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2 -Cocoa butter substitute
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Table 1- Formulation of cocoa product containing different levels of emulsion

Ingredients (%) Control Treatment 1 Treatment 2
Cocoa butter substitute 30.00 28.00 26.00
(CBS)
Sugar 47.00 47.00 47.00
Cocoa Powder 12.40 12.40 12.40
Lecithin 0.45 0.45 0.45
Skim milk powder 10.00 10.00 10.00
PGPR 0.05 0.05 0.05
Vanillin 0.10 0.10 0.10
CBS emulsion 0.00 2.00 4.00
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4- Texture profile analysis
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3 -Differential scanning calorimetry
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Figurel- The suggested topology of the designed fuzzy logic system in this investigation
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5- If (Emulsion Concentration is L) then (AH is H) (AL is L) (Hardness is H) (Chroma is H) (aw is
L) (Plastic viscosity is L) (Overall acceptance is H)
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6- If (Emulsion Concentration is M) then (AH is M) (AL is H) (Hardness is L) (Chroma is M) (a
is M) (Plastic viscosity is M) (Overall acceptance is M)

7- If (Emulsion Concentration is H) then (AH is L) (AL is M) (Hardness is M) (Chroma is M) (aw
is H) (Plastic viscosity is H) (Overall acceptance is L)

Table 2- Triangular membership function parameters for emulsion concentration

The title of Parameters of membership functions

membership functions A b c

The first membership
function 0 0 2

Second membership
function 0 2 4

Third membership
function 0 4 4
Aelere g o poo &G Bty oot e i
. L

y 7 \<
b \/ \

Figure 2- Membership functions: a) input (emulsion concentration) and b) output variable (AL)
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Figure 3 - Effect of emulsion concentration on a) enthalpy, b) AL, ¢) hardness, d) chroma, e) water
activity, f) plastic viscosity, and g) overall acceptance
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Figure 4- The output of the proposed fuzzy logic system
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Water-in-oil emulsions as a partial substitute for cocoa butter are considered
a novel approach for producing reduced-calorie cocoa products, however,
the evaluation of quality characteristics of these products using traditional
methods is time-consuming and dependent on human judgment. Therefore,
this study aimed to investigate the effect of different concentrations of water-
in-oil emulsion (0, 2, and 4% w/w) on the quality characteristics of cocoa
products including enthalpy, length changes, hardness, chroma index, water
activity, plastic viscosity, and overall acceptance, as well as designing an
intelligent model based on fuzzy logic to predict these characteristics. The
results showed that increasing emulsion concentration decreased melting
enthalpy, chroma index, and overall acceptance, while water activity and
plastic viscosity increased, and the lowest hardness was observed in the
sample containing 2% emulsion. The designed fuzzy model showed the
highest accuracy in predicting water activity (with a correlation coefficient
of 0.915) and the lowest accuracy in predicting hardness (with a correlation
coefficient of 0.753), and for other characteristics, the correlation
coefficients were within an acceptable range, indicating the appropriate
efficiency of this system in predicting the quality characteristics of cocoa
products. Finally, it can be stated that the fuzzy logic system developed in
this study provides an efficient, rapid, and reliable tool for predicting the
quality characteristics of cocoa products, which can be used as a decision
support system in quality control and formulation optimization in the
chocolate industry.
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