fi 4.1
fi 4.1
(
: % 21 )
(% )
(% )
(% )
(ppm)
(NacCl)(% ' )
* (% Hm )
2 (CFU/m )

coliform bacteria (CFU/mI)

T Escherichia coli (CFU/mI)

100% ) '

63.06+2.52

34.26+1.69

0.33+0.10

1.29+0.19

1080+10.39

0.45+0.09

1.03+0.15

2.0x103

2.5xl102

)



4.2 fi |

sodium hydroxide

65°c

DH

| | 1 !
300 % pH 8.5
§ '? Alcalase®
10 % 35, 45,
DH 4.2-4.3
' ‘2 4.1

55
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DH (%)
i
8ot -
60
Ao_._,.,
uQ_ 65°¢C
20 56°0
—~+~ .45°C
0 — — 35°c
4.1 Tu$ 1 ", Alcalas”™ 1 { E/S
2, 4, 6, 8 10% { 35, 45, 55 65°c
4.2 DH dm /h
"alcalash E/S 2, 4, 6, 8, 10 % 'Hm
{ ) 35, 45, 55 65°c
SOV df MS
% (A) 4 3504.004*
{ ) (B) 3 2189.229*
AxB 12 61.547*
error 20 7.75

(p < 0.05)



4.3 DH

E/S(%)

10

a,b,c,d,e,f,g,h,i,j

35

45

55

65

35

45

55

65

35

45

55

65

35

45

55

65

35

45

55

65

10%

(°c)

'ihvmn 0

DH

13.

33

34

20

31

35

35

26

41

56

56

40

63

81.

82

42

65

83

83

33

, Alcalash

35, 45,

017

8o~

.57ef

.9lef

.44h

.29f

.35e

.97e

419

.48d

.28e

.51le

.38d

.38Db

12a

.29a

.76d

.78b

.56a

.93a

55

2.37

3.01

1.90

1.82

3.08

1.69

2.59

3.19

2.88

2.65

1.61

2.50

0.68

2.86

2.33

3.37

0.94

65°c

(p < 0.05)
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v { E/
E/ DH ; ; (p < 0.05)
DH Duncan’'s New M ultiple Range Test 4.3
'a ! E/S 8 10 % ; 55
65 & 20 DH ' (p < 0.05)
E/ 8% ; #
55 °c '
4.2.2 regression DH
pH - 1% 300 % 8.5 sodium
hydroxide 4 M. !
alcalaseR E/’s 8% 55°c ce "1
10 1., . DH '3 4.2

DH 4.4



too -

80

60 [

40 [

20

10

20

30

40

50

60

a,b,c,d,e,f

e e
0, o e

55°¢

DH

10

4to DH

55°c

10

20 30
time (min.)

*1

10

11700

49

64.

79

89

96

97

98

40

DH (%)

.04a +

49k +

.31e +

.99d +

.02e +

.57eft

72 +

0

.38

.21

.73

.73

.42

.33

.14

50

60

Alcalas*®

Alcalas*®

(p < 0.05)

35
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regression EH
5, 10, 20, 30, 40, 50 60 ' logarithm ic
regression correlation (r2) = 0.985 ' ' P <o0.05
ai (regression coefficient)
( ) (DH) +20.897
(p < 0.05)
y = 16.473 + 20.897 In X , r2 =0.985
y = a0 + an™ In X
aQ = y-intercept y X =0
ai = y
y X 1
4.3 DH
pH % 300 % 8.5 sodium
hydroxide 4 M : ! | ' Alcalas*®
E/S 8 % ) 55°c DH 50, 60, 70, 80, 90
100 4.2 ;
DH 50 4 58 , DH 60 8 2 , DH 70
12 57 , DH 80 20 54 , DH 90
33 44 DH 100 54 26
yield, protein recovery heme content recovery
4.5

yield 4.6



fl 4.5

DH (%)

50

60

70

80

90

100

a,b,c,d,e

yield,

DH

yield (% )

97.35d + 0.65

96.01d + 0.82

95.69d + 1.26

91.48e + 0.94

85.77b + 1.66

78.21a + 1.07

protein

recovery

Alcalas”

50, 60, 70,

protein

96

95

93

92

90

87

.74d +

.02cd+

.38e =

.75be+

ritaT——==

.38a +

80,

recovery (%)

.19

.63

.41

11

.25

.83

37

home content recovery

55°C E/S 8%

100 %

heme content recovery(%)

39.56e +
41.46de+
37.94d +

35.51e

I+

17.34b +

2.25a +

‘ (p < 0.05)
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4.6 ' fifty
; 3 % ;
Alcalas ™1 55° E/S 8 %
m 50, 60, 70, 80, 90 100 %
DH (%) +
( ) yield (%)
0 2.34a + 0.19 95.67a + 0.81
50 2.86b + 0.08 97.28a + 1.91
60 2.81b + 0.16 95166a +0.55
70 2.90b + 0.17 95.18a + 2.55
80 2.85b + 0.12 95.76a + 2.01
90 3.18c + 0.01 96.68a + 2.45
100 3.46d + 0.08 98.68a + 1.82
a,b,c,d fif (p < 0.05)
fif DH yield, protein
recovery heme content recovery (p < 0.05)
; DH
' yield £ heme
content recovery : m 90 100

#
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4.4 ! !
4.4.1 activated carbon powder {
"1 "1 DH 90 100 activated carbon
powder 10, 20 30 % th 8 ! 2?1 35, 45,
55 65 °C 6 ' 60
protein recovery heure content recovery { 8
4.3-4.4 protein recovery henre content

recovery 'l ' 4.7-4.10



heme content recovery (%9

120
100 R
\—
F~-b
T e
60
40
-e- 65°
55°c
20
~4-- 450
————— 35°c
10 . 20 30
activated carbon {w)
fl 4.3 heme content recovery VIfl DH 90
activated carbon powder ~ tu 10, 20 30 %
35, 45, 55 65°c
heme content recovery (%)
30 —— : —~ .
SOL \\‘\
.k,_‘_‘ ‘\\\
P e T
wr g g st Sppaiy S
\.A\ \.\\ Y «\\_ l
.\\\;f\\
S - 5%
20t R e —SR %
—#- 55%
-+ 45%
0 L . : s —= 85%
10 20 30
activated carbon ()
fl 4.4 heme content recovery jrfviflifan DH 100
activated carbon powder ~ 10, 20 30 %

35, 45, 55 65°c

40



fi 4.7 fi protein recovery
recovery ' ' fi DH 90 '
carbon powder n 10,20 30%" ~1lvm
45, 55 65°c
sov df MS

41

heme content

activated

protein recovery heme content

{™ (A) 3 1.10

activated carbon powder (B) 2 0.02

AxB 6 2.26

error 12 1.80
' (p < 0.05)

36.554*

63.982*

3.878*

1.634

35,

recovery



powder (% '

10

20

30

a,b,c,d,e, f

activated

carbon powder

65°cC

35

45

55

65

35

45

55

65

35

45

55

65

N

protein recovery
! DH 90
10,20
protein recovery (%)
99.12a .53
98.55a .95
99.25a .39
101.10a .02
101.08a .69
99.09a .99
98.56a .06
99.32a .68
98.68a .73
99 .26a .69
100.21s .14
99.52a .03

30%

heme content

2?1 activated

heme content

97.05a +

42

35,

recovery

1.05

92.08b +2.65

86.15cd+ 0.61

88.34cd+

89.75bc+

88.35¢c +

83.27e f+

83.80e f+

86.31de+

84 .88e +

83.80f +

82.73f +

(p < 0.05)

1.14

0.07

0.07

1.64

0.98

0.86

1.68

0.92

1.28



n activated carbon powder #
activated carbon powder 'V
protein recovery DH 90 (p > 0.05)
heme content recovery (p < 0.05)
heme content recovery activated carbon powder 20%
30% 55°c 65°c heme content recovery N
(p > 0.05) activated carbon powder
20% )y 5b°c #
4.9 protein recovery heme content
recovery / DH 100 activated
carbon powder 10,20 30% 35,
45, 55 65°c
SOV df MS
protein recovery heme content recovery
) (A) 3 20.656* 796.566*
activated carbon powder (B) 2 26.101* 1411.203*
AxB 6 9.622* 22.842*
error 12 0.847 0.847

* (p <0.05)



fl 4.10

recovery

carbon powder

45 55

n activated carbon

powder (% )

10

20

30

a, ,c,d,e,f,g,h,i

(p < 0.05)

N

a&5°c

( C)

35
45
55
65
35
45
55
65
35
45
55

65

protein recovery
DH 100

10,20 30%

+

protein recovery(%)

97 .55a + .49
97.99a + 0.49
99.04a = .39
97.79a + 0.93
98.00a + .86
98.11a + .34
97 .14a + 17
92.94b + .42
97.85a = 27

97 .51a + .19
91.46b + 42
91.16b + .39

44

heme content

N\

activated

' b

heme content recovery (%)

63.16a i

57.20b +

47 .45d +

41.06e +

50.12c +

39.01f i

20.70h +

19.06M +

37.26f +

33.999 +

19.36"+

17.691

I+

.32

.08

.10

.24

.08

17

.14

.03

.35

.29

.68

12
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y activated carbon powder
activated carbon powder « )fi
protein recovery DH 100 (p < 0.05)
activated carbon powder 20 30%
55 65°c heme content recovery 1 (p > 0.05)
activated carbon powder 20% 55°¢
protein recovery (p < 0.05)
protein recovery activated
carbon powder 20% 55°c¢
4.4.2
DH 90 100 activated
carbon powder 20% 55°c
20, 40, 60, 80 100 heme content
recovery DH 90 100 4.5
; heme content recovery DH 90 100

4.11



fl 4.5

100
90 +

46

heme content recovery(%)

e

S |
g

80
70 - e bl il Bhuvgnl ]
60 + —0O0— DH
50 + X\
it A \A\ —#&— DH 100
30 PR
\&%
20 + =
10 +
0 t } 1 S — {
0 20 40 60 80 100 .
time (minute)
rin  heme content recovery TIO'JIEFVIITI | Trivi EH 90 100
activated carbon powder A 20%1 ' ! 001
55°c wu 20, 40, 60, 80 100
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4.11 heme content recovery DH
20 100 , activated carbon powder { 20%
") 55° 20, 40, 60, 80 100 fi

heme content recovery +

« ) DH 90 DH 100
0 100-00a - 0o 06 100.00a + 0.08
20 90.66b +1 26 48.10b = 0.51
40 86.27e +1 08 37.53e +1.10
60 84.78d i 0 95 25.79d + 1.43
80 83.65e +1 03 24 .47de+ 1.02
100 83.60e +1 11 g&%ﬁ‘si 0.68
a,b,c.d,e (p < 0.05)
1 \4 heme content
recovery DH 90 100 (p < 0.05)
| ' 80 100 heme
content recovery (p > 0.05) 80
4.4 .3
4.4 .2
3 %
4.12-4.14
& |

4.15-4.16



4.12

DH 90

(DH 90  100)

DH 100 "

DH 100

4.13

SsQV

ce

AxB

error

! ! (DH 90
df
! ! (A) 1
(B) 1
1
8
(p <0.05)
vom i
' (P < 0.05)
\V) DH 90 100

100)

Duncan’s

{
) +
2.99a + 0.01
3.08a + 0.02
3.32b + 0.02
3.47b + 0.09

M1
!
>

MS

0.192*

0.009

0.001

0.001

New Multiple Range Test

48
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4.14 ' T, # 1 1

(DH 90 100)
DH
DH (90 ( ft) ? +
90 3.035~+0.02
100 3.395a+0.07
a,b . ,
4.15
N [ H 1 'l (ce 90 100)
DH , +
C0) #
90 ' 5.57¢c+1.23 6.66b+1.23 7.25b+1.14 6.45a*+1.56 6.33a+1.36
5.75¢c+1.05 8.25a+1.36 8.00a+1.47 6.08a+1.50 6.75a+1.61
100 " ' - 8.00b+1.04 7.75a+0.75 7.00b+1.77 6.79a+1.75 6.21a+1.53

9.29a+0.45 8.50a+0.90 8.62a+0.71 6.66a+1.32 7.70a+0.92

a;b,c (p < 0.05)



4.16

SOV

()

AxB
panelist

error

carbon powder

(P <0.05)

(A)

5.333*

2.083

1.402

1.185

(DH 90 100)

df

1 103.546*

1 5.672* 16.333*
1 4.380*
11 1.255
33 0.889
(p < 0.05)

DH
!
4.15

4.17-4.18

MS

0.421

16.920*

2.296

2.456

1.054

iwW |
1
2.520 2.083
0.750 3.520
0.185 1.021
2.327 1.989
2.327 1.879
activated
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B 4.17 /'
1? (DH 90 100)
| activated carbon
+
) 7.20b+1.12 7.13b+1.04
8 .38a+ 1.22 8 .31a+ 1.26
a,b , (p < 0.05)
4.18 .
(DH 90 100) ' ' #
El DH
DH (%) +
90 7 .45b+ 1.32
100 8.13a+0.87
a,b, (p < 0.05)
vf
DH 100 activated carbon powder 20%

(p < 0.05)
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4 m5 |
pH 100 activated carbon
powder 20% spray drying ] 190°c
90°c 30 300
I} freeze drying ) shelf plate 35°C condensor
-30°c , solid recovery, protien recovery
4.19-4.25
4.6 3 %
yield U
4.24
4.19 s o lid protein recoveries DH
100 ?} spray drying freeze drying
/
solid recovery(%) protein recovery(%)
- 1 *1 100.00 100.00
- *2 77.75 67.63
- activated carbon 70.24 58.93
- freeze drier 66.79 48.31
- spray drier 26.48 19.12
*1 300% pH 8.5

*2



53

4.20 DH 100

spray drying freeze drying

freeze drying

(% ) freeze drying freeze drying spray drying
(% ) 6.42 6.49 5.26
(%' ) 89.42 81.68 81.37
(% ) 0.86 0.18 0.15
(Yom ) 291 4.09 4.11
(% ) 0.31 1.01 1.06
(% ) 0.11 0.0035 0.0036
*(% ) 0.39 7.56 9.11
* 100%
4.21 DH 100
spray drying freeze drying
(CFU/mI) freeze drying(CFU/g) spray drying(CFU/g)
9.0x103 35.0X103 22.5x103

coliform bacteria

Escherichia coli



orotein solubility (%4
88 T

X 0
86 +
[
s T—  freeze dried

82 | BPH
Wo—a s A= spray dried

% : e DH 100 &  fi fi

spray drying N freeze drying pH 4, 5, 6, 7, 8, 9,
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4.22 ' ' Y DH 100 )

spray drying freeze drying

brightness (%)

freeze drying

spray drying

4.23 | % spray dying
freeze drying pH 4, 5, 6, 7, 8, 9, 10
% +

pH
freeze drying spray drying

pH 4 84.89a+0.60 80.117+2.26

pH 5 85.47a+ 1.59 79.89b+1.96

pH 6 85.24a+0.95 79.317+2.08

pH 7 86.15a+1.16 80.0272+2.32

pH 8 87 .45a+ 1.97 80.59b+1.82

pH 9 86.92a+2.05 79.58b+0.96

pH 10 87 .45a+2.67 82.61b+0.66

a, (P < 0.05)



4.24

F-BPH
FD-BPH

SP-BPH

spray drying

drying

drying(SP-BFH) ,

8.70a+0.67

8.20a+0.79

8.20a+1.03

8.20a+0.79

{

freeze drying

.40a+1.07

.00a+0.94

.90a+ 1.10

.00a+0.94

freeze drying

2

freeze drying(FD-BPH),

6.20c+ 1.23

8 .40a+0.84

7.10b+0.87

7.40b+0.52

(F-BPH)

7 .60a+ 1.07
7 .80a+ 1.03
7.10ax1.29

7 .60a+1.03

freeze drying

{

Lovibond Tintometer

spray drying

56

spray

.10c+0.20 "

.75a+0.59

.85b+0.19

.72b+0.22

(p < 0.05)

spray drying

spray drying

freeze

freeze drying



coliform

freeze drying

(p < 0.05)
|
(p < 0.05)
fl
3.6
ISP sodium caseinate
4.25

spray drying

freeze drying

spray drying

3.2

3 %

57

pH 4-10

yieldu



' 4.25

C#)

ISP

caseinate

yield

3%

2.15e+0.05
2.30d+0.07
2.55c+0.14
2.85b+0.03

3.36a+0.11

yield (@9

95.18c+3.02
102.51a+2.67
98.56b+1.52
99.28b+1.93

99.19b+3.33

' (p <0.05)

58



4.26

ISP

caseinate

a,b

I  caseinate
[N !
yield
caseinate

I yield

-th oo, ' | 3%l
1 I
+
ifl
8.30M+1.33 8.30a+1.42 8.50a +1.17 5.50b +1.84 6.20a+2.01
8.75a +1.03 8.00a+1.56 8.50a +0.97 6.00b +1.05 7.65a+1.67
7.90b +0.87 7.40a+1.57 7.40b +1.17 6.40NM+2.06 6.40a+2.17
8.05b +0.95 8.20a+1.03 8.40a +0.96 6.60~+0.96 6.15a+2.05
7.90b +0.99 7.85a+1.76 7.90~+1.45 7.66a +1.80 7.30a+1.70
- (p < 0.05)
yield !
! 1 ISP
[ 1 (p< 0.05)
[ ! P ISP
! (p > 0.05) ! !
11
I 1 caseinate
| | | | | | | ISP
! | caseinate !

(p<0.05)

59



4.7

LDPE

fl

30+I1°C

aluminium fo il

l[aminate

60

spray drying -
/1
12

4.27-4.29
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29-31°C

f)

aluminium fo il

LDPE

aluminium fo il

laminate

(%)

3.80a+0.35
3.89a+0.57
3.82a+0.95
3.90a+0.80
3.86a+0.52
3.84a+0.29

3.86a+0.73

3.80e +0.35

7.60b +0.78

i0.0s*+0.0S

12.25a +0.72*

LDPE

(%)

85.86a+2.89
86.52a+3.15
87.10a+ 1.92
86.79a+3.01
86.64a+1.88
87.01la+1.21

86.99a+2.38

85.86a+2.89
86.83a+2.88
83.91a+2.93

75.68a+3.72:

(p < 0.05)

61
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12

.28

aluminium fo il laminate

12

log

aluminium fo il

3.9272+0.16

3.86ab+0.12

3.93a +0.29

3.98a +0.11

3.84ab+0.14

3.887+0.21

3.76b +0.15

laminate

ft

62

LDPE

29-31°C

LDPE113

3.92a+0.16

3.96a+0.33

3.81a+0.21

3.90a+0.28*

(p < 0.05)



LDPE aluminium
foil laminate ft '‘wifi 29-31°C
12
SOV df F
aluminium fo il laminate
6 0.01
% 6 0.06
6 0.32
error 7
LDPE
3 48.57*
% 3 5.27
3 0.12
error 4
(p < 0.05)
LDPE
% 12 %
8
aluminium fo il laminate % %

log , (p > 0.05) 12
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