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Melting point =+87.80867+0.258929 X1+0.193571 X2 +0.152041X3 +0.001000X1X2
+0.004286X1X3+0.001714X2X3-0.021250X12-0.005800 X2%-0.001939X 32

Over run= -1.28041+1.16841 X1 +0.265786X2 +0.386872X3+0.002450X1X2+ 0.000257X1X3
+0.001077X2X3-0.056250 X1%-0.005916X22-0.003359X 32

Total accept= -1.30867+0.325000X1+0.056429X2+0.108673X3-5.04638E-18X1X2+ 3.22633E-
19X1X3+0.000286X2X3-0.013750X12-0.001000X22-0.000918 X 3?

Viscosity= +0.205000+ 0.010286X1+ 0.003807X2+ 0.003607X3- 0.000030X1X2+ 7.14286X1X3
+0.000011X2X3-0.000675X12-0.000056X22-0.000029X3?
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Table 1- Benken box test design and test answers

ay

SRS 30 |F 6 arriv ] @ (o3 [ e[ Sfead [ emyo g

Test answers Evaluation factors
viscosity General overrun  Melting Percentagg of Percentgg_e of Percentage .of number
acceptance almond milk grape juice hazelnut oil
.043 5 21/21 97 65 20 10 1
0.39 4 15/11 90 30 50 10 2
0.43 5 21/21 97 65 20 10 3
0.3 3 13/11 93 30 0 10 4
0.43 5 21/21 97 65 25 10 5
0.43 5 21/21 97 65 25 10 6
0.36 2 11/97 94 30 25 0 7
0.3 3 11/15 94 100 25 20 8
0.31 2 9/8 89 100 0 10 9
0.28 3 12/12 92 65 0 20 10
0.29 3 12/2 92 30 25 20 11
0.3 4 16/1 95 65 50 20 12
0.34 2 8/9 88 65 0 0 13
.036 2 10/56 90 100 25 0 14
0.44 4 15/38 92 100 50 10 15
0.43 5 21/21 97 65 25 10 16
0.39 3 10/43 90 65 50 0 17
ol Vbl sl o oS 9 & ply (S5 G0 jletel 0 VL
Biwl gjlwdse @l -Y Jooa
Table 2- Response modeling results
. . General Melting
viscosity overrun - Response
acceptance resistance
Quadratic Quadratic Quadratic Quadratic Model
0.0013 0.0001< 0.0001< 0.0016 p-value
0.944 0.9888 0.9747 0.9409 R-Squared
0.873 0.9743 0.9421 0.8649 Adj R-Squared
0.811 0.8201 .0818 0.861 Pred R-Squared
10.17 21.56 13.78 9.7 Adeg-Precision
N.S N.S N.S N.S Lack-of-fit
5.83 5.53 7.47 1.23 CV.%
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Table 3- ANOVA results for melting resistance response

Source Sum of Squares df Mean Square F-value p-value
Model 147.22 9 16.36 12.38  0.0016 significant
A-hazelnut 15.13 1 15.13 11.45 0.0117
B-grape 3.13 1 3.13 2.36 0.1680
C-almond 2.00 1 2.00 151 0.2583
AB 0.2500 1 0.2500 0.1892 0.6767
AC 9.00 1 9.00 6.81  0.0349
BC 9.00 1 9.00 6.81  0.0349
A? 19.01 1 19.01 1439  0.0068
B2 55.33 1 55.33 41.87  0.0003
Cc? 23.75 1 23.75 17.97  0.0038
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Figure 1- Response level diagram showing the interaction of factor a) Hazelnut oil (%) and grape juice (%) b) Grape
juice (%) and almond milk (%) c) Hazelnut oil (%) and almond milk (%) Ice cream melt resistance (°C)
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Table 4- ANOVA results for volume response

Source Sum of Squares df Mean Square F-value p-value

Model 333.19 9
A-hazelnut 11.79 1
B-grape 20.80 1
C-almond 4.05 1
AB 1.50 1
AC 0.0324 1

BC 3.55 1

A2 133.22 1

B2 57.56 1

C? 71.30 1

37.02
11.79
20.80
4.05
1.50
0.0324
3.55
133.22
57.56
71.30

29.94 <0.0001 Significant
9.53 0.0176
16.82 0.0046
3.27 0.1134
121 0.3071
0.0262 0.8760
2.87 0.1339
107.73 <0.0001
46.55 0.0002
57.65 0.0001
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Figure 2- Response level diagram showing the interaction of factor a) Hazelnut oil (%) and grape juice (%) b) Grape
juice (%) and almond milk (%) c) Hazelnut oil (%) and almond milk (%0) Ice cream volume increase (%0)
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Figure 3- Response level diagram showing the interaction of factor a) Hazelnut oil (%) and grape juice (%) b) Grape
juice (%) and almond milk (%) c) Hazelnut oil (%) and almond milk (%) The overall acceptance rate of ice cream
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Table 5- ANOVA results for general acceptance response

Source Sum of Squares df Mean Square F-value p-value
Model 21.99 9 2.44 68.40 <0.0001 Significant
A-hazelnut 2.00 1 2.00 56.00  0.0001
B-grape 3.13 1 3.13 87.50 <0.0001
C-almond 0.1250 1 0.1250 3.50 0.1036
AB 0.0000 1 0.0000 0.0000 1.0000
AC 0.0000 1 0.0000 0.0000  1.0000
BC 0.2500 1 0.2500 7.00 0.0331
A? 7.96 1 7.96 222.89 <0.0001
B2 1.64 1 1.64 46.05  0.0003
c? 5.33 1 5.33 149.21 <0.0001

i joSemny Gwly 512 ANOVA gl -1 Jgoa
Table 6- ANOVA results for viscosity response

Source Sum of Squares df Mean Square F-value p-value

Model 0.0540 9
A-hazelnut 0.0098 1
B-grape 0.0105 1
C-almond 0.0006 1
AB 0.0002 1
AC 0.0000 1
BC 0.0004 1

A2 0.0192 1

B2 0.0052 1

C2 0.0052 1

0.0060
0.0098
0.0105
0.0006
0.0002
0.0000
0.0004
0.0192
0.0052
0.0052

13.24
21.61
23.18
1.35
0.4961
0.0551
0.8819

0.0013 Significant
0.0023
0.0019
0.2833
0.5040
0.8211
0.3789
42.30 0.0003
11.37 0.0119
11.37 0.0119
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Figure 4- Response level diagram showing the interaction of factor a) Hazelnut oil (%) and grape juice (%) b) Grape
juice (%) and almond milk (%) c) Hazelnut oil (%) and almond milk (%) Ice cream viscosity
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Table 7- Optimal percentages of independent factors

Percentage of grape juice

Percentage of almond milk

Percentage of hazelnut oil

31.18

66.73
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Abstract

Introduction: Ice cream is one of the most popular dairy products that due to its high calorie,
fat contents and lactose in milk, many people avoid it. The use of plant products as sources of
vegetable protein and fat in ice cream, in addition to increasing the beneficial nutritional and
health properties of plant compounds in ice cream, leads to the production of new highly
beneficial products. The aim of this study was to optimize the formulation of beneficial ice
cream based on almond milk, hazelnut oil and grape juice.

Materials and Methods: In order to carry out this research work, treatment was performed
based on the ice cream formulation and the highest response level. Independent variables
included percentage of hazelnut oil (0-20), percentage of almond milk (30-100) and
percentage of grape juice (0-50) and response variables included; melting point, increase of
volume, viscosity and overall acceptance. The functional relationship between the parameters
affecting the ice cream formulation was determined using the Benken Box experimental
design.

Results: In this study, the aim of optimization is to achieve the highest percentage of volume
and maximum resistance to melting, which is one of the important quality indicators of ice
cream in consumer acceptance. Based on the selected models, the optimal formulation
selected by the software included 10.57% hazelnut oil, 63.26% almond milk and 25.81%
grape juice.

Conclusion: The presence of almond milk, grape juice and hazelnut oil in the ice cream
formula improved the effective properties such as firmness, volume and melting resistance of
ice cream in promoting marketability and product acceptance by consumers. Almond milk
increased the volume and decreased the melting point by increasing its viscosity and high
protein content. by the addition of grape juice and hazelnut oil, the overall acceptance rate
was higher. These plant compounds with beneficial nutritional and health properties can be
used in ice cream formulations and while maintaining the texture and melting properties of ice
cream, lead to the production of useful products.

Keywords: Almond Milk, Hazelnut Oil, Melting Resistance, Viscosity, Volume Increase.
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