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2. Refining
3. Conching
4. Tempering
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Table 1 formulation of chocolate samples (gram per 100 gram chocolate)

- s Unrefined Deodorized Carob Cocoa Ingredients
Vanillin - lecithin cocoa butter  cocoa butter pod powder Sugar
powder Treatment
0.1 0.5 18 16.5 - 20.5 44 4 standard
0.1 0.5 18 16.5 10.25 10.25 44 4 1 (carob pod powder 25%)
0.1 0.5 18 16.5 5.125 15.375 44 4 2 (carob pod powder 50%)
0.1 0.5 18 16.5 15.375 5.125 44 4 3 (carob pod powder 75%)
0.1 0.5 18 16.5 20.5 - 44 4 4 (carob pod powder 100%)
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5. Intervall

6. Ramp up
7. interval2

8. Interval3

9. Ramp down
10. Interval4
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Table2 physicochemical properties of chocolate samples

Sugar before

Sugar after - Crude fiber Protein Water . o
Sucrose hydrolysis (%) hyd(r(;l)ysw (%) (%) pH activity Moisture (%)  Treatments
()
36.38+0.622 38.19+0.494 0.1< 1.54 484+0.156  8.4+0.51 0.1940.004  0.63+0.327 Standard
36.55+1.067"°  40.73+0.459%®  0.2+0.021% 1.32 346+0.153®  7.1+0.74®  0.19+0.004 1.4+0.171% Tl
39.46+0.714%  41.71+0.721%°  0.5+0.035% 1.24 2.83+0.191%*  7.4+023*  0.18+0.009 1340.273% T2
42.56+1.33%  45.07+0.784*  1.17+0.077 0.98 19+0.078%  6.9+034*  0.16£0.007™  1.18+0.46™ T3
4582+1.11°  48.59+0.537*°  1.57+0.007™ 0.73 1.03£0.051*  6.5+0.15  0.14+0.004™  0.51+0.162% T4

T1,25% carob pod. T2, 50% carob pod. T3, 75% carob pod. T4, 100% carob pod
Means shown with different letters are significantly different at level 0=0.05 with LSD test
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Table 3 the effect of replacing cocoa powder with carob pod powder on color

C b a L Treatment
5.71+0.151 3.38+0.07 4.62+0.138 23.12+0.064 Standard
9.384+0.11% 6.874+0.92% 6.4+0.06% 24.08+0.075% T1

10.24+0.055* 7.28+0.22% 7.2+0.141% 26.47+0.056™ T2
13.75+0.127% 10.89+0.156% 8.41+0.005* 29.33+0.036% T3
22.75+0.05% 19.6240.078% 11.5440.045% 39.97+0.073% T4

Means shown with different letters are significantly different at level 0=0.05 with LSD test
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Table 4 textural analysis of chocolate samples

Hardness (N) Treatment
8.8199+0.537 Standard
6.6814+0.248" Tl
6.4366+0.085" T2
6.0642+0.481* T3
4.7283+0.212%* T4

Means shown with different letters are significantly
different at level 0=0.05 with LSD test.
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Table 5 rheological results of chocolate samples with Herschel-Bulkley model

Plastic viscosity (Pa.s) Herschel-Bulkley index Yield stress (Pa) Treatment
3.86:0.001 0.78+0.0001 5.4+1 Standard
2.907+0.001% 0.882+0.0001* 15.48+0.01%* T1
1.9+£0.001% 0.869+0.001%° 9.437+0.001* T2
2.22+0.01* 0.886+0.0001* 9.77+0.01* T3
2.136+0.001* 0.888+0.0001* 5.975+0.001 T4
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Table 6 scores for assessing the sensory properties of chocolate samples

Overall acceptance Taste and odor Color

3.6087+1.117

4.0435+0.767

3.6957+1.063

3.826+0.936 3.478+0.79"  3.869+0.694
3.826+0.984 3.869+£0.694%  3.739+0.688%
330440875 3.087+£0.733*  3.695+0.702
2.956+0.877% 3.217£1.126%  2.956+1.065%

Melting quality  Texture (N) Sweetness Treatment
3.7826+£0.998  3.393+1.117 4.0435£0.976  Standard
3.478+1.038  3.304+1.145 4.035+0.824 T1
3.739+0.751®  3.608+1.269 4+0.904 T2
3.739+0.81 3.565+1.16  3.217+0.795* T3
3478+0.947%  3782+1.042 326+1214™ T4

Means shown with different letters are significantly different at level 0=0.05 with LSD test
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Chocolate is one of the foods that has special place among people and most of the
people consume this energetic food. If this product has got the health effects
section, it will be noted more than the past. Therefore, using foods, which have
more health benefits than cocoa, in formulation and preparation of chocolate, will
make glowing future for this product. One of the effective approaches in this field
is the carob pod powder. In this research, Chocolate samples with replacement
levels of 25, 50, 75, and 100 percent along with standard sample were produced
and effects of substitution of cocoa powder by carob pod powder on
physicochemical, textural and rheological properties of dark chocolate was
investigated. Increasing levels of carob pod powder in the formulation, compared
with the standard, gave the products lighter color. Outcomes of investigating the
hardness of the products indicated that, samples containing higher amounts of
carob pod powder, have less textural hardness, which can be because of the
particle size distribution and the fibrous properties of the carob pod powder.
About rheological models, it was found that the Herschel- bulkly model was the
best fit model for the chocolate samples. Chocolate samples were assessed for
sensory acceptance by a hedonic scale, samples containing 25 and 50 percent of
carob pod powder had the highest acceptability even more than the standard. The
results proved that it is possible to utilize carob pod powder to replace cocoa
powder in chocolate production in order to improve nutritional values with
agreeable sensory attributes.
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