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ABSTRACT 
Chocolate has some unique characteristics that solid at room temperature, brittle when broken and completely melts at 
body temperature. In the tropics, a specific approach in formulating chocolate is needed due to its high average 
temperature. This research aimed to develop formulation of heat-resistant chocolate with the addition of carrageenan-
based hydrogel (CG). Experimental variables used were four concentrations of hydrogel namely 0%, 3%, 5%, and 7%. 
Four parameters including moisture content, particle size, melting profile and hardness were evaluated at 0, 4, 8, and 12 
days. The result manifested that the addition of carrageenan-based hydrogel influenced chocolate parameter. As the 
concentration of hydrogel increased, moisture content, melting point, hardness and particle size also increased. 
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1. INTRODUCTION 
Chocolate is unique and there are so many things to 

explore about it. Chocolate does not only have good taste, 
but also have some benefit for blood circulation, high 
antioxidant content and can reduce the risk of heart 
disease [1]. Chocolate is solid at room temperature but 
brittle and completely melts in your mouth at body 
temperature.  

The characteristic of chocolate that easily melts 
corresponds to the constituent fat consisting of 
triglycerides (stearate, oleic acid and palmitic acid [2] 
that melt at 32-34oC [3]. In the tropics with high average 
temperature, chocolate melting point becomes an issue 
that has to be overcome. Innovation on producing heat 
resistant chocolate (HRC) has been conducted for 
decades. HRC is a chocolate which has comparatively a 
higher melting point and can conserve its properties and 
structure [4,5,6] 

There are several methods to produce HRC such as 
substituting the cocoa butter with high melting point fat, 
fat phase interesterification, the addition polymer which 
binds fat, develop network microstructure and indirect 

incorporation of water [4]. The latter can be done by 
adding hybrid hydrogel which has ability to bind good 
amount of water thus retard the melting of cocoa butter 
[7].  

Several studies about hydrogel addition into 
chocolate has been conducted. The use of 
polysaccharides to formulate the hydrogel for chocolate 
addition were varied. Pectin-based hydrogel has been 
used as fat mimetic to produce HRC [7]. The previous 
studies to formulate HRC using Xanthan Gum-based 
hydrogel [8] and Konjac glucomannan [9] were also 
conducted.  Carrageenan is a type of polysaccharides that 
is potential to be used for hydrogel production.  

The purpose of this study was to investigate the use 
of Carrageenan-based hydrogel to produce HRC. 
Hydrogel was made by different concentration of 
carrageenan. The maturation duration was used as 
variable to determine the correlation between crystal 
formation and the change in chocolate parameter during 
storage time.  
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2. MATERIALS AND METHODS 
The study was conducted from November 2021 to 

June 2022 at the Laboratory of Food and Postharvest 
Engineering and the Laboratory of Biophysics, Faculty 
of Agricultural Technology, Universitas Gadjah Mada.  

2.1. Materials 
The materials used in the study were cocoa paste and 

cocoa powder. These ingredients were purchased from 
Indonesian Coffee and Cocoa Research Institute (Jember, 
East Java), while the cocoa butter was bought from UGM 
Cocoa Teaching and Learning Industry (Batang, Central 
Java). Sugar was bought at PT Sugar Group Companies 
and food grade Carrageenan powder was purchased from 
Alfa Kimia Biomedikatama (Yogyakarta). The 
characteristics of the ingredients can be seen in Table 1.  
Table 1. Characterization of Ingredients 

Ingredients Moisture 
content (%) 

Fat 
content 

(%) 

Fineness 
Modulus 

Cocoa powder 3.78 27.76 0.33 
Cocoa butter 0.07 100 - 
Cocoa mass 1.66 52.42 - 
Carrageenan 17.33 - 1.99 
Sucrose 0.10 - - 

2.2. Sample preparations 
Reference chocolate (CG0) containing 36% fat was 

made of 26% cocoa powder, 10.9% cocoa paste, 23.1% 
cocoa butter and 40% sugar. Chocolate samples used in 
this study (36% of fat content) were dark chocolates 
formulated Carrageenan-based hydrogel (CG) with three 
different level of hydrocolloid namely 3%, 5% and 7%. 
After tempering process, chocolates were stored in 
thermostat cabinet at 10oC for maturation. The analyses 
were conducted at day 0, 4, 8, and 12 (D). There were 16 
samples in this study (Table 2). 

Table 2. Name of Chocolate 
Name of the Sample 

Hydrocolloid 
Content 

Maturation (Day-) 
0 4 8 12 

0% CG0D0 CG0D4 CG0D8 CG0D12 
3% CG3D0 CG3D4 CG3D8 CG3D12 
5% CG5D0 CG5D4 CG5D8 CG5D12 
7% CG7D0 CG7D4 CG7D8 CG7D12 

2.3. Hydrogel preparations 
Hydrogel was prepared by mixing distilled water and 

Carrageenan with magnetic stirrer with 750 rpm at 
temperature of 80-90oC for 5 minutes. Carrageenan 
proportions used in hydrogel formulation were 0%, 3%, 
5% and 7%.  

2.4. Chocolate processing 
Dark chocolate was produced in two stages of using 

small scale processing system. The first stage consists of 
mixing all the main ingredients (cocoa powder, cocoa 
mass, cocoa butter and sucrose), refining and conching-
like process for 10 hours using Santha Grinder. The 
second stage was conducted in a Premier Wonder 
Grinder. In this process, chocolate was added with 2% 
Carrageenan-based hydrogel and then mixed for 5 hours. 
The chocolate was heated at 60oC with heat gun for 5 
minutes in every 30 minutes of interval. After this 
process, chocolate was tempered manually following a 
method developed by Kurniasari et al., [10]. Afterwards, 
chocolate was molded and vibrated to remove the air 
bubble. Chocolate was then stored in a thermostat cabinet 
at 10oC and tested at day-0, 4, 8 and 12. 

2.5. Analytical Methods 
2.5.1 Melting point 

A 250 ml beaker glass was placed inside a water bath. 
Water was poured into glass and water bath and 
conditioned to the same height. The initial temperature of 
water inside the beaker glass and water bath was set to be 
27oC, measured using a thermocouple. Afterwards, 1 cm 
x 1 cm x 1 cm chocolate was put in a concave spoon and 
placed inside beaker glass, submerge into the water. The 
sample was slowly stirred and temperature of water bath 
was increased by 1oC in 1 minute of interval. The 
chocolate melting point was indicated by the change of 
chocolate formation inside the spoon that become softer 
and melts easily. 

2.5.2Moisture content 
Chocolate samples were heated in the oven at a 

temperature of 105oC for 24 hours. The sample was 
further cooled and put in a desiccator for ± 15 minutes.  
Chocolate moisture content was determined using 
thermogravimetric methods (Equation 1) 

MC (wb, %) = M0− M1

M0
x 100%               (1) 

Where: 
Wb = wet basis moisture content, the ratio of the      

weight of water to the total weight of initial 
mass 

M1  = Final mass (g) 
M0 = Initial mass (g) 

414             I. N. Safitri Kusumawardani et al.



  

 

*) Significantly different at p < 0.05 
2.5.3 Particle Size 

The measurement of chocolate particle size was 
conducted according to Fadilah et al., 2022 [8] with slight 
modification. Approximately 0.5 g of chocolate was 
melted in the oven at 55oC for an hour and dissolved in 
10 ml of vegetable oil. Sample was homogenized by 
vortex mixing for 1 minute. After mixing, the solution 
was drip into prep glass and the particle size was 
measured. Chocolate particles were measured using 
optical microscope Olympus CX23 equipped with LED 
lighting system and Optilab camera to capture the 
chocolate microparticle. The sample was then measured 
using Image Raster 3 software.  

2.5.4 Hardness 
Chocolate hardness was measured using Brookfield 

texture analyzer with probe no. 39 with diameter of 2 
mm. The measurement was conducted using 
compression test with 3 mm target value. The 
measurement was recorded as load value in gram, then 
converted to tension in N/mm2. The conversion is 
formulated using equation 2. 

𝜎 =  
𝑙𝑜𝑎𝑑 𝑥 𝑎

𝜋𝑟2                   (2) 
 
2.5.5 Color measurement 

The chocolate color was tested using a chromameter 
according to Bangun et al., [9]. The setting used was L*, 
a*, b*.  Color testing was done by placing the 
chromameter just above the sample and then pressing the 
measurement button. The L*, a*, b* value can be seen on 
the screen when the chromameter emit light 
simultaneously with button pressing. From the a* and b* 
value, the hue and chroma value can be calculated using 
equation 3 and 4. 

hueo  = tan−1  (
b∗

a∗)  x 
360°

(2 x π)
             (3) 

Chroma  = √(𝑎∗2) + (𝑏∗2)             (4) 

2.6. Data analysis 
Data was analyzed using IBM SPSS version 25.0 

software consist of Analysis of Variance. Prior to the  

 

one-way ANOVA test, the homogeneity of the sample 
was tested using the Levene's test. Tukey test was chosen 
to determine the differences in sample variations.  

3. RESULT AND DISCUSSION 
The addition of Carrageenan-based hydrogel 

influenced some physical characteristics of chocolate. 
The type of sample and the maturation duration were 
significantly influenced chocolate hardness, melting 
point, particle size, lightness, yellowness and chroma. 
There was strong interaction between sample and 
maturation duration in chocolate characteristics (Table 
3).  
3.1. Melting point 

Melting point is one crucial parameter that indicates 
chocolate quality. The polymorphic formation of fat 
during tempering process affects the stability of final 
chocolate product [2] [11]. Chocolate characteristics are 
also significantly influenced by its moisture content. 
High moisture content in chocolate forms sugar network 
which can maintain chocolate structure thus resulted in a 
higher melting point. Chocolate with the addition of 
Carrageenan-based hydrogel showed a higher melting 
point. In can be observed from Figure 1. the higher the 
proportion of the Carrageenan-based hydrogel, the higher 
the melting point of chocolate.  

 
Figure 1. Melting point of chocolate formulated with 
Carrageenan-based Hydrogel 

Overall, chocolates melting temperature were above 
34oC. According to Stortz & Marangoni [4] chocolate 
melting point that higher that 33,8oC can be categorized 
as heat resistant chocolate. The duration of maturation 
also influenced the increase of melting point. Chocolate 
crystal formation reached a stable state after 
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Table 3. Two Way ANOVA 

Parameter Hardness 
Melting 

Point 
Particle 

Size Lightness Redness Yellowness Hue Chroma 
Sample (S) * * * * * * - * 
Maturation (M) * * * * * * - * 
S x M * * * * * * * * 
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approximately 7 days storage. To produce a good quality 
of heat resistant chocolate, this melting point result, 
however should be conformable to the other chocolate 
properties. 

3.2. Moisture content 
Moisture content is a parameter that have direct 

correlation with chocolate melting point, hardness, 
flowability and appearance. A good chocolate should be 
lower than 2% in moisture content [12]. Carrageenan-
based hydrogel contains high moisture content. High 
moisture content in chocolate can cause agglomeration 
that influences chocolate microscopy and change the 
final chocolate product [13].  In this study, all chocolates 
contained moisture content lower than 2%.  

 
Figure 2 Moisture content of chocolates formulated with 
Carrageenan-based Hydrogel 

3.3. Hardness 
Chocolate hardness is influenced by fat content, 

moisture content, particle size and tempering process 
[14]. The result of this study showed that the higher the 
carrageenan content in hydrogel, the harder the chocolate 
texture. Chocolate hardness has positive correlation with 
chocolate moisture content. The addition of hydrogel into 
chocolate created structure chain that binds particle thus 
result in higher hardness and viscosity [4]. 

 
Figure 3 Hardness of chocolate with Carrageenan-based 
Hydrogel 

3.4. Particle size 

Chocolate particle size is important to determine the 
quality of chocolate. Particle size can be directly 
perceived when chocolate is consumed. Fine chocolate 
has small particle size and the refining process influences 
it [15, 16, 17]. The particle size of chocolate with 
Carrageenan-based hydrogel was bigger than 30 µm. 
This might be due to the addition of hydrogel that 
contained water that form sticky patches and 
agglomerated particle size [3, 18] 

 
Figure 4 Particle size of chocolate with Carrageenan-
based Hydrogel 

3.4. Color 
Color represents chocolate appearance. Several 

factors that influence chocolate color are materials, 
production method, tempering process [19] and storage 
duration [20]. Good chocolate has an even color and 
glossy. Chocolate with higher carrageenan content in 
hydrogel showed a tendency to be higher in lightness 
value. The redness, yellowness, hue and chroma of 
chocolate were fluctuated.  

4. CONCLUSION 
Chocolate formulated with Carrageenan-based 

hydrogel exhibited  higher melting point, moisture 
content and hardness. The chocolate particle was 
categorized as gritty particle. The formulation has 
potential to be developed as HRC, however further 
research to optimize the chocolate characteristics should 
be done. 
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