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 Chocolate is a two-phase rheological system. The solid phase, consisting of non-fat 
cocoa particles, sugar and soy milk is wrapped in a fat phase - cocoa butter. Physical, 
thermal, textural and organoleptic properties of chocolate depend on the composition of 
the ingredients, manufacturing process and a properly conducted pre-crystallization 
phase. 
 For this study, two chocolate masses were produced in a ball mill: one with 15% of 
soy milk powder (R1) and the other with 20% of soy milk powder (R2). The chocolate 
mass was produced at different milling times (30, 60 and 90 min), and pre-crystallization 
temperature (26, 28 and 30oC). The aim of the study was to evaluate the changes caused 
by different amounts of soy milk powder on the quality of the chocolate. The quality of 
chocolate was evaluated by comparing the nutritional composition, hardness, thermo-
rheological and thermal properties of the chocolate mass. The results show that chocola-
te mass R2, due to the presence of higher amounts of soy milk proteins, should be milled 
longer, and also needs lower temperatures for pre-crystallization.  
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INTRODUCTION 
 

 The chocolate with soy milk which was tested in this work was produced in a ball 
mill, used to manufacture chocolate and chocolate-like products. The ball mill replaces 
the two phases in a standard production process, as milling and conching are performed 
simultaneously. It is a vertical cylinder with a double wall for hot water circulation (1). In 
the central part of the cylinder there is a mixer with paddles. The mixer paddles rotate at a 
speed of 50-70 rpm, causing the collision of chocolate mass particles with the mill balls 
and due to the effects of force of impact, friction and shear stress, the size of the solid 
particles of the chocolate mass decreases (2). The mill is equipped with a mass recircula-
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tion system, so that the mass passes several times through the thick layer of moving balls 
and is fragmented many times and is submitted to the effects of shear stress and friction. 
The speed of recirculation of the mass is 3-6 kg/min. Depending on the length of grin-
ding, an optimum distribution of particles by size is achieved (3). 
 The optimal parameters for production of chocolate with soy milk, used in this study, 
were determined in the work by Pajin et al. (4).  
 Melted chocolate is a complex rheological system, where solid particles are dispersed 
in the fat phase. The fat phase consists of cocoa butter and soybean oil from soy milk. 
The solid phase is not a uniformly dispersed phase, as the particles have a different distri-
bution by size, shape, and surface properties. The influence of milling on the chocolate 
mass is reflected in the gradual reduction of shear stress due to which it achieves the 
appearance of a homogeneous suspension that starts to flow. Before forming the stable 
chocolate mass, it is tempered to form centers of crystallization of cocoa butter in a stable 
V crystalline form (5). The formed crystals allow the proper formation and solidification 
of chocolate, thus providing optimal physical and sensory properties of chocolate (6). 
 The greatest impact on the thermorheological, thermal and textural properties of cho-
colate has the composition of the ingredients, fat content, selection of emulsifiers, size 
distribution of solid particles, and particles packing method. The significance of densely 
packed particles and their mutual interactions in chocolate can be seen when cow's milk 
powder is substitute with soy milk powder. The replacement leads to high elastic proper-
ties of chocolate with soy milk. These properties are due to the presence of soy proteins: 
β-conglycinin and glycinin. β-conglycinin is prone to the processes of association and 
dissociation, and it appears in seven polymorphic forms. Each polymorphic form is a 
trimer and is composed of the same subunit or a combination of different subunits (7). 
Both soy milk proteins create intermolecular bonds, which influence the high elastic pro-
perties of the chocolate. At higher temperatures and at neutral pH, β-conglycinin and gly-
cinin form a gel. The minimum concentration of protein at which the gel can be formed is 
8%. The gel can be formed at lower concentrations, but at higher temperatures or longer 
heating times. Formation of disulfide bonds and electrostatic interactions are responsible 
for the gelation of glycinin. Glycinin forms a stable gel with a cylindrical structure. β-
Conglycinin forms an irregular gel, the process being governed by the formation of hyd-
rogen bonds. The resulting gel has a double helix structure, with a multitude of cross-
links (8). Actually, gel formation and emulsifying properties of soy proteins are the pri-
mary requirements for making a good quality chocolate with soy milk in a ball mill 
(working conditions: temperature of 50 ±2oC, neutral pH, and the pressure caused by the 
movement of the balls). 
 The quality of chocolate with soy milk varies depending on the amount of soy milk, 
which contains significant antioxidant activity. Isoflavones, flavonoids and other soy po-
lyphenols act as antioxidants and protect the low-density lipoprotein from oxidation, and 
also have a positive effect on blood plasma lipids as they inhibit platelet aggregation (9). 
Also, soy milk contains more protein and less fat than cow's milk (10), and no cholesterol 
or lactose. It has a low content of saturated fatty acids and a high content of polyunsatu-
rated fatty acids. The contents of iron, niacin, and thiamin are also higher than in cow’s 
milk. The advantage of using soy milk is reflected in its high digestibility.  
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 The objective of this study is to find optimal conditions for the preparation of choco-
late with soy milk with different amounts of soy milk, while endeavoring not to infringe 
the thermorheological, thermal and textural (hardness) properties of the chocolate. 
 

EXPERIMENTAL 
 

Materials 
 
 The raw materials used for chocolate production included cocoa butter (Theobroma, 
Amsterdam), cocoa liquor (Cargill, Italia), medium-grain sugar (Crvenka AD, Serbia), 
soy milk powder with 26% of total fat, 44% of proteins and 18.5% of carbohydrates (Pro-
vesol PSA, Brazil), hazelnut paste with 25% of a total, 28% of proteins 28% and 37% of 
carbohydrates 37% (Arslanturk, Turkey), ethylvanilin (FCC, Norway), soy lecithin with a 
minimum content of 65% insoluble in acetone (Soyaprotein AD, Serbia), polyglycerol 
polyricinoleate (PGPR) (Danisco, Malaysia).  

 
Methods  

 
 Production of chocolate mass in a ball mill. The chocolate was manufactured in a 
laboratory ball mill with a homogenizer (capacity 5 kg), of a domestic manufacturer – 
Mašinoprodukt, Crvenka. The raw materials (cocoa butter, cocoa liquor, sugar, soy milk, 
hazelnut paste, ethylvanilin, soy lecithin and PGPR) needed for the production of choco-
late mass were measured and simultaneously dosed into the homogenizer (except for 10% 
of cocoa butter which was dosed 10 minutes before taking out the mass from the ball 
mill), in which mixing was done for 20 minutes, at the temperature of 50oC and mixer 
rotation speed of 50 r/min. The homogenous mass was then transferred into the ball mill 
(ball diameter 9.1 mm; ball mass 30 kg; mixer rotation speed 50 rpm; mill inner diameter 
0.250 m; height 0.31 m.; volume of space provided for balls and 5 kg of chocolate mass 
0.0152 m3). 
 Chemical analyses. The basic chemical composition was determined using standard 
AOAC methods (11), as shown in Table 1.  
 
Table 1. Chemical methods for determining basic chemical composition of the chocolate 

mass with soy milk 
 

Quality parameter Method/Principle 
Moisture [%] Thermogravimetric 
Total fat [% d.m.] Determination of the petrol ether extract 
Proteins [% d.m.] Kjeldahl method 
Carbohydrates [% d.m.] Polarimetric 
Cocoa solids [% d.m.]  Spectrophotometric 
Non-fat cocoa components [% d.m.] Spectrophotometric 
Sucrose [% d.m.]  Polarimetric 
Lactose [% d.m.]  Iodine metric titration 
Amino acid content [% ] Ion chromatography 
Fatty acid content [%] Gas chromatography 
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 Pre-crystallization of the chocolate mass. The pre-crystallization of the chocolate 
mass was performed in a modified Brabender Farinograph laboratory pre-crystallizer (12). 
The process of pre-crystallization was controlled indirectly by the changes of the mass 
resistance during mixing, which was registered on a force/time diagram – the thermo-
rheogram. The following pre-crystallization temperatures were applied: 26, 28 and 30oC for 
both chocolate masses.  
 Sample names. Sample names of the chocolate masses used in the work are listed in 
Table 2. 
 

Table 2. Sample names of the chocolate masses mentioned in the paper 
 

Symbol of the chocolate mass Refining time (min) 
Pre-crystallization 
temperature (oC) 

R1-90-26 90 26 
R1-90-28 90 28 
R1-90-30 90 30 
R1-60-26 60 26 
R1-60-28 60 28 
R1-60-30 60 30 
R1-30-26 30 26 
R1-30-28 30 28 
R1-30-30 30 30 
R2-90-26 90 26 
R2-90-28 90 28 
R2-90-30 90 30 
R2-60-26 60 26 
R2-60-28 60 28 
R2-60-30 60 30 
R2-30-26 30 26 
R2-30-28 30 28 
R2-30-30 30 30 

 

 Determination of phase transitions by differential scanning calorimetry method. 
Differential scanning calorimetry (DSC) is a method that is based on the measurement of 
calorific value (heat flow in mW) which occurs while heating (or cooling) the test and 
reference samples at a specified speed, i.e. when they are exposed to the same temperatu-
re regime. The DSC instrument used was a TA Instruments Q20. 
 Determination of chocolate hardness. The determination of the chocolate textural 
properties was performed using a texture analyzer, following the original method 3-Point 
Bending Rig HDP/3PB. The working conditions were: measuring cell 5 kg; temperature 
20oC; speed of the cylindrical probe before the analysis 1.0 mm/s; speed of the cylindri-
cal probe during the analysis: 3.0 mm/s; speed of the cylindrical probe after the analysis: 
10.0 mm/s; distance 40 mm; texture measurement was repeated on three times after seven 
days of stabilization of the manufactured chocolate. The measured parameter was the in-
tensity of the force used to crush the chocolate. 
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 Statistical analyses. The results of measuring hardness and the total number of pon-
dered points were processed by statistical testing for significant difference between two 
means using t-test at the significance threshold of 95%, α = 0.05 (program packages Sta-
tistica 8.0 and Origin 6.1). The influence of independent variables (x and y) on the above 
dependent variables (z) was mathematically defined by means of regression analysis of 
experimental values. The response function z was defined by the regression equation 
(mathematical model) of the following form: 

 
z = b0 + b1x + b2y + b11x

2 + b12xy + b22y
2,                                [1] 

 
where: b0, b1, b2, b11, b12 and b22 are regression coefficients; x is the pre-crystallization 
temperature (tp); y is the refining time (τ); z is the response function of a characteristic 
parameter value: the chocolate hardness and the total number of points for sensory qua-
lity. The regression coefficients b1 and b2 indicate a linear effect of the independent va-
riables x and y on the dependent variable z, b11, and b22 indicate the square effect, while 
b12 indicates linear interaction of the independent variables. 
 On the basis of obtained experimental - real (ze) and theoretical - expected values (zt), 
the following statistical parameters were calculated: the standard error of the regression 
σ, p and t-values, the coefficient of determination and analysis of variance for the selec-
ted regression expression. 
 The standard error of the regression is defined by the following relation: 
 

2n

)zΣ(z
σ

2
te

−
−=                                                      [2] 

 
 The calculation of the coefficient of determination (r2) was solved to determine the 
discrepancy between the experimental and the theoretical values. 
 
 

RESULTS AND DISCUSSION 
 

Chemical composition of the chocolate mass 
 

 The chocolate mass with 15% of soy milk (R1) contains 2.2% less protein than the 
chocolate mass made with 20% of soy milk (R2). Therefore, chocolate mass R1 does not 
achieve the critical percentage of 9% of soy protein required for the formation of gel 
under the conditions of the ball mill operation. Chemical composition of chocolate mass 
R1 and R2 is shown in Table 3. 
 The changes in the composition of the ingredients have also led to a slight difference 
in amino acid composition. Chocolate mass R2 was characterized by better nutritional 
properties because of the higher percentage of essential amino acids (lysine, cysteine, 
tryptophan, threonine, isoleucine, leucine, phenylalanine and valine). The changes in the 
composition of acids fatty yielded an increase in the nutritional value of chocolate mass 
R2. 
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Table 3. Chemical composition of chocolate mass R1 and R2 
 

Quality parameters R1 R2 
Moisture (%) 1.1 1.1 

Total fat (% d.m.) 32.44 32.44 
Protein (% d.m.) 7.71 9.91 

Carbohydrates (% d.m.)  54.25 52.07 
Cocoa solids (% d.m.) 30.14 30.14 

Non-fat cocoa components (% d.m.) 4.74 4.74 
Cocoa butter (% d.m.) 25.5 25.5 

Milk fat (% d.m.) - - 
Soybean oil (% d.m.) 4.2 5.2 
Hazelnut oil (% d.m.) 2.7 1.7 

Sucrose (% d.m.) 54.25 52.07 
Emulsifiers (% d.m.) 0.5 0.5 

Lactose [% d.m.] - - 
Energy value, kcal 539.53 539.61 
Energy value, kJ 2255.24 2255.55 

Amino acids % 
Lysine 0.5 0.8 
Alanine 0.51 0.69 

Threonine 0.27 0.34 
Glycine 0.27 0.34 
Valine 0.31 0.4 
Serine 0.41 0.51 
Proline 0.36 0.47 

Isoleucine 0.45 0.52 
Leucine 0.32 0.42 

Methionine 0.05 0.07 
Histidine 0.25 0.33 

Phenylalanine 0.4 0.51 
Glutamate 1.5 1.8 
Aspartate 0.98 1.21 
Cysteine 0.07 0.09 
Tyrosine 0.25 0.43 

Fatty acids % 
Palmitic 7.45 7.45 
Stearic 9.59 9.61 
Oleic 10.71 10.51 

Linoleic 4.02 4.2 
Linolenic 0.32 0.4 

Arachidonic 0.04 0.04 
Gadoleic 0.05 0.04 
Behenic 0.1 0.07 

 
 Both chocolate masses had the same percentage of palmitic acid, while chocolate 
mass R2 had a slightly higher content of stearic acid (by 0.02%), linoleic acid (by 0.18%) 
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and linolenic acid (by 0.08%) compared to chocolate mass R1. Chocolate mass R2 con-
tained less oleic acid (by 0.2%), gadoleic acid (by 0.01%) and behenic acid (by 0.03%) 
compared to chocolate mass R1. Neither of chocolate masses contained cholesterol or 
lactose.  
 

Thermorheological properties of the chocolate masses 
 
 The torque value of chocolate mass R2 was higher compared to chocolate mass R1 
because of the higher content and complexity of the structure of soy proteins. The con-
centration of soy protein in this chocolate mass was critical (9%) and sufficient for gel 
formation and interconnection, which was particularly reflected in the increase of the tor-
que value during longer milling times of 60 and 90 minutes. The optimal torque value 
(13), which gives the chocolate mass of the appropriate rheological properties, is about 
250-350 x 102 Nm, which corresponds to chocolate mass R1-30-30 and R2-90-30. The 
higher content of unsaturated fatty acids in chocolate mass R2 did not affect the rate of 
crystallization, i.e. the extension of time needed to achieve maximum torque. The results 
are shown in Figure 1. 
 

 
             a)            b) 

 

 
c) 

 

Figure 1. Comparison of the thermorheograms of chocolate masses R1 and R2 regarding: 
a) milling time (90 min) and pre-crystallization temperature (26oC, 28oC, 30oC); 
b) milling time (60 min) and pre-crystallization temperature (26oC, 28oC, 30oC);  
c) milling time (30 min) and pre-crystallization temperature (26oC, 28oC, 30oC) 
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 By testing the statistical significance of the individual parameters of the regression 
equation it was noticed that none of the parameters had a statistically significant effect on 
the change of torque value in chocolate mass R1 (calculated t-values < tabular 3.128). 
 The regression coefficients b0, b1 and b11 also indicate specific changes of the depen-
dent variable - z (torque value) with the change of the independent variable - x (tempera-
ture of pre-crystallization). 
 The calculated value of the standard error of regression (σ = 194.35) confirms that the 
used of the chosen mathematical model gave a large dispersion of the experimental valu-
es. The value of the coefficient of determination (r2 = 0.938) indicates that the torque va-
lue of chocolate R2 is determined by variations of independent variables with 93.8%. 
Analysis of the variance of the regression equation confirms it at a significance level of 
95% (α = 0.05). Using a selected regression equation, the behavior of the torque value 
can be predicted for chocolate R2 when changing the milling time and pre-crystallization 
temperature (calculated F = 42.777> tabular F0.05; 6; 3 = 8.94). The results of statistical data 
are shown in the 3D and contour diagram in Figure 2. 
 

  
   a)                                                                 b) 

 
Z1 = 23511.11 – 1550.83 tp - 11.44 τ + 25.83 tp

2 + 0.37 tpτ + 0.02 τ2 
 

Figure 2. The influence of milling time and pre-crystallization temperature on maximum 
torque value of chocolate mass R1, a) 3D diagram b) contour diagram 

 
 Using statistical data the functional dependence of the maximum torque value of cho-
colate mass R2 on pre-crystallization temperature and milling time was calculated. The 
results indicate that the pre-crystallization temperature had a higher impact on the maxi-
mum torque value than the milling time. By comparing the obtained t-values with the tabu-
lar value t0.05;3 = 3.182 it can be noticed that the most important parameters in the regression 
equation were b0, b1 and b11, i.e. the elements which indicate the significance of the pre-cry-
stallization temperature. The values of the standard error of regression indicate a significant 
dissipation of the experimental values from the theoretical ones (σ = 89.35). The results of 
the analysis of variance (F = 24.12 is greater than the tabular value F0.05;6;3 = 8.94) with the 
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risk of error α = 0.05 (p < 0.05), confirm that the applied regression equation as a whole 
significantly defines the dependence of the torque value on the independent parameters. The 
torque value for chocolate R2 is determined by variations in the pre-crystallization tempera-
ture and milling time by 90.01% (R2 = 0.901). The results are shown in Figure 3.  
 

   
a)                                                                 b) 

 
Z1 = 32075.5556 - 2239.1667 tp + 29.1111 τ + 39.1667 tp

2 - 0.625 tpτ - 0.087 τ2 
 

Figure 3. The influence of milling time and pre-crystallization temperature on the 
maximum torque value of chocolate mass R2, a) 3D diagram b) contour diagram 

 
 

Comparison of thermal properties of chocolate masses R1 and R2 
 

 The thermal properties of chocolate with soy milk are most influenced by soy proteins 
(14), as well as by particle size. Disulfide bonds and electrostatic interactions are respon-
sible for gelling of soy protein - glycinin. Glycinin forms a stable gel with a cylindrical 
structure, while an irregular gel is formed by β-conglycinin, for which most responsible 
are hydrogen bonds. Gel is formed by aggregation of molecules and has a double helix 
structure with a variety of cross-links (15).  
 It was observed that the pre-crystallization temperature of chocolate mass R1 tended 
to increase the value of Tindex regardless of the milling time. Afoakwa et al. (16) also re-
ported that the melting interval increased with a decrease in the particle size, due to stron-
ger interactions between the components. The results of thermal properties of chocolate 
masses R1 and R2 are shown in Table 4.  
 The values shown in Table 4 are the average values of the largest cocoa particles. Re-
garding chocolate mass R2, the increase in the amount of soy milk from 15 to 20% resul-
ted in an increase of the Tindex value on average by about 2oC. Samples of R2-90 had a 
lower Tindex value because the R2-90 samples had fewer crystallizing forms, which resul-
ted in a shorter melting interval. 
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Table 4. Thermal properties of chocolate masses R1 and R2 
 

Sample 
Tonset 
(oC) 

Tend  
(oC) 

Tpeak 

(oC) 
Tindex 
(oC) 

ΔHmelt 

(J/g) 
Particle size 

(μm) 
R1-30-26 26.88 36.66 33.66 9.78 29.40 

106.15 R1-30-28 29.49 37.35 34.19 7.86 21.11 
R1-30-30 27.81 39.66 34.41 11.85 24.97 
R1-60-26 27.71 40.19 34.72 12.48 24.73 

86.33 R1-60-28 27.69 40.16 34.60 12.47 21.30 
R1-60-30 27.92 40.87 35.05 12.95 25.17 
R1-90-26 31.24 35.49 33.52 4.25 28.19 

78.48 R1-90-28 27.31 35.80 33.28 8.49 30.37 
R1-90-30 27.74 35.95 33.29 8.21 27.27 
R2-30-26 27.07 35.87 33.24 9.59 27.09 

104.61 R2-30-28 25.13 33.68 32.11 12.22 25.54 
R2-30-30 31.44 34.49 32.68 8.22 30.58 
R2-60-26 25.58 35.41 32.03 14.61 28.55 

85.25 R2-60-28 26.79 35.75 32.73 13.37 29.14 
R2-60-30 27.31 35.32 33.14 13.56 32.88 
R2-90-26 29.60 34.20 32.27 5.89 29.78 

72.92 R2-90-28 26.55 35.92 33.01 9.25 29.36 
R2-90-30 26.76 35.72 32.76 9.19 27.07 

 
 All samples showed a tendency to increase enthalpy with the increase in the retention 
time in the mill because the decrease in the particle size is accompanied by an enhanced 
interaction between the components, and the system requires more energy for melting. 
The lowest values of enthalpy showed samples with a retention period of 30 min in the 
ball mill, which can be attributed to an insufficient time of milling, resulting in a system 
with non-uniform particle size. Samples of chocolate mass with optimum enthalpy are 
R2-90, and especially sample R2-90-30. 
 
 

Comparison of the textural properties 
 
 Experimental results of measuring hardness of chocolate R1 and R2 as a function of 
milling time and pre-crystallization temperature are shown in Figure 4. 
 As can be seen, milling time and pre-crystallization temperature had an equal influen-
ce on the hardness of chocolate R1. The best hardness has the chocolate that was pre-
crystallized at 26oC and milled for 90 min. Finer milling results in a decrease of the cho-
colate hardness, and an extended milling time requires a lower pre-crystallization tempe-
rature. To achieve an optimum hardness, the chocolate mass with higher content of soy 
milk (R2) needed a lower pre-crystallization temperature and shorter milling time. Cho-
colate mass R2 was harder than chocolate mass R1 by an average of 42%. 
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Figure 4. Effect of pre-crystallization temperature and milling time on hardness of 
chocolate R1 and R2 

 
 

CONCLUSIONS 
 

 The increase in the amount of soy milk from 15% to 20% did not cause a change in 
the rate of crystallization of chocolate mass, regardless of the applied temperature, but 
resulted in an increase in torque values. The optimum torque value (250-350 x 102 Nm) 
that provided adequate rheological properties of chocolate mass was achieved at the pre-
crystallization temperature of 30oC, regardless of the amount of soy milk. Regardless of 
the milling time and the pre-crystallization temperature, chocolate mass R2 had higher 
Tindex values, as well as the enthalpy values comparing to chocolate mass R1. Chocolate 
R2 is harder than chocolate R1 on an average by 42% for all tested milling time and pre-
crystallization temperatures. 
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УТИЦАЈ КОЛИЧИНЕ СОЈИНОГ МЛЕКА НА ТЕРМОРЕОГРАФСКЕ, 
ТОПЛОТНЕ И ТЕКСТУРАЛНЕ КАРАКТЕРИСТИКЕ ЧОКОЛАДЕ СА 
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 Чоколада представља двофазни реолошка систем. Чврста фаза коју чине немас-
не какао честице, шећер и сојино млеко обавијенa je масном фазом - какао масла-
цем. Физичке, топлотне, текстуралне и органолептичке особине чоколаде зависе од 
сировинског састава, поступка производње и правилно вођене фазе преткристали-
зације.  
 У овом раду су произведене у кугличном млину две чоколадне масе: са 15% со-
јиног млека у праху (R1) и 20% сојиног млека (R2). При призводњи чоколадних ма-
са, време уситњавања чоколадне масе се варарало (30, 60 и 90 мин), као и темпера-
тура преткристализације (26, 28 и 30oC). Циљ рада је да се утврде промене које иза-
зива различита количина сојиног млека у праху на квалитет чоколаде. Kвалитет чо-
колада је праћен упоредивањем нутритивног састава, чврстоће, термореографских 
и топлотних карактеристика чоколадних маса. Резултати показују да је чоколадној 
маси R2, због присуства веће количине протеина сојиног млека потребно дуже вре-
ме млевења, али и нижа температуре преткристализације. 
 
Kључне речи: чоколада, куглични млин, сојино млеко, топлотне карактеристике, 

чврстоћа 
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