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Quality Characteristics of Single Origin Bean-to-Bar Dark Chocolate
Prepared with Sugar Alcohols
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Abstract

Some sugar alcohol sweeteners such as maltitol, sorbitol, and xylitol were tested as a sucrose substitute in a low-
calorie dark chocolate. The Arriba cacao bean, grown in Ecuador, was adapted to cope with a single origin bean-
to-bar chocolate. The cocoa mass was prepared by roasting (160°C, 20 min), dehulling, and grinding of the bean.
The chocolate paste containing all the ingredients was conched at 45°C for 36 h and was tempered at 27°°C. The
functional nutrients including total polyphenol (1,100 mg%), total flavonoid(17 mg%), and crude fiber (9.89%) were
identified from the chocolates. The water activities of the chocolates ranged from 0.23 to 0.26. Xylitol and sorbitol
raised the spreadability of the chocolate pastes along with a lowered consistency. The appearance of pisiform fat
globules appeared on the surface of the chocolate and became less frequent with added maltitol. Particle size of the
chocolate ranged from 7.86 pm (maltitol) to 12.89 um (sorbitol), predicting smooth mouthfeel in the products. The
melting points (about 30°C) and bloom resistance of the chocolates were less affected by the kind of sweeteners
used. Demolding properties of the solid chocolate were improved by adding maltitol or sorbitol sweeteners. Senso-
rial acceptability of the chocolate sweetened with xylitol, which was comparable to that of sucrose, was the highest.
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Fig. 1. Schematic diagram for manufacturing of the bean-to-bar
dark chocolate.
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Table 1. Hygroscopicities of the sweeteners and water activities
of the dark chocolates.

Table 2. Paste consistency and spreadability of the dark
chocolates according to sweeterners.

Sweetener Chocolate Sweetener Consistency (g -m) Spreadability (mm/s)
Sweetener Hygroscopicity Water Water Maltitol 2.60+1.18° 2.83+0.20°
(%) activity (aw)  activity (aw) Sorbitol 4.48+1.07° 1.04+0.13*
Maltitol 0.13£0.00°  0.42+0.00°  0.24+0.00° Xylitol 3.13+1.88° 2.1240.14°
Sorbitol 16.37£0.01°  0.38+0.00°  0.23%0.00° Sucrose (control) 2.07+0.93" 2.550.27°
Xylitol 11.37+0.03° 0.41+0.00* 0.24+0.00° Meantstandard deviation
Sucrose (control) 3.27+0.00° 0.42+0.00* 0.26+0.00* ®Values with different superscripts within the same column are significantly

Meanzstandard deviation
®Values with different superscripts within the same column are significantly
different by ANOVA with Duncan's multiple range test at p<0.05.
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Fig. 2. Scanning electron micrographs showing surface contour
of the chocolate added with sucrose (A), maltitol (B), sorbitol
(C), and xylitol (D). Note, collection of the fat globulets
gathering on surfaces of the chocolate surface. Magnification
ratios, x500.
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Fig. 3. Particle size distribution (PSD) curves of the dark
chocolates according to sweeteners as measured by the laser
diffraction particle size analyzer.
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Table 3. DSC melting characteristic of the dark chocolates
according to sweeterners.

Sweetener T, (°C)" T,(°Cy? AH (J/g)”

Maltitol 29.89+0.02* 33.12+0.02° 46.89+0.01*
Sorbitol 28.17+0.01*  33.35+0.03* 45.02+0.01*
Xylitol 29.47+0.02* 33.27+0.03* 46.81+0.02*
Sucrose (control) 29.53+0.02* 33.49+0.01° 40.98+0.03"

Mean=standard deviation

®Values with different superscripts within the same column are significantly
different by ANOVA with Duncan's multiple range test at p<0.05.

l)T onset temperature

2)T peak temperature

YAH: enthalpy
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Table 4. Textural hardnesses and fracturabilities and surface
adhesions of the dark chocolates according to sweeterners.

Textural parameter

Ingredient Surface adhesion

sweetener Hardness  Fracturability (N-em?)
(gm) (gm)

Maltitol 1.740.5*  1,488.4£317.0* 0.89+1.13*

Sorbitol 2.6+0.6°  2,012.2+£275.1° 0.55+£0.17*

Xylitol 5540.9° 1288.8+107.0'  2.3242.77°

Sucrose (control)  5.6£1.9°  1,589.24226.6" 1.42+0.12%®

Mean+standard deviation
®Values with different superscripts within the same column are significantly
different by ANOVA with Duncan's multiple range test at p<0.05.
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Fig. 4. Photomicrograps showing bloom formations on surfaces
of the dark chocolates according to sweeteners after 4 wk of
storage with repeated incubation (28°C) followed by standing
(20°C) for 24 h. Dark chocolates added with sucrose (A), maltitol
(B), sorbitol (C), and xylitol (D). Bar is 1.5 mm.
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Table 5. Sensory evaluation results of the dark chocolates according to sweeteners.
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Ingredient sweetener

Sensory attribute F-value
Sucrose Maltitol Sorbitol Xylitol
Smell 8.00+1.54° 7.47+1.83% 6.70+£1.74° 7.87+1.60° 2.80
Taste
sour 5.52+1.81° 7.08+1.73% 6.43£1.67® 7.30£1.61° 5.06
sweet 6.61+1.62° 6.61£2.04° 5.35£1.70° 7.39+2.19° 4.56
bitter 6.57+1.90* 6.96+2.25° 6.48+1.86" 7.65+1.50° 1.83
Hardness 8.43+1.27* 7.87+1.46° 7.95+1.72° 8.43+1.56* 0.93
Overall acceptance 6.35+1.97° 6.22+1.98° 5.87+2.10° 7.52+1.95° 2.96

Like extremely: 9 <> Dislike extremely: 1

®Value with different superscripts within the same row are significantly different by ANOVA with Duncan's multiple range test at p<0.05.
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