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Table 1 Process independent variables and their application levels

The relevant code and level

Independent variables

Replacing milk powder with white sesame flour (%)
Vegetable oil (%)

Panisol gum (%)

Factors -0 -1 0 +1 +a,
0 25 50 75 100

4.5 55 6.5 75 8.5

0.25 035 0.45 0.55 0.65
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Table 2 Treatments suggested by design expert software using response surface methodology and their
corresponding responses

Replacing milk

Over

Melting Apparent

. . Vegetable  Panisol Hardness Adhesiveness
Run powder with white oil (%) qum(%) run rate(g/ @ modulus (.5e0)
sesame flour (%) (%) min) (g/sec) '
1 0 6.5 045 30.83 0.694 91.5 7.78 172.13
2 0 6.5 045 3045 0.693 66.0 4.75 106.64
3 25 75 045 22.29 0.694 254.5 3724 214.98
4 25 55 0.25 40.29 0.699 119.5 17.07 191.88
5 25 55 045 39.15 0.686 177.0 147.5 135.26
6 25 55 045 4249 0.736 345 434 50.55
7 25 75 045 3096 0.791 270.0 47.65 325.29
8 25 75 0.65 26.96 0.738 326.5 5534 193.26
9 25 55 045 35.50 0.738 125.0 4144 138.62
10 25 75 045 27.77 0.753 236.0 22.84 284.63
11 50 8.5 045 40.80 0.700 94.0 9.07 145 .43
12 50 6.5 0.25 36.75 0.732 166.0 41.85 162.55
13 50 4.5 0.55 31.82 0.751 215.0 40.95 167.36
14 50 6.5 0.55 4395 0.756 386.5 77.04 354.80
15 50 4.5 0.55 3621 0.747 184.0 31543 172.68
16 50 6.5 0.35 17.51 0.602 1718.0 431.3 748.82
17 50 8.5 0.55 36.60 0.698 193.0 23.25 231.50
18 50 6.5 0.35 41.78 0.784 358.9 40.19 297.25
19 50 6.5 0.35 44 .54 0.765 395.0 28.18 294 .98
20 50 6.5 0.35 31.87 0.776 251.5 16.51 160.31
21 50 6.5 045 4774 0.763 377.6 39.57 310.04
22 50 6.5 045 4579 0.776 366.5 2522 254 .44
23 50 6.5 045 41.84 0.743 381.7 42.32 303.55
24 50 6.5 045 2231 0.638 1533.0 185.82 657.43
25 75 55 045 32.96 0.542 340.5 4221 247.01
26 75 75 0.25 21.73 0.608 593.5 57.53 428.15
27 75 55 045 29.39 0.541 761.0 7498 379.13
28 75 75 045 38.83 0.678 1546.5 274.53 570.03
29 75 75 045 25.08 0.640 786.5 5921 418.95
30 75 75 0.65 33.56 0.678 655.0 8891 42951
31 75 55 045 26.11 0.636 1229.0 146.02 571.38
32 75 55 045 22.64 0.673 671.0 112.77 387.36
33 100 6.5 0.45 3834 0.710 906.5 109.88 400.86
34 100 6.5 0.25 42.80 0.678 1674.5 166.07 678.63
ow c»'tb -y
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Table 3. Results of ANOVA for over-run(%) response

Source af Sum of Mean F p Coefficient
model squares square in terms of coded factors
model 9 1553.36 172.6 27.98 <0.0001 43.37
A 1 116.88 166.88 18.95 0.0003 2.08
B 1 40.7 40.7 6.6 0.0183 1.22
C 1 216.72 216.72 35.13 <0.0001 3.17
AB 1 655.62 655.62 106.27 <0.0001 7.46
AC 1 98.18 98.18 15.91 <0.0001 2.89
BC 1 66.27 66.27 10.74 0.0007 237
A’ 1 143.57 143.57 37.27 0.0038 -2.01
B’ 1 117.92 117.92 19.11 0.0001 -1.82
C? 1 571.48 571.48 92.64 0.0003 -4.43
Residual 20 123.38 6.17 <0.0001
Lack of fit 4 11.86 296 043 0.7882
Pure error 16 111.53 6.97
A:Replacing milk powder with white sesame flour (%) , B: Vegetable oil (%), C: Panisol gum(%) , R-

Squared=0.93
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C: Panisol gum in formulation (%) = 0.45
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Fig 1 Interaction of replacing milk powder with white sesame flour, vegetable oil, and Panisol gum percentages on
ice-cream overrun (%)
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Table 4 Results of ANOVA for melting rate (g/min) response

Sum of Mean Coefficient
Source df F P .
squares square in terms of coded factors
Model 10 0.062 6.17E-03 14.54 <0.0001 0.76
C 1 0.018 0.018 42.28 <0.0001 0.033
AB 1 4.20E-03 4.20E-03 9.88 0.0051 -0.02
BC 1 1.66E-03 1.66E-03 39 0.0622 -0.013
A’ 1 0.013 0.013 29.77 <0.0001 -0.018
B’ 1 4.28E-03 4.28E-03 10.08 0.0048 -0.011
Cc? 1 0.015 0.015 35.58 <0.0001 -0.02
ABC 1 6.34E-03 6.34E-03 14.93 0.001 -0.025
A*C 1 1.50E-03 1.50E-03 3.52 0.0753 -0.015
AB? 1 4.90E-03 4.90E-03 11.54 0.0029 -0.021
B’ 20 2.81E-03 2.81E-03 6.63 0.0181 -0.0033
Residual 3 8.49E-03 4.25E-04 -
Lack of fit 17 9.20E-04 3.07E-04 0.5713
Pure error 30 7.57E-03

Melting rate (g/min)

A: Replacing milk powder with white sesame flour (%), B: Vegetable oil (%), C: Panisol gum (%),
R-Squared= 0.89

B: Vegetable oil in formulation(%) = 6.5

C: Panisol gum in formulation (%) = 0.45
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Fig 2 Interaction of replacing milk powder with white sesame flour , vegetable oil, and Panisol gum percentages on

ice-cream melting rate(g/min)
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Table 5 Results of ANOVA for hardness (g) response

Coefficient Mean Sum of
. P F df Source
in terms of coded factors square squares
2783 <0.0001 23.18 1 49E+06 5.97E+06 4 Model
308.97 <0.0001 4748 3.06E+06 3.06E+06 1 A
-229.03 <0.0001 26.09 1.68E+06 1.68E+06 1 C
96.29 0.0155 6.61 4 26E+05 4.26E+05 1 A?
154 .42 0.0003 17.01 1.09E+06 1.09E+06 1 C?
64339.8 1.87E+06 29 Residual
0.1639 1.66 87015.57 8.70E+05 10 Lack of fit
52405.18 9.96E+05 19 Pure error
7.83E+06 33 Cortotal

A: Replacing milk powder with white sesame flour (%), B: Vegetable oil (%), C: Panisol gum (%),
R-Squared= 0.80
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Table 6 Results of ANOVA for apparent modulus (g/sec) response

Coefficient Mean Sum of
. P F df Source
in terms of coded factors square squares
38.77 <0.0001 13.7 12211.1 48844 42 4 Model
26.72 <0.0001 2476 2207881  22078.81 1 A
-29.05 <0.0001 2427 2163589  21635.89 1 C
9.06 0.0537 4.08 3641.25 3641.25 1 A’
16.46 0.003 10.69 9533.54 9533.54 1 c’
891.55 23180.29 26 Residual
0.6763 0.74 735.88 7358.8 10 Lack of fit
988.84 15821.49 16 Pure error
72024.71 30 Cortotal

A: Replacing milk powder with white sesame flour (%), B: Vegetable oil (%), C: Panisol gum (%),
R-Squared=0.83
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Table 7 Results of ANOVA for adhesiveness(g.sec) response

Coefficient Mean Sum of
. P F df Source
in terms of coded factors square squares
9.8 <0.0001 28.26 17.66 141.3 8 Model
1.45 <0.0001 108.05 67.54 67.54 1 A
0.61 0.0341 5.03 3.14 3.14 1 C
-0.38 0.0665 3.68 2.3 23 1 AB
-0.72 0.0012 13.36 8.35 8.35 1 AC
-0.46 0.0006 15.38 9.61 9.61 1 B?
0.23 0.0575 3.96 248 2.48 1 C?
0.77 0.0007 15.12 945 945 1 A’B
-0.53 <0.0001 32.92 20.58 20.58 1 c
0.63 15.63 25 Residual
0.8772 0.39 0.28 1.71 6 Lack of fit
0.73 13.92 19 Pure error
156.93 33 Cortotal

A: Replacing milk powder with white sesame flour (%), B: Vegetable oil (%), C: Panisol gum (%),
R-Squared=0.91
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Fig 3 Interaction of Replacing milk powder with white sesame flour , vegetable oil, and Panisol gum percentages on
ice-cream adhesiveness (g. sec)
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Table 8 The values used for optimization and its specificity or purpose

Independent variables & responses Goal Lower limit Upper limit
Replacing milk powder with white sesame flour (%) is in range 0 100
Vegetable oil (%) is in range 4.5 8.5
Panisol gum (%) is in range 0.25 0.65
Over run (%) maximize 17.51 47.74
Melting rate (g/min) minimize 0.541 0.6
Hardness (g) maximize 60 300
Adhesiveness (g. sec) maximize 100 300
Apparent modulus (g/sec) minimize 4.5 55
Table 9 The results obtained from the optimization process
Apparent Adhesiveness  Hardness Melting  Over  Panisol Vegetable oil Rep lacmg mlll?
modulus (a. sec) () rate run gum (%) powder with white ~ Treatments
(g/sec) & & (g/min) (%) (%) ° sesame flour (%)
5.40 200.87 29925 0598 3168  0.49 6.1 0 Optimal
formula 1
461 230.92 20224 0597 3228  0.56 84 64 Optimal
formula 2
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In this study, for producing new formula ice cream the replacing of milk powder with white sesame flour
at different levels (0, 25, 50, 75, and 100%),percentage of formula vegetable oil (4.5, 5.5, 6.5, 7.5, and
8.5%) andPanisol gum (0.25, 0.35, 0.45, 0.55, and 0.65%) in ice cream formulation using response
surface methodology(RSM)with central composite design, o = 2 and five central points and two replicates
in the other points was investigated. The optimization of the formulation was doneto maximizeoverrun
(%) and adhesiveness (g. sec), optimum texture hardness (g) and lowest melting rate (g/min) and apparent
modulus(g/sec) of ice cream. Two optimum formulas were including optimal formulal (0% replacing
white sesame flour, 6.1% vegetable oil and 0.49% Panisol gum) and optimal formula2 (64% replacing
white sesame flour, 8.4% vegetable oil and 0.56% Panisol gum). Therefore, it recommended using white
sesame flour in vanilla ice cream formula as a substitute for milk powder to improve textural properties.

Keywords: Vanilla ice cream, White sesame flour, Vegetable oil, Panisol gum, Textural properties
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