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Abstract  
Extrusion of corn semolina and milled cocoa shells for flavoring using a single screw extruder Brabender 20DN 

was carried out. Full factorial experiment 22 was used to investigate the effect of the quantity of cocoa shells and 

moisture of the material on the density and expansion index of extrudates. Feed screw speed and working screw 

speed were fixed at 40 and 200rpm, respectively. Compression ratio of the screw was 4:1. Temperatures of the 

feed, II-nd and III-rd zone were 150, 155 and 160°C. The obtained results show that moisture of the material has 

a deep influence on the density and expansion index of extrudates. The increase in moisture from 14% to 20% 

results in a decrease of the expansion index, while the density increases.  

 

Practical applications  

Cocoa shells in an amount of up to 10% can be used in the production of extrudates by mixing with corn semolina. 

Expansion index values range between 2.17 and 3.27 and the density between 0.1 and 0.207 g.cm-3. The resulting 

regression models can be used to optimize the process. In general, results show that cocoa shells can be mixed 

with corn semolina for the production of extrudates, which allows us to recommend extrusion processing of cocoa 

shells as an alternative technology in utilization processing of raw cocoa materials. 
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Introduction 
 

The extrusion process is very popular in the food 

industry. It effectively allows the creation of 

innovative products and is suitable for utilization of 

waste materials (Cisneros & Kokini, 2002). 

Extrusion is a complex technological process in 

which the treated material is subjected to a complex 

effect of heat, moisture, temperature and shear 

stresses (Riza, 2000). It is widely used for the 

processing of cereal raw materials (flours, 

semolinas, flakes, etc.), resulting in different types 

of snacks and structured products with low 

nutritional values (Onwulata et al., 2011). Corn 

semolina is one of the most used materials for 

producing extruded products such as ready to eat 

snacks and cereals (Gujral et al., 2011), though they 

are also with low nutritional values and 

unsatisfactory flavors. Therefore, in recent years, 

various ways of enriching and flavoring the extruded 

corn semolina products with bean, buckwheat, 

chestnut and etc. have been sought (Anton et al., 

2009; Delgado-Licon et al., 2009; Jozinovic et al., 

2012; Jozinovic et al., 2016). 

Cocoa seeds called "food of the gods" are key raw 

materials in a number of food, cosmetic and 

pharmaceutical technologies. During their pre-

treatment, after they are baked and grinded, they are 

separated as waste material shells (cocoa shells), 

which contain valuable biologically active 

substances such as polysaccharides, proteins, 

vitamins, caffeine, tannin, organic acids, etc 

(Hartati, 2010). The issue regarding the rational use 

of cocoa shells has been long investigated, but no 

satisfactory decision has been found so far 

(Galanakis, 2012). Shells are known to be used as 

animal feed, for making fuel briquettes, for 

fertilizing and improving the soil, for heavy metal 

sorption in wastewater, for producing alcohol, 

furfural, theobromine, for making thermoset resins, 

acoustic and thermal insulation panels, paper, as 

pasta ingredients, to prevent deposit formation in 

pipelines, etc. (Bhandari et al., 2001; Meunier et al., 

2004; Okieimen & Imanah, 2006; Osundahunsi et 

al., 2007). Despite the large number of technologies 

available and used for processing cocoa shells, none 

has received widespread application, hence the 

necessity to continue studies on the utilization of 

these waste products towards waste-free chocolate 

production. 

 

 

 

Materials and Methods 
Materials 

Cocoa shells from cocoa seeds of the “Rio” variety 

(Fig.1) were used during experimentation. These 

shells are utilization material for the production of 

chocolate, and are kindly provided by “Gaio 

Chocolate” Plovdiv. The chemical composition of 

the shells is presented in Table 1. The corn semolina 

was supplied by Sole Proprietor “Olimpiya 

Chalamova”, Plovdiv, with a moisture of 11% and 

average particle size dср=1.138mm. The cocoa shells 

and the corn semolina were milled and mixed in the 

desired proportions with the addition of water to 

achieve the specified moisture (Fig.2). 

 

Extrusion 

The extrusion was performed on a Brabender 20 DN 

single-screw laboratory extruder (Toshkov, 2011) 

under the following conditions: nozzle diameter 3 

mm, screw compression ratio 4:1, feed screw speed 

40min-1, working screw speed 200min-1,and 

temperatures in the first, second and third extruder 

zones 150°C, 155°C and 160°C. 

 

Analysis methods 

Statistical processing 

A full factorial experiment (N=22) was used during 

processing. The independent variables were the 

cocoa shells content and moisture of the extrusion 

mixture. Experimental plan with the natural and 

encoded values of both factors is presented in table 

2. Experiments at all points of the plan were 

conducted with a three-fold repeatability. 

To model the dependencies in encoded form, a linear 

regression equation with factor interactions was 

used:  

y = bo +


n

1i
iiXb +



n

1i



n

1i
jiij XXb  (1) 

where: bo, bi и bij are free coefficient, linear effect 

coefficient and factor interaction coefficient. 

All statistical processing were performed with 

statistical analysis software Stat graphics Centurion 

trial version. 

 

Analysis of extrudates 

The expansion index (EI) is calculated as the ratio of 

the average diameter of the extrudates to the 

diameter of the die nozzle. The density of the dry 

extrudates (ρ) is determined as the ratio between the 

mass and the volume of the cylindrical sample.  
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Results 
Table 3 shows the mean values and standard 

deviations for the expansion index and density of the 

extrudates for all tested points. The results obtained 

show that the expansion index ranges between 2.17 

and 3.27 and the density between 0.1 and 0.207 

g.cm-3. These results are consistent with those of 

extrusion of a single-screw extruder of mixtures of 

corn semolina and bean flour (Anton et al., 2009); 

buckwheat flour (Jozinovic et al., 2012) and spelt 

flour (Jozinovic et al., 2016). 

The following adequate mathematical models were 

obtained at the 5% significance level: 

 

EI = 2,717 – 0,1Х1 – 0,447Х2   (2) 

 

ρ = 0,156 + 0,007Х1 + 0,047Х2 – 0,002Х1Х2 (3) 

 

Discussion 
Fig. 2 shows the response surfaces and contour lines 

for the expansion index variation, according to the 

two independent variables. The images show a 

decrease of the expansion index when increasing 

moisture and the amount of cocoa shells in the 

mixture. A greater influence on the expansion index 

exposes the moisture of the extrusion mixture. 

Increasing moisture reduces the degree of 

gelatinization, which reduces the expansion index 

and increases the density of the resulting extrudates. 

When extruding a wetter meal, it is not possible to 

evaporate enough water and form stable air bubbles, 

which, together with the reduced pressure in the 

extruder cylinder, reduces the expansion index of the 

products. The expansion index decreases as the 

amount of cocoa shells increases, because the 

protein and the fiber content of the mixture 

increases. This leads to the interaction of those 

components with starch and the formation of new 

structures, resulting to the breakage of the cell walls 

and reduction of air bubble formation (Anton et al., 

2009). The complexes, formed between starch and 

proteins, suppress the gelatinization process of the 

starch and help its dextrinisation, which negatively 

affects the expansion index and the extrudates 

texture. Response surfaces and contour lines for the 

density variation, according to the two independent 

variables are shown on Fig. 3. The images show that 

the lowest extrudates density values are obtained at 

a lower level of the two independent variables. 

Increasing the moisture of the extrusion material 

changes the molecular structure of amylopectin, 

reducing the elasticity and thus increasing the 

density of the resulting extrudates (Ding et al., 

2006).  The figure also shows that increasing the 

extrudates density with an increase in the amount of 

cocoa shells in the mixture is more pronounced at 

low moisture. At higher moisture, this tendency is 

minimal, most likely due to increased mobility of 

protein molecules and formation of more complex 

sites with starch molecules, resulting in a more 

elastic matrix and minimal expansion. That happens 

without significant change in the density of the 

extruded product. Fig. 4 show the correlation 

between the expansion index and the density of the 

resulting extrudates for the tested points. There is a 

strict linear correlation (R2=0.99) between the two 

values – increasing the expansion index decreases 

the density of the extruded products.  

 

Conclusion 
The results show, that cocoa shells in an amount of 

up to 10% can be mixed with corn semolina to 

produce expanded product by the hot extrusion 

method. Adequate mathematical regression models 

were obtained, showing the influence of cocoa shells 

and the moisture of the mixture on the density and 

expansion index of corn semolina and cocoa shells. 

Expansion index values range between 2.17 and 3.27 

and a density between 0.1 and 0.207 g.cm-3. 

Increasing the moisture and the amount of cocoa 

shells in the mixture results in a decrease in the 

expansion index, while the extrudates density 

increases.  
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Figure 1. Cocoa shells 
 

 

 

 
Figure 2. Response surface and contour lines for the expansion index variation, depending 

on the content of cocoa shells (X1) and moisture (X2) 
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Figure 3. Response surface and contour lines for density variation, depending on the 

content of cocoa shells (X1) and moisture (X2) 

 

 
 

Figure 4. Correlation between the expansion index and density  
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Table 1. Chemical composition of cocoa shells  

 

Indicator Value 

Proteins 14 % 

Carbohydrates 45 % 

Fats 3 % 

Theobromine 1.2 % 

Caffeine 0.1 % 

Organic acids 1.1 % 

Vitamin D 0.2 %  

Vitamin В1 and В2 0.08 % 

Water 10 % 

 

 

 

Table 2. Experimental plan in natural and encoded values 

 

№ Natural value Encoded values 

Content of cocoa shells, 

% 

Moisture, % Х1 Х2 

1 5 14 -1 -1 

2 5 20 -1 +1 

3 10 14 +1 -1 

4 10 20 +1 +1 

 

 

 

 

 

Table 3. Experimental results for the expansion index and density 

  

№ Expansion index, EI Density (ρ), g.сm-3 

1 3.27±0.028* 0.100±0.0020 

2 2.36±0.039 0.198±0.0016 

3 3.06±0.010 0.118±0.0014 

4 2.17±0.025 0.207±0.0019 

*Standard deviation based on three-fold repeatability 

 

 

 


