41

411

41

Batter
(g/cm3)
(cP)
Cake
(cm3)
(cm3g)
15 (%)
(cm)
Symmetry index rs (mm)
Uniformity index rs (mm)
Volume index (mm)

a, b,..
ns

Sucrose ester

Sucrose ester

symmetry index (

Sucrose ester 1%

3 1,2,3%

Sucrose ester

(42

4.1)
Sucrose ester

+

1,2, 3%

Sucrose ester 2 %

1.0700e£0.0111  0.9812b£0.0082  0.9644h+0.0101
35000a+1649.24  40400h1461.88  41800" £768.94
10442523438 1107.000b+14.31  1203.75e+34.14
2.42310.08 2570+0.03 2.80e10.08
429 £0.14 4.42 +0.04 4.330.29
4.36a+0.08 5.26010.03 5.35¢£0.04
8.00£1.15 1.7511.26 1751287
1.00£0.00 1.75+0.50 1.2540.96
145.003+2.71 161.00b+1.83 164.750+2.06
(p < 0.05)
(r >0.05)

Sucrose ester

volume index

symmetry index

Sucrose ester

Volume index (p < 0.05)

uniformity index (p > 0.05)

=

Sucrose ester

Sucrose ester 3 %

0.94653+0.0158
42600e£765.94

1230.75e£34.77
2.86¢+0.08
441 £0.21
554 £0.04
750191
2.00+0.00

169.50 e +3.11



(p < 0.05)

4.2
")
s (10) 8.39+1.04
s (5) 4.18+0.07
s (5) 4.20£0.65
s (10) 8.60£0.96
(10)  8.20b0.87
(40) 34.72¢12.50
(20) 17.22b+1.64
(20) 17.50a11.51
(20) 16.45d+1.59
(10) 8.06h+1.11
(10) 8.39¢+0.98
s (10) 8.85+0.58
(100) 85.25e14.65
ab,.
(¢ >0.05)
ester 1%

3%

Sucrose ester

Sucrose ester

+

Sucrose ester 1%

Sucrose ester 2%

1,2, 3%

30

Sucrose ester 3%

8.33£0.97 8.1610.80 8.31+0.90
4.41 +0.61 4,0610.52 4,14 +0.65
4,18 £0.70 410 £0.55 4,16 +0.55
8.6340.91 8.64£1.08 8.66£1.05
8.29h+1.07 6.433£1.30 ~ 1 6.723+1.10
32.89h+2.69 28.14a14.18 26.72 25.33
16.45h+1.98 13.95a+2.70 13.772+3.40
16.43e+1.94 14.180+3.02 12.952£3.35
15.62 4157 13.97h+1.87 13.20a£2.05
7.950+1.14 7.10a11.27 6.64a11.12
7.66 b£0.95 6.87a£1.24 6.56a+1.56
8.8520.85 8.85£0.74 8.8310.80
82.62b+4.13 74,22 a£5.56 72.472£6.04
(P < 0.05)
Sucrose ester
Sucrose ester
Sucrose ester
(p > 0.05) Sucrose
Sucrose ester 2%

Sucrose ester

1%
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41.2 Monoglyceride

Monoglyceride 3 1,2,3%
Monoglyceride .
( 4.4)

! symmetry index ( 43)

4.3 Monoglyceride 1,2,3%

t
Monoglyceride 1%  Monoglyceride 2 %  Monoglyceride 3 %

Batter
(gfem3) 1.0670e40.0049  1.0070b+0.0059  0.98233£0.0080  0.9727 3+0.0070
(cP) 36600a£400 40800 h+653.20 41600k +653.20  42400¢+653.20
Cake
(cm3) 1062.75a+16.46  1093.00 b+8.60 1138° +15.73  1193.50d+18.34
(cm3g) 2.4730.04 25411002 2.64¢0.04 2.77 d40.05
5(%) 4,30+0.15 4.3140.12 4.16+0.09 4.28+0.20
(cm) 4.39240.03 4.94010.07 5.36¢+0.08 5,604 +0.07
Symmetry index rs (mm) 7.75+0.96 7.50+1.00 7.250.96 7.25+0.50
Uniformity index s (mm) 1.25£0.50 1.00£0.00 1,25£0.96 1.2540.50
Volume index (mm) 144.50341.29 1.54b+2.65 160.75 ¢ +3.30 167.50 d£1.73
3, b,.. (P<0.05
ns (P>0.05)
Manoglyceride

Volume index (p < 0.05)
Manoglyceride
volume index Monoglyceride
symmetry index  uniformity index (p > 0.05)
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44 Monoglyceride 1,2, 3%
t
Monoglyceride 1%  Monoglyceride 2%  Monoglyceride 3%
"8(10) 791 +1.30 7.83£1.15 7.641.53 7.66£1.07
"s () 4.06 £0.78 4,00£0.65 39710.78 3.95£0.61
15 () 3.8510.94 3.8310.97 3.66£1.15 3.70£0.89
15 (10) 8.53 +1.00 8.50£1.12 854t1.12* *  850+1.07
(10) 7.39e10.86 6.79h11.50 6.14a£1.39 6.12a11.33
(40) 32.87e£2.00 21.79b45.76 27.93h14.38 25.66 315.11
(20) 1.60e+1.45 1452013.10 14.33042.52 11.27344.26
(20) 16.27h+1.36 13.273£3.17 13.603£3.16 14.393+2.31
(20) 15.72a+1.1 13.83011.26 13560+2.23 12.87e+1.28
(10) 17204091 6.93010.95 6.77 0 £1.57 6.39311.04
(10) 8.000£0.77 6.89a+1.13 6.793+1.42 6.4730.92
s (10) 8.62 +0.98 8.6810.90 8.64+1.17 8.60£1.06
(100) 82.37e43.07 7343017.09 12.47h14.92 69.43316.06
a, (P< 0.05)
(P>0.05)
Manoglyceride
(P < 0.05) ! Monoglyceride
Manoglyceride
(P> 0.05) Monoglyceride
1% Manoglyceride 2%
Manoglyceride
Monoglyceride 3%

Manoglyceride

1%

Manoglyceride
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4.1.3 Polysorbate 60
Polysorbate 60 3 1,2.3%
Polysorhate 60
(46
symmetry index ( 4.5)
45 Polysorbate 60 12 3%

t
Polysorbate 60 1%  Polysorbate 60 2%  Polysorbate 60 3%

Batter
(g/m3)  1.0728d+0.0029  1.0401 ¢+0.0126  1.0060b+0.003L  0.9851 a£0.0092
(cP) 364002£461.88 38000 b+461.88  38800¢+461.88 39600 +461.88
Cake
(cm3) 1042.25a+31.54  1085500+9.15  110200h47.53 114250 e+12.04
(cm3g) 2422007 2520+0.02 258h+0.03 2.650+0.03
15 (%) 4.20 +0.16 4.25+0.15 432 0.23 4.28+0.29
(cm) 4.42 240,02 4720003 4.96¢+0.06 509 d+0.03
Symmetry index rs (mm) 8.00 £2.00 8.50+1.00 8.75+0.50 8.50£1.29
Uniformity index rs (mm) 1.00 +0.00 2.00 £1.15 1.25£0.50 1.50+0.58
Volume index (mm) 14350a+1.73  14825b+150  15325¢+250  157.25d+2.99
ah.. (P< 0.05)
(P>0.05)

Polysorbate 60
Volume index (p < 0.05)

Polysorbate 60
volume index Polysorhate 60

symmetry index  uniformity index (p > 0.05)
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Polysorbate 60

+

Polysorhate 60 1%

Polysorbate 60 2%

34

1,2, 3%

Polysorbate 60 3%

s (10) 8.00 +1.16 1.5241.45 7.6041.36 7.68+1.24
s (5) 4.16 +0.88 3.8110.93 3811093 3.870.95
15 () 3.83£1.03 3.70£0.89 3.7910.92 3.8110.84
s (10) 8.52 +0.96 8.5411.20 8.5411.07 8.50£0.96
7.6600.80 6.54211.20 6.353+1.53 ~ E6.12at1.14
(40) 13430+2.47 278131546  27.203+5.54  27.04 3+4.62
(20) 1706b+1.29  14203+3.48  13663+3.79  13.60342.58
(20) 1637b+1.78  13603+3.65  13543+3.16  13.4333.41
(20) 1533b+1.52  13503:1.65  13353+1.78  13.143+1.14
(10) 7.79b£1.05 6.773£1.03 6.64311.39 6.45310.74
(10) 754h11.09 6.723£1.23 6.7031.07 6.68311.01
s (10) 8.06 £0.75 8.12+1. 4 8.00£1.52 8.1 +1.13
(100) 81.02b£3.79  71.64346.95  71.06346.49  71.60315.60

a, | (P< 0.05)

(P>0.05)
Polysorbate 60
(P< 0.0 Polysorhate 60
Polysorbate 60
(P>0.05)
Polysorbate 60 1% 2%
3%
Polysorbate 60 1% 2%

Polysorbate 60 1%



P} 0] 35
4.2
411 412 413
-2
( 4.8) symmetry index
( 4.7)
4.7 Sucrose ester, Monoglyceride 1
Polysorbate 60 1%
t
Sucrose ester 1% Monoglyceride 1%  Polysorbate 60 1%
Batter
(gmd  107d+0.01  0.97a£001 1,00 b£0.01 1.04¢0.01
(cP) 36400a£400  41000d4346.41  40200e+346.41 37800 h+346.41
Cake
(cm3) 1000.75216.87  1101.000h£23.00 1100.25h+12.03  1081.75b+9.65
(cm3g)  232a#001  256b+0.05 2550 +0.03 251 b0.02
' 15 (%) 4.1840.05 4.2140.14 421 £0.12 4,2540.05
(cm)  4474240.05 520 £0.03 497e20.10 478 b+0.02
Symmetry index s (mm)  5.75:0.83 6.25+0.83 6.25:0.83 6.25+0.43
Uniformity index rs (mm) 1.2540.43 1,25£1.08 1.25+0.43 1.50£0.50
Volume index (mm) 14725241.92 159504206  15425b+4.14  150.50ah+2.29
8, b,. (P < 0.05)
ns (P>0.05)
Sucrose ester, Monoglyceride, Polysorbate
60 1% °
Volume index (p < 0.05) Sucrose ester 1%
volume index sucrose ester, Monoglyceride,
Polysorhate 60 symmetry index uniformity  index
(n>0.05)
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Sucrose ester IMonoglyceride 1

+

Sucrose ester 1%

8.04+0.77
4,08+0.57
3.9510.45
1.870.84
8.350+0.88
31.820£2.87
16.20h£2.01
15.600+2.14
1597h£1.27
7.85020.96
8.120+0.84
§.58+0.98
80.64 h+3.74

Monoglyceride 1%

1.81+0.78
4,0210.38
3.79+0.68
7.81+1.20
1.10a£0.72
29.333+2.87
14473+1.89
14851197
14182+1.26
1123£1.02
1.063+0.93
8.52+1.11
141134413

Sucrose ester, Monoglyceride,

Sucrose ester 1%

48
Polysorbate 60 1%
$(10) 8.1610.78
1 (5) 4.10+0.55
15 (5) 4.06+0.47
15 (10) 7.83+1.04
(100 841b+0.79
(40) 33.6821£3.02
(20) 16.68 b+2.54
(20) 17.00e£1.70
(20) 16.14b41.20
' (10) 8.04010.87
(10) 8.100+0.85
(10) 8.5610.84
(100) 82.81 ¢£3.66
a,D,...
(p >0.05)
1%
(P < 0.05)
60 1% '
(P>0.05)

Sucrose ester, Monoglyceride,

Sucrose ester

Manoglyceride

Polysorhate 60

1%

1%

Sucrose ester 1%

Polysorbate 60 1%

1.85+1.33
3.93£0.86
3.9140.98

- «1.87£1.28

1.35341.02
28.663+4.73
14.31 343.62
14358 +2.88
13.723+1.73
6.87 3+1.06
6.85a1.12
8.50+1.16
71397 345.74

(p< 0.05)

Polysorbate 60

Polysorhate
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431

Polydextrose
Polydextrose
4.9
Batter
(gemd)  0.9740 3+0.0087
(cP) 40800'+800.00
Cake
(cm3 1139.33'£3.06
(cm3g) 265"+ 0.01
"
+
" 4.45 +0.06
(cm) 532" +0.04
Symmetry index (mm) 8.33d+0.58
Uniformity index (mm) 1.00 0 £1.00
Volume index (mm) 164.67 e+1.53
L ( ) 67.98 h+1.42
b ( ) 45,02 e+0.15
L ( ) 75.38 3£1.05
b ( ) 26.10¢£0.56
Hardness (kg) 0.95¢0.09

20, 40, 60, 80,  100%

Polydextrose

+

Polydextrose 20%  Polydextrose 40%

1.0334 b£0.0403
40000 3+800.00

1094.00 ¢ £9.17
2.54310.02

4.47 £0.09

4.63¢10.10

567 +0.58
1.670+0.58
153.33 d+3.06

65.61 30.65
4412 ¢+0.55

77.98 30.59
25.14 ££0.49

0.83e£0.06

1.0947 ¢+0.0097
33867 h+2013.29

955.67 d+21.01
2.22.4£0.06

45210.10

4.37d+0.04

433°+2.31

1,00 3£0.00
146,67 £2.52

68.42 h£1.02
44.16 °+0.09

78.96 $+0.55
23.090£0.47

0.700£0.07

49

4.10

20, 40, 60, 80,100 %

Polydextrose 60 %

1.1716d+0.0183
28800 +800.00

871.00e+20.42
2.03°£0.05

4.49+0.10

4.19e+0.03
433e+2.31
1.00 3+0.00
14067 e+2.52

711.06e£0.57

41.18b+1.15
>

78.95 & +0.38*
23.22h40.49

0.660£0.02

Polydextrose 80%

1.2534 ¢ £0.0305
18133 h+461.88

749.33 0+40.87
1.750£0.10

4.48 +0.04

2.800£0.06

0.330£0.58

0.333+0.58
125.670£9.50

10.42 £0.64
39.303+0.79

79.06 $£0.15
2281 h+0.64
0.63a£0.04

Polydextrose 100%

1.3238'0.0127
8267 31461.88

614.333112.01
1.433£0.03

452 +0.01

1.58 310.05
-5.33311.53
1.333+0.58
93.33e£7.64

12.00e10.51
39.09e+1.00

79.98 0+0.35
21.65e£0.59

0.52at0.04



4.10

"4y LLKE

(10)

8.52d+0.74
4.250+0.50
4.271e+0.57
811 ct1.12
8.58e+1.05
32.75e11.70
1631 e+1.14
16.44d+1.16
16.721£1.30
8.28f+0.97
8.44. +0.81
8.16. £0.77
82.86'3.04

Polydextrose

8.03d+1.81
4.03d+1.18
4.00e£1.17
11702091
7.86d+0.96
28.47d+3.48
14224+2.29
14.25¢+2.96
13.22¢£1.39
6.83 ¢0.91
6.38 d+0.80
1.22. +0.42
71.97. +4.88

+

450e+1.96
2.50°£1.52
2.00b+1.43
7.06b+0.89
1222£1.02
21.03e+2.74
1336 e+1.87
13.63¢+1.88
1258 d+1.48
6.22d+0.98
6.36. +0.96
5.66. +2.12
64.06. +4.04

20, 40, 60, 80,100 %

3.25h%1.78
1.86b+1.42
1.392£0.99
6.750% 1.02
5.69h%1.17
20.11 b+3.20
9.97b+1.80
10.14b+2.09
1063e+1.70
536 e+1.26
5.21. +M42
533, +2.11
51.78e+4.16

261 d£1.46
1.28a+0.94
1.332£0.95
6.2520.94
5.004a+1.35
17.19a+1.41
8.863+1.22
8.33310.72
394h+151
2.11h11.25
1.83, £0.77
44731228
39.47h+3.97

Polydextrose 20% Polydextrose 40%  Polydextrose 60 %  Polydextrose 80%  Polydextrose 100%

2423105
1.3330.96
1.083£0.50
6.08 3+0.87
453311.38
16.78 €£1.12
8.503£0.97
8.283+0.77
2.55 310,65
1.22340.42
133, £0.47
3.17. £1.60
36.14 3+2.94

(S5



Volume index

(P < 0.5

Polydextrose

39

Polydextrose
Symmetry index Uniformity index
(L b (L hardness (p < 0.05)
¢ >0.05) Polydextrose
(F 1)
Symmetry index  Volume index (b (b
hardness
Polydextrose
Polydextrose
60% Polydextrose

60%

Polydextrose 60%



432 Maltodextrin
Maltodextrin -~ 20, 40, 60, 80,
411
Batter
(gemd  0.9782a+0.0076
(cP) 4533 ¢ £461.88
Cake
(cm3) 1123.00'+5.00
(cm3g) 261" 40.01
+
o 444 +0.03
(cm) 530" +0.03
Symmetry index (mm) 8.67d+0.58
Uniformity index rs (mm) 0.67 +0.58
Volume index (mm) 166.33d+1.53
L ( ) 65.00 a+0.08
b ( ) 43.20° £0.73
L ( ) 7691 a£0.09
b ( ) 2531 d+0.73
Hardness (kg) 1.03e£0.06

100%

Maltodextrin 20%

1.0486 b +0.0038
46133.00 d+1222.02

1087.00 ¢ £6.56
2.53£10.02

4.47+£0.10

515e10.05

1.33° £0.58

1.33+0.58
158.67 £4.04

6541 20.32
42,44 1x +0.55

77.37 & £0.86
2480 +0.29
0.82a0.03

Maltodextrin

+

Maltodextrin 40%

1.0788°+0.0038
43467°+461.88

1006.67 d +10.07

2.34d+0.03
4.44 +0.23

490 d+0.06
6.67° £0.58
1.33£0.58

152.33° +4.62

66.32 h£0.81
42.200+0.21

78.1518£0.52
23.78h£0.33
0.72°£0.03

411

412

20, 40, 60, 80,100 %

Maltodextrin 60%

1.2277d+0.0176
400000° £1385.64

958.33° £14.57

2.23°£0.04
443 +0.16

4.84°+0.05
5.000£0.00
1.00£0.00
142.00h£3.00

10.67 °£0.26
38.432+0.31

78.08b+ 09
23.95 1 £0.57
0.650£0.02

Maltodextrin 80%

1.2867 ¢ +0.0089
31200 h£800.00

841.00 h£17.69

1.96 b+0.04
451 +0.09

406 b+0.06

3.672£0.58
1.00£1.00

126.33316.43

711.13° 1041
38.032£0.19

79.05°£0.50
23.17 £0.29
0.59a0.01

Maltodextrin 100%

1.3022 ¢ £0.0056

250673+1222.02

152.673+13.05
1.75340.03

441 +0.04

3.96 3+0.07

3.00a+1.00

0.33 £0.58
121.00 3£7.00

7141 °£0.23
3791 3+0.29

79.09°£0.50
22.59 3+0.47
0.58a+0.01



412 Maltodextrin 20, 40, 60, 80,100 %

+
Maltodextrin 20%  Maltodextrin 40%  Maltodextrin 60%  Maltodextrin 80%  Maltodextrin 100%
(10) 8.22°£0.48 741 °£1.48 4.00h+2.81 2.443£1.40 242 a£1.05 23921113
(5) 411 d+0.32 361 cx1.08 1.94h+1.45 1.19 10.82 1.17240.69 131a11.04
() 411 ¢20.32 3.83e£1.08 2.05hx1.64 1.25a+0.84 1.25a£0.84 1.082+0.50
(10) 8.17d40.91 T11czl.14 7.00e11.02 6.63 e 11.07 6.19a11.04 6.033£0.91
(10)  853d0.91 7.72¢40.78 6.06 b10.58 5.66 h£0.86 4.943+1.26 481 2+1.28
(40) 32.19e+1.16  27.58d13.09 26.08e+2.35 21.42h+2.15 1792 a£1.27 17.38"'£1.07
(20) 16.25e+1.16 13.97d+1.83 13.19¢+1.80 10.77b£1.76 8.97a10.81 8.66 3£0.79
(20) 1594e11.04  1361d+2.07 12.88e11.94 10.64 b+1.62 8.942£0.92 8.72340.74
(20) 17.05¢40.95 13.06d+0.86 11.19° £2.09 11.02e+1.48 375h11.44 241 31055
(10) 8.41e10.73 6.63d+0.68 552e11.36 541°+1.07 191 b£1.15 1.13a20.35
(10) 8.63¢0.79 6.41 d£0.64 5.66°£1.28 5.61*¢£0.83 1.830£0.84 1.2730.45
(10) 8.27d£0.81 7.160£0.37 552h+2.23 5.360+2.20 5.02b£2.06 3.69311.58
(100) 82.44"' 2,64 70.08 e £4.07 50.61 d+4.81 52.66 °£3.58 40.25b3.01 36.723+2.66
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Maltodextrin

symmetry index Volume index

(LD (LD hardness (p < 0.05)

uniformity index (p > (.05) Maltodextrin )

(v (u
Symmetry index Volume index (b (b
hardness
Maltodextrin
(P < 0.09) Maltodextrin
60% Maltodextrin
60%

Maltodextrin

Maltodextrin 60%



433
N-lite B®
4.13
Batter
(g/cm3)
(cP)
Cake
(cm3
(cm3g)
"5 (%)
(cm)

Symmetry index (mm)
Uniformity index (mm)
Volume index rs (mm)

L )
b ( )
L )
b ( )

Hardness (kg)

N-lite B®

20, 40, 60, 80,

0.9808 3+0.0062
41067 3+461.88

1140.67'+5.86
2.65"10.01
445 +0.24
537¢10.04
8.00e£1.73
1.330+0.58
163.00 +4.58

67.43310.84
44.75d£0.45

76.81 3£0.49
25.25d£0.36
1.01a+0.09

100%

N-lite B® 20%

1.0679 b £0.0275
42667 & +461.88

1080.67 3£16.86

2.51 6+0.04
4.4410.20
4.86 d+0.04
6.67 bc+1.53
1.330+0.58
156.33 £1.15

68.79 h£0.49
4349 ¢+0.51

17.09 10,53
24.53£0.49
2.1300.04

N-lite B®

t
N-lite B® 40%

1.1020 1t+0.0123
44533  +461.88

1032.33 d+19.09

2.40d£0.05
43210.12

472 £0.06
5.67h£1.15
1.00 8 +0.00
147.33 £2.08

69.350£0.79
4356 £10.37

77.78 b+0.61
2472 +0.40
2.74e£0.19

4.13

20, 40, 60, 80,100 %

N-lite B® 60%

1.1418¢ +0.0151
47467 ¢ +461.88

997.67e£5.13

2.322£0.02
4.34+0.20

458 ¢+0.04
5.330%0.58
1.330£0.58
139.67£1.15

69.94 h£0.53
42.481£0.15

19.232£0.48
23.690£0.13
3.09a0.01

N-lite B® 80%

1.2565 d +0.0341
53333 d+3780.65

922.33h+11.24

2.141£0.03
442+0.14
3.80010.22
3.003+0.00
1.000£0.00
120,00 £3.00

71.38 ° £0.67
40.05310.17

18.7122+0.48
22.56 3+0.48
3.88e+0.05

N-lite B® 100%

1.2922 d£0.0285
56800 ¢ £2116.60

824.673126.84

1.923+0.06
434 +0.28
349310.10
2.33310.58
0.333+0.58
11267 +3.21

12.49 ££0.65
39.55340.31

719.59 ££0.24
22.08 310.06
4.1880.15



4.14

8.31 b10.47
419d10.40
4.44 ¢£0.32
8.25e10.91
8.42d+0.87
32.19'1+1.77
16.05¢+1.22
16.14d41.12
16.66 4+1.24
8.28d£0.78
8.38¢£0.90
8.19d+0.78
82.031£2.54

N-lite ® 20%
6.39e+1.95
3.33e+1.55
3.06011.58
1.14d11.15
142 1081
24,08 d£6.70
1325d+4.17
1183 e+4.91
1158 d+1.11
581 °£0.82
5.77d+0.83
1.11 ¢£0.32
64.72 ¢ +6.68

N-lite ®

+

N-lite ® 40%

397h+1.90
2.36 h£1.58
161 a+1.27
7.17d+1.00
5.69010.92
2436 743
1311 d+4.35
11.25e+4.70
1111d+1.16
544£10.84
5.66d£0.93
5.08h£2.12
57.39 048.44

20, 40, 60, 80,100 %

N-lite ® 60%
3.333+1.85
181 d+1.41
153a+1.21
6.36e£0.93
528h11.16
21.69e+7.36
1142 ¢+4.69
1028 e+4.98
10.01 c£1.40
5.38e+0.99
4.63¢+0.79
4252+2.28
50.94 £18.39

N-lite ® 80%
2.83a+1.72
147341.23
1.36 3£1.04
531 h+1.64
4.66 3£1.74
0.86b+1.58
542011.22
4.44111.05
6.83h+1.82
38801142
2.94h£1.24
4193+1.96
33.69 §£5.14

N-ite ® 100%

2.69 4+1.47
1424+0.93
128 4+0.85
411 4+1.92
4694+1.12
429$ 231
3.19¢+2.11
172 +1.03
5.004+1.56
261 s£1.27
2.38$0.99
3475+1.36
24.89 3+4.78



hardness
index

(P< 0.05)

(D)

(

45

N-lite  B®
Symmetry index  Uniformity index
L, b) hardness (p < 0.05)
Volume index (p > 0.05) N-lte
(v (u
Symmetry index  Uniformity
b)
N-lite B®
N-lite B®
60% N-lite B®
60%
N-lite B®

N-lite 6® 60%
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4.15

Polydextrose, Maltodextrin, N-lite
Polydextrose, Maltodextrin, N-litt B®

Batter
(g/cm3)
(cP)
Cake
(cm3)
(cm3g)
15 (%)
(cm)

Symmetry index rs (mm)
Uniformity index rs (mm)
Volume index (mm)

L )
b ( )
L )
b ( )

Hardness (kg)

0.9801 3+0.0140
40600 b+765.94

1109.50e +18.36
2.58¢10.04
451 +0.12
537¢10.03
1.25 £2.05
0.75£0.50

164.50 e +2.65

65.69 3+0.33
41.47d+0.41

76.70 3+0.81
26.53 £10.38
1.010+0.06

60%

t
Polydextrose 60%  Maltodextrin 60%

11929¢+0.0074  11959e+0.0072
28800 3£653.20  40000h+1131.37
843.50 3+74.79 962.25 h+30.87
1.963£0.18 2.24h£0.07
4.44 1031 4.45+0.05
4.253£0.03 4.441%0.09
4.75+1.71 5.00+1.63
0.75+0.50 1.00£0.00
139.253£2.22 145.00b+2.16
71.996+0.60 12.12h+0.41
3106 30.53 38.67e+0.29
78.59h+0.38 19.22 bjjt0.47
2323 3+0.42 23.3280+0.29
0.63a0.03 0.65a+0.03

415 416
60%

N-lite B®60%

1.15450£0.0055
47600 e +461.88

992.25 b £30.94
2.31 b£0.07
4.49£0.12
4,38 h10.02
5.25+1.71
0.75£0.50

141,75 3 £3.86

71.70 b£0.60
37.69b£0.50

79.32 b£0.46
23.86 h£0.30
2.90et0.12



4.16

bl 1Irrbkse/ M Iyl 'r=JJ da/ N It IbloJw BN

(10)
©)

©)
(10)

Polydextrose, Maltodextrin, N-lite B®

8.61 b+0.76
4.270+0.51
4330+0.58
8.19h+1.14
8.330%1.02
34.10c+2.12
17.00e+1.61
1710 c£1.57
1710d+1.31
8.56 ££1.00
8.58 d+0.84
8.33¢10.82
85.16 e +3.47

+

3.003+1.56
1.69a+1.26
131a+0.85
6.44 a+1.02
5.36 311.62
22.00b+3.14
112004191
10.80 b£2.01
9.72h+2.21
481 341.43
492b+1.54
4723+2.19
51.270+4.36

Polydextrose 60%  Maltodextrin 60%

3.083£2.10
1.503£1.27
1.583£1.33
6.633+1.07
5.58310.90
21.70h£2.98
10.90 b+2.04
1080 b+1.91
10.90° £1.37
533b+1.04
556 £+0.77
5270+2.23
53.19h13.M7

60 %

N-lite B®G60%
31131169
1.723+1.36
1.38 310.96
6.25310.93
54731099
17.90; +7.32
9.36314.40
8.53314.27
8.25311.70
4.533+0.81
31231130
413312.24
45.11 3+8.25
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Polydextrose Maltodextrin ~ N-lite ®

Volume  index
(Lo ( Lb hardness (p < 0.05)
Symmetry index Uniformity index (p > 0.05)
Maltodextrin N-ite ® 60% I
Polydextrose

Polydextrose Maltodextrin
N-lite ®

(P < 0.05) ! Polydextrose Maltodextrin ~ N-litt ®

Polydextrose ~ Maltodextrin 60%

N-ite ®

Polydextrose ~ Maltodextrin 60%

Maltodextrin 60 %
Polydextrose



a

p-l

POLYDEXTROSE 20 %

POLYDEXTROSE 40 %

POLYDEXTROSEG6O %

WAL oAl

POLYDEXTROSE 80%

41

N-LITEB O %

¥ R

N-LITE B40 <o

N-LITE B 60 %

K. 4 A #w Vi

N-LITE B 80 %

N-LITE B 100%

MALTODEXTRIN O %

MALTODEXTRIN 20 %

MALTODEXTRIN 40 %

MALTODEXTRIN 60 %

MALTODEXTRIN 80 %

MALTODEXTRIN 100 %
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4.17

0.5
0.5
15
15
0.293
11707

—

45.86
10
50
10

60
45.86
74.14

60

60

60

60

60

(cm3

977.50+10.61

936.00+8.73
968.00+5.66
938.50+9.19
953.50+8.44
969.00+8.49
978.50+4.95
933.50+4.95
965.50+4.95
966.50+6.36
965.00+7.73
963.00+7.07
962.00+4.24

Volume index (mm)

144.50+6.36
133.50+4.95
140.50+2.12
133.00+4.24
139.00+5.66
145.50+4.95
151.50+6.61
130.50+3.54
148.00+1.41
147.00+4.24
146.50+3.54
146.00+2.83
147.50+2.12

+

Symmetry index (mm)
7.00+2.83
3.50+2.12
6.00+1.41
3.50+0.71
5.50+2.12
6.50+2.12
6.50+0.71
3.00+1.41
6.00+1.41
6.50+0.71
8.00+1.41

50+0.71
7.00+2.82

418

419

Uniformity index (mm)
2.00+1.41
2.50+0.71
3.50+0.71
1.50+0.71
2.00+1.41
3.00+1.41
2.50+2.12
1.50+0.71
2.00+1.41
2.50+2.12
2.00+1.41
3.00+2.83
3.00+1.41
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4.18

0.5
0.5
15
15
0.293
1.1707

45.86
10
50
10
60
60

45.86

74.14
60
60
60
60
60

(10)

7.50+0.71
5.00+1.41
7.50+0.71
2.50+0.71
8.50+0.75
750+0.71
8.50+0.71
2.00+1.41
8.50+0.71
7.00+0.12
7.50+0.71
8.00+1.41
7.50+0.71

(10)

750+0.71
7.0040.12
8.50+0.71
5.50+0.71
7.50+0.73
8.00+0.12
8.00+1.41
4.50+0.71
8.00+1.41
7.50+0.71
8.00+0.12
8.00+1.41
7.50+0.70

(10)
7.00+1.41
4.00+1.41
7.00+2.83
5.00+2.83
6.50+2.12
5.50+0.71
7.50+0.71
4.50+0.71
6.50+0.71
8.50+0.73
8.00+1.41
7.50+0.71
8.50+0.70

(10)
7.50+0.71
7.50+0.71
8.00+1.41
7.50+0.71
7.50+0.71
6.50+0.71
750+0.71
6.50+2.12
5.50+0.71
6.50+0.71
750+0.71
6.50+0.71
6.50+0.71

(10)

7.00+0.12
750+2.12
8.00+1.41
7.50+0.71
8.50+0.71
7.50+0.71
7.00+0.12
5.50+0.71
6.50+0.71
6.50+0.71
7.50+0.71
6.50+0.71
7.50+0.71

(50)

36.50+0.71
31.00+2.83
39.00+5.65
28.00+2.83
38.50+3.54
35.00+1.41
38.50+0.71
23.00+1.41
35.00+1.41
36.00+1.41
38.50+0.71
36.50+2.12
37.50+2.12
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4.19
3 b R2

Cake Volume Y1=894.98-3.88X1+3.95X210.52X,20.05X2+0.48X X2 0.91

Volume index Y2=37.83+14.57X 1+3.99X213.06X 2-0.04Xj2+0.20X X2 0.78

Symmetry index Y3=-20.28-0.55X1+1.05X2-1.87X 2-0.01X22+0.07X1X2 0.77

Uniformity index Y£=-8.04+6.55X 1+0.27X2+0.19X,2-0.10X X2 0.53
* o= (r < 0.05)
bx,= 1 X -

Uniformity index R2 Contour plot
Contour plot Cake volume
Volume index ~ Symmetry index
Contour

plot 4.2-4.4



4.2 contour plot
Maltodextrin

Sucrose ester (

Sucrose ester

53
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contour plot ~ Volume index
Maltodextrin

Sucrose ester (

Sucrose ester

b4
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contour plot ~ Symmetry index
, Maltodextrin

Sucrose ester (

Sucrose ester

55
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Volume index

Sucrose ester (

Symmetry index

56



5/

Volume index Symmetry index
R2 Uniformity index R2
( 35-40) (960-980 c¢cm3 Volume index (140-160 mm.)
Symmetry index (7-9 mm.) Contour plot
Volume index
Symmetry index
Contour R2
Volume index ~ Symmetry index
1 Contour
Sucrose ester 1.1% Maltodextrin 48%
2, Contour  Volume index
Sucrose ester 1.0% Maltodextrin 53%
3. Contour ~ Symmetry index
Sucrose ester 1.0% Maltodextrin 56%

Contour plot ( 4.5)

plot 4.5) Volume index

1 Sucrose ester 0.4%
48%

2. Sucrose ester 0.4%
53%

3. Sucrose ester 1.5%
52%

4, Sucrose ester 1.5%

5%

Contour plot

Contour
Symmetry index

Maltodextrin
Maltodextrin
Maltodextrin

Maltodextrin
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0.4
0.4
15
15

2,3

4.6

(total batch weight)

4.20

4

Volume index

4.6

48
53
52
57

Maltodextrin

970.50+8.34
960.00+5.88
962.00+6.78
958.0045.16

4.20
45

Symmetry index

4

4.20
Volume index

1

High concentrate

High concentrate

Volume index

155.00+2.58
144.75+3.40
147.2542.21
142.50+2.08

4
Symmetry index
4.6
4
(r < 0.05) 3
3
52%
45
3 0.25, 0.375, 0.50%

+

(960-980 ¢cm3) Volume index (140-160 mm.)

Symmetry index

8.00+0.81
1.25+0.50
1.25+1.70
7.00+0.81

58

(50)
38.5008.32
37.150£6.15
39.45¢£5.11
34.09a£7.61

Symmetry index (7-9 mm.,)

Sucrose esterl.5 %

421



421
(%
al ]
0.25%
47
422

1+

)
4.083£ 0.78
4.053% 0.72
536 + 110
6.27¢10.89

P<o.

High concentrate
High concentrate

High

High concentrate

6

Concentrate
High Concentrate
)
0
0.25
0.375
0.50
(P < 0.05)
High concentrate
High concentrate
4,
4.22
(%) 17.13
(%) 5.72
(%) 16.14
(%) 60.77
(%) 0.24
(callg.) 4107.35

59

High

05)

concentrate
0.25%

18.12
5.63
8.33
62.21
0.15
3462.05
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Scanning Electron Microscope

(Crumb)

Scanning Electron Microscope (500x)

60
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4°¢c

polypropylene
1

Hardness

4.23-4.24

423

~N O Ol B W N P O N O o1 BN - O

()

100

Hardness

™

(25-28 C)

20.5600.04
19.75¢£0.71
18.50x£0.19
17.44a8%0.11
16.250£0.18
1G.790£0.29
15.66a0.39
15.32a0.04
20.560£0.04
21.60c+0.05
21.11°£0.04
20.18e£0.09
18.5642£0.06
17.08a£0.03
17.24a+0.04
15.723£0.12

Hardness

Hardness

4.6

20.56¢+0.04
19.81a0.19
18.61c+0.03
18.3470.45
17.5340.06
16.40at0.24
16.53a0.08
16.273t0.02
20.56¢£0.04
22.12¢£0.05
21.19¢£0.06
20.48¢+0.07
19.2000.07
19.0810.03
18.72a£0.09
18.12a+0.04

(p < 0.05)

(25-28° C)

Hardness (kg.)

(25-28"C)
1.072£0.02
1.170:0.86
1.330£0.07
1,600c£0.52
1470£0.07
2.366£0.07
24564010
2.576£0.09
1.072£0.02
1.20d0.33
1570£0.57
1.700:0.38
2.06¢£0.53
2.380t0.28
2.310k0.31
2.460.53

¢ < 0.05)

4°C

1.07a£0.02
1.278%0.02
1.56a£0.09
2.26120.48
2.431c£0.28
2.45¢£0.31
2.50¢+0.20
2.62¢+0.50
1.07a£0.02
1.500£0.30
1,86¢+0.32
198 £1.08
2.170t0.55
2.136£0.06
2.426£0.09
2.59%0.14
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(2528 C)

()
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dilution 102

(x107

(25-28°C)

39
43
49
54
65

31
45
50
56
62

/

1

)

3
48

34
43

4£C

(X102

(25-28°C)

3
39
46
59
62

34
39
44
56
63

/

)

4
68

48
59

62

4°C
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