0z | Fl kPl r

L] i1 0,z n3 n4 05 L6 7 L5 LIE) 1

I"!f'e('.‘.[-fhimy\nlminﬂ (%o}

[

L35 |

CrIY valoe in BSA solotion.

1 LB 3 L4 a5 LR | ) LR, i 1

1% Chi-chitosan solution (%)

Fig. 12. The binding ability of BSA according to the additive
percentage 1% CM -chitosan solution.
BSA content : 1%
Reaction time : 60min
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0.40

Y =0.0135X +0.0023

0.20

Y =0.0502X +0.0737

Speific viscosity

0.00 ! '
1 & 11

CM-chitosan conc{X10™")

Fig. 13. Changes of specific viscosity according to the additive
percentage 1% CM - chitosan solution.
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0.025

002

0,015 |

n.o1 |

Apparent viscosity (cp)

0,005

32 46 52 4
Temperature( C)

Fig. 14. Changes of apparent viscosity at different temperature
conditions of cheese making.

- 39 -



3-4.

chitin, chitosan CM - chitosan
chitin IR spectrum  chitosan CM-chitosan IR spectrum  Fig. 15
. Chitin 3447cm *(OH stretching), 2878 2890cm *(CH

stretching), 1652cm *(amide 1), 1550cm *(amide Il), 1310cm *(amide IlI)

1020 1070cm *(CO stretching) , Chitosan
chitin 1652cm ‘(amide 1), 1550cm *(amide II) 1020
1070cm *(CO stretching) peak . CM - chitosan
6 1 hydroxyl CH:-C=0
1440cm’! . 1020
1070cm *(CO stretching) peak CM - chitin
. CM - chitosan Cottage cheese
1 cheese
. Lee
(1988) 2 pH

- 40 -



Y \ ,
Yoo LA AN
)
Z\ /*f'\
' RAVAS
®)
|ty x = -.‘H'

©)

Fig. 15. Infra-red absorption spectra of B -chitin(A), chitosan(B)
and CM - chitosan (C).

- 41 -



CM - chitosan CM - chitosan

(Lee, 1997),
. CM - chitosan
(Park, 1995), starter
Cottage cheese starter (Lactococcus lactis subsp.

cremoris and Lactococcus lactis subsp. lactis, Hansen  R-703)

starter pH pH cutting
cutting pH , Yoon (1993)
cottage cheese cutting pH 4.6
: (2000)  cottage cheese 9.7%

, cutting pH 47 ,

Frank (1977) cutting pH 4.7 . Cutting pH
, CM - chitosan
cutting : pH  starter
(Control)  CM - chitosan (1g/ 200ml)
cutting pH
CM - chitosan 0.5%, 08% 1%, 2%, 3%, 4%

- 42 -



4% curd 3%
(T able 5).
setting pH 47 1%
CM - chitosan 05% , 2%,
3% 08%, 1% (Fig. 16)
. CM - chitosan
(Fig. 14) 32 08% 1%
starter pH
pH 47
10 CM - chitosan
1 CM - chitosan
2.
CM - chitosan
BSA (Bovin serum albumin)
BSA CM - chitosan
CM - chitosan

- 43 -



T able 5. Cheese curd formation according to the additive percentages
of 1% CM -chitosan solution

CM - chitosan concentration Curd formation
0% +
05% +
0.8% +
1% +
2% +
3% +
>3% -
+ : form into curd, - :unform into curd

- 44 -



pH

1. 50

6.30

6110

5.90

570

5.50

5.30

510

4. M

4.70

60 120 180 240 300 360 420 480 520 570

Sefting fimes (min)

630

673

Fig. 16. Influence of setting times according to the additive

percentages 1% CM -chitosan solution.
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CM - chitosan 21 28%

0.8% 8%
CM -chitosan BSA 08%
(Fig.13) . 4
21% 41% (Fig.17). CM -chitosan
, CM - chitosan
3. uncreamed cottage cheese
. Cottage cheese
(shelf-life) 14 : CM - chitosan
4
3-1
13% ( [ 2000- 18 )
. CM - chitosan 18%
2 , CM - chitosan



1600 - 1 145
| ieldig /1) —8— Yield aftor whey off
1 1.4
1500 -
1.35
14y - 1.3 g
- L
= 125 §
B E
E 1304 r.E..
2 1.2 %
] i
120 - + 115 2
)
+ 1.1
11 -
1 105
LCHy 1
o 0.50% 18115 1% 2% 3%
1% CM-chitosan water solution

Fig. 17. Changes in yield according to addition of CM -chitosan
(1% CM -chitosan water solution).

E : cheese yield of Oweeks(g)
— :ratio of increase CM -chitosan cheese / control cheese

- 47 -



(T able 6).

CM - chitosan
CM - chitosan (Fig. 18).
CM - chitosan , (R)  0.7427
) (p>0.18) CM - chitosan
(p>0.00) : CM- chitosan

157%

F=73.011394- 1.050804x 1+8.461877x>+0.204086x:° - 0.228813X 1X2 - 2.444310x.°

3-2.

Cottage cheese ,

CM - chitosan
CM - chitosan
CM - chitosan CM - chitosan
08% 3%
(Fig. 19).



Table 6. Change of moisture contents in cottage cheese with
amount of 1% CM -chitosan solution for 4 weeks storage

at 4
CM - chitosan(1% solution)
0% 0.5% 08% 1% 2% 3%
0 week 730 78.1 793 768 80.7 78.9
1 week 711 774 78.3 755 79.1 78.1
2 week 700 76.9 78.2 757 78.2 77.1
3 week 717 766 78.0 75.3 773 778
4 week 715 759 778 747 779 76.7
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804 :
781

molsiure 751

|
-
i

§ o
chitosan 05 B

T 71 week

F=73.011394- 1.050804x:+8.461877x+0.204086x1° - 0.228813X2X 1 - 2.444310x°

Fig. 18. Change of moisture contents in cottage cheese with amount
of 1% CM -chitosan solution for 4 weeks storage at 4
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1.50 —— ) =3 = (L50%
—B— 080%% = =0 - 1%
—ir— 2% —_F = 3%

1.10

L.y

0.940

0.80

Crude pritein compare with contiol of fhveek

L 1 2 3 4

Times{weeks)

Fig. 19. Change of crude protein contents in cottage cheese with
amount of 1% CM -chitosan solution for 4 weeks storage
at 4
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CM - chitosan 3%
CM - chitosan
CM - chitosan 2%

CM - chitosan

CM - chitosan 2%

11%, 50% (Table 7, Fig. 20).

CM - chitosan

CM - chitosan 2%

4.

Cottage cheese

JC801) Table 8

2

- B2 -

(colorimeter
. CM -chitosan

, CM - chitosan



Table 7. The rate of whey off of cheese after 4 weeks storage at
4 according to amount of 1% CM -chitosan solution

CM - chitosan concentration Whey off(w/w)
0% 32%
0.5% 35%
0.8% 27%
1% 28%
2% 21%
3% 27%

- 53 -



Total whey protein (g)

12.00

LoLo0

H.on0

600

4.00

2.

0.00

0.5 0.8 10 2.0 3.0

CM-chitosan solution %)

Fig. 20. The amount of total whey protein loss in 0 3%

CM -chitosan cheese for 4weeks storage at 4
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Table 8. Changes of cottage cheese color with amount of 1% CM -

chitosan solution for 4 weeks storage at 4

CM - chitosan solution

Color
0% 05% 0.8% 1% 2% 3%
0 L* 9472 94.02 94 56 94.79 93.89 93.87
ax* -258 -1.98 -1.88 -156 -1.02 -1.76
w eek
p**x* 856 845 8.36 825 855 862
L 9342 94.02 93.86 94 .32 93.54 94.01
-242 -150 -184 -1.04 -0.80 - 146
w eek
9.85 9.23 891 9.01 8.99 883
) 9291 92.44 94 A7 94 .24 93.19 93.77
-2.20 -1.37 -151 -091 -0.72 -1.34
weeks
11.09 9.70 945 951 9.62 9.16
3 94 .27 93.23 93.84 90.02 91.28 90.31
-1.20 -0.95 -1.01 -0.89 -0.78 -0.89
weeks
1157 949 9.22 884 9.14 9.22
4 95.05 93.89 92.75 92.96 93.19 83.20
-2.02 -176 -0.31 -132 -0.75 -1.02
weeks
11.86 959 884 949 9.26 944

* L ; lightness,

** a ; redness(+) or greenness(-)
**x b . yellowness(+) or greyness(-)

- B -



CM - chitosan

, Path  (1989)

CM - chitosan

(cohesiveness) (elasticity)

5- 1. Cohesiveness
Cohesiveness
spread property,
. Cohesiveness
CM - chitosan cohesiveness
CM - chitosan 08% 1%
(T able 9).
(R%) 0.7576
CM - chitosan ,
F=1.024295+0.412312x1- 2.162170x > +0.293830x 1" - 1.759089x 1X>+2.259426X >
CM - chitosan 1.24%

(Fig. 21).
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Table 9. Changes of cohesiveness of cottage cheese with amount of
1% CM -chitosan solution for 4 weeks storage at 4

CM -chitosan solution

0% 0.5% 08% 1% 2% 3%
0 week 0.9 051 063 0.7 0.92 18.86
1 week 081 148 0.78 0.7 0.94 13.33
2 weeks 0.79 104 094 0.7 0.96 114
3 weeks 0.72 094 0.50 0.56 067 0.99
4 weeks 0.69 0.86 046 0.79 097 081
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Cohestnma

F=1.024295+0412312x:- 2.162170x,+0.293830x1°- 1.759089x 1> +2.259426X°

Fig. 21. Changes of cohesiveness of cottage cheese with amount of
1% CM - chitosan solution for 4 weeks storage at 4
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5- 2. Elasticity

texture

CM - chitosan
CM - chitosan
(Table 10).
0.588419x:”+0.207703X 12

1.535877%

2%
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. CM - chitosan

F=4.185774- 0.816753x:+0.603382x 2 -
CM - chitosan

(Fig. 22).



Table 10. Changes of elasticity of cottage cheese with amount of
1% CM -chitosan solution for 4 weeks storage at 4

CM - chitosan solution

0.0% 0.5% 08% 1.0% 2.0% 3.0%

0 week 30 30 4.0 4.0 50 3.0
1 week 4.0 8.0 6.5 4.0 50 20
2 weeks 50 50 6.0 4.0 6.0 5.0
3 weeks 5.7 55 4.0 7.0 50 55
4 weeks 45 55 30 50 58 5.0
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F=4.185774- 0.816753x:+0.603382x-- 0.588419x:° +0.207703X 1X >

Fig. 22. Changes of elasticity of cottage cheese with amount of 1%
CM -chitosan solution for 4 weeks storage at 4
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Chitosan CM - chitosan

chitin,
chitosan CM - chitosan
cottage cheese
CM - chitosan
1. chitin IN NaOH, 25 , 3 , 334+ 2%
33.19%
2. chitosan 40% NaOH 11
0 115 90 90%, 18
chitosan
3. CM - chitosan 0.8% , . R spectra 6
hydroxyl CH:-C=0 CM - chitin 1440cm- 1
peak
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4. CM - chitosan setting CM - chitosan

5. CM-chitosan 05% 3%
21 28% , 0.8% 5%
6.
(R2) 0.7427, 0.6876 F=73.011394- 1.050804x .+

8.461877x.+0.204086x1° - 0.228813x 1X2- 2.444310x-" ,

F=13.784425+1.16606 1 1 +1426884x - 0.29107 1X 1* +0.605325X 1 X2~ 1.17 1795 "

, 157%, 154% , CM - chitosan
7. CM - chitosan , 2%,
3% 50%
8. CM - chitosan b

9. CM - chitosan
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. cohesiveness F=1.024295+0412312x:- 2.162170x -
+0.293830x .*- 1.759089x 1. +2.259426%."°,  elasticity F=4.185774- 0.816753x .+

0.603382x. -0.588419x:°+0.207703X 1X> 1.24%, 1.54%
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