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Table 1 Treatments suggested by design expert software using response surface methodology

Run Gelatin (%) Sodium Alginate (%) Monoglyceride (%)
1 1 1 0.5
2 1 1 0.5
3 1 1 0.5
4 1 1 0.5
5 1 1 0.5
6 2 2 1
7 2 0 0
8 2 0 1
9 2 2 0
10 0 2 0
11 1 1 0
12 1 2 0.5
13 0 1 0.5
14 1 0 0.5
15 2 1 0.5
16 1 1 1
17 0 0 0
18 0 0 0.5
19 0 2 1

20 2 1 0.5
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Table 2: Values of coefficients of fitted models and their significance levels for moisture and melting
point responses of low fat butter (A:gelatin; B:sodium alginate; C:monoglyceride)

Melting point (°C) Moisture (%)
Source model Coefficients P-Value Coefficients P-Value
model 27.84 - 52.79 -
A 2.31 <0.0001 -2.39 0.0006
B 1.81 0.0002 -133 0.026
C 0.17 0.638 -0.72 0.22
A’ -0.62 0.261 0.42 0.61
B? -1.10 0.072 -143 0.127
C? 0.30 0.597 -0.39 0.659
AB -1.20 0.008 1.41 0.035
AC -1.50 0.71 0.40 0.54
BC -0.28 0.52 0.48 047
Residual 27.18 - 51.63 -
R’ 0.93 - 0.86 -
Lack of Fit - 0.594 - 0.540
Pure Error 54x10™ - 1.12x107 -
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Fig 1 Response surface 3D plots for melting point of low-fat butter as a function of gelatin, sodium alginate and
monoglyceride
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Fig 2 Response surface 3D plots for moisture content of low-fat butter as a function of gelatin, sodium alginate and
monoglyceride
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Table 3 Factor values of fitted models and their significance levels for the textural properties of low fat
butter (A:gelatin; B:sodium alginate; C:monoglyceride)

Deformation (mm) Hardness (g) Adhesiveness (g.s)
Source model Coefficients P-Value Coefficients P-Value Coefficients P-Value
model 19.99 - 358.29 - -1202.46 -
A -232x10° 0.118 4278 0.34 -421.01 0.136
B -1.04x10° 048 21530 0.0007 -1498.59 0.0003
C 8.63x10° 0.59 27.15 0.58 16743 0.584
A? 1.96x10° 04 99.13 0.19 -4.66 0.99
B? -1.63x10° 0.51 -7427 0.35 -975.77 0.06
c? 744x10° 0.012 22.52 0.77 4575 0.92
AB 131x10° 043 -21.06 0.68 793.05 0.028
AC -1.08x10° 0.55 -87.44 0.15 1299.02 0.0034
BC -1.07x10° 0.56 2344 0.68 1050.11 0.011
Residual 20.00 - 360.77 - -1625.46 -
R? 0.78 - 0.82 - 0.90 -
Lack of Fit - 0.763 - 0.120 - 0.082
Pure Error 24x107 - 7026.39 - 56791.48 -
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|
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] I
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Fig 3 Response surface diagram for the independent effect of gelatin, sodium alginate and monoglyceride on the

resistance of low fat butter to deformation
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Fig 4 Response surface diagram for the independent effect of gelatin, sodium alginate and monoglyceride on the
hardness of low fat butter
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Fig 5 Response surface 3D plots for adhesion of low-fat butter as a function of gelatin, sodium alginate and
monoglyceride
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and monoglyceride
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Increasing public awareness of the effects of abusing high-fat products has prompted
food producers to look for appropriate solutions to overcome this challenge. In this
study, low-fat butter was prepared using gelatin and sodium alginate (0, 1, and 2%)
and monoglyceride (0, 0.5, and 1%) using response surface statistical method and
central composite design. Based on test results of texture, melting point, sensory and
color evaluation, the optimal amount of fat substitutes was determined. The results
showed that with a 50% reduction in butterfat in the presence of gelatin and sodium
alginate, the melting point of low-fat butter samples increased from 20 to 30 ° C.
Moreover, the moisture content of the samples decreased compared to the control
sample. According to the results, monoglyceride had the greatest effect on the
apparent brightness component of butter samples. Still, the addition of sodium
alginate and gelatin reduced the brightness (L*) and increased redness (a*). Sensory
evaluation of the samples also showed a high score of sensory properties of low-fat
butter such as texture softness, spreadability, and product consistency compared to
the control sample. The optimization results showed that using 1.58% gelatin, 1.86%
sodium alginate, and 0.65% monoglyceride, it is possible to produce low-fat butter
with a melting point and acceptable tissue properties along with desirable sensory
properties.
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