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Table 1 Formulation of different treatments of chocolate milk

Treatment

Compounds (%)

Sugar reduction

Cocoa Milk with 1.5%

Code (%) Caramel Vanilla Sugar Stabilizer

powder fat
2300 0 0 0 7.5 0.15 0.8 91.55
2200 20 0 0 6 0.15 0.8 93.05
2100 40 0 0 4.5 0.15 0.8 94.55
1200 20 0 0 6 0.10 0.8 93.10
1100 40 0 0 4.5 0.10 0.8 94.60
3200 20 0 0 6 0.20 0.8 93
3100 40 0 0 4.5 0.20 0.8 94.50
2210 20 0 0.002 6 0.15 0.8 93.048
2120 40 0 0.004 4.5 0.15 0.8 94.546
2201 20 0.025 0 6 0.15 0.8 93.025
2102 40 0.05 0 4.5 0.15 0.8 94.50
2211 20 0.025 0.002 6 0.15 0.8 93.023
2122 40 0.05 0.004 4.5 0.15 0.8 94.496
1211 20 0.025 0.002 6 0.10 0.8 93.073
1122 40 0.02 0.004 4.5 0.10 0.8 94.546
3211 20 0.025 0.002 6 0.20 0.8 92.973
3122 40 0.02 0.004 4.5 0.20 0.8 94.446

The 4-digit treatment code (ABCD) represents the amount of stabilizer (A), sugar (B), vanilla (C) and caramel
(D) left to right, respectively. The number from 0 to 3 represents the lowest and the highest value, respectively.
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Table 2 m x n matrix for evaluating of index
and options in TOPSIS technique
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Table 3 pair-wise comparison scale for AHP preference

Explanations Definition ]ntensﬁy of
importance
. . Equal
One element is of equally importance to another . 1
importance
One element is equally to moderately important to another Slightly 2
One element is moderately important to another _Moderate 3
importance
One element is moderately to strongly important to another Moderate plus 4
One element is strongly important to another . Strong 5
important
One element is strongly to very strongly important to another Strong plus 6
One element is very strongly important to another Very strong 7
One element is very to extremely strong important to another Very very 8
importance
One element extremely important to another . Extreme 9
importance
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Table 4 Physicochemical properties of different cocoa milk treatments

Treatment code viscosity (Cp) Total dry matter (%0) pH
2300 6.59+0.01° 17.99+0.10° 6.82+0.01%
1100 4.63+0.03° 16.76+0.10 6.830.01°
1200 4.57+0.012 16.80+0.10 ® 6.82+0.01%
2200 6.630.03 ¢ 17.89+0.04 ¢ 6.82+0.01%
3100 10.33+0.01 ¢ 18.45+0.10 ® 6.81+0.01®
3200 10.29+0.02 ¢ 18.46+0.03 ® 6.81+0.01®
2210 6.97+0.01f 17.89+0.04 ¢ 6.82+0.01%
2100 6.95+0.01f 17.57+0.03° 6.830.01°
2120 6.57+0.02 ¢ 17.58+0.03° 6.80+0.01°
2201 6.91+0.01 ¢ 17.90+0.10 ¢ 6.880.01f
2122 6.90+0.01°¢ 17.55+0.10° 6.87+0.01°
2211 6.94+0.02 17.87+0.04 ¢ 6.860.01 %
2102 6.94+0.02 17.58+0.10° 6.85+0.01 ¢
3122 10.31+0.02 ¢ 18.36+0.04 © 6.87+0.01 ¢
3211 10.32+0.01 ¢ 18.44+0.04 ® 6.87+0.01 ¢
1122 4.64+0.02° 16.76+0.10 ° 6.860.01 %
1211 4.59+0.012 16.74+0.10 ° 6.85+0.01 ¢

The 4-digit treatment code (ABCD) represents the amount of stabilizer (A), sugar (B), vanilla (C) and caramel
(D) left to right, respectively. The number from 0 to 3 represents the lowest and the highest value, respectively.
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Fig 2 Similarity of different treatments to the ideal
solution for trained evaluators
The 4-digit treatment code (ABCD) represents the
amount of stabilizer (A), sugar (B), vanilla (C) and
caramel (D) left to right, respectively. The number
from 0 to 3 represents the lowest and the highest
value, respectively.
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Fig 1 Similarity of different treatments to the ideal
solution for semi-trained evaluators
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amount of stabilizer (A), sugar (B), vanilla (C) and
caramel (D) left to right, respectively. The number
from 0O to 3 represents the lowest and the highest
value, respectively.
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Fig 3 Similarity of different treatments to the ideal
solution for Geometric mean of two evaluator groups
The 4-digit treatment code (ABCD) represents the
amount of stabilizer (A), sugar (B), vanilla (C) and
caramel (D) left to right, respectively. The number
from O to 3 represents the lowest and the highest
value, respectively.
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Reducing sugar consumption in food product formulation is one of the strategies for achieving healthy
food, but this has a detrimental effect on the texture and sensory properties of the product. The taste
perception has been proven to be influenced by the structure and composition of the foods. In this
study, the aroma and texture related cross-modal interactions on perceived sweetness of flavored milk
and sugar reduction were investigated. Different treatments of chocolate milk included control
treatments with different sugar content (4.5, 6 and 7.5%) and 14 treatments containing different
amounts of stabilizer (0.10, 0.15 and 0.20%), vanilla (0, 0.002 and 0.004%) and caramel (0, 0.025 and
0.05%). pH, dry matter and viscosity of all treatments were determined and then all treatments were
evaluated by a trained evaluator group and a semi-trained evaluator group. Data analysis was
performed using TOPSIS and AHP methods to select the best product. Results showed that with
decreasing sugar, pH decreased and with increasing stabilizer dry matter and viscosity increased
(P<0.05). Samples containing the combination of vanilla and caramel flavors with reduced sugar by
20% had the best sensory properties. Treatments containing stabilizers also increased the perception
of sweetness in the presence of flavors. Overall, this study showed that the sugar content in cocoa
milk formulation can be successfully reduced until 20% by the simultaneous use of stabilizers and
vanilla and caramel flavors.

Key words: Flavored milk, Sugar reduction, cross-modal interactions, Sensory evaluation, Sweetness
perception.
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