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Table 1: Experimental design of response surface in the form of central composite design

Run % Corn Oil % Pea Protein Powder % Sodium Caseinate
1 8.00 15.00 2.50
2 8.00 7.50 2.50
3 8.00 7.50 2.50
4 8.00 7.50 2.50
5 8.00 7.50 2.50
6 8.00 7.50 2.50
7 8.00 7.50 5.00
8 0.00 15.00 0.00
9 16.00 0.00 0.00
10 0.00 0.00 5.00
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11 0.00 0.00 0.00
12 8.00 7.50 0.00
13 16.00 15.00 0.00
14 0.00 7.50 2.50
15 8.00 0.00 2.50
16 0.00 15.00 5.00
17 16.00 15.00 5.00
18 16.00 7.50 2.50
19 16.00 0.00 5.00
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Fig 1: (a, b, ¢) Counterplot effect of pea protein, corn oil and sodium caseinate on the oiling - off processed
cheese

Table 2: Regression coefficient of Oiling - off in processed cheese

Factor Qiling — off (%)
Model 10061.08"
Intercept 239.36
A- corn oil -3.28™
B- Pea protein -6.08™
C- Sodium -24.14™
caseinate
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AB

AC

BC

A2

B2

CZ

RZ
Adj-R?

Lack of Fit

CV%

0.2
-0.8"
0.03
0.47"
-0.02
-0.23
0.97

0.94
2.87"
0.76

#:p<0.05:%% p<0.01 :ns(non-significant) p>0.05
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Fig 2: (a, b, ¢) Counterplot effect of pea protein, corn oil and sodium caseinate on the Work of adheion
processed cheese
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Fig 3: (a, b, ¢) Counterplot effect of pea protein, corn oil and sodium caseinate on the Work of shear processed
cheese
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Fig 5: A view of the shear stress of the
cheese texture of the control process, with
corn oil, pea protein and sodium caseinate
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Fig 4: A view of the shear stress of
processed cheese tissue containing the
interactions of corn oil, pea protein and
sodium caseinate.
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Fig 6: (a, b, ¢) Counterplot effect of pea protein, corn oil and sodium caseinate on the Adhesiveness processed
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Table 3: Regression coefficients of the extensibility properties of processed cheese

Factor Adhesiveness Work of adhesion Work of shear
Model 1109.27* 56.15™ 3155.43"
Intercept -22.02 -9.16 311.35
A- corn oil -0.15™ 0.1 -7.82"
B- Pea protein -2.35™ 1.2" 9.97"
C- Sodium caseinate -6.45™ -1.18™ -38.24™
AB 0.09" -6.87x10°0-03 -0.02
AC 0.3" -0.08™ 0.37
BC -0.24 8x100-04 1.91*
A? 0 -0.01 0
B2 0 -0.03™ 0
C? 0 -0.06 0
R? 0.93 0.99 0.97
Adj-R? 0.89 0.98 0.95
Lack of Fit 2.17™ 0.34m 4.46™
C.V% 0.77 0.94 0.91
p>0.05 :ns(non-significant) p<0.01:ssx Pp<0.05:%
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In this research, the effects of sodium caseinate, pea protein, and corn oil on
oiling off, stickiness, Work of adhesion, and Work of shear process cheese
were investigated. The results were modeled and analyzed using the response
surface method in the form of central composite design. Optimization of
processed cheese formulation using central compound design for three
independent variables including pea protein powder (0, 7.5, 15%W/W), corn
oil (0, 8, 16%W/V) and sodium caseinate (0, 2.5, 5%W/W) was done. In
general, the effect of all variables on oil return characteristics, stickiness,
Work of adhesion and Work of shear were significant. Based on the obtained
results, the oiling off cheese samples increased with the increase of corn oil
levels. In the corn oil/sodium caseinate interaction, with the increase in the
percentage of corn oil and sodium caseinate, the Work of adhesion of the
cheese samples decreased significantly. In the interaction of pea
protein/sodium caseinate, with the increase in the percentage of pea protein,
the work required to cut the cheese samples increased significantly. In the
interaction of pea protein/sodium caseinate, with increasing the percentage
of pea protein, the work required to cut the cheese samples increased
significantly; while the addition of sodium caseinate led to a decrease in the
studied parameter. Therefore, sodium caseinate, pea protein, and corn oil are
good supplements to reduce each other's negative effects on the properties of
oil return, expandability, and the work required to cut enriched processed
cheese, and the simultaneous use of these three in processed cheese
ultimately improves the properties of processed cheese. It was mentioned in
comparison with the witness sample. The results of this study are favorable
for the development of cheese and ultra-profitable dairy products containing
sodium caseinate, pea protein and corn oil.

43


https://doi.org/10.48311/fsct.2025.83448.0

