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SUMMARY 
Accurate knowledge of the amino acid profile of animals ingredient is 

crucial for a successful feed combining since a lack of some essential amino 
acids such as methionine, lysine, threonine can limit the nutritional 
efficiency of the feed. Concerning vegetable proteins, as well as high oil 
content, rapeseed is a valuable raw material, known as a high-quality 
energy meal. After technological processing of rapeseeds, before drying 
and storage, significant amounts of useful and useless waste products stand 
out. The mentioned useful by-products could be an alternative and 
economical source of dietary protein. Estimation of nutritional value of this 
by-product is of great interest aiming to meet the nutritional requirements 
of animals. Beside the presence of high valuable components, rapeseed by-
products contain a certain amount of inhibitory substances such as 
glucosinolates, which can cause goiter, hemorrhagic liver, bitter taste, and 
reduced performance in animals. Based on these facts, the usage of useful 
by-products obtained by processing of rapeseeds should be followed by the 
thermal treatment which aims to inactivate or reduce the amount of 
present inhibitory substances. The aim of the present study was to 
investigate the quality of useful by-products obtained by rapeseed 
processing intended for animal nutrition. The examined raw by-products 
contained considerable amounts of protein and fat. The amino acid profile 
of rapeseed by-products was very similar with that from other valuable oil 
plants. The heavy metal content in samples met the requirements of the 
current Regulations on feed quality, as well as aflatoxin content. Based on 
the obtained results, it could be concluded that useful by-products obtained 
by rapeseeds can be used in animal nutrition as high valuable nutrients.  
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INTRODUCTION 
Rapeseed (Brassica napus L.), belongs to the Brassicaceae family and 

grown primarily as a source of edible seed oils. Rapeseed oil is considered 
as one of the most important vegetable oils in the world, rich in 
unsaturated fatty acids (Koski et al. 2002). Beside oil compound, rapeseed 
contains high content of proteins ranging from 38 to 43% (Shahidi, 1990). 
Moreover, rapeseed proteins have a well-balanced amino acid composition 
which is reflected by a high biological value (Shahidi, 1990). From this 
reason, rapeseed is considered to be very valuable high-quality energy 
meal. 

Nowadays, feed production requires sources of protein and fat with 
satisfying biological value to be provided, in order to meet the physiological 
needs of the animals (McMichael et al., 2007). In view of this, concerning 
high content of proteins and fats, rapeseed is a valuable raw material for 
animal nutrition.  

In the production of seedy rape, technological process applied after 
harvesting of oilseed rape, includes cleaning process before storing of 
rapeseeds. After combining, the aspirators are use for cleaning oilseed rape 
impurities and broken seeds in order to provide safe storage of rapeseeds 
after the drying process. In technological processing of oilseed rape, before 
the drying and storage, the significant amounts of useful and useless waste 
products stand out. Useful waste represents broken rapeseeds, while 
useless waste containing parts of the plants stem, organic and inorganic 
impurities, broken seeds etc. 

The objective of the present study was to examine the quality of useful 
by-products obtained by rapeseed processing which are intended for 
animal nutrition, including chemical composition, heavy metal content, 
aflatoxin content and amino acid profile of investigated samples. 

 
 
MATERIAL AND METHODS 
The investigation of quality of useful impurities obtained from the 

processing of rapeseed was performed at the Institute of Food Technology 
in Novi Sad.  

The samples were analysed to moisture content (AOAC Method 
934.01), crude protein content (AOAC 978.04 Method) and crude fibre 
content (AOAC 978.10 Method). Additionally, rapeseed by-products were 
analysed to crude ash (AOAC 942.05 Method) and crude fat content (AOAC 
920.39 Method).  

Glucosinolate content of rapeseed by-products was determined by the 
method MSZ-08-1908 (1989).  

The content of aflatoxins (B1+B2+G1+G2) was determined by ELISA 
test using a kit Aflatoxin Veratox 8031 High Sensitivity Test.  
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Determination of As, Pb and Cd (AAS method), was examined by the 
method FINSLab-5.4-3M-004/13. Determination of total mercury (Hg) 
content (automatic mercury analyser AMA 254) (AAS method), was 
defined by FINSLab-5.4-3M-005 method. 

Rapeseed samples were hydrolysed in 6 mol/L HCl at 110°C for 24 h. 
Afterwards, samples were filtered and made up to 50 mL in sodium citrate 
buffer (pH 2.2). Subsequently, prepared samples were filtered through 0.22 
μm pore size PTFE filter (Plano, Texas, USA) and the filtrate was 
transferred to an HPLC vial. Amino acid profile was determined using 
Biochrom 32+ (Biochrom, U.K.) amino acid analyser equipped with 
ultropac 8 cation-exchange column and postcolumn ninhydrin detection 
system set at 570 nm (except for proline and hydroxyproline detected at 
440 nm).  The amino acid peaks were identified by comparison of retention 
times with retention times of amino acid standard purchased from Sigma 
Aldrich and with data from internal data library, based on previous 
experiments.  

Results were expressed as mass of amino acid (g) in 100 g of proteins. 
 
 
RESULTS AND DISCUSSIONS 
Results of chemical composition and glucosinolate content of by-

products obtained from the processing of rapeseeds are shown in Table 1. 
Based on the obtained results shown in Table 1 it can be noticed that 

useful impurities obtained from the processing of rapeseed contained 
21.80% of proteins and 33.78% fat, which make investigated by-product 
from the processing of rapeseeds a convenient protein-energy supplement 
suitable for producing animal feed. Moreover, glucosinolate content in 
investigated raw samples from impurities obtained by processing of 
rapeseeds was 22.58 μmol/g, indicating the need for heat treatment in 
order to inactivate or decrease the content of inhibitory substances, since 
tolerant limits are significantly lower (Bellostas et al., 2007). The presence 
of glucosinolate degradation products can result in unwanted colour 
(Jensen et al., 1991), odour and taste, as well as antinutritional and toxic 
effects when using the rapeseed in animal diets. Nowadays, numerous heat 
treatments of oil seeds and grains are used in order to inactivate or 
decrease the content of these undesirable substances. Some of them are 
toasting, extrusion, hydrothermal, microwave or dielectric heat treatment, 
micronization, but in our country, according to knowledge of the literature 
and practice, extrusion and hydrothermal process are used the most often 
providing extruded and hydrothermal treated products (Filipović et al., 
2002). Recommendation is that rapeseed can be included in the animal 
feed to an extent that ensures total glucosinolate level to be below 1-1.5 
μmol per g of diet (Bellostas et al., 2007). This level can be considered safe 
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for most monogastrics, although it can be subject to variations depending 
on structural types of glucosinolates and degradation products. 

 
Table 1. Chemical composition of by-products from the processing of rapeseeds 

Quality parameters By-product 
Moisture content (%) 6.74 
Crude protein content (%) 21.80 
Crude fat (%) 33.78 
Ash content (%) 3.91 
Crude celullose content (%) 23.71 
Glucosinolate content (μmol/g) 22.58 

 
The results of heavy metal contents in the by-products obtained from 

processing of rapeseeds are shown in Table 2. 
The obtained results showed that the content of arsenic, lead, cadmium 

and mercury is within the limits allowed by the requirements of the 
Regulation on the quality of feed (2010), which means that useful 
impurities obtained from the processing of rapeseed are safe supplements 
for animal feed production regarding the heavy metal content. 

 
Table 2. The content of heavy metals of the by-products from the processing of 
rapeseeds 

Metal By-product 
As (mg/kg) <1 
Pb (mg/kg) <1 
Cd (mg/kg) <0.1 
Hg (mg/kg) 0.00125 

 
Regarding the aflatoxin content (Table 3), examined raw sample meets 

the recommendations of the EU and presents safe supplement for animal 
feed production. 

 
Table 3. Aflatoxin content of the by-products from the processing of rapeseeds 

Mycotoxins By-product 
Aflatoxins B1+B2+G1+G2 (mg/kg) <0.005 

 
Rapeseed is rich in proteins, while amino acid nutrition of farm 

animals continues to attracts the attention of scientists. A deficiency of 
dietary protein or amino acids has long been known to impair immune 
function and increase the susceptibility of animals and humans to 
infectious disease (Li et al., 2007). Therefore, in the present study was 
determined the amino acid profile of by-product obtained from the 
processing of rapeseed (Table 4).  
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Table 4. Level of amino acids in by-product obtained from the processing of 
rapeseed  

Amino acid By product 
Aspartic acid 9.5 
Threonine 7.4 
Serine 6.1 
Glutamic acid 14.2 
Proline 4.1 
Glycine 9.2 
Alanine 8.5 
Valine 5.8 
Cysteine 4.2 
Methionine 1.5 
Isoleucine 3.7 
Leucine 5.6 
Tyrosine 0.6 
Phenylalanine 2.9 
Histidine 4.6 
Lysine 7.8 
Arginine 3.3 

The content of amino acids is expressed as g per 100 g of proteins. 

 
Recent biochemical studies revealed that arginine family of amino 

acids (glutamic acid, proline, aspartic acid and arginine) serve key 
regulatory functions in nutrient metabolism and immune response (Fu et 
al., 2005; Rhoads et al. 2006; Morris, 2006; Li et al., 2007), thereby affecting 
the efficiency of feed utilization by animals, including pigs. Precisely 
glutamic acid was the most abundant amino acid (14.2%), followed by 
aspartic acid (9.5%). Proline was present in amounts of 4.1% while content 
of arginine was 3.3%. As it can be seen from the Table 4, significant 
amounts of glycine (9.2%) and alanine (8.5%) content were recorded in 
investigated sample. Moreover, it was noticed that lysine was present in 
amounts of 7.8%. Lysine plays a role in growth, as well as the production of 
carnitine, which turns fats into energy and helps lower cholesterol. It also 
assists in calcium absorption and collagen production. Content of cysteine 
was around 4.2%. Obtained results are in accordance to results reported by 
Lohaus and Moellers (2000) who investigated two genotypes of rapeseed. 
Based on the amino acid profile, it could be noticed that useful by-products 
obtained by rapeseeds can be used in animal nutrition as high valuable 
nutrients from the standpoint of amino acid profile. 

 
 
CONCLUSIONS 
Regarding the obtained results it could be concluded that by-products 

from the processing of rapeseeds are protein-energy appropriate for 

http://www.sciencedirect.com/science/article/pii/S1871141307004179#bib29
http://www.sciencedirect.com/science/article/pii/S1871141307004179#bib29
http://www.sciencedirect.com/science/article/pii/S1871141307004179#bib55
http://www.sciencedirect.com/science/article/pii/S1871141307004179#bib47
http://www.sciencedirect.com/science/article/pii/S1871141307004179#bib42
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animal feed production. The presence of antinutrients requires heat 
processing of by-products in order to reduce their content to an acceptable 
level. Based on the results of aflatoxin content and heavy metal contents in 
the useful impurities obtained from processing of rapeseeds it can be 
concluded that obtained raw material can be safely used in animal feed 
production, but further research based on  animal trials are required. 
Amino acid profile of investigated sample also showed great value of this 
useful by product. 
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