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Abstract 

Krička T., Matin A., Voća N, Pospišil A., Grubor M., Šaronja I., Jurišić V. (2018): Changes in nutritional and energy 
properties of soybean seed and hull after roasting. Res. Agr. Eng., 64: 96–103.

After harvesting, soybean seed must be thermally treated because of the increased moisture content. The most com-
mon thermal treatment of soybean is roasting, with three indicators that are critical for the process itself: seed mois-
ture content, roasting period and process temperature. Following the above-mentioned, the aim of this paper was to 
determine nutritional and energy changes in three soybean varieties (‘Gordana’, ‘Sivka’ and ‘Slavonka’). After collecting 
the samples, the nutrient structure of the core and energy components of seed hull for each variety were determined 
before and after the heat treatment by roasting. The roasted soybean seeds of the specified varieties were dried by ex-
posure to temperatures of 125°C and 135°C in the duration of 10, 20 and 30 minutes. The results show that significant 
changes occurred in nutritional properties of soybean seed core in relation to temperature and time of roasting, as well 
as to assortment. There are also significant differences in elements, which affects the energy properties of soy seed hulls 
depending on temperature and duration of the procedure.
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Soybean (Glycine max (L.) Merr.) is an old ar-
able crop and one of the first domesticated plants 
in history. In terms of oil production, soybean by 
far exceeds other oilseed crops and amounts to 
35% of total world oil production. Soybean crop 
has numerous uses and when processed, it can be 
fully utilized (Oveido et al. 2011). Today, soybean 
seeds are used for producing oil and as a protein 
component in the human diet and animal nutrition 
(Sobczaka 2015). Soybean is the most popular and 
one of the most investigated leguminous crops, it 
is used in form of cooked seeds, flour, tofu, milk 
etc.; however, it is mostly grown as an oil plant for 
cooking oil production as well as oil for other uses. 
In the last decade, its residues (biomass) have been 
used as fuel (Yoo et al. 2012). 

The soybean fruit is a pod containing 2 to 5 seeds. 
Raw soybean seeds are not a desirable ingredient in 
animal nutrition because of their low digestibility, 

which results in poor animal growth and is a poten-
tial cause of maldigestion. Nutritional properties of 
soybean core derive from its chemical composi-
tion and in average are made of 35–50% of protein, 
18–24% oil, 34% carbohydrates, 5% ash and 10-13% 
moisture (Vratarić et al. 2008). However, the main 
cause of low digestibility of raw soybean is a tryp-
sin inhibitor. Moreover, raw soybean seeds contain 
urease enzyme, which, when in contact with urea (a 
component of animal feed for ruminants), compro-
mises its efficiency in animal feeding. 

After harvesting, soybean seed must be thermally 
treated because of an increased moisture content. 
Thermal treatment is any procedure where soybean 
seeds are exposed to increased temperature for a 
specific period of time. It includes drying, inter-
nal heating (infra-red and microwave radiation), 
pressing (extrusion, expansion, roller pressing) and 
roasting, all in order to increase digestibility of soy-

96

Vol. 64, 2018 (2): 96–103 Res. Agr. Eng.

https://doi.org/10.17221/29/2016-RAE



beans. The result is higher digestibility of proteins 
since the process improves digestibility of amino 
acids and neutralizes anti-nutritional components 
(Reddy, Pierson 1994; Adeyemo, Onilude 2013). 

The most common thermal treatment of soy-
bean is roasting. The roasting technology is a ther-
mal process that requires intensive heating; it is 
obtained by infra-red beams, but more often the 
process uses liquid or gaseous fuels and electric 
energy. The procedure includes roasting of beans 
at temperatures from 120°C–140°C up to 160°C, in 
order to enhance nutritional and physico-chemical 
characteristics of raw soybean (Jurković et al., 
1991). Three indicators are critical for the roast-
ing procedure: seed moisture content, roasting pe-
riod and process temperature (Katić et al. 2004; 
Krička 2004; Matin et al. 2013). After roasting, 
the seeds have a brown colour and pleasant aroma. 
The roasting treatment eliminates the bitter taste 
that is characteristic for legumes including soybean 
seeds, and, most importantly, this process inacti-
vates and thus eliminates the trypsin inhibitor ac-
tivity in seeds. 

Furthermore, after harvesting and treatment, the 
by-product of seed production is seed hull or crust. 
High energy costs, increased import of energy prod-
ucts, depleting of oil reserves and growing aware-
ness about negative effects of consumption of oil 
resulted in growing needs of finding renewable en-
ergy sources. On a global scale, the most important 
renewable energy source is biomass obtained from 
the residues and remains from agricultural and for-
estry activity, because it consists of all biodegrad-
able matters of vegetable and animal origin (Gray 
et al. 2006). Such agricultural residue is soybean 
hull, which is made of hemicellulose (approx. 50%), 
cellulose and other non-cellulosic polysaccharides 
(Modić 2004). Biomass is a very acceptable fuel in 
terms of environmental impact, because it contains 
traces - if any - of toxic substances, such as sulphur, 
heavy metals, etc., which are normally found in fos-
sil fuels. The quality of biomass is determined by its 
carbon, hydrogen and nitrogen content, and mois-
ture and ash levels, which all determine the energy 
potential of this material (Vassilev et al. 2010). 

Following the above-mentioned, the aim of this 
paper was to determine the nutritional and ener-
gy changes of three investigated soybean varieties 
(‘Gordana’, ‘Sivka’ and ‘Slavonka’) during a thermal 
treatment at temperatures of 125°C and 135°C for 
10, 20 and 30 min, in order to achieve the efficient 

use of energy, without affecting the quality of soy-
bean seed during the process. 

MATERIAL AND METHODS 

Material. Analyses of nutritional properties and 
elements that affect energy properties in soybean 
seeds were conducted on three varieties, ‘Gordana’, 
‘Sivka’ and ‘Slavonka’, which are the most com-
mon soybean varieties used in Croatia. These were 
grown at the experimental field of the Faculty of 
Agriculture, Zagreb. ‘Gordana’ is a late variety of 
ripening group II, and the length of full vegetation 
is 140–145 days. ‘Sivka’ is an early variety of rip-
ening group 0 with 115–125 days vegetation. ‘Sla-
vonka’ is a medium early variety of ripening group 
I and its vegetation lasts 130–135 days. 

Treatment. Roasting was conducted on a labora-
tory roaster („Seting inžinjering“, Delnice, Croatia), 
which consists of a drum with door and houses, and 
an 800 × 800 mm perforated plate. Hot air from the 
roaster is extracted by an axial fan. The roaster has 
three built-in PT 1000 probes for measuring air 
temperature at roaster’s inlet and outlet points, and 
the temperature of soybean in the air current. The 
initial air-temperature regulation is manual and is 
switched to automatic afterwards. The air current 
rate after passing through the layer of samples was 
measured by use of a digital anemometer (Testo, 
Model 400, UK). 

Analytical methods. Nutritional properties of 
the soybean core and elements that affect energy 
properties of the hull were tested before and after 
the thermal treatment consisting of conductive 
drying via roasting. As for nutritional characteris-
tics of the core, water, ash, starch, raw fat and pro-
teins were determined. As for elements that affect 
the energy properties, water, ash, coke, heating val-
ue, total carbon, hydrogen, nitrogen, sulphur and 
oxygen in the core and hull were observed.

The water content was determined accord-
ing to the protocol (CEN/TS 14774-2:2009), ash 
content according to (CEN/TS 14775:2004), car-
bon, hydrogen, nitrogen and oxygen according to 
(HRN EN 15104:2011), sulphur according to (HRN 
EN 15289:2011), starch according to (HRN ISO 
6493:2001), fats according to (HRN ISO 6492:2001), 
protein according to (HRN ISO 1871:1999). Also, 
upper and lower heating values were determined 
according to the method (HRN EN 14918:2010), 
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coke, combustible matters and volatile matters 
were determined according to the protocol (CEN/
TS 15148:2005).

Statistical analysis. After collecting the data of 
laboratory research, a statistical analysis of the ob-
tained data was carried out, in order to establish 
the differences due to the variety, temperature and 
roasting time for each variable. For this purpose, a 
statistical model was made which includes the ef-

fects of varieties, temperature and roasting time, 
as well as the effects of their interactions (cultivar 
× roasting temperature, variety × roasting time, 
roasting time × roasting temperature, variety × 
roasting temperature x roasting time). 

Model of this three-factorial experiment (cultivar 
× roasting temperature x roasting time = 2 × 4 × 4) 
was analysed for each treatment using the statis-
tical software package SAS version 9.1 (SAS Insti-

Table 1. Nutritional properties of soybean seed 

Variety Moisture (%) Ash (%) Starch (%) Fats (%) Protein (%)
Gordana 13.93 ± 0.79a 6.10 ± 0.01a 1.35 ± 0.01a 19.61 ± 0.01a 42.72 ± 0.72b

Sivka 14.85 ± 0.01b 6.11 ± 0.01a 1.68 ± 0.01a 18.36 ± 0.02b 43.20 ± 1.38c

Slavonka 16.25 ± 0.12c 6.15 ± 0.02b 1.47 ± 0.01a 23.17 ± 0.02b 42.17 ± 0.30b

mean values  ± SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test 

Table 2. Elements that affect energy properties of soybean seed 

Variety Carbon (%) Nitrogen (%) Hydrogen (%) Sulphur (%)
Gordana 64.13 ± 0.44a 7.99 ± 0.11c 5.75 ± 0.08a 0.26 ± 0.01a

Sivka 64.47 ± 0.46a 7.81 ± 0.01a 5.81 ± 0.03c 0.22 ± 0.01a

Slavonka 66.39 ± 0.19c 8.23 ± 0.03b 6.21 ± 0.09b 0.24 ± 0.01a

mean values  ± SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test 

Table 3. Nutritional properties of roasted soybean seeds 

Moisture (%) Ash (%) Starch (%) Fats (%) Protein (%)
Variety < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***
Gordana 6.33 ± 0.83a 5.85 ± 0.22b 1.76 ± 0.50a 22.66 ± 1.96a 44.68 ± 0.48b

Sivka 6.18 ± 1.33a 5.99 ± 0.57a 1.56 ± 0.17a 22.78 ± 2.43a 44.44 ± 0.65b

Slavonka 6.06 ± 0.93a 5.85 ± 0.23b 1.55 ± 1.55a 22.74 ± 2.63a 45.57 ± 0.83a

Temperature < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***
125ºC 7.03 ± 0.77a 6.07 ± 0.07a 1.54 ± 0.18a 20.95 ± 1.38b 45.24 ± 0.88a

135ºC 5.35 ± 0.42b 5.79 ± 0.22b 1.71 ± 0.44a 24.50 ± 1.58a 44.55 ± 0.60b

Time < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***
10 min 6.75 ± 1.07a 6.00 ± 0.07a 1.72 ± 0.28a 22.21 ± 2.77b 44.78 ± 0.94a

20 min 6.26 ± 0.98a 5.92 ± 0.09a 1.45 ± 0.12b 22.01 ± 1.80b 44.82 ± 0.68a

30 min 5.56 ± 0.73b 5.76 ± 0.27b 1.70 ± 1.48a 23.96 ± 1.83a 45.08 ± 0.83a

Interaction
Varieties* Temperature < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***
Varieties*Time 0.0030** < 0.001*** < 0.001*** < 0.001*** < 0.001***
Temperature *Time < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***
Varieties* 
Temperature*Time 0.0002*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

mean values  ± SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test ; NS 
– not significant; ***, **, * – significant at p = 0.001; 0.01; 0.05, respectively
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tute, Cary, NC, USA) using the GLM procedures 
and the Tukey’s test of multiple comparison with 
the level of significance p ≥ 0.05. 

RESULTS AND DISCUSSION

The investigation of nutritional and energy char-
acteristics of soybean seed started with analysing 
the raw samples as received. Tables 1 and 2 show 
the determined values; the data on moisture and 
ash content are given in Table 1 for a better refer-
ence, but are referred to further on, when the nu-
tritional values and elements that affect the energy 
properties are discussed.

Investigation of nutritive properties of raw soy-
bean seeds shows that there are significant differ-
ences in the moisture, ash, fats and protein content, 
while in the starch content such differences did not 
occur. Moisture content was somewhat above the 
literature references (Ensminger et al. 1990; Qin 
et al. 1996; Sorour, Uchino 2004). However, since 
the initial moisture depends on year and time of 
harvest, this was expected. Other values, regardless 
of variety, were consistent with the literature refer-
ences (Ensminger et al. 1990; Krička et al. 2003; 
Kiš 2004; Milanko et al. 2012). Elements that af-
fect energy properties of raw soybean seeds indi-

cate that there are significant differences in carbon, 
nitrogen and hydrogen content, while there are no 
such large differences in the sulphur content.

After determining the properties of samples as re-
ceived, soybean seeds were treated in a roaster at tem-
peratures of 125°C and 135°C, for periods of 10, 20 and 
30 minutes. Table 3 provides data regarding moisture, 
ash, starch, fats and proteins in roasted seeds, whereas 
Table 4 presents carbon, nitrogen, hydrogen and sul-
phur contents in roasted soybean seeds. 

After roasting during different roasting periods 
and at different temperatures, the nutritional prop-
erties of the roasted core were also determined 
(moisture, ash, starch, fat and proteins). It was 
found that variety had no significant influence on 
moisture, starch and fat content. The temperature 
did not significantly affect the starch content, nor 
did the roasting period affect the protein content. 
After roasting, moisture and ash contents were 
significantly reduced, with significantly increased 
fat, starch and protein contents; this was in accord-
ance with the literature references (Wilson et al. 
1978; Kiš 2004; Ari et al. 2012; Krička et al. 2003; 
Milanko et al. 2012). 

In addition, after roasting treatment of different 
durations and at different temperatures, in observ-
ing the elements which affect on energy properties 
it was determined that variety did not have a sig-

Table 4. Elements that affect energy properties of roasted soybean seeds 

Carbon (%) Nitrogen (%) Hydrogen (%) Sulphur (%)
Variety  < 0.001*** < 0.001*** < 0.001*** 0.0245*
Gordana 57.38 ± 0.86a 6.94 ± 6.94a 5.12 ± 0.05a 0.20 ± 0.01a

Sivka 57.20 ± 1.09a 6.95 ± 0.15a 5.10 ± 0.08a 0.20 ± 0.01a

Slavonka 57.32 ± 1.11a 6.91 ± 0.17a 5.11 ± 0.07a 0.20 ± 0.01a

Temperature < 0.001*** < 0.001*** < 0.001*** 0.1076
125ºC 58.13 ± 0.67a 7.06 ± 0.05a 5.16 ± 0.05a 0.20 ± 0.01a

135ºC 56.47 ± 0.48b 6.81 ± 0.09b 5.06 ± 0.04b 0.20 ± 0.01a

Time < 0.001*** < 0.001*** < 0.001*** < 0.001***
10 min 57.71 ± 1.37a 6.95 ± 0.20a 5.10 ± 0.06b 0.21 ± 0.02a

20 min 57.21 ± 0.75ab 6.94 ± 0.09a 5.15 ± 0.08a 0.20 ± 0.01b

30 min 56.97 ± 0.67b 6.91 ± 0.13a 5.07 ± 0.04b 0.20 ± 0.01b

Interaction

Varieties × Temperature < 0.001*** < 0.001*** < 0.001*** 0.0017**
Varieties × Time < 0.001*** < 0.001*** < 0.001*** 0.7887 NS
Temperature × Time < 0.001*** < 0.001*** < 0.001*** < 0.001***
Variety × Temperature × Time < 0.001*** < 0.001*** < 0.001*** 0.0001***

mean values  ± SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test; NS – 
not significant; ***, **, * – significant at p = 0.001; 0.01; 0.05, respectively
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Table 5. Combustible properties and a higher (HHV) and lower heating value (LHV) of soybean hulls as received

Variety Carbon  
(%)

Hydrogen 
(%)

Sulphur 
 (%)

Oxygen  
(%)

Volatile 
matter  

(%)

Combustion 
matter (%)

HHV  
(MJ/kg)

LHV 
 (MJ/kg)

Gordana 49.54 ± 0.16a 4.72 ± 0.20b 0.18 ± 0.01a 52.73 ± 0.30c 68.18 ± 0.70a 76.32 ± 0.04b 16.77 ± 0.03b 15.71 ± 0.02b

Sivka 48.41 ± 0.15a 4.28 ± 0.06c 0.11 ± 0.05c 54.77 ± 0.29a 66.91 ± 1.08a 76.31 ± 0.03c 17.12 ± 0.02a 16.18 ± 0.02a

Slavonka 49.33 ± 0.04a 5.14 ± 0.07a 0.14 ± 0.02b 53.42 ± 0.39b 66.24 ± 1.22a 76.46 ± 0.02a 16.46 ± 0.03c 15.34 ± 0.03c

mean values  ±  SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test 

Table 6. Non-combustible properties of soybean hulls as received 

Variety Moisture (%) Ash (%) Coke (%) Fixed carbon (%) Nitrogen (%)
Gordana 14.54 ± 0.27b 5.81 ± 0.08a 14.19 ± 0.94a 8.15 ± 0.71a 2.51 ± 0.02a

Sivka 13.88 ± 0.01c 4.74 ± 0.04c 15.78 ± 1.31a 9.41 ± 1.08a 2.21 ± 0.02b

Slavonka 15.84 ± 0.02a 4.94 ± 0.05b 16.62 ± 1.49a 10.08 ± 1.22a 2.11 ± 0.04c

mean values  ±  SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test 

Table 7. Combustible properties and a higher (HHV) and lower (LHV) heating value of roasted soybean hulls 

Parameters
Carbon 

 (%)
Hydrogen 

 (%)
Sulphur 

 (%)
Oxygen 

 (%)
Volatile 

matter (%)
Combustion 
matter (%)

HHV  
(MJ/kg)

LHV  
(MJ/kg)

Variety (V) < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** 0.0018** < 0.001***

Gordana 45.72 ± 0.50b 3.96 ± 0.16a 0.10 ± 0.01a 56.00 ± 0.55b 65.23 ± 2.40b 76.61 ± 0.50a 16.02 ± 0.77a 15.16 ± 0.63ab

Sivka 45.71 ± 0.44b 3.91 ± 0.07a 0.09 ± 0.01a 56.29 ± 0.56ab 67.01 ± 1.83a 76.48 ± 0.21a 16.36 ± 0.59a 15.50 ± 0.57a

Slavonka 46.25 ± 0.88a 3.99 ± 0.23a 0.10 ± 0.01a 56.45 ± 0.70a 65.54 ± 2.97ab 76.59 ± 0.32a 16.02 ± 0.50a 14.98 ± 0.43b

Temper. (T) < 0.001*** < 0.001*** < 0.001*** < 0.001*** 0.4116 NS < 0.001*** < 0.001*** < 0.001***

125ºC 46.36 ± 0.60a 4.09 ± 0.12a 0.10 ± 0.01a 56.05 ± 0.78b 65.84 ± 2.50a 76.62 ± 0.28a 16.53 ± 0.45a 15.52 ± 0.55a

135ºC 45.42 ± 0.33b 3.82 ± 0.06b 0.09 ± 0.02b 56.44 ± 0.32a 66.01 ± 2.59a 76.50 ± 0.42a 15.74 ± 0.56b 14.90 ± 0.44b

Time (t) < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

10 min 45.77 ± 0.22a 4.01 ± 0.16a 0.10 ± 0.05b 56.72 ± 0.46a 67.61 ± 2.13a 76.64 ± 0.46a 15.89 ± 0.81b 15.01 ± 0.66a

20 min 46.01 ± 0.64a 3.97 ± 0.18ab 0.11 ± 0.01a 56.08 ± 0.57b 65.28 ± 2.88a 76.65 ± 0.30a 16.43 ± 0.66a 15.39 ± 0.72a

30 min 45.90 ± 0.97a 3.88 ± 0.13b 0.09 ± 0.02c 55.93 ± 0.56b 64.89 ± 1.58a 76.39 ± 0.26b 16.08 ± 0.19ab 15.23 ± 0.15a

Interaction

V  T < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** 0.1277 NS < 0.001***

Va × t < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** 0.0215* < 0.001***

T × t < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

V × T × t < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001*** 0.0095** < 0.001***

mean values ± SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test; NS – 
not significant; ***, **, * - significant at p = 0.001; 0.01; 0.05, respectively

nificant influence on carbon, nitrogen, hydrogen 
and sulphur content; sulphur content is not af-
fected by temperature levels, and nitrogen content 
does not depend on roasting time. After roasting, 
the carbon, nitrogen, hydrogen and sulphur levels 
were significantly lowered. It was noticed that car-
bon and nitrogen significantly fall, and hydrogen 
significantly and unevenly varies, while the sulphur 

content does not vary in relation to temperature 
and time of roasting. 

Since the hull was removed from the seeds, for 
the purpose of further investigation, the hull was 
defined as biomass and combustible and non-com-
bustible properties were investigated in samples as 
received, as well as in the roasted samples of soy-
bean hull. Table 5 shows combustible properties 
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(carbon, hydrogen, sulphur, oxygen, volatile mat-
ters, as well as upper and lower heating values) of 
soybean hull samples as received. In addition, Table 
6 presents non-combustible properties (moisture, 
ash, coke, fixed carbon (Cfix) and nitrogen) in the 
natural soybean hull samples.

In the analysis of variance shown in Tables 3 and 
4, a highly significant interaction (p < 0.001 ***) of 
all the investigated factors (variety × temperature × 
time) can be seen on the moisture, ash, starch, fats, 
proteins content, and also carbon, nitrogen, hydro-
gen and sulphur content in the roasted soya beans.

When soybean core as biomass is cleaned, the resi-
due is soybean seed hull. The combustible and non-
combustible matters were determined before and af-
ter roasting. The investigated combustible properties 
included carbon, hydrogen, sulphur, oxygen, volatile 
matters and combustible matters, higher heating 
value (HHV) and lower heating value (LHV). It was 
found that moisture, ash and nitrogen levels were 
significantly different, while no such differences were 
found in the coke and fixed the carbon content.

Soybean hull samples as received were roasted with 
air temperatures of 125°C and 135°C for 10, 20 and 
30 minutes. Table 7 shows combustible properties in 
the roasted soybean hull at the above-mentioned pa-
rameters, whereas Table 8 shows non-combustible 
properties of the roasted soybean hull.

After roasting during different process periods 
and at different temperatures, the combustible 
and non-combustible properties were determined 
in the roasted soybean hulls. As for combustible 
matters, it was determined that hydrogen, sulphur, 
combustible matters and HHV are not influenced 
by the variety. Equally, air temperature did not 
significantly affect volatile matters and combus-
tible matters. Moreover, the time of roasting did 
not significantly influence carbon, volatile matters 
and LHV. After roasting, the levels of carbon, hy-
drogen, sulphur, volatile matters, HHV and LHV 
significantly diminished, whereas with oxygen and 
combustible matters significant increased. The ob-
tained results show that there are no considerable 
discrepancies from the literature data (Banaszkie-
wicz 2000; Krička 2008; Kiš et al. 2013). 

As for the non-combustible properties in soy-
bean hulls, it was determined that air temperature 
did not significantly influence coke and fixed car-
bon content. Furthermore, there were no signifi-
cant differences in the nitrogen content in relation 
to variety and roasting period, while moisture, ash 
and nitrogen content significantly varied depend-
ing on variety itself, roasting period and tempera-
ture. After roasting, moisture, ash and nitrogen 
levels were found to be significantly reduced, with 
a significant rise in coke and fixed contents.

Table 8. Non-combustible properties of roasted soybean hulls 

Parameters Moisture (%) Ash (%) Coke (%) Fixed carbon (%) Nitrogen (%)

Variety (V) < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

Gordana 7.02 ± 0.40b 4.85 ± 0.44a 17.89 ± 3.02a 11.09 ± 2.35a 1.75 ± 0.21a

Sivka 7.19 ± 0.73b 4.54 ± 0.21b 15.65 ± 2.31b 9.31 ± 1.83b 1.73 ± 1.19a

Slavonka 7.92 ± 0.75a 4.72 ± 0.10ab 17.50 ± 3.75ab 10.77 ± 2.97ab 1.80 ± 0.26a

Temperature (T) < 0.001*** < 0.001*** 0.4087 NS 0.3588 NS < 0.001***

125ºC 7.56 ± 0.35a 4.87 ± 0.34a 17.12 ± 3.14a 10.48 ± 2.47a 1.94 ± 0.15a

135ºC 7.33 ± 0.22b 4.54 ± 0.17b 16.90 ± 3.27a 10.31 ± 2.59a 1.59 ± 0.12b

Time (t) < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

10 min 7.28 ± 1.02a 4.89 ± 0.41a 14.89 ± 2.67b 8.71 ± 2.13b 1.79 ± 0.07a

20 min 6.66 ± 0.67b 4.68 ± 0.12b 17.83 ± 3.63a 11.04 ± 2.88a 1.81 ± 0.33a

30 minuta 6.41 ± 0.75b 4.54 ± 0.22b 18.31 ± 1.99a 11.42 ± 1.20a 1.68 ± 0.17a

Interaction

V × T < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

V × t < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

T × t < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

V × T × t < 0.001*** < 0.001*** < 0.001*** < 0.001*** < 0.001***

mean values ± SD with the same letter are not significantly different (p < 0.05) according to the Tukey´s HSD test; NS – 
not significant; ***. **. * – significant at p = 0.001; 0.01; 0.05. respectively
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Analysis of variance in Tables 7 and 8 show a 
highly significant interaction (p < 0.001 ***) of all 
the investigated factors (variety × temperature × 
time) on the content of carbon, hydrogen, sulfur, 
oxygen, combustible substances, volatile substanc-
es content and a lower heating value LHV and also 
on moisture, ash, coke, fixed carbon and nitrogen 
content, while the share of higher caloric value of 
the investigated factors had a significant interac-
tion (p = 0.0095).

CONCLUSION 

The investigations followed how roasting influ-
ences nutritional properties and elements in terms 
of conductive drying, which affects the energy prop-
erties of the soybean varieties ‘Gordana’, ‘Sivka’ and 
‘Slavonka’, the following conclusions can be drawn:

By observing the changes of nutritional properties 
of soybean seed core exposed to a conductive dry-
ing process by roasting in relation to temperature 
and drying period, it was determined that moisture 
and ash significantly decrease, and fat and protein 
significantly increase. Starch content varies con-
siderably and unevenly in relation to temperature 
and roasting period, and also in selected varieties 
which differ by their morphological characteristics. 
Hence, from the aspect of nutritional properties, 
the variety selection must be defined for the need 
of sowing the crop for later use. In addition, since 
temperature and roasting time affect the quality of 
seed i.e., its nutritional properties and energy end-
use due to the length of treatment, it is necessary 
to obtain optimization of the roasting time and 
temperature. The reduction of carbon, hydrogen, 
nitrogen and sulphur improves the digestibility to 
animals, especially ruminants. 

Based on the observed changes of elements that 
affect energy properties of soybean seed hull during 
the conductive drying by roasting and are related 
to temperature and time of roasting, it was deter-
mined that carbon, hydrogen, sulphur and volatile 
matters significantly decreased after heat treat-
ment, and oxygen and combustible matters signifi-
cantly increased. The upper (HHV) and lower heat-
ing values (LHV) change significantly and unevenly 
after roasting. Non-combustible matter, water, ash 
and nitrogen considerably fell, while coke and fixed 
carbon levels become significantly higher. Namely, 
the heat value of biomass as fuel depends on the 

quantity of carbon and hydrogen, so the energy 
value of hull diminishes with roasting, although 
the carbon and hydrogen levels remain rather high. 
Also, the reduced quantity of sulphur contributes 
to lowering the environmental pollution when this 
fuel is used.

Finally, soybean hull roasting was found to be 
good in terms of its non-combustible mineral par-
ticles – ash, which is being reduced; this indicates 
the quality of such biomass and its potential usabil-
ity as a fuel. 
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