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Abstract

Indonesian cocoa is cheaper and considered second grade compared with most other cocoa. However, the domestic
chocolate industry is not well-developed due to significantly low consumption. To cope with these issues, product
innovation through technical process improvement is required to stimulate the domestic chocolate industry. This
study aimed to investigate the effect of cocoa bean origin and conching time on the physicochemical (water content,
texture, color, crude fat content, and melting enthalpy) and microstructural properties of chocolate. The experiment
was conducted under a completely randomized factorial design consisting of two factors: cocoa bean origin (100%
fermented cocoa beans from Jember, 100% fermented cocoa beans from Southeast Sulawesi, 50% fermented cocoa
beans from Jember + 50% non-fermented cocoa beans from Southeast Sulawesi, and 50% fermented cocoa beans
from Southeast Sulawesi + 50% non-fermented cocoa beans from Southeast Sulawesi) and conching time (4, 6 and
8 h). The results showed that cocoa bean origin significantly affected the hardness, gumminess and color of
chocolate, including the redness and yellowness level, whereas conching time affected water content, hardness,
cohesiveness, elasticity, and crude fat content. Differential scanning calorimetry (DSC) analysis showed that the
treatment with 100% fermented cocoa beans from Jember presented higher values of Tonset, AHmeir and area
compared with those of the treatment with 100% fermented cocoa beans from Southeast Sulawesi, which presented
higher values of Tpeak and Tend. Scanning Electron Microscopy (SEM) analysis showed a distribution of solid and
dense particles with crystal interaction with chocolate structures.

Keywords: cocoa; chocolate; conching; texture; melting properties; microstructure.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
BY and reproduction in any medium, provided the original work is properly cited.

Braz. J. Food Technol., Campinas, v. 24, 2019249, 2021 | https://doi.org/10.1590/1981-6723.24919 114


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1011-8275

Effect of cocoa bean origin and conching time on the physicochemical and microstructural properties of Indonesian dark chocolate
Fibrianto, K. et al.

Resumo

O cacau da Indonésia é mais barato e geralmente considerado de segunda qualidade. No entanto, a indUstria do
chocolate ndo estad bem desenvolvida em razdo do consumo interno significativamente baixo. Para lidar com essas
questdes, a inovagdo de produtos por meio da melhoria de processos técnicos é necessaria para estimular a
indUstria de chocolate na Indonésia. O objetivo desta pesquisa foi investigar o efeito da origem da améndoa do
grao de cacau e do tempo de conchagem nas propriedades fisico-quimicas (teor de umidade, textura, cor e gordura
total, entalpia de fusdo) e na microestrutura do chocolate. O experimento foi conduzido usando um delineamento
de blocos inteiramente casualizados com planejamento fatorial, consistindo em dois fatores: origem do gréo de
cacau (100% de graos fermentados de cacau de Jember, 100% de grdos fermentados de cacau do sudeste de
Sulawesi, 50% de gréos fermentados de cacau de Jember + 50% de grdos ndo fermentados de cacau do sudeste de
Sulawesi e 50% de grédos fermentados de cacau do sudeste de Sulawesi + 50% de grdos ndo fermentados de cacau
do sudeste de Sulawesi) e tempo de conchagem (4, 6 e 8 horas). Os resultados mostraram que a origem do grao
de cacau afetou significativamente a dureza, a gomosidade e a cor, incluindo o nivel de vermelhiddo e
amarelecimento, enquanto o tempo de conchagem afetou o teor de umidade, dureza, coesividade, elasticidade e
gordura total. Os resultados de Calorimetria de Varredura Diferencial (DSC) mostraram que o chocolate com 100%
de gréos fermentados de cacau de Jember tem valor de Tonset, AHmelr € a &rea superiores ao chocolate com 100%
de grdos fermentados de cacau de sudeste de Sulawesi, enquanto o chocolate com 100% de gréos fermentados de
cacau do sudeste de Sulawesi apresentou valores maiores de Tpeak and Tend. A Microscopia Eletronica de Varredura
(SEM) indicou uma distribuicdo de particulas sélidas e densas com interacdo cristalina com estruturas de chocolate.

Palavras-chave: cacau; chocolate; conchagem; textura; propriedades de fusdo; microestrutura.

1 Introduction

Cocoa (Theobroma cacao L.) is among the three largest commodities in Indonesia (Hatmi & Rustijarno,
2012). In 2013, the annual world production of cocoa beans was 3.9 million tons; the three largest cocoa bean
producers are Cote d'Ivoire (1.445 million tons/year), Ghana (835,000 tons/year), and Indonesia
(420,000 tons/year) (International Coffe and Cocoa Organization, 2012). The total area of cocoa plantation
in Indonesia in 2013 was 1,852,944 ha, increasing 4.42% from 1,774,463 ha in 2012. Most of the country’s
plantations are located on Sulawesi Island: 297,572 ha in Central Sulawesi, 282,071 ha in Southern Sulawesi,
264,954 ha in Southeastern Sulawesi and 180,585 ha in Western Sulawesi (Wahyudi & Pujiyanto, 2015).

One of the problems the national cocoa industry has been facing is the low price of this commodity. Most
of the domestic cocoa production (78.5%) is exported in the form of dried unprocessed cocoa beans (Rubiyo
& Siswanto, 2012). Farmers prefer selling unprocessed cocoa beans because they want to sell their production
more quickly. As a consequence, they receive less money and the national cocoa processing industry becomes
less developed (Mulato, 2012). Processing is one way to increase the value of cocoa beans. Chocolate is one
of the products made from cocoa beans that can be sold quickly at a higher price.

Chocolate is defined as semi-solid suspensions of fine solid particles from cocoa paste, milk powder, and
sugar dispersed in a continuous fat phase (cocoa butter) (Afoakwa et al., 2007). Chocolate is a popular type
of treat across the world. People like its taste, texture, and aroma because it has a pleasant effect when
consumed (Jati, 2011). Different blending techniques and processing methods result in various types of
chocolate for customers to select (Afoakwa et al., 2007).

Chocolate quality depends on structure, technique and ingredients used, since these elements affect its
physical characteristics and sensory perception. Processing chocolate involves sophisticated physical and
chemical procedures that require technology and different ingredients so that a product with suitable
physicochemical attributes and favorable taste can be achieved (Konar, 2013). Different steps (mixing, pre-
refining, refining, conching, and tempering) and technological parameters adopted during chocolate
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processing influence the characteristics of cocoa and, eventually, those of the end product (Glicerina et al.,
2013).

The characteristics of the cocoa beans influence the quality and sensory attributes of chocolate (Lee et al.,
2002). Cocoa is the main ingredient of chocolate. The different elevation of cocoa planting determines the
characteristics of the cocoa beans (Gu et al., 2013). Environmental factors such as type of soil, elevation,
physical and chemical compounds in the soil, and climate are factors that influence the productivity and
chemical attributes of cocoa beans (Rubiyo & Siswanto, 2012). Several previous studies have revealed that
location (where cocoa bean is planted) affects the chemical attributes of cocoa beans (Gu et al., 2013;
Chaiseri & Dimick, 1989; Torres-Moreno et al., 2015; Menezes et al., 2016; Acierno et al., 2016). In other
words, different cocoa bean origin influences the quality of chocolate as end-product.

Furthermore, cocoa processing also influences the quality of chocolate. One of the cocoa processing steps
is conching. Conching is a fundamental step, because it determines particle size, suspension consistency, and
viscosity to achieve distinctive texture and sensory perception (Afoakwa et al., 2007). Conching is a mixing
step that includes volatilization of fatty acids that will reduce the bitterness and develop distinctive flavor of
chocolate (Prawira & Barringer, 2009). This process develops the soft texture of chocolate, where solid
particles such as sugar, cocoa paste, and powdered milk are coated with fat, and this coating enhances the
desired soft texture of the chocolate product (Di Mattia et al., 2014). Several research findings revealed the
effect of conching towards chocolate quality (Konar, 2013; Prawira & Barringer, 2009; Misnawi et al., 2006).

This study aimed to describe the effect of cocoa bean origin and conching time on the physicochemical,
melting and microstructural properties of chocolate.

2 Materials and methods

2.1 Materials

Fermented cocoa beans were acquired from the Indonesian Coffee and Cocoa Research Institute offices in
Jember and Southeastern Sulawesi while non-fermented cocoa beans were obtained from Southeastern
Sulawesi office. Cocoa beans of the Forastero type were used in this study. Milk powder, powdered sugar,
vanilla, baking soda, and lecithin were purchased from the Indonesian Coffee and Cocoa Research Institute,
Jember, East Java, Indonesia.

2.2 Chocolate processing

The ingredients to make dark chocolate and their respective compositions are as follows: cocoa paste
(390 g), cocoa butter (310 g), milk powder (115 g), powdered sugar 185 g), baking soda (3 g), vanilla (1 g),
and lecithin (3 g).

The first step in chocolate processing was to mix and grind the milk powder, cocoa paste, cocoa butter,
and powdered sugar using a ball mill at 50 °C for 12 h. After that, these materials were poured into a conching
machine. The following conching times were used at 50 °C: 4, 6 and 8 h. Lecithin and vanilla were added to
the chocolate mixture two hours before the end of conching. The chocolate paste was then tempered.
Tempering involved heating the chocolate paste until it reached 50 °C. The temperature was gradually
reduced to 29-30 °C. Once the desired temperature had been reached, the molding process began. The
chocolate paste was poured into a mold and then stored in a tempering cabinet at 10 °C for 60 min. The
chocolate mixture was removed from the mold and tempered in an air-conditioned room at 25 °C for one
day. The following step involved wrapping the chocolate in aluminum foil and tempering it once again under
the aforementioned conditions for seven days.
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2.3 Experiment design

The experiment was conducted under a completely randomized factorial design consisting of two factors.
The first factor was cocoa bean origin (the raw material), comprising four levels: 100% fermented cocoa
beans from Jember, 100% fermented cocoa beans from Southeastern Sulawesi, 50% fermented cocoa beans
from Jember + 50% non-fermented cocoa beans from Southeastern Sulawesi, and 50% fermented cocoa
beans from Southeastern Sulawesi + 50% non-fermented cocoa beans from Southeastern Sulawesi. The
second factor was conching time, which comprised of three levels: 4, 6 and 8 h.

2.4 Chocolate analysis

2.4.1 Water content

Five grams (5 g) of sample and 50 ml of toluene solvent were added to a 250 ml Erlenmeyer flask. The
sample was placed on a hot plate for 1 h. The water content was calculated using the following equation:
water content (%) = volume of water / ingredient (g) x 100%.

2.4.2 Texture Profile Analysis (TPA)

The chocolate sample was analyzed using a CT-3 Texture Analyzer (AMETEK Brookfield, Middleboro,
USA). Texture analysis included hardness, cohesiveness, adhesiveness, and gumminess of chocolate. A
TA4/1000 probe was used in a 2-cycle compression test with 1000 g load cell. The sample was analyzed
using is a 30 mm x 20 mm x 10 mm beam size. The criteria of the testing method were as follows: 2 mm/s
pretest speed, 5 mm/s test speed, 5 mm/s return speed, 0 s recovery time, 0 s hold time, and 6.8 g trigger load.
The chocolate samples were removed from the refrigerator 24 h prior to the analysis to achieve room
temperature.

2.4.3 Color

Color of chocolate was determined according to the method described in Jati (2011). A Konica Minolta
CR-10 spectrophotometer (Konica Minolta Sensing, Inc., Tokyo, Japan) was used to determine the color of
chocolate. Measuring lens were placed on the sample to measure the L*, a* and »* scores. Prior to
measurement, the spectrophotometer was calibrated. L*, luminance ranging from 0 (black) to 100 (white);
and a* (green to red) and b* (blue to yellow).

2.4.4 Crude fat content

Crude fat of chocolate was determined according to the method described in Kim et al. (2017). A Soxhlet
extractor was used to analyze the percentage of crude fat. 5 g of sample was placed on filter paper and then
covered with fat-free cotton. The sample was inserted into the Soxhlet extractor and then a condenser and a
flask were installed on the edges. Hexane solvent was poured into the tool and the sample was refluxed for
5 h. After that, the solvent was distilled and poured into another container. The crude fat content was
calculated using the following equation: crude fat content (%) = (W2 - W1) /S x 100; where W1 represents
the weight of the flask before extracting the crude fat (g), W2 corresponds the weight of the flask after
extracting the crude fat (g), and S is the sample weight (g).

2.4.5 Microstructural analysis

Microstructure of chocolate was determined according to the method described in Furlan et al. (2017a). A
TM3000 Tabletop Scanning Electron Microscope (SEM) (Hitachi High Technologies Corporation, Tokyo,
Japan) was used for microstructural analysis. The sample was coated with a double-sided adhesive carbon
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sheet and placed on an aluminum sample holder. Micrographs were captured under variable pressure (VP)
mode with 1000x, 2000x and 2500x magnification.

2.4.6 Melting properties analysis

Melting properties of chocolate were determined according to method by Aidoo etal. (2015). A
Differential Scanning Calorimeter (DSC) model DSC 8000 (Perkin Elmer, Waltham, Massachusetts, USA)
was used for measuring the melting properties of the sample. 5 mg of the chocolate sample were weighed
into the aluminum cups. To run the DSC tool, nitrogen (N>) as purge gas was poured at the speed of 20 ml/min
and heated from 15 to 65 °C with a heating rate of 5 °C/min. The onset (Tonset), peak maximum (Tpeax), and
final (Tenq) temperatures, the melting enthalpy (AHmeir), and the area were automatically calculated after
integration of the melting peak using software analysis.

2.5 Statistical analysis

The data obtained were subjected to analysis of variance (ANOVA) and comparison of the means was
carried out using the Tukey’s test. Analyses were performed using the Minitab 16 software.

3 Results and discussions

3.1 Water content

Water content is an important factor in chocolate, because it is closely related to the texture of chocolate
itself (Aidoo et al., 2014). The results showed that cocoa bean origin did not significantly influenced the
water content (p > 0.05) of chocolate, but conching time did (p < 0.05). Longer conching time decreased the
water content of the chocolate (Table 1). Conching involves high temperatures (>50 °C), which results in
water evaporation (Afoakwa et al., 2007). According to Di Mattia et al. (2014), the objective of conching is
to reduce water content, remove unwanted volatile compounds formed during fermentation, and coat the
entire surface of solid particles with fat. In this study, conching was an important step, because it reduced
water content, increased rheology, and was the most important step for developing chocolate flavor
(Fischer et al., 2008). This finding is in line with those of Konar (2013) and Schumacher et al. (2009), who
reported that the longer the conching time, the lower the water content of chocolate.

3.2 Texture Profile Analysis (TPA)

3.2.1 Hardness

Hardness refers to the force necessary to attain a given deformation (Szczesniak, 2002). The ANOVA
results showed that there was significant correlation between cocoa bean origin and conching time (p < 0.05).
The chocolate made with 100% fermented cocoa beans from Jember presented the highest hardness level and
longer conching time resulted in higher hardness levels (Figure 1).

Cocoa bean origin had a significant effect on the hardness level of the chocolate; cocoa beans grown in
different plantations resulted in chocolate with different hardness levels. Cocoa butter hardness directly
affected the melting rate and melting properties of the chocolate. Cocoa butter containing high concentrations
of POO and SOO fatty acids (p = palmitic, O = oleic, and S = stearic) resulted in softer cocoa fat properties
that showed low hardness level and melting point. On the other hand, cocoa butter with higher concentrations
of POS and SOS fatty acids resulted in harder cocoa fat properties and chocolate with higher hardness level
(Chaiseri & Dimick, 1989).
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Figure 1. Principal Component Analysis of the effect of cocoa bean origin and conching time for Indonesian dark
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Table 1. Physicochemical characteristics of Indonesian dark chocolate as affected by different cocoa bean origin and conching time.

Cocoa Conching Time Water content Adhesiveness Crude Fat
Hard hesi i L* * b*

Bean (Hours) %) ardness (g) Cohesiveness (mJ) Gumminess (g) a Content (%)
4 0.95 +0.024 711.43 £14.33¢ 0.91 +0.038 0.013£0.01 645.29 +33.27°8 41.93 +£0.40 3.74 +0.03* 4.67+£0.03° 39.24 +£0.538
Bl 6 0.94 +0.028 757.70 + 10.62% 0.94 £0.028 0.020 £ 0.01 714.65 +£9.87°8 42.01+0.12 3.72+£0.14° 4.68 £0.06a 39.68 +0.358
8 0.92 +£0.03¢ 792.23 £12.98 0.96 + 0.024 0.023 +£0.01 751.27 £ 15.48* 42.15+0.29 3.75+0.05° 4.66 +0.24° 40.62 +0.70*
4 0.99 +0.044 487.60 £9.75" 0.85+0.108 0.013£0.01 415.08 + 54.86B 41.80 + 0.40 2.57+£0.19¢ 4.01+0.03° 39.70 £ 0.098
B2 6 0.90 + 0.09® 536.67+11.11% 0.91+0.108 0.020 £ 0.01 490.06 + 55.29°® 42.04 +£0.07 2.53+0.03¢ 3.96 +0.05° 39.85+0.108
8 0.84 +0.08¢ 623.60 + 12.94¢ 1.02 £ 0.04* 0.020 £ 0.00 637.80 = 12.72° 42.06 +0.06 2.49 +£0.27¢ 4.09 £0.08° 40.02 + 0.04*
4 0.97 £0.104 668.83 + 13.90¢ 0.79 £0.148 0.013£0.01 538.27 +£95.53%8 41.95+0.22 3.47+0.32° 4.56 +0.02° 39.46 + 0.408
B3 6 0.85 +0.06® 690.53 + 11.44% 0.80+0.118 0.017 £0.01 550.96 + 85.12%8 41.86 +0.10 3.04+0.39° 4.46 £0.10° 39.80+0.118
8 0.79 + 0.06¢ 725.10 £ 14.25 0.99 +0.124 0.020 £ 0.01 716.76 + 70.50 42.05+0.18 3.21+0.14° 4.51+0.22° 39.99 £0.124
4 0.97 £0.05* 503.10 = 12.63¢ 0.79 +0.258 0.013£0.01 400.38 +15.53B 41.78 £ 0.31 2.74+0.18° 4.31+0.06° 39.62 +0.358
B4 6 0.92 +0.028 531.87+17.73% 0.92 £0.028 0.010 £ 0.01 476.26 + 17.95® 42.05+0.44 2.87+£0.15¢ 428 £0.12¢ 39.71 £0.16®
8 0.84+0.11¢ 553.10 = 12.75F 0.95 + 0.06* 0.013+0.01 523.71 £19.65* 42.09+0.51 2.75+0.13¢ 423+0.11° 39.81 £0.224

Five replicates of the color (L*, a* and b*) experiments were performed. Water content, texture profile analysis (hardness, cohesiveness, adhesiveness, and gumminess), and crude fat experiments were performed in triplicate.
All data are reported as mean +SD. Different lowercase letters on the same column indicated statistical difference (» < 0.05) between cocoa bean origins. Different uppercase letters on the same column indicated statistical
difference (p < 0.05) between conching times. Letters a-h on the hardness column indicated statistical difference (p < 0.05) on the interaction between cocoa bean origin and conching time. B1 (100% fermented cocoa beans
from Jember), B2 (100% fermented cocoa beans from Southeastern Sulawesi), B3 (50% fermented cocoa beans from Jember + 50% non-fermented cocoa beans from Southeastern Sulawesi), B4 (50% fermented cocoa beans
Southeastern Sulawesi + 50% non-fermented cocoa beans from Southeastern Sulawesi).
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The cocoa butter, which showed a large amount of stearic and palmitic fatty acids, presented higher
hardness level and melting point as a result of the high melting points found in these fatty acids (Chaiseri &
Dimick, 1989).

Differences in hardness level can also be caused by the type of cocoa beans used: fermented or non-
fermented. According to Asep et al. (2008), non-fermented cocoa beans contain higher levels of POP and
SOS fatty acids than fermented cocoa beans. In addition, non-fermented cocoa beans contain higher levels
of POO and SOO fatty acids than fermented beans. Cocoa butter containing high concentration of POO and
SOO fatty acids resulted in softer cocoa fat properties that had low hardness level and melting point (Chaiseri
& Dimick, 1989). Longer conching processes increased the hardness level of chocolate. Conching increased
the hardness level of chocolate because the particle size was decreasing. Longer conching time resulted in
softer chocolate with smaller particle size (Prawira & Barringer, 2009). Particle size was inversely
proportional to the hardness level of chocolate; chocolate with smaller particle size had higher hardness level
(Konar, 2013), corroborating the findings of the studies conducted by Do et al. (2007) and Afoakwa et al.
(2008b). Smaller particle resulting in increasing hardness level occurred as a result of interaction between
chocolate particles. Afoakwa et al. (2009b) reported that chocolate with smaller particle size had larger
surface, smaller diameter, and higher inter-particle interaction and contact. When particle size was smaller,
crystals were denser and reduced the linear interactions between particles as a result of the longer distances
between them; fat then fill the space (Glicerina et al., 2015). Chocolate with larger particle size resulted in
weak interactions between particles that, in turn, resulted in lower maximum power to suppress chocolate
and low hardness level (Biswas et al., 2017).

3.2.2 Cohesiveness

Cohesiveness refers to extent to which a material can be deformed before it ruptures (Szczesniak, 2002).
Cohesiveness showed internal force forming a type of food or how cohesively the materials contained in the
food interacted. Results of the ANOVA showed that cocoa bean origin did not have any significant effect on
chocolate cohesiveness (p > 0.05), but the conching time did. Longer conching time resulted in higher
cohesiveness level of the chocolate (Table 1).

Cohesiveness of chocolate increased because conching decreased the chocolate particle size. Longer
conching processes resulted in smaller particle size, which resulted in increased number of particles, surface
area, and interaction between the particle surfaces. A larger particle size may decrease the level of
cohesiveness, since particle size was evenly distributed and smaller particles filled the spaces between the
larger particles, and these reduced the cohesiveness of the chocolate (Afoakwa et al., 2008d).

3.2.3 Adhesiveness

Adhesiveness refers to the work necessary to overcome the attractive forces between the surface of the
food and the surface of the other materials with which the food comes in contact (Szczesniak, 2002). Results
of the ANOVA showed that cocoa bean origin and conching time did not significantly influence chocolate
adhesiveness (p > 0.05). 100% fermented cocoa beans from Jember and 8 hours conching time presented the
highest adhesiveness level.

Adhesiveness had a parallel relationship with chocolate hardness. Chocolate with high hardness level also
presented high adhesiveness level. In other words, chocolate would have high adhesiveness level if it had
high hardness level. Adhesiveness was inversely proportional to particle size, which means that the smaller
the particle, the stickier the chocolate (Afoakwa et al., 2008b). Increased adhesiveness level occurred because
conching decreased the particle size. According to Prawira& Barringer (2009), particle size reduces during
the conching process.
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3.2.4 Gumminess

Gumminess refers to amount of energy required to disintegrate semi-solid food to a state ready for
swallowing (Szczesniak, 2002). Results of the ANOVA indicated that cocoa bean origin and conching time
had a significant effect on chocolate gumminess (p < 0.05) while interaction did not (p > 0.05). 100%
fermented cocoa beans from Jember and 8-hour conching time presented the highest gumminess rate
(Table 1).

Hardness level affected gumminess: the higher the hardness level of chocolate, the higher its gumminess
level (Diamantino et al., 2014). Based on the analysis of chocolate hardness, 100% fermented cocoa beans
from Jember had the highest hardness level and, therefore, the highest gumminess level as well.

Chocolate gumminess increased with increasing the conching time. This was expected because the effect
of reduced particle size is similar to that of longer conching time on chocolate hardness level. Longer
conching decreased the particle size and increased the hardness level of chocolate (Afoakwa et al., 2008b).
Smaller particle size increased chocolate hardness. Chocolate gumminess was influenced by its hardness,
thus the harder the chocolate, the softer the gumminess (Diamantino et al., 2014). In general, gumminess
level was related to hardness, cohesiveness, and elasticity of chocolate (Huang et al., 2005). Chocolate with
smaller particle size had wider surface and, as an effect, more frequent inter-particle contact and interaction.
Smaller particles became smaller, resulting increased number of particles with wider surface and more
frequent contact between their surfaces.

3.3 Color

Color is one of the pivotal attributes of a product because it attracts customers (Aidoo et al., 2015). It also
influences expectation and acceptance towards the sensory characteristics of a certain food type. Table 1
describes the average color of the chocolate manufactured.

Results of the ANOVA showed that cocoa bean origin and conching time did not have a significant effect
on chocolate lightness (p > 0.05). These results also showed that conching time did not significantly influence
chocolate yellowness and redness (p > 0.05), but cocoa bean origin did (p < 0.05). Chocolate luminescence
level was adapted from the findings of Konar (2013) and Afoakwa et al. (2008c). The analysis showed that
chocolate luminescence represented longer conching time and increased with decreasing particle size.
Smaller chocolate particle size resulted in shiny chocolate surface with higher luminescence degree; in
contrast, larger chocolate particle size had less reflection and resulted in opaque chocolate surface
(Misnawi et al., 2006). Chocolate samples with finer particles had wider surface and smaller diameter that
tended to reflect more light, as well as lighter surfaces compared with those of chocolate samples with coarser
particles (Afoakwa et al., 2009b). Briones et al. (2006) suggested that smoother chocolate surface would
produce chocolate with higher luminescence degree.

3.4 Crude fat content

Fat is defined as triglycerides that become solid under room temperature. Fat content in food is crude fat
and total content of lipids in the actual amount. Result of the ANOVA showed that cocoa bean origin did not
significantly influence chocolate crude fat (p > 0.05) while conching time did (p < 0.05). 100% fermented
cocoa beans from Jember and 8-hour conching resulted in chocolate with the highest crude fat content
(Table 1).

Longer conching time increased crude fat content. Increased crude fat content and conching time were
inversely proportional to the water content of chocolate, in which lower crude fat and water contents resulted
in chocolate with higher crude fat content, corroborating the findings reported by Kim et al. (2017), who
found that chocolate with low water content had high crude fat content.
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3.5 Microstructure

Scanning Electron Microscopy (SEM) is a technique used for microstructural analysis of chocolate
samples (Delbaere et al., 2016). SEM uses electron beams and is able to describe the morphology of
chocolate sample with high magnification (James & Smith, 2009). Figure 2 describes the results of SEM
analysis on the chocolate profile.

Microstructural analysis of the chocolate using SEM showed variation in the crystal network structure,
inter-crystal interaction, and particle distribution using 1000x, 2000x and 2500x magnification. Figures 2A,
2B and 2C show the micrographs of 100% fermented cocoa beans from Jember with 6-hour conching and
Figures 2D, 2E and 2F show the micrographs of 100% fermented cocoa beans from Southeastern Sulawesi
with 6-hour conching. Micrographs of the chocolate revealed an even distribution (particles were close to
each other) where the particles were dispersed in the matrix surrounded by voids or pores.

The micrographs of the chocolate made with 100% fermented cocoa beans from Jember with 6-hour
conching showed an evenly distributed crystal web with interaction between crystals and chocolate structure,
whereas those of the chocolate made with 100% fermented cocoa beans from Southern Sulawesi with 6-hour
conching also showed an even distribution of smaller crystals in a well-structured web with interaction
between the crystals. A large number of small crystals were expected as the preliminary result of nucleation
and the growth of crystals resulting from the slow cooling process (Afoakwa et al., 2009a).

[ = SO N
2017/05/04 AL DE.6 x1.0k 700 um 2017/05/04 AL Ds.2 x1.0k 700 um

2017/05/04 B

A 2017/05/04 AL D26 x25k 30um B 2017/05/04 AL D8.2 x2.5k 30 um

Figure 2. SEM Analysis of Indonesian dark chocolate: (A), (B) and (C) chocolate sample made of 100% fermented
cocoa bean from Jember with 6-hour conching and 1000x, 2000x and 2500x magnification; (D), (E) and (F) chocolate
sample made with 100% fermented cocoa bean from Southeastern Sulawesi with 6-hour conching and 1000x, 2000x
and 2500x magnification.
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Morphology of the chocolate samples was relatively homogeneous, with solid particles well mixed with
fat in the continuous phase. This may occur during conching, which is a step that allows fat coating of the
solid particles (Afoakwa et al., 2009b). The difference in cocoa fat crystallization during the tempering
process determines the microstructural formation, which is different from the fat crystals associated with
changes in the physical properties of chocolate (Campos et al., 2002). It is important to characterize fat
crystals in the chocolate processing industry to determine its physical and sensory properties as a result of
the crystallization of cocoa fat and the preparation of structures affecting the mechanical, rheological and
melting properties and shelf life of chocolate (Afoakwa et al., 2008a).

3.6 Melting properties

Differential Scanning Calorimetry (DSC) was used to analyze the melting properties of the chocolate
samples. The thermal parameters involved in the analysis were onset (Tonset), end (Tend) and peak (Tpeax)
temperatures, melting enthalpy (AHmelt), and area. Tonset refers to the temperature at which specific crystals
start melting, Tpeax refers to the temperature when the maximum melting point occurs, end Teng refers to the
temperature at which the melting process finishes, AHnei: refers to the energy required to melt a sample, and
area refers to the amount of heat absorbed by the sample during the melting process (Afoakwa et al., 2008a).
Table 2 describes the analysis of the melting properties of the samples.

Table 2. Effect of cocoa bean origin and conching time on the onset (Tonset), peak maximum (Tpeak) and end (Tend)
temperatures, melting enthalpy (AHmen), and area of Indonesian dark chocolate.

Cocoa Bean Conching time Tonset Tpeak Tend AHmelt Area
(h) ({9 (4O ({9 J/g) (mJ)
100% fermented from Jember 6 31.99 33.90 35.25 58.69 311.08
0,
100% fermented from Southeastern 6 3103 3441 3573 s6.58 252,02

Sulawesi

The Tpeak of the sample made with 100% fermented cocoa beans from Jember with 6-hour conching was
lower than that of the sample made with 100% fermented cocoa beans from Southeastern Sulawesi with 6-hour
conching, 33.90 and 34.41 °C, respectively. The Tenq of the sample made with 100% fermented cocoa beans
from Southeastern Sulawesi with 6-hour conching was higher than that the sample made with 100%
fermented cocoa beans from Jember with 6-hour conching, 35.73 and 35.25 °C, respectively. The Tpeak of the
sample made with 100% fermented cocoa beans from Jember with 6-hour conching was 33.90 °C and that of
the sample made with 100% fermented cocoa beans from Southeastern Sulawesi with 6-hour conching was
34.41 °C, showing that the chocolate sample may be in the form of crystal V or Beta 2. Crystal V was
crystallized cocoa fat with melting temperature between 32 and 34 °C (Afoakwa et al., 2008c¢). Crystal V is
the most stable crystallized cocoa fat, and was developed through good tempering (Shah et al., 2010). Crystal
V is a preferable type of crystal because it produces better flavor (Furlan et al., 2017b). Well tempered
chocolate developed polymorph V, making it shiny, easy to break, contracting, and resistant to bloom
formation during product storage. The Tenq value gives an idea about the melting point and can be used to
measure polymorphic status.

DSC analysis showed that the sample made with 100% fermented cocoa beans from Jember with 6-hour
conching had higher AHpeir compared with that of the sample made with 100% fermented cocoa beans from
Southeastern Sulawesi with 6-hour conching, 58.14 and 56.54 J/g, respectively. The higher AHmei: showed
that the first sample had greater consistency than the second one. The higher AHy.ir was associated with
consistent structure; a more consistent structure requires more energy to melt the fat perfectly
(Afoakwa et al., 2009a). The sample made with 100% fermented cocoa beans from Jember with 6-hour
conching was more consistent due to interaction between the particles and the microstructural property of the
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chocolate (Aidoo et al., 2015). Chocolate with high consistency presents solid structure, smaller particle size
that fills the voids between the particles and high inter-particle interaction (Furlan et al., 2017b). Evidence of
this was that the sample made with 100% fermented cocoa beans from Jember with 6-hour conching had high
Tonset and AHmel; values. The chocolate sample that required higher energy to melt had higher heat resistance
and longer shelf life, because it presented better stability against fluctuating temperature during storing,
which can prevent melting as well as development of fat bloom on the chocolate surface (Furlan et al.,
2017a).

DSC analysis showed that the sample made with 100% fermented cocoa beans from Jember with 6-hour
conching had larger area compared with that of the sample made with 100% fermented cocoa beans from
Southeastern Sulawesi with 6-hour conching, 311.08 and 282.92 mJ, respectively. The area refers to the
amount of heat the sample absorbed during the melting process (Afoakwa et al., 2008a).

4 Conclusion

The study results showed that cocoa bean origin and conching time significantly affected the
physicochemical and microstructural properties of Indonesian dark chocolate. This study suggests that the
hardness, gumminess, yellowness and redness of dark chocolate from Jember are significantly higher than
those of chocolate from Southeastern Sulawesi. DSC analyses showed that dark chocolate from Jember has
higher melting point and melting enthalpy tend that from Southeastern Sulawesi. Meanwhile, considering the
conching times of 4, 6 and 8 h, moisture content decreases and crude fat content and all textural parameters
increase with increasing conching time. The micrographs of chocolate made with 100% fermented cocoa
beans from Jember with 6-hour conching and chocolate made with 100% fermented cocoa beans from
Southeastern Sulawesi with 6-hour conching showed evenly distributed crystal webs with interaction
between crystals and chocolate structure.
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