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Processing Optimization of Chocolate with Fermented and Aged Garlic Extract
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Abstract

This study was conducted to aid in the development of the optimal recipe for chocolate with fermented and aged garlic
extract (Allium sativum var. pekinense). We added garlic extract in order to increase the nutritional value of the chocolate.
The optimal sensory composite recipe was determined, following Central Composites for chocolate with different levels of
fermented and aged garlic extract (A) and cream (B), while analysis was performed by Response Surface Methodology, from
the date that the sensory evaluation was performed. Ten experimental recipes, including 2 reference points in the

composition, were selected. The compositional and functional properties were measured, and physical and sensory values
were applied to the mathematical models. Perturbation plots showed the influence of each ingredient on the final product.
Measurements showed significant values in lightness, sweetness, pH, hardness and cohesiveness, while sensory

measurements showed significant values in color, texture, sourness, bitterness and overall quality. The optimum

formulations were calculated by numerical and graphical methods, as being 34.61g fermented and aged garlic extract and
72.68g cream for each 200g chocolate. As well it was revealed that the aptitude of chocolate was more influenced by

fermented garlic extract than it was by cream.
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<Table 1> Experimental design for the fermented and aged garlic

chocolate
Factor
Sample No. Fermented and
aged garlic Cream (g)  Chocolate (g)
extract (g)
1 10 50 200
2 40 50 200
3 10 100 200
4 40 100 200
5 10 75 200
6 40 75 200
7 25 50 200
8 25 100 200
9 25 75 200
10 25 75 200
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<Table 2> Operating conditions for Texture Analyzer

Instrument Texture Analyser

T Compression test

ype (Texture Profile Analysis test)
Adaptor type 30" Conical Perspex
Pre-test speed 1.0 mm/sec
Test speed 1.0 mm/sec
Post test speed 1.0 mm/sec
Distance 2.0 mm
Trigger force 50.0g
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<Table 3> Chemical and physical properties of the fermented and aged garlic chocolate

Responses
Sample Extract” Cream Moisture
No. (® (® pH ey — L a b Hardnes; Adhesiveness Chewiness Gumminess Cohesiveness
(Brix) (%) (Dyne/em”)
1 10 50 5.8 6850  9.96 2891 6.09 430  229.32 -27.52 4432 5587  0.24
2 40 50 5.4 7233 1184 2738 471 3.55 20226 -323 5505 5699 0.8
3 10 100 6.0 66.67 11.07  29.17 6.79 491 149.84 -34.8 50.18 50.7 0.34
4 40 100 5.6 65.17 8.89 28.21 4.48 3.28 139.32 -284 49.68  50.24 0.36
5 10 75 6.0 69.17 7.94 29.15 5.90 3.99 202.68 -1634 3223 43.01 0.21
6 40 75 5.6 6733 794 2791 5.75 4.44  167.38 -41.96 53.01 53.89  0.32
7 25 50 5.7 71.50  10.53  29.17  6.26 4.40 228,58 -23.68 3947 4928  0.21
8 25 100 5.8 65.53 7.15 28.82 5.39 3.81 139.96  -37.62 39.72  40.04 0.29
9 25 75 5.9 67.50 8.09 27.90 5.12 3.67 181.74 -28.16 42.16 46.12 0.25
10 25 75 5.9 68.50 11.16  28.47 5.14 3.61 179.06 -24.56  37.71 39.8 0.22

YFermented and aged garlic extract.

<Table 4> Analysis of predicted model equation for the chemical and physical properties of the fermented and aged garlic chocolate

Model R-squared F-value P-value Equation of on terms of pseudo component
pH Quadratic 0.9860 54.49%** 0.0008 -0.20A+0.083B+0.000AB-0.071A%-0.12B%+5.89"
Sweetness 2FI 0.9081 19.76** 0.0016 0.083A-2.49B-1.33AB"
Moisture 2F1 0.3760 1.21 0.3853 -0.050A-0.87B-1.02AB+9.54"
L Linear 0.6638 6.91* 0.0220 -0.62A+0.12B+28.51Y
Hardness Linear 0.9692 110.14*** <0.0001 -12.15A-38.51B+182.01
Adbhesiveness Linear 0.5634 4.52 0.0550 -5.67A-4.55B-30.53
Chewiness Quadratic 0.7483 2.38 0.2108 5.17A+0.12B-2.81AB+6.99A%+3.96B%+37.78
Gumminess  Quadratic 0.8072 3.35 0.1324 1.92A-3.53B-0.40AB+7.38A%+3.59B%+42.02
Cohesiveness ~ Quadratic 0.8897 6.45* 0.0475 0.028A+0.43B-5.000E-003AB+0.044A%+0.029B%+0.23

*}3<0.05; **p<0.01; and **p<0.001.
UA: Fermented and aged garlic extract; and B: Cream.
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<Figure 1> Perturbation plot (a) and response surface plot (b) for the effect of the fermented and aged garlic extract (A) and cream (B) on the
fermented and aged garlic chocolate
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<Table 5> Sensory properties of the fermented and aged garlic chocolate

S Extract” Cream Responses
ample No. - -
(& (g Flavor Color Texture Sour Bitter Opverall quality
1 10 50 4.34 4.52 422 2.36 2.94 3.64
2 40 50 4.42 4.84 4.00 4.28 3.56 4.90
3 10 100 4.84 4.02 4.86 2.42 2.76 3.78
4 40 100 4.38 4.70 4.42 431 3.32 4.66
5 10 75 4.52 4.62 4.66 2.28 2.60 3.82
6 40 75 4.34 4.74 4.34 4.45 3.30 4.82
7 25 50 4.33 7.76 4.40 3.43 3.12 4.14
8 25 100 4.30 4.08 4.62 3.36 3.27 3.84
9 25 75 4.50 4.76 4.82 3.15 3.10 4.70
10 25 75 4.60 4.78 4.90 3.54 3.26 4.74

DFermented and aged garlic extract.

<Table 6> Analysis of predicted model equation for the sensory properties of the fermented and aged garlic chocolate

Model R-squared F-value P-value Equation of on terms of pseudo component
Flavor 2FI 0.6279 3.38 0.0956 -0.093A+0.072B-0.14AB+4.46"
Color Linear 0.6394 6.21* 0.0282 0.19A-0.22B+4.58"
Texture Quadratic 0.9194 9.13* 0.0262 -0.16A+0.21B-0.055AB-0.23A2-0.22B%+4.80"
Sour Linear 0.9822 192.75%** <0.0001 1.00A+3.333E-003B+3.36"
Bitter Linear 0.8116 15.07** 0.0029 0.31A-0.045B+3.12"
Overall quality ~ Linear 0.7302 9.47* 0.0102 0.52A-0.067B+4.30"

*p<0.05; **p<0.01; and **p<0.001.
YA: Fermented and aged garlic extract; and B: Cream.
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<Figure 2> Perturbation plot (a) and response surface plot (b) for the effect of the fermented and aged garlic extract (A) and cream (B) on sen-
sory characteristics of the fermented and aged garlic chocolate
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