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lag phase exponential phase
L. gasseri L. johnsonii Avonts, Uytven and Vuyst
(2004) L. gasseri L. johnsonii MRS
stationary phase 14-20 20-25 /.. salivarius
(Kelly, et al., 2005) L. salivarius MRS

stationary phase
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2)
B
L. salivarius
lag phase
L. gasseri
4.2
4.2.1
20 % 30 % (W
41 (
5%
4.1
MNF (%)
5
10
20
30
a,b,c,...

L. salivarius

MRS
MRS ,

exponential phase

L. gasser

MNF

MNF

2)

MNF

MNF

(%)
97.55a+1.76
95.09h+0.83
91.72¢+0.66

87.850d+0.55

31

Thomas (1991)

10 %

5 %

MNF

(p<0.05)
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MNF
MNF 5% 10% 20% 30%

1.87+0.09 cP 2.26+0.04 cP 3.86%0.29 cP 5.52+0.15 cP

exponential 13 = piteAC 13
C A 0.04 '
1.53 Newtonian MNF
MNF
4.2 Espina and Packard
(1979) Boza, et al. (2004)
Laser diffraction (Elversson, 2005)
atomizer
6 35
5 30
- 25 5
L % E)
20
= 3 5
§ 15
& 2
& 10 3
1 5
0 0
5 10 20 30
%
4.2 MNF i)



MNF
4.3
(p<0.05) 5% 10% 20%  30%
97.55+1.76% 95.09+0.83% 91.72+0.66%  87.85+0.55% (

Co 2

4.3 Scanning
Electron Microscope (SEM) MNF 5% (A)
10% (B) 20% (C) 30% ()

33
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MNF 4.3
4.4 Espina and

Packard (1979)

Teixeira, et al. (1995b); Gardiner, et al. (2000) Laroche and Gervais (2003)

H-bond
DNA
(shell) case hardening
45
15 pm 3 pm
4 pm 5 pm MNF 5% 10% 20% 30% (w/v)

(Boza, €t al., 2004)

4.5 A

(Lian, et al., 2001)
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aw

(p>0.05)

atomizer

42

MNF (%)

10
20
30

ab,c,...

36

Zayed and Roos (2004)

2.8-5.6%
4.2
, 2532)
VINF
b
(%) ()
3.16%0.03 13.53dt1.73
3.17+0.02 16.08°+2.44
3.45+0.10 21.76ht2.42
3.54+0.39 31.64at1.34
(p>0.05)

(p<0.05)
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4.2.2 MNF
MNF 5% 10% 20%
0% (v
laminated aluminium foil PP/PE/AIU/PE/LL 02
Porubcan and Sellers (1975)
MNF 20°c 4.6
30°c 4.7
MNF 5 % MNF
5% -0.07 10% 20%
30% -0.08, 5%
(shell) (
)
5%
MNFE 5 %
MNF 10 %
20°¢
4.6
4.7
( )
Teixeira, et al. (1995b)
(30°C) (37°C)
aw 4.3
30 aw

(p<0.05)
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aw
MNF aw
30°c
1 20°c wang, et al. (2004)
laminated
aw Teixeira and Kirby (19950) aw
0.11-0.23 aw
0.28-0.56 60
20°c 9.29-7.46 109 (CFUIg) 30°c
6.88-5.33 1og (CFuUIg)
(2548) 106crurg
MNF 5%  10%
2 Lian, et al. (2001)
MNF 5%

MNFE 10%
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4.3 MNF aw
laminated aluminium foil 60
20 30°c
(%) aw
MNF 0 30 60 0 30 60
(%) (°C)
5 20 3.16a+0.25 4.15b+1.00 4.26b+0.05 0.28a+0.03 0.37b+0.01 0.39b+0.00
30 3.16at0.25 4.43b+0.31 4.64b+0.04 0.28a+0.03 0.44b+0.04 0.52c+0.03
10 20 3.17a+0.02 4.24b+0.08 4.32b+0.14 0.28a+0.03 0.37b+0.01 0.40c+0.01
30 3.17a+0.02 4.59b+0.16 4.61b+0.21 0.28a+0.03 0.44b+0.02 0.55c+0.00
20 20 3.45a+0.10 4.38b+0.18 4.40b+0.30 0.29a+0.03 0.38b+0.02 0.40b+0.04
30 3.45a+0.10 4.73b+0.1 4.87b+0.39 0.29a+0.03 0.47b+0.03 0.56¢+0.01
30 20 3.54a+0.39 4.46bt0.12 4.57b+0.03 0.29a+0.01 0.38b+0.03 0.42b+0.02
30 3.54at0.39 4.73b+0.3 4.92b+0.13 0.29a+0.01 0.46b+0.04 0.56b+0.04
a,b,C,...
(p<0.05)
4.2.3
' 160°c 180°c 34 mL/min
16 mL/min factorial  design 2
4.4
4.5 4.6
34 mL/min 16 mL/min
80°c 90°c (
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) Kim and Bhowmik (1990) 1
160°C

170° 60°c 70°
80°c 90°c Gardiner, et al.
(2002)

aw

( 80°C)

aw ( 90°C)
aw Kim and Bhowmik (1990)

Fu and Etzel (1995)

4.31-5.80% 80°c 2.4-3.7%
90°¢c
aw
34 mL/min
422 4.08-4.73 % ( 5 )
aw
( 4 )
160°C
34 mLmin

5%



16 muUmin

4.4

Treatment

Inlet air

inlet air*

4.5

] £ >
160

180

94.173

92.07b

(p<0.05)

(%)

180°C
aw
(%) (%)
(p<0.05)
(p>0.05)
"5(%)
3.47
3.23

(p>0.05)

42

160°c

aw

aw

0.31

0.31



43

4.6 ' ' (feed rate)
aw
Feed rate ( L/min) (%) (%) aw
16 91.57b 2.30b 0.28b
34 94.673 4.413 0.343
a,b
(p<0.05)
4.2.4
4241 MNF
421
Kim-mashall ( 5) Elversson (2005)
total
solids
4.2.1 MNF10 %
MNF
10% MNF 10%
MNF

Mary, et al. (1993); Johnson

Meister, et al. (2000) Boza, et al. (2004)

skim milk

sucrose

and Etzel (1995);
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MNF Servulo.ef al. (2003)
sucrose
MNF lactose Adhikari, et al. (2007) lactose
MNF
lactose
lactose
MNF
total solids 10%

MNF 9%-+sucrose 1%

MNF 9%-+lactose 1%

4.7 (
53.01 dynes/cm
1 2
(p<0.05)
(p<0.05)
lactose
10%
2.22-2.44 CP ,
MNF
4.2
MNF 5 %
Adhikari, et al. (2007) 1 1

MNF 7%-+sucrose 3%

MNF 7%-+lactose 3%

MNF 5%-+sucrose 5%
MNF 5%-+lactose 5%
4)

48.76-51.25 dynes/cm

MNF
sucrose
226 CP MNF
MNF
4.7 2
2.26 cP
10% 9% 7% 5%
MNF
MNF 10 %
lactose
' lactose
lactose
MNF
MNF 10 %



(p<0.05)

MNF 10%

4.7

MNF10%

MNF9%-+sucrosel %

MNF7%-+sucrose3%

MNF5%-+sucrose5%

MNF9%-+lactosel%

MNF7%-+lactose3%

MNF5%-+lactose5%

ab,c,...

45

MNF
(p<0.05)
MNF
MNF
total solids
H(cP)
(dynes/cm)
53.01a+0.43 2.26 +0.04
49.93¢c+0.40 2.26+ 0.02
49.45 d+0.37 2.35+ 0.23
48.76et0.34 2.44+ 0.05
51.25h+0.73 2.22+ 0.05
49.650t0.31 2.22+ 0.13
49.03et0.46 2.37+ 0.40
(p<0.05)

(p>0.05)
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4.2.4.2 MNF [ |
' sucrose lactose MNF
MNF 10% 4.8
(p<0.05) 4.8 (
MNF 9%-+lactose 1% MNF 5% +lactose 5%
lactose ) 4.7

Elversson (2005)
4.7
(p>0.05) MNF 10%

92.68% 94.68-97.05%

(p>0.05) 2
MNF 7%-+sucrose 3% MNF  5%-+sucrose 5%
MNF 7%-+sucrose
3% MNF 5%-+sucrose 5% bulk density 4.8

bulk density total solids MNF 7%-+sucrose 3%

(Espina and Packard, 1979)

MNF 7%-+sucrose 3%

MNF 5%-+sucrose 5%

49C )
19aBEF G
MNF  7%-+sucrose 3% MNF
5%+sucrose 5% MNF 10%

MNF 7%-+sucrose 3% MNF 5%-+sucrose 5%
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MNF 7 %-+sucrose 3 %
MNF 5 %-+sucrose 5 % MNF 7 %+sucrose 3 %
MNF 5 %-+sucrose 5 % sucrose lactose
amorphous
(Haque and Roos, 2006)

(shell) Chauca, et al. (2005) Elversson (2005)

lactose sucrose
(Haugue and Roos, 2004) 49 (C
D)
lactose MNF
lactose a
sucrose P
Fieser and Fieser (1959) a
P MNF : lactose
MNF : sucrose MNF : lactose
sucrose
MNF 9%+sucrose 1% MNF 9%-+lactose 1%
MNF

49(ABF G



4.8

total solids

MNF10%

MNF9%-+sucrosel %

MNF7%-+sucrose3%

MNF5%-+sucrose5%

MNF9%-+lactosel%

MNF7%-+lactose3%

MNF5%-+lactose5%

ab,c,...

(%)

92.68¢+0.78

95.36h+0.48

97.05a+0.31

95.8941+0.39

94.891+0.99

95.180h+0.73

94.68h+0.78

(p<0.05)

MNF

(dynes/cm)

53.01a+0.43

49.93¢+0.40

49.45 dt 0.37

48.76e+ 0.34

51.25ht 0.73

49.65aik 0.31

49.03et 0.46

(G
16.08hct1.25

15.29¢+1.75

20.95at1.61

18.80h+1.43

15.62¢+1.05

15.14c+1.72

14.99c+1.61

bulk density

bulk density

(g/mL)

0.42a+0.01

0.42a+0.02

0.36¢+0.00

0.381+0.01

0.42a+0.03

0.42a+0.00

0.42a+0.01

48
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4.8 ! Scanning Electron Microscope
(SEM) MNF 10 % (A) MNF 9%-+sucrose 1% ( )
MNF 7%-+sucrose 3% (C) MNF 5%-+sucrose 5% (D)
MNF 7%-+lactose 3% (E)
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15kY XK5.000

15kU XS.000

4.9 Scanning Electron
Microscope(SEM) MNF 10% (A) MNF 9%
+sucrose 1 % (B) MNF 7%+sucrose 3% C) MNF 5%
+sucrose 5% ( ) MNF 9%+ lactose 1% (E), MNF 7%-+lactose 3% (F)
MNF 5%-+lactose 5% (G)
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49 () Scanning Electron
Microscope (SEM) MNF 10% (A) MNF 9% +sucrose
1% (B) MNF 7% +sucrose 3%( c) MNF 5% t+sucrose 5% ()
MNF 9%+ lactose 1% (E), MNF 7% +lactose 3% (F)
MNF5% t+lactose5% (G)

43
131
L. gasseri MNF 10%-+lactose 10%
MNF 10%+sucrose 10%
49 (Abadias, et al., 2001)

(Gomez, et al., 2003 Monnet, et al., 2003)

Johnson and
Etzel (1995)  Abadias, et al. (2001)

Potts (1994) Leslie, et al. (1995)
cryoprotectant
hydrophilic  bilayer
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Zayed and Roos (2004)

Ananta, Volkert and Knorr (2005)

lactose
MNF sucrose lactose
sucrose
(Abadias, et al., 2001) sucrose lactose
cryoprotectant
MNF10 Y%-+lactose 10 %
4.9
total solids

(%)
MNF10% +sucrosel0% 97.17£1.57

MNF10% +lactose10% 99.00£0.16

ns (p>0.05)
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4.4

total ~ solids
10% ( Ivy 160 C 16 mU/min MNF 7%+ sucrose
3% 97.05%
-60°c 05 hPa 99.01% 4.10
2
(Johnson  and
Etzel, 1995) 4.10
aw
4.10 aw
(%) (%) 3
97.05h0.31 1.9900.01 0.17h0.03
99.01at0.16 5.42at0.11 0.31at0.01

ab
(p<0.05)



4.5

16

16

laminated  aluminium
Wang, et al., (2004)

Nylon/Alu/PP
laminated

30°¢

199

foil

02

30°c
1-5

A

410

Wang, et al, 2004)

4°c

410

2 4°c
30°c
. PPIPE/AlU/PE/LL »
laminated
PET
(Wang, et al, 2004)
16 30°c

30 <
37°c (Coeuret, et al, 2004)

1-6

(30°C)

(Teixeira, et al,



4°c

30°c

(CFUlG 9501l (CFUl) 114 log (CFUIg)
1080 log (CFUIg) 942 log (CFUIg)

Roos, 2004)
43 aw
4.11
sucrose

100%

(To and Etzel, 19973)

(Wang, et al., 2004) aw
4.12

MNF

aw aw

100 %
100 %

55
30°c
10.64 log

1.38 log (CFUIg)

411

2.8-5.6% (Zayed and

aw 43
aw
MNF sucrose
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laminated aluminium foil

(°C)
4°c
30°¢
4°c
30°c

0 weeks
2.80"s+0.30
2.80"s0.30

5.04nst0.55
5.04ret0.55

1 weeks

2.73rs£0.39
2.81rst0.33

5.08r8t0.50
5.08mst0.50

2 weeks
2.77rst0.38
2.86mst0.33

5.11rst0.51
5.12r8t0.52

3 weeks

2.78nst0.37
2.9mst0.34

5.15mst0.49
5.18rs+0.46

(%)

4 weeks 6 weeks

2.82rs+0.38  2.84mst0.36
2.94me+0.36  3.02ns0.38

5.20n+0.49  5.29mst0.44
5.23rst0.46  5.31rst0.42

(p>0.05)

16

8 weeks
2.88mst0.35
3.75mt1.55

5.38st0.46
5.43nst0.25

12 weeks
2.96re0.34
3.25m0.43

5.56st0.37
5.60rst0.28

16 weeks

3.03rs£0.35
3.47rst0.41

5.77nst0.25
5.86mst0.13



4.12

aw

laminated aluminium foil

(°C)
4°c
30°c
4°c

30°c

0 weeks 1 weeks 2 weeks 3 weeks
0.22"s+0.03 0.22re£0.03 0.22rst0.03  0.22e0.03
0.22rst0.03  0.22mst0.03  0.22rs£0.03  0.22nst0.03

0.22rst0.01 0.22rt0.01  0.22rs£0.01  0.23ns+0.01
0.22r¢0.01 0.22rt0.01 0.23nst0.01  0.23nst0.01

4 weeks
0.22re£0.03
0.22re£0.03

0.23ns+0.01
0.23ns+0.01

(p>0.05)

16

6 weeks
0.22re£0.03
0.22rs£0.03

0.23ns+0.01
0.23ns+0.01

8 weeks
0.22r£0.03
0.22re£0.03

0.23rst0.01
0.23rst0.01

12 weeks
0.23rs£0.03
0.22rst0.03

0.23ns+0.01
0.23ns+0.01

16 weeks
0.23ms+0.03
0.23rst0.03

0.23ns+0.01
0.23ns+0.01

Cco
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