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PREFACE 
 
Rapeseed is the traditional name of a large winter or spring annual oilseed 

crop from the Brassicaceae family, and is related to mustard, cabbage, 
broccoli, among others. As one of the leading oilseed crops, rapeseed is 
primarily grown for its oil content. This book presents research on the 
chemical composition, production and health benefits of rapeseed. The first 
chapter reviews the literature on rapeseed/canola derived bioactive peptides 
with emphasis on strategic production and processing methods as well as 
antihypertensive, antitumor, hypocholesterolemic, and multifunctional 
properties. Chapter two summarizes recent advances on the extraction 
processes of rapeseed-derived protein and bioactive compounds and reviews 
the possibilities as well as the challenges that these ingredients face regarding 
skin care, food and nutraceutical applications. Chapter three examines physical 
properties of fat filling produced with oil industry by-products – sunflower and 
rapeseed lecithin in comparison with widely used emulsifier- soy lecithin. 
Chapter four provides a comprehensive summary about contribution of mass 
spectrometric methods to analysis of rapeseed, reflecting their irreplaceability 
to the field of “Food control.” The final chapter studies antioxidant activity in 
transgenic canola plants grown in vitro.  

Chapter 1 – Bioactive peptides (BAPs) have demonstrated potential for 
application as health-promoting agents against numerous human health and 
disease conditions, including cardiovascular disease, inflammation, and 
cancer. BAPs are encrypted in the primary structure of plant and animal 
proteins as inactive amino acid sequences but they can be released by 
fermentation, food processing, and enzyme-catalyzed proteolysis in vitro or in 
the digestive tract after human consumption. The feasibility of 
pharmacological application of these peptides depends on absorption and 
bioavailability in intact forms in target tissues, which in turn depends on 
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structure of the peptides. Rapeseed proteins are considered to be attractive and 
promising sources of BAPs. Recently, a number of research works have 
focused on the investigation of different methods to produce active peptides 
from the rapeseed proteins. The importance of bioinformatic-driven 
approaches (often referred to as in silico) in the discovery of bioactive peptide 
encrypted in food proteins is growing. Classical empirical approaches are 
typically time consuming and expensive, and bioinformatics provide a cost-
effective strategy through utilizing the information accrued in databases and 
enable the reduction of different steps of the empirical workflow. Thus far, 
published data concerning the discovery of BAPs encrypted in rapeseed 
proteins does not include utilization of in silico simulation. This is partly due 
to the limited knowledge on rapeseed protein-derived BAPs peptide sequences 
in the databases, but however, bioinformatics approach could be combined to 
classical approach to enhance the discovery and use of rapeseed protein-
derived BAPs in functional food and health applications. Response surface 
methodology has demonstrated to be very useful in the optimization of 
proteolysis variables, such as time, temperature, pH, enzyme or bacterial strain 
when searching for a specific activity. This article reviews the literature on 
rapeseed/canola derived BAPs with emphasis on strategic production and 
processing methods as well as antihypertensive, antitumor, 
hypocholesterolemic, and multifunctional properties. 

Chapter 2 – Rapeseed is the traditional name of a large winter or spring 
annual oilseed crop from the Brassicaceae family, and is related to mustard, 
cabbage, broccoli, among others. As one of the leading oilseed crops, rapeseed 
is primarily grown for its oil content. Production of rapeseed oil by cold or hot 
screw pressing solely or followed by solvent extraction, respectively, 
generates a significant co-stream in the form of press cake or meal. This co-
stream is an excellent feedstock for nutritionally valuable components such as 
protein, and bioactive compounds such as phenolics and peptides, not only for 
livestock but also for human consumption. The mentioned bioactive 
compounds have been found to possess potential health benefits and skin-
repairing properties and thus may play an important role not only in the 
cosmetics but also in the treatment or prevention of many diseases. Rapeseed 
protein, constituting 32-36% of the rapeseed press cake or meal, has a well-
balanced amino acid composition and suitable technological properties for 
food use. However, there are still challenges that limit the use of rapeseed 
press cake for commercial profitable production of protein and bioactive 
compounds, particularly in relation to the organoleptic properties and levels of 
harmful or anti-nutritional factors such as glucosinolates and phytates. This 
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chapter reviews the possibilities as well as the challenges that rapeseed press 
cake co-stream ingredients face regarding skin care, food and nutraceutical 
applications. 

Chapter 3 – Vegetable lecithins are commercially obtained from oil-
bearing seeds such as soybeans, sunflower and rapeseed. Soybean seeds are 
the main source of lecithin in confectionery industry in Serbia and elsewhere. 
On the other hand, production of sunflower and rapeseed oil makes 
economically sustainable production of sunflower and rapeseed lecithin and 
their use as emulsifiers in different confectionery products. This chapter 
examined physical properties of fat filling produced with oil industry by-
products – sunflower and rapeseed lecithin in comparison with widely used 
emulsifier - soy lecithin. Rheological, textural and thermal properties were 
determined by rotational viscometry, texture analyser, and differential 
scanning calorimetry while particle size distribution was analysed using 
particle size analyser. The obtained results showed similar particle size 
distribution of fat filling produced with soy, sunflower and rapeseed lecithin 
within each applied milling time, indicating appropriate production. Regarding 
rheological properties, fat filling samples with sunflower lecithin had lower 
values of viscosity and textural parameters compared to samples with soy and 
rapeseed lecithin at all applied milling time. On the other hand, soy lecithin 
influenced higher values of mentioned parameters. Prolonging the milling time 
had no significant influence on termal parameters of fat filling produced with 
all three type of lecithin where samples with sunflower lecithin began to melt 
at lower temperatures in relation to samples with soy and rapeseed lecithin. 

Chapter 4 – Rape plant is economically important oilseed crop, 
contributing up to 15% of oil production worldwide. European Union 
Directive 2009/28/EC mandatory determines for member States 10% sharing 
of energy from renewable sources by 2020, thus concentrating much effort in 
implementation of rapeseed fatty acid methyl esters as biodiesel, yielding to 
established standards in blends with petrodiesel, having benefits over diesel 
fuel such as decreasing in CO2 and smoke density (European Standards EN 
590). But rapeseed has beneficial nutritional properties, providing most 
important nutrition for human daily life: energy, essential fatty acids, 
phytosterols, and tocopherols. It has high protein content; over 200 flavonoids; 
and secondary metabolites showing antioxidant activity, prevention from 
cardiovascular diseases and cancer. The oil is 46% of dry weight of seed. Meal 
has 40% proteins, 35% fibers, 8.5% minerals and 1% lipids. Rape plant, 
thereby, is a fertilizing product of great importance for agriculture, too. The 
author’s have chosen to emphasis on rapeseed as a food, calling attention to 
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mass spectrometry for lipidomics, proteomics and low molecular weight 
analysis. The great applicability of mass spectrometry has been governed by 
high complexity of the foodstuff matrix, containing thousand components 
from biomacromolecules (12–21 kDa) to low molecular weight analytes in 
concentrations from macro-components (acylglycerols, > 94%) to traces 
(cytokinins, < pmol.g-1). The analysis of agricultural pesticides is a 
challenging research task, too, due to lipophylic properties at trace levels, 
difficult their extraction. But, mass spectrometric methods have superior 
instrumental characteristics over a large scale of methods. These are: (i) 
instrumental flexibility and different ionization approaches, including off– and 
on-line hybrid operation; (ii) high–to–ultrahigh resolving power allowing 
analysis in multicomponent mixture. Particularly for rapeseed oil at resolution 
m/�m50% > 350 000 and a mass accuracy  <  1 ppm it has been achieved detail 
analysis of chemical content by electrospray ionization Fourier transform ion 
cyclotron resonance mass spectrometry without sample pretreatments; (iii) 
high accuracy and precision; (iv) low concentration limits of detection of 
attomol levels; (v) analytical information from macromolecules with masses 
higher than 50 kDa to low molecular weight analytes; and (vi) 3D imaging for 
assay from isolated living cell to whole organs and bodies. The chapter can be 
regarded as a comprehensive summary about contribution of mass 
spectrometric methods to analysis of rapeseed, reflecting their irreplaceability 
to the field of “Food control.”  

Chapter 5 – The research was aimed at studying the possible unintended 
biochemical peculiarities of the recently obtained herbicide-resistant canola 
(Brassica napus L.) plants which express both the BAR gene conferring 
resistance to glufosinate herbicides and synthetic EPSPS gene responsible for 
resistance to glyphosates. Both total radical scavenging activity and 
superoxide dismutase activity as a part of plant antioxidant system were 
investigated in the leaf extracts using DPPH (2,2-diphenyl-1-picrylhydrazyl 
radical) and nitroblue tetrazolium assays, respectively. The total soluble 
protein content was also evaluated. Significant decrease in the total radical 
scavenging activity was detected for the primary transgenic plants possessing 
two different genes for herbicide resistance. The total soluble protein content 
and superoxide dismutase activity were unaffected in these plants. The 
analyzed biochemical parameters in the leaf extracts from untransformed 
plants were similar to those of the herbicide-resistant plants of the first and the 
second generations grown in vitro on the media without herbicide 
supplementation. Addition of Basta (phosphinothricin) or Hurricane Forte 
(glyphosate) herbicide solutions to the culture media did not affect antioxidant 
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activity of transgenic canola plants. Thus, T2 generation homozygous canola 
plants resistant to both glufosinate and glyphosate herbicides had the total 
soluble protein content, total radical scavenging activity, and superoxide 
dismutase activity in their leaves similar to that of the untransformed control 
plants. Earlier the author’s have produced several groups of transgenic canola 
lines bearing target genes of the different origins. There were the plants 
expressing either 1) both DesC desaturase (DesC) gene from cyanobacterium 
Synechococcus vulcanus and EPSPS gene or 2) human interferon α2b (HuIFN-
α2b) gene or 3) CYP11A1 gene for cytochrome P450SCC from bovine adrenal 
cortex mitochondria. Antioxidant activities in these plants have been compared 
to that of the newly obtained herbicide-resistant plants. The influence of 
different target genes on plant antioxidant activity and the importance of this 
parameter for both plants and human health are discussed. 
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RAPESEED PROTEIN-DERIVED BIOACTIVE 
PEPTIDES: PRODUCTION, PROCESSING AND 

POTENTIAL HEALTH BENEFITS 
 
 

Anne Pihlanto* and Sari Mäkinen 
Natural Resources Institute Finland, 

Bio-based Business and Industry, Jokioinen, Finland 
 
 

ABSTRACT 
 

Bioactive peptides (BAPs) have demonstrated potential for 
application as health-promoting agents against numerous human health 
and disease conditions, including cardiovascular disease, inflammation, 
and cancer. BAPs are encrypted in the primary structure of plant and 
animal proteins as inactive amino acid sequences but they can be released 
by fermentation, food processing, and enzyme-catalyzed proteolysis in 
vitro or in the digestive tract after human consumption. The feasibility of 
pharmacological application of these peptides depends on absorption and 
bioavailability in intact forms in target tissues, which in turn depends on 
structure of the peptides. Rapeseed proteins are considered to be 
attractive and promising sources of BAPs. Recently, a number of research 
works have focused on the investigation of different methods to produce 
active peptides from the rapeseed proteins. The importance of 
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bioinformatic-driven approaches (often referred to as in silico) in the 
discovery of bioactive peptide encrypted in food proteins is growing. 
Classical empirical approaches are typically time consuming and 
expensive, and bioinformatics provide a cost-effective strategy through 
utilizing the information accrued in databases and enable the reduction of 
different steps of the empirical workflow. Thus far, published data 
concerning the discovery of BAPs encrypted in rapeseed proteins does 
not include utilization of in silico simulation. This is partly due to the 
limited knowledge on rapeseed protein-derived BAPs peptide sequences 
in the databases, but however, bioinformatics approach could be 
combined to classical approach to enhance the discovery and use of 
rapeseed protein-derived BAPs in functional food and health applications. 
Response surface methodology has demonstrated to be very useful in the 
optimization of proteolysis variables, such as time, temperature, pH, 
enzyme or bacterial strain when searching for a specific activity. This 
article reviews the literature on rapeseed/canola derived BAPs with 
emphasis on strategic production and processing methods as well as 
antihypertensive, antitumor, hypocholesterolemic, and multifunctional 
properties. 
 
 

INTRODUCTION 
 
During the past decades, a considerable interest in the area of functional 

foods and bioactive peptides has arised from both scientists and potential 
consumers. It is now recognized that some food proteins and peptides are able 
to elicit beneficial physiological effects and therefore have the potential to 
influence health and may help to reduce the risk of chronic disease. Peptides 
from food sources can be structurally similar to human endogenous regulatory 
peptides. Thus, it is reasonable that they can interact with the same receptors 
and play a role as modifiers on food intake, growth factors, immune 
regulators, or antimicrobials in the host organism (Pihlanto and Korhonen, 
2003). These peptides can be found naturally in foods or released during 
hydrolysis of a precursor protein, being latent state as part of the sequence of 
that protein. As a result of proteolytic processes, that occur during in vivo 
digestion of proteins or food processing (fermentation, enzymatic digestion, 
autolysis), these peptides can be released showing certain activities. The type 
of bioactive peptides generated from a particular protein is dependent on two 
factors: (a) the primary sequence of the source protein and (b) the specificity 
of the enzyme(s) used to generate such peptides. The hydrolysis of plant 
proteins has led to the production of a variety of biologically active peptides, 
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such as opioid, antihypertensive, antioxidative, immunomodulatory or 
antimicrobial peptides (Pihlanto and Korhonen, 2003; Guang and Philips, 
2009). Bioactivity of peptides depend on the structure, however, the structure 
activity relationship is not yet fully understood for all biological activities 
described.  

In the search for new peptides with biological activity, bioinformatics 
constitutes an important tool. Bioinformatics enables the prediction of protein 
structure-function relationships, the identification of putative protein sources 
of BAP and computer simulation of proteolytic processes. All this information 
can be extracted from the vast number of bioactive peptides that have already 
been isolated and identified. The structural motifs in active peptides serve as a 
source of information to be used in the search for new bioactive molecules. 
Databases, such as BIOPEP, can be utilized to determine the occurrence 
frequency of known BAPs and structure-function patterns in the primary 
sequence of food proteins and to simulate the proteolysis of dietary proteins 
based on the knowledge of the specific cleavage sites of certain enzymes. The 
resulting peptides from the simulated hydrolysis treatment can be matched 
with the BAPs with known bioactivities, and the remainder of the purportedly 
“inactive” peptides can be analyzed with quantitative structure activity 
relationship model (QSAR) to predict biological activities by physicochemical 
descriptors associated with known bioactivities. However, there are certain 
limitations with the in silico approaches. For example, it is not certain that in 
silico peptides can be reproduced empirically due to the complex nature of 
protease-substrate interactions. Also, the information included to databases is 
limited and often does not include constantly accumulating information on 
new bioactive peptides. Thus, an integrated approach utilizing in silico 
analysis in combination with experimental validation with hydrolysates and 
synthetic peptides is the most useful for mining and discovering of BAPs.  

Rapeseed protein is suggested to be an attractive source of bioactive 
compounds. Recently, various different methods have been utilized to produce 
active peptides from rapeseed proteins. Most of the studies concern ACE 
inhibitory and antioxidant activity in vitro and antihypertensive effects in 
animal studies, but also other activities such as antithrombotic activity and cell 
growth effects have been demonstrated as bioactive characteristics of rapeseed 
proteins. This review has been focused on rapeseed-protein-derived bioactive 
peptides with antihypertensive and antioxidant activities, in addition to other 
less frequent activities. 
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RELEASE AND IDENTIFICATION OF BIOACTIVE PEPTIDES 
 
Bioactive peptides can be released by fermentation, food processing and 

enzyme-catalyzed proteolysis in vitro or in the digestive tract after human 
consumption (Hartmann and Meisel, 2007). Numerous animal and plant 
protein sources have been exploited as sources of bioactive peptides. Most 
widely studied protein sources are of animal origin, such as milk proteins and 
egg, but marine and plant protein sources have attracted increasing attention in 
recent years. Various plant protein sources have been utilized for bioactive 
peptide production, of which soy, pulses (lentils, peas, beans, chickpeas), 
cereals, canola and flaxseed are the typical sources. According to the current 
literature, enzymatic hydrolysis with single or multiple specific or nonspecific 
proteases has been the main process for producing BAPs. Number of studies 
concern production of Angiotensin I converting enzyme (ACE) inhibitory and 
antioxidative peptides from food proteins (for example Pedroche et al., 2002; 
Wu and Ding, 2002; Yust et al., 2003; Megías et al., 2006; Barbana and Boye, 
2010; Udenigwe and Aluko, 2010; Udenigwe et al., 2012). Industrial food-
grade proteinases such as Alcalase, Flavorzyme, and Protamex derived from 
microorganisms, as well as enzymes from plant (e.g., Papain) and animal 
sources (e.g., Pepsin and trypsin), have been widely used in producing ACE 
inhibitory and antioxidative peptides. During the enzymatic production of 
bioactive peptides several factors affect the resulting peptide composition, and 
their structural and physicochemical characteristics. These factors include the 
specificity of the enzyme used for hydrolysis, hydrolysis time, enzyme to 
substrate ratio, and pretreatment of the protein prior to hydrolysis. For 
example, thermal treatment of proteins can enhance enzymatic hydrolysis 
(Inouye et al., 2009). On the other hand, a number of studies have shown that 
ACE inhibitory peptides are liberated during fermentation. In particular, milk 
products fermented with lactic acid bacteria strains have been found to possess 
antihypertensive and antioxidative capacity (Virtanen et al., 2007; Pihlanto et 
al., 2010). Furthermore, several antioxidative and ACE inhibitory peptide 
sequences have also been identified from fermented milk (Hernández-
Ledesma et al., 2005). Fermentation has also been shown to release ACE 
inhibitory and antioxidant peptides from plant proteins, such as soybean. For 
example, the traditional fermented soybean products natto, tempeh and douche 
contain antioxidative and ACE inhibitory peptides released by fungal 
proteases. Enzymatic hydrolysis has been shown to produce higher potent 
bioactivities than fermentation especially from plant proteins. 
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In the case of rapeseed, most of the studies concern the utilization of 
various proteolytic enzymes to liberate ACE inhibitory peptides (Marczak et 
al., 2003; Mäkinen et al., 2012; He et al., 2013c; He et al., 2013a; He et al., 
2013b; Alashi et al., 2014). However, enzymatic hydrolysis of rapeseed 
proteins has produced also antioxidative, renin inhibitory, antithrombotic and 
hypocholesterolemic activities. Also, fermentation with lactic acid bacteria has 
been shown to release in vitro ACE inhibitory peptides from rapeseed 
(Pihlanto et al., 2012). The production methods and bioactive properties of 
rapeseed protein-derived digests are summarized in Table 1. Enzymatic 
hydrolysates of rapeseed meal and protein extracts have shown high ACE 
inhibitory potencies in vitro; the most active hydrolysates have been produced 
by Alcalase with 50% ACE inhibition concentrations between 15 and 20 µg 
protein/mL (Wu et al., 2008; Mäkinen et al., 2012; He et al., 2013a). Also, 
Thermolysin and consecutive hydrolysis with Alcalase and ENZECO Alkaline 
Protease L-FG have produced high ACE inhibitory capacity (He et al., 2013a; 
Wu et al., 2008). Rapeseed protein hydrolysates have also been shown to 
possess inhibitory capacity against renin, the other key enzyme in the 
regulation of blood pressure through the RAS system. In particular, the 
rapeseed protein Alcalase hydrolysate and Pancreatin hydrolysate have been 
reported to possess dual inhibitory capacity against ACE and renin, both key 
factors in the regulation of blood pressure (He et al., 2013a; Alashi et al., 
2014) 

Antioxidant effects of rapeseed protein hydrolysates and peptides have 
been observed with various different in vitro methods, either related to 
scavenging free radicals or inhibition of lipid peroxidation and formation of 
malondialdehyde (MDA). Most of the studies concern the utilization of 
commercial proteases for the production of antioxidant peptides, in particular, 
Alcalase has produced highly effective antioxidant capacity from rapeseed 
protein. Xue et al., (2009a) investigated the digestion of insoluble rapeseed 
meal protein with Alcalase and Flavourzyme to produce peptides with 
antioxidant properties and observed dose-dependent reducing antioxidant 
activities and hydroxyl radical scavenging abilities. The hydrolysate also 
inhibited malonyldialdehyde (MDA) generation by 50% in blood serum at 150 
mg/ml. The hydrolysate was also found to inhibit the autohemolysis of rat red 
blood cells and MDA formation in a rat liver tissue homogenate (Xue et al., 
2009b). The rapeseed protein-derived Alcalase hydrolysate has also 
demonstrated radical scavenging activity against DPPH radical and inhibition 
capacity against lipid peroxidation in a liposome system with comparable 
effects to those of ascorbic acid at 5 mg/mL (Zhang et al., 2008; Zhang et al., 
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2009; Mäkinen et al., 2012). In addition, two other studies have reported high 
antioxidant activities of rapeseed protein hydrolysates against free radicals, 
and in particular Alcalase hydrolysate showed high potential with the oxygen 
radical absorbance capacity (ORAC) method (He et al., 2013a; He et al., 
2013b). 

 
Table 1. Production methods of rapeseed protein-derived BAPs 

 
Treatment: enzyme/microbial 
strain Outcome Reference 

Pepsin, Trypsin, Alcalase, 
Subtilisin, Thermolysin, 
Pancreatin, Chymotrypsin 
Bacillus subtilis, 
Lactobacillus helveticus 

High ACE inhibition in vitro Marczak et al., 2003; 
Wu et al.,2008; 
Mäkinen et al., 2012; 
Pihlanto et al., 2012; 
He et al., 2013a;Yu 
et al., 2013 

Alcalase, Thermolysin, 
Pepsin, Pepsin+Pancreatin, 
Chymotrypsin, Flavourzyme, 
Proteinase K 

Renin inhibition in vitro He et al., 2013a; 
Alashi et al., 2014 

Subtilisin, Pepsin, Alcalase, 
Thermolysin, Chymotrypsin, 
Pancreatin, 
Pepsin+Pancreatin, 
Flavourzyme, Proteinase K 

Hypotensive effects in vivo on 
spontaneously hypertensive 
rats (SHR) 

Marczak et al., 2003;  
He et al., 2013a;  
He et al., 2013b 
Alashi et al., 2014, 
 

Pepsin, Pepsin+Pancreatin, 
Trypsin, Alcalase, Subtilisin, 
Thermolysin, Proteinase K, 
Flavourzyme 
B. subtilis, L.helveticus 

Antioxidant activities: Radical 
scavenging activity, inhibition 
of lipid peroxidation in 
liposome micelles, inhibition 
of linoileic acid oxidation, 
inhibition of autohemolysis of 
rat red blood cells, inhibition 
of themalonyldialdehyde 
generation in blood serum 

Zhang et al., 2008; 
Xue et al., 
2009a;Xue et 
al.,2008b;Mäkinen et 
al., 2012; Pihlanto et 
al., 2012; Yu et al., 
2013; He et al., 
2013a; He et al., 
2013b 

Pepsin, Pepsin/Pancreatin, 
non digested rapeseed 
protein 

Hypocholesterolemic 
properties: bile acid-binding in 
vitro 

Yoshie-Stark et al., 
2008 

Alcalase  Antithrombotic activity: 
inhibition of thrombin-
catalyzed coagulation of 
fibrinogen in vitro 

Zhang et al., 2008 

Alcalase+Flavourzyme  Antitumor and antioxidative 
effects 

Xue et al., 2009b 
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Results have demonstrated a notable inverse relationship between radical 
scavenging activity (ORAC) and peptide molecular weight; the ORAC values 
were highest for the < 1 kDa peptides but decreased as peptide size increased 
to 5 - 10 kDa indicating that large-size peptides may not interact efficiently 
with the free radical (He et al., 2013a). On the other hand, Pihlanto and co-
workers (2012) investigated the inhibition of lipid peroxidation of fermented 
rapeseed meal and different molecular weight fractions using a liposome 
model. Fermentation with L. helveticus and B. subtilis strains produced the 
capacity to inhibit lipid oxidation and fractionation with size exclusion 
chromatography separated the inhibition activity against lipid peroxidation in 
the 1 200 – 1 300 Da fraction. This indicates that the peptides with lipid 
peroxidation inhibitory properties are relatively higher in molecular mass than 
peptides with efficient radical scavenging properties. The difference could be 
due to the ability of larger peptides to bind into the liposome micelle structure.  

Altogether, due to the various different methods used for antioxidant 
determination, comparison of the reported results is not straightforward, but on 
the other hand, results show that rapeseed is a diverse source of different types 
of antioxidant peptides as the hydrolysates and fractions have shown the 
capacity to prevent degenerative oxidative damage through different 
mechanisms. Also, the published data demonstrate that rapeseed hydrolysates 
have potentially high antioxidant potency as compared to other hydrolysates 
found in literature. For example, soy protein hydrolysates with Alcalase 
yielded ORAC values between 23 and 83.8 µM TE/g protein (Zhang et al., 
2010) while amaranth protein hydrolysate produced by PP had a value of 
about 75 µM TE/g protein (Orsini Delgado et al., 2011), which are 
substantially lower than the values obtained with rapeseed hydrolysates. 
However, the nonprotein compounds, such as phenols and pigments need to be 
noted when evaluating the rapeseed samples. Rapeseed meal is known to be 
rich in phenolic compounds, most importantly sinapic acid derivatives 
(Vuorela et al., 2004). In the published data Alcalase has been consistently 
shown to be an excellent protease for releasing both ACE inhibitory and 
antioxidant peptides from rapeseed proteins. 

 
Identified ACE Inhibitory and Antioxidant Peptide Sequences 

Several ACE inhibitory peptides have been isolated and identified from 
the enzymatic hydrolysates of rapeseed protein. All of the identified peptide 
sequences have been produced by either with Subtilisin or Alcalase. However, 
only few rapeseed protein-derived antioxidative peptides have been identified 
thus far. 
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Table 2. Identified BAPs from rapeseed protein-derived hydrolysates  
 

Peptide 
sequence 

ACE inhibitory 
IC50valueμM

Renin inhibitory 
IC50value mM

Antioxidant 
activity Reference 

Arg-Ile-Tyr 28    Marczak et al., 
2003 

Ile-Tyr  37    Marczak et al., 
2003 

Val-Trp  1.6    Marczak et al., 
2003 

Val-Trp-Ile-
Ser  

30 mM    Marczak et al., 
2003 

Val-Ser-Val  0.15    Wu et al., 2008 
Phe-Leu  1.33    Wu et al., 2008 
Leu-Tyr  110  1.87   He et al., 

2013b 
Thr-Phe  810  3.1   He et al., 

2013b 
Arg-Ala-
Leu-Pro 

970  0.97   He et al., 
2013b 

Pro-Phe-
Asp-Ser-Tyr-
Phe-Val-Cys 

0.19 mg/ml   radical 
scavenging 

Yu et al., 2013 

Gly-His-Ser 0.52 mg/ml  0.32 mg/ml   He et al., 
2013c 

Pro-Ala-Gly-
Pro-Phe 

  radical 
scavenging 

Zhang et al., 
2009 

 
The identified rapeseed protein-derived BAP sequences are summarized in 

Table 2. Four ACE inhibitory peptides have been isolated from the rapeseed 
Subtilisin digest: Arg-Ile-Tyr, Ile-Tyr, Val-Trp and Val-Trp-Ile-Ser (Marczak 
et al., 2003) of which Ile-Tyr and Arg-Ile-Tyr can be found in the primary 
structure of napin and Val-Trp and Val-Trp-Ile-Ser exist in the primary 
structure of cruciferin and ribosomal protein, respectively. ACE inhibitory 
peptides Val-Ser-Val, Phe-Leu, Leu-Tyr, Thr-Phe and Arg-Ala-Leu-Pro have 
been identified from Alcalase hydrolysate of rapeseed meal (He et al., 2013b)  
and Gly-His-Ser from the 3 kDa membrane ultrafiltration permeate of a 
Pepsin+Pancreatin rapeseed protein digest (He et al., 2013c). These peptides 
are located in the primary structure of rapeseed napin and cruciferin proteins 
(Wu et al., 2008). Interestingly, peptides Leu-Tyr, Thr-Phe, Arg-Ala-Leu-Pro 
and Gly-His-Ser have been shown to possess dual inhibition potential against 
ACE and renin activity (Table 2). 
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Processing Methods 
 
A challenge frequently faced in food protein-derived peptide research is 

how to process the protein hydrolysates further in order to obtain high-yield 
peptide products with enhanced bioactivity. Careful choice of suitable 
enzymes and digestion conditions such as optimal temperature, degree of 
hydrolysis and enzyme-substrate ratio, as well as the control of hydrolysis 
time, is crucial for obtaining protein hydrolysates with desirable functional and 
bioactive properties. Hydrolysis can be performed by conventional batch 
hydrolysis or by continuous hydrolysis using ultrafiltration membranes. The 
traditional batch method has several disadvantages, such as the relatively high 
cost of the enzymes and their inefficiency compared to a continuous process, 
as noted in numerous studies (Mannheim and Cheryan, 1990; Wang et al., 
2010). The hydrolysis process is feasible to scale-up production of peptides 
from laboratory scale to pilot and industrial plant scales with conserved 
peptide profiles and bioactivity of the resulting products (Chiang et al., 1995).  
After protein hydrolysis, the resulting bioactive peptides can be concentrated 
based on physicochemical and structural characteristics of the peptides of 
interest, to enhance the bioactivity. The peptide properties that are often 
focused on include size, net charge and hydrophobicity, depending on the 
targeted bioactivities. The crude protein hydrolysate can be further processed 
by being passed through ultrafiltration membranes and size-exclusion 
chromatography in order to obtain a more uniform product with the desired 
range of molecular mass, especially to concentrate low molecular-weight 
peptides that are more resistant to further in vivo proteolytic digestion and 
more potential ACE inhibitors. Ultrafiltration membrane reactors have been 
shown to improve the efficiency of enzyme-catalysed bioconversion, to 
increase product yields, and to be easily scaled up. Furthermore, ultrafiltration 
membrane reactors yield a consistently uniform product with desired 
molecular mass characteristics (Mannheim and Cheryan, 1990; Guérard, 
2007). Low molecular mass cut-off membranes are useful for concentrating 
bioactive peptides from the higher molecular mass components remaining, 
including undigested polypeptide chains and enzymes. In the case of rapeseed 
protein hydrolysates, ultrafiltration with 3 kDa membrane has been utilized to 
concentrate ACE inhibitory peptides into permeate (Mäkinen et al., 2012; 
Alashi et al., 2014) and moreover, to produce peptide concentrates showing 
hypotensive effects in SHR (Alashi et al., 2014). Also, our unpublished results 
have demonstrated hypotensive effects for rapeseed protein hydrolysate 
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concentrated with ultrafiltration with 3 kDa membrane in Goldblatt rat model 
of hypertension. 

In addition to ultrafiltration techniques, reverse-phase chromatography on 
a hydrophobic column matrix can be used to fractionate peptides according to 
hydrophobicity, and ion exchange chromatography with selective columns can 
be utilized to produce peptide fractions of a particular net charge (Pownall et 
al., 2010; Pownall et al., 2011). These approaches are very advantageous 
especially when the peptide properties that inhibit the molecular disease 
targets are known. For example, antioxidant activities of peptide fractions have 
been demonstrated to correlate negatively with cationic property (Pownall et 
al., 2011). A novel membrane technology known as electrodialysis-
ultrafiltration is useful for separating cationic, anionic and neutral peptides 
with defined molecular size on a large scale (Firdaous et al., 2009). Recently, 
this method has been utilized to concentrate and separate low molecular-
weight bioactive peptides with a net positive or negative charge (Doyen et al., 
2011a; Doyen et al., 2011b). Absorbent materials, such as activated carbon, 
are applicable for enriching particular amino acids in food protein hydrolysates 
(Udenigwe and Aluko, 2010). This processing method can result in sufficient 
yield if the amino acid residues of the target are prevalent in the peptides of 
interest. In addition, there are extensive bioassay-guided purification methods 
for the isolation of pure peptides for further analysis, especially for structure-
function investigations. However, low peptide yield is still a limiting factor of 
the feasibility of using food protein-derived bioactive peptides. Therefore, it 
would be relevant to develop large-scale applicable food-grade processing 
methods for the production of a high yield of highly active peptide fractions. 
Understanding the unique structural characteristics of peptides with targeted 
bioactivity and exploitation of these characteristics in the concentration of the 
particular peptides is a crucial requirement for this approach. 

 
 

HEALTH BENEFITS 
 

Methods for Assaying Health Effects of BAPs In Vitro  
and In Vivo 

 
The search for in vitro ACE inhibitors is the most common strategy 

followed in the selection of potential antihypertensive peptides derived from 
food proteins. ACE is a constituent enzyme of the Renin-Angiotensin-
Aldosterone System (RAAS), which is a crucial regulator in human 
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physiology. It controls blood pressure, fluid and electrolyte balance and affects 
the heart, vasculature and kidney (Lavoie and Sigmund, 2003). ACE inhibitory 
activity in vitro is generally evaluated by measuring the effect of potential 
inhibitors on the conversion of an appropriate substrate by ACE. There are 
several methods, and those based on spectrophotometric (Cushman and 
Cheung, 1971; Vermeirssen et al., 2002; Li et al., 2005) and high-performance 
liquid chromatography (HPLC) assays are the most commonly utilized (Doig 
and Smiley, 1993; Hyun and Shin, 2000; Shalaby et al., 2006). The most 
commonly utilized substrate for ACE is Hippuryl-His-Leu (HHL), and the 
methods measure the catalytic activity of ACE to produce hippuric acid from 
the substrate (Cushman and Cheung, 1971; Doig and Smiley, 1993; Li et al., 
2005; Shalaby et al., 2006). In the widely used spectrophotometric method of 
Cushman and Cheung (1971) the hippuric acid released is measured after its 
extraction with ethyl acetate. The hippuric acid can also be measured by 
HPLC assays avoiding the extraction step (Vermeirssen et al., 2002). 
However, 2-furanacryloyl-phenylalanylglycyl-glycine (FAPGG) can also be 
used as substrate for ACE (Holmquist et al., 1979). This method has also been 
applied in microtiter plates (Vermeirssen et al., 2002). Moreover, substrates 
such as o-aminobenzoylglycyl-p-nitrophenylalanylproline are designed for 
fluorometric assays (Carmel and Yaron, 1978; Sentandreu and Toldrá, 2006). 

On the other hand, another strategy for the selection of potential food-
derived antihypertensive peptides is to search for in vitro renin inhibitory 
activity. Renin inhibition could provide a more complete blockade of the RAS, 
since renin catalyzes the rate-determining step in RAS (Fitzgerald et al., 2011). 
Recent studies have reported renin inhibition capacity, for example from 
rapeseed protein-derived hydrolysates and peptides (He et al., 2013a; He et al., 
2013b; Alashi et al., 2014). The in vitro renin inhibitory capacities have been 
measured with a fluorometric method using a human recombinant renin 
inhibitor screening assay kit (Cayman Chemical, Ann Arbor, MI, USA). 
Interestingly, several rapeseed peptides have shown dual inhibition capacity 
both for ACE and renin (He et al., 2013b).  

In vitro cultured cell model systems are used for screening of compounds 
for their bioavailability, metabolism and bioactivity to obtain valuable 
information before expensive and time-consuming in vivo studies. Endothelial 
cell models are commonly utilized, particularly in angiogenesis research. 
Endothelial dysfunction initiates atherosclerosis and the dysfunction is 
characterized by alteration in nitric oxide and endothelin-1 homeostasis 
(Verma et al., 2003).  
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There are several assays available to analyze the effects of bioactive 
compounds, such as bioactive peptides, on the endothelial function in vitro. 
For example, expression and activation of endothelial nitric oxide synthase – 
the enzyme responsible for the release of the vasodilator compound nitric 
oxide – can be analyzed in endothelial cells in vitro to elucidate the effects of 
the compounds of interest on the potential release of nitric oxide in the 
vascular endothelium. 

Specific assays have not yet been developed or standardized to measure 
the antioxidative capacity of peptides or peptide mixtures. Therefore, assays 
that are commonly used for measuring antioxidative capacity of non-peptidic 
antioxidants have been used in the literature to measure the antioxidative 
capacity of peptides as well. Due to the complexity of oxidative processes 
occurring in food or biological systems as well as the different antioxidative 
mechanisms by which various compounds may act, finding one method that 
can characterize the overall antioxidative potential of food is not an easy task. 
Nevertheless, methods such as the Trolox equivalent antioxidant capacity 
(TEAC) assay, oxygen radical absorbance capacity (ORAC) assay, and the 
total radical-trapping antioxidant parameter (TRAP) assay have been widely 
reported in the literature for measuring antioxidative capacity of food and 
biological samples (Cao and Prior, 1998; Re et al., 1999). Commonly used 
assays include measuring the inhibition of lipid peroxidation in a linoleic acid 
model system and the capacity to scavenge the 2,2-Azino-bis (3ethylbenzo-
thiaxoline-6-sulphonic acid)/2,2-Diphenyl-1-picrylhydrazyl (ABTS/DPPH) 
radicals.  

Use of cell culture models for antioxidant research is particularly 
important since the studies to date have demonstrated that the mechanism of 
the action of antioxidants in human health promotion go beyond the 
antioxidant activity of scavenging free radicals (Liu and Finley, 2005). During 
experiments, intracellular oxidation of cells can be induced by using a peroxy 
radical generator or by using hydrogen peroxide (H2O2) (Elisia and Kitts, 
2008). The 20,70-dichlorofluorescein diacetate (DCFH-DA) probe can be used 
to measure the extent of intracellular radical formation with and without added 
antioxidative compound in order to assess the cellular antioxidant activity 
(CAA) (Wolfe and Liu, 2007).  

 
 
 
 



 

Table 3. Health enhancing properties in vivo of rapeseed protein-derived hydrolysates and peptides  
 
Source material Treatment Sample Outcome Reference 

Rapeseed meal Subtilisin  Peptide Arg-Ile-Tyr 
(rapakinin) 

Suppressed food intake and 
increased CCK release in SHR  
Vasorelaxing activity 
inmesenteric artery isolated from 
SHR 

Marczak et 
al., 2006 

Rapeseed meal Alcalase+Flavourzyme  Protein hydrolysate  Antitumor and antioxidant effects 
in vivoin a murine model 

Xue et al., 
2009b 

   Dose (mg 
prot./kg) in 
SHR, oral 
administration 

Change in SBPΔ 
mmHgin 
comparision to 
control 

 

Rapeseed 
proteinisolate 

Pepsin  
Subtilisin  
 
 
 

Protein hydrolysate  
Protein hydrolysate  
Val-Trp  
Val-Trp-Ile-Ser  
Ile-Tyr  
Arg-Ile-Tyr

500  
500  
7.5  
12.5  
7.5  
7.5 

-7 after 4h  
-16 after 4h  
-11 after 2h  
-13 after 2h  
-10 after 2h  
-11 after 4h 

Marczak et 
al., 2003 

 Alcalase  Thr-Phe  
Leu-Tyr  
Arg-Ala-Leu-Pro  

30  
30  
30 

-12 after 4h  
-27 after 2h  
-17 after 2h  

He et al., 
2013b 

      
  

 
 

    



 

Table 3. (Continued) 
 

Source material Treatment Sample Outcome Reference 
 Alcalase  

Proteinase K  
Pepsin+Pancreatin  
Thermolysin  
Flavourzyme  
 

 Proteinhydrolysate 
Protein hydrolysate  
Protein hydrolysate  
Protein hydrolysate  
Protein hydrolysate  
Rapeseed protein 
isolate 

100  
100  
100  
100  
100  
100 

-24 after 8h  
-5 after 8h  
-21 after 24h  
-9 after 8h  
-17 after 6h  
-11 after 6h  

He et al., 
2013a 

 Pepsin+Pancreatin  
 
Pepsin+Pancreatin  

Gly-His-Ser  
 
3kDa permeate of 
protein hydrolysate 

30  
 
100 
 

-18 after 6h  
 
-21 after 4h  

He et al., 
2013c 

Canola protein Alcalase Chymotrypsin Protein hydrolysate  
Protein hydrolysate 

200  -35 after 4h  
-16 after 6h 

Alashi et 
al., 2014 

isolate  Pepsin  
Trypsin 
Pancreatin 

Protein hydrolysate  
Protein hydrolysate 
Protein hydrolysate 

 -24 after 4h 
no change 
-15 after 6h 
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The antihypertensive effects can be assessed by in vivo experiments using 
spontaneously hypertensive rats (SHR) that constitute an accepted animal 
model to study human essential hypertension (Erdmann et al., 2008). This 
animal model has been widely used to study the hypotensive effects of ACE 
inhibitory milk protein-derived peptides in both a short-term and long-term 
manner (Fitzgerald et al., 2004; Erdmann et al., 2008), and the current 
literature also includes studies concerning the in vivo antihypertensive effects 
of plant protein-derived peptides in SHR, e.g., pea (Vermeirssen et al., 2005), 
canola (Alashi et al., 2014) and flaxseed (Udenigwe et al., 2012). The 
published data concerning the in vivo measurement of the antioxidant effects 
of food protein-derived bioactive peptides is quite limited; however, 
biomarkers of lipid and protein peroxides as well as DNA damage can be 
assessed to monitor changes in oxidative stress in vivo.  

 
 

Health Effects In Vivo of Rapeseed Protein Derived BAPs 
 
As the number of in vitro studies has shown, rapeseed proteins comprise 

an attractive source of BAPs with potential antihypertensive properties. 
Recently, antihypertensive effects of rapeseed protein-derived BAPs have 
been shown also in animals. Also, other health enhancing properties such as 
antitumor and antioxidant effects have been reported for rapeseed protein-
derived peptides in animals. The health enhancing properties demonstrated in 
vivo for rapeseed and canola protein-derived hydrolysates and peptides are 
summarized in Table 3. 

 
Hypotensive Effects of Rapeseed Protein-Derived Peptides 

Quite many rapeseed hydrolysates, fractions and peptides have recently 
been reported to induce antihypertensive effects on spontaneously 
hypertensive rats (SHR) (Table 2). Subtilisin digest of rapeseed protein has 
shown a dose-dependent antihypertensive effect after oral administration to 
SHR with a significant decrease in blood pressure even at a single dose of  
0.15 g/kg body weight (bw). Rapeseed protein-derived Alcalase and Pepsin 
hydrolysates have also shown appreciable antihypertensive effects, with 
Alcalase hydrolysate producing the greatest (−34 mm Hg) and fastest (4 h) 
decrease in systolic blood pressure (SBP). Permeate of rapeseed protein 
Pepsin+Pancreatin digest (< 3 000 Da) has induced a corresponding 
hypotensive effect (−21 mmHg) after oral dosage on SHRs. In comparison, the 
non-hydrolyzed canola protein isolate has shown a significant and more 
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prolonged (24 h) SBP-reducing effect, which is attributable to the extensive 
protein hydrolysis in the gastrointestinal tract (Alashi et al., 2014). In contrast, 
trypsin hydrolysate has been reported to be ineffective at reducing 
hypertension in SHR after oral administration (Marczak et al., 2003). The 
current literature also includes information on antihypertensive effects for 
rapeseed protein-derived pure peptides. Marczak and colleagues (2003) 
measured the antihypertensive activities of Val-Trp, Val-Trp-Ile-Ser, Ile-Tyr 
and Arg-Ile-Tyr following oral administration to SHR. All peptides displayed 
a dose-dependent antihypertensive effect. Hypotensive activity of the peptides 
was compared between young (19 - 20 weeks) and old (28 - 30 weeks) SHRs. 
Usually the hypotensive effect of ACE inhibitors in old SHR is lower than in 
young SHR, but Arg-Ile-Tyr (rapakinin) showed a similar effect both in old 
and young rats. Thus, it was suggested that another mechanism besides ACE 
inhibition may be involved in the hypotensive effect of rapakinin. 
Subsequently, the hypotensive effect of rapakinin was found to be mediated 
mainly by the prostaglandin-cholecystokinin-dependent vasorelaxation 
(Yamada et al., 2010). Recently, the antihypertensive effects of the peptides 
Leu-Tyr, Thr-Phe and Arg-Ala-Leu-Pro from Alcalase digest of rapeseed 
protein were tested on SHR (He et al., 2013b). Single oral administration to 
SHR showed Leu-Tyr and Arg-Ala-Leu-Pro to be the more effective 
hypotensive agents with a maximum blood pressure reduction of -26 and -16 
mmHg, respectively, when compared to Thr-Phe (-12 mmHg). It was 
suggested that the higher number of hydrophobic amino acid residues of Leu-
Tyr and Arg-Ala-Leu-Pro contributed to their higher in vitro and in vivo 
activities when compared to Thr-Phe (He et al., 2013b). Oral administration of 
Gly-His-Ser to SHR showed a maximum blood pressure reduction of −17 
mmHg after 6 h. The in vitro ACE inhibitory effects of Gly-His-Ser were 
significantly weaker in comparison to the previously mentioned peptides and 
the hypotensive effects of Gly-His-Ser was suggested to be controlled mainly 
through renin inhibition (He et al., 2013b). The administration doses of single, 
pure rapeseed peptides reviewed above varied between 7.5 and 30 mg/kg bw, 
and the crude hydrolysates and fractions were administered in higher doses 
varying between 100 and 500 mg/kg bw. 

 
Other Bioactivities 

In addition to antioxidant and antihypertensive properties, some other 
potential health enhancing properties have also been reported for rapeseed 
protein-derived peptides (Table 2). Rapakinin (Arg-Ile-Tyr) derived from 
rapeseed napin, has been reported to possess food intake-suppressing 
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properties, in addition to the hypotensive properties. Rapakinin dose-
dependently decreased food intake and gastric emptying after oral 
administration at a dose of 150 mg/kg in mice (Marczak et al., 2006). 
Rapeseed protein has also been linked to preventing insulin resistance. 
Mariotti and others (2008) demonstrated that substituting rapeseed protein for 
milk protein prevented the early onset of insulin resistance, and the effects 
corresponded to those achieved by manipulating dietary fat and carbohydrates 
in a rat model. 

Hypercholesterolemia is considered to be a major cause of heart diseases 
and atherosclerosis (World Health Organization, 2011). Healthy diet, exercise 
and consumption of bile acid sequestrants, which are better known as 
hypolipidemic agents, are important in the prevention of hyperlipidemia 
(Anderson and Siesel, 1990). Bile acid-binding promotes the consumption of 
cholesterol in the liver, which therefore reduces the level of cholesterol in the 
blood (Anderson and Siesel, 1990). The in vitro hypocholesterolemic 
properties of rapeseed proteins have been measured by determining the bile 
acid-binding capacity. Yoshie-Stark et al., (2008) demonstrated the bile salt-
binding effects for rapeseed protein isolates and their hydrolysates, which 
were obtained by Pepsin and Pepsin/Pancreatin digestion. However, the 
hydrolysis treatments did not affect the bile acid-binding capacities indicating 
that some polypeptides present already in the rapeseed protein isolates are able 
to bind the ligands (Yoshie-Stark et al., 2008). Bile acid-binding properties of 
some other plant proteins and hydrolysates have also been reported with 
corresponding observations that hydrolysis does not necessarily enhance the 
bile acid-binding capacity (Yoshie-Stark and Waesche, 2004; Ma and Xiong, 
2009). 

Thrombosis is an anomaly in blood coagulation and leads to severe 
symptoms, heart injury among them. The blood-clotting process is related to 
the interaction between thrombin and fibrinogen to form the fibrin clot. 
Antithrombotics can reduce platelet aggregation and enhance fibrinolysis and 
thus, reduce the risk of thrombosis (Scheraga, 2004; Erdmann et al., 2008). 
Bioactive peptides have been demonstrated to possess antithrombotic activity, 
for example milk κ-casein-derived peptides and egg white protein hydrolysate 
(reviewed by Silva and Malcata, 2005). Antithrombotic activity has also been 
demonstrated for rapeseed peptides in vitro (Zhang et al., 2008). The rapeseed 
peptide fractions produced with Alcalase hydrolysis had significant inhibitory 
activities on the thrombin-catalyzed coagulation of fibrinogen. The maximum 
inhibitory effect was 90% at peptide concentrations between 30 and  
50 mg/mL. The observed values were superior to those reported for egg white 
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hydrolysate at the same concentration, but weaker than the antithrombotic 
activity of heparin, which is commonly used as an antithrombotic drug (Zhang 
et al., 2008). 

 
 

Delivery and Bioavailability 
 
Bioavailability is a major issue when establishing correspondence between 

in vitro and in vivo activities of bioactive peptides. The capacity to reach target 
organ in an active conformation determines the physiological effect of 
bioactive peptides. Various processes take place after oral administration of a 
bioactive peptide and need to be considered on the final activity. It’s highly 
likely that putatively antihypertensive peptide sequences are subjected to 
alteration before the final activity in vivo after the various steps, such as attack 
of gastrointestinal enzymes and brush border peptidases, absorption through 
the intestinal barrier, attack of intracellular peptidases in the transcellular 
absorption and plasma enzymes after the peptides have entered the circulation 
(Vermeirssen et al., 2004; De Leo et al., 2009).  

As human studies are time-consuming, costly and restricted by ethical 
concerns, the development of in vitro models for investigating the effects of 
digestion on the bioactive peptides has attracted much attention. A plethora of 
models have been implemented to simulate gastrointestinal digestion; most 
typically models simulate digestion in the oral cavity, the stomach and the 
small intestine. There is substantial variability among the conditions, such as 
the time of digestion, agitation, enzymes and concentrations of the salts and 
bile acids used. Moreover, there is great differentiation in the inclusion of 
various digestion stages and whether the chosen conditions are static with 
fixed concentrations of enzymes and bile acids, etc. or dynamic with varying 
concentrations of these constituents. For instance, human digestive liquids 
have been utilized to model digestion in vitro (Eriksen et al., 2010; Mäkinen et 
al., 2012), and meanwhile several reports have concerned the implementation 
of porcine enzyme mixtures (for example, Vermeirssen et al., 2003; Lo and Li-
Chan, 2005; Marambe et al., 2011). The diversity of model conditions has 
hampered the ability to compare results across the different studies. Thus, a 
consensus concerning the basic parameters would be relevant in order to 
harmonize the various in vitro digestion models. Recently, in vitro models for 
studying the digestion of secondary plant metabolites (such as polyphenols) 
were reviewed by Alminger et al., (2014). A set of parameters for static in 
vitro models was suggested based on relevant in vivo data. Thus far, such a 
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harmonization of parameters based on in vivo data has not been reported for 
modeling the bioavailability of peptides. Rapeseed protein Subtilisin digest 
and Alcalase digests have been subjected to simulated gastrointestinal 
digestion in vitro in order to elucidate the ability of ACE inhibitory peptides 
present in these digests to resist gastrointestinal digestion and the possibilities 
of reaching the site for absorption (Marczak et al., 2003; Mäkinen et al., 2012). 
The Alcalase hydrolysate was treated with human gastric extracts and 
Subtilisin hydrolysate with commercial proteases and results from both studies 
indicated that the ACE inhibitory peptides present in the hydrolysates possess 
a relatively high ability to resist further hydrolysis in to inactive degradation 
products (Mäkinen et al., 2012; Marczak et al., 2003). 

Study of intestinal absorption in vitro is another common aim when 
elucidating the bioavailability. It has been indicated that a small portion of 
bioactive peptides can pass the intestine barrier and although it is usually too 
small to be considered nutritionally important, it can present the biological 
effects in tissue level (Gardner, 1988; Gardner, 1998). Molecular size and 
structural properties, such as hydrophobicity, affect the major transport route 
for peptides (Gardner, 1998). Research findings indicate that peptides with 2–6 
amino acids are absorbed more readily in comparison to protein and free 
amino acids. As the molecular weight of peptides increases, their chance to 
pass the intestinal barrier decreases. Peptides are transported by active 
transcellular transport or by passive process (Shimizu et al., 1997). The 
absorption studies are commonly performed with the monolayer of intestinal 
cell lines, such as Caco-2 cells, simulating intestinal epithelium, and analysis 
of peptides and metabolites in serum after in vivo and clinical studies. Foltz et 
al., (2008) investigated the transport of Ile-Pro-Pro and Val-Pro-Pro by using 
three different absorption models and demonstrated that these tri-peptides are 
transported in small amounts intact across the barrier of the intestinal 
epithelium. In another study, the absolute bioavailability of the tri-peptides in 
pigs was below 0.1%, with an extremely short elimination half-life ranging 
from 5 to 20 min (van der Pijl et al., 2008). In humans, maximal plasma 
concentration did not exceed picomolar concentration (Foltz et al., 2007). 
Milk-derived peptide Leu-His-Leu-Pro-Leu-Pro is an interesting example of a 
peptide with evaluation of bioavailability. This peptide resisted gastrointestinal 
simulation, but cellular peptidases digested the peptide to His-Leu-Pro-Leu-
Pro before crossing Caco-2 cell monolayer (Quiros et al., 2008; Quiros et al., 
2009). The degradation product, His-Leu-Pro-Leu-Pro, has been demonstrated 
to absorb in human intestine as it has been identified in human plasma after 
oral administration (van Platerink et al., 2006). 
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Fujita and colleagues (Fujita et al., 2006) established a bioavailability 
factor in relation to antihypertensive activity and ACE-inhibition mechanism. 
The classification is based on inhibitor type and substrate type, the possible 
conversion of peptides by ACE into peptides with weaker activity and pro-
drug type inhibitors, or possible conversion of peptides into true inhibitors by 
ACE or gastrointestinal proteases. A delayed antihypertensive effect is 
characteristic for pro-drug type peptides as they need to degrade further to 
reach the final active form (Zhao et al., 2009; Muguruma et al., 2009). For 
instance, flaxseed protein showed pro-drug type characteristics compared to 
hydrolysed cationic peptide fraction (Udenigwe et al., 2009). The protein 
fraction showed a delayed hypotensive effect in SHR comparable to captopril 
(3 mg/kg body weight) and the effect was more sustained than the effect of the 
digested peptide fraction. The slow-acting character of the protein fraction was 
expected since the digestion of the proteins. Anyhow, more research is needed 
to identify the active peptide sequences released in the digestive tract and to 
evaluate the bioavailability of these peptides. 

It can be deduced due to the incomplete bioavailability of peptide 
following oral ingestion, a peptide with pronounced antioxidant activity in 
vitro may exert little or no activity in vivo. However, bypass routes which 
increase the chance of peptide absorption can diminish the problem and it is 
possible that in vivo antioxidant activity can be higher than in vitro activity. In 
such cases, bioactive peptides may display their biological functions by 
mechanisms other than what is applied in experiment. In addition, it has been 
suggested that the strong in vivo activity can be due to increased activity of 
peptides following their breakdown by gastrointestinal proteases (Erdmann et 
al., 2008). 

The need for technological tools for the improvement of bioavailability is 
reinforced, and the focus is on the improvement of limited stability and 
absorption of peptides. The improvement of limited absorption and stability of 
peptides has been a goal when evaluating their effectiveness. For example, 
some carriers interact with the peptide molecule to create an insoluble entity at 
low pH, which later dissolves and facilitates intestinal uptake, by enhancing 
peptide transport over the non-polar biological membrane (Shaji and Patole, 
2008). Bioavailability of bioactive tri-peptides (Val-Pro-Pro, Ile-Pro-Pro, Leu-
Pro-Pro) was improved by administering them with a meal containing fibre, as 
compared to a meal containing no fibre. High methylated citrus pectin was 
used as a fibre (Kies and Van Der Pijl, 2012). Among drug delivery systems, 
emulsions have been used to enhance oral bioavailability or promoting 
absorption through mucosal surfaces of peptides and proteins (Shaji and 
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Patole, 2008). Individually, various components of emulsions have been 
considered as candidates for improving bioavailability of peptides. Anyhow, it 
seems that no general strategy for improving bioavailability of 
antihypertensive peptides exists and due to the number of processes involved 
and different characteristics of peptides depending on the sequence each case 
must be studied. Many strategies are currently demonstrated for enhancing 
bioavailability (Nestor, 2009) among them microencapsulation for controlled 
release of the active compounds, stabilization of the active molecules to 
improve transportation through the intestinal barrier and provide resistance 
against degradation, and development of highly stabile peptide analogues 
(Yamada et al., 2002; Matoba et al., 2001; Gomez-Guillen et al., 2011). 

 
 

INCORPORATION INTO FOOD PRODUCTS 
 
Intensive research on bioactive peptides being carried out around the 

world has already led to the introduction of a wide range of commercial 
products. The bioactive peptides offer an exciting opportunity in the area of 
the development of novel functional foods which in turn could contribute to 
the prevention and management of certain diseases such as hypertension, Type 
2 diabetes or obesity and more broadly metabolic syndrome. Antioxidant 
peptides could be most appropriate for specific populations, with increased 
risk of oxidative stress, such as ageing. Nutrient solutions that provide a rich 
source of essential amino acids and antioxidant peptides could provide a novel 
approach to promote healthy aging. The functional foods or food ingredients 
containing milk-derived bioactive peptides, such as the fermented milk Calpis, 
are already in the market (Phelan et al., 2009). The claims related to peptides 
are hypotensive properties, aiding mineral absorption, improving athletic 
performance and reduce stress. Since 1991, the Ministry of Health and 
Welfare in Japan has awarded the status of Food of Specific Health Use 
(FOSHU) to foods with scientifically validated health claims. Since then, 
antihypertensive peptides, such as Val-Pro-Pro, Ile-Pro-Pro, Val-Tyr have 
obtained FOSHU approval (Phelan et al., 2009). In Europe, applications for 
nutrition and health claims are submitted to the European Food Safety 
Authority (EFSA) under Regulation 1924/2006 and are evaluated by Dietetic 
Products, Nutrition and Allergies (NDA) panel of scientific experts (Anon 
2006). There are three categories of health claims as defined by EU legislation. 
Article 13.1 claims are defined as new function or emerging science claims. 
Recently, the aspects concerning the scientific information needed for the use 
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of a health claim in the functional food product labeling and marketing should 
include the scientific evidence on the beneficial effects of the product. The 
characterization of food components with in vitro and animal models is needed 
but they are not sufficient to substantiation the biological functionality in 
humans. Human studies to investigate the effects of food or food components 
on reliable markers, such as blood pressure and oxidative damage, are 
essential. There is still a lot of confusion within the food industry as to what 
evidence is required with the EU. Regarding the applications already 
processed, the Commission of European Communities has not yet authorized 
any claims relating to the effect of bioactive peptides in foods. 

 
 

FUTURE PROSPECTS  
 
There is no doubt that the hydrolysis of proteins gives rise to diversity of 

peptides, some of them displaying remarkable functionalities relevant to 
human health. The research should encourage the industry to invest more in 
the added-value products with scientific evidence of health benefits. To this 
end, novel technologies are available to standardize and stabilize the 
concentrations of active peptides in the products by means of membrane 
separation techniques and encapsulation. Important structure-function 
parameters of peptides are increasing constantly, which can greatly enhance 
the production and processing of peptides. With improved understanding of 
the structure activity relationship we may be able to design targeted enzyme 
hydrolysis strategies to release these peptides. Also, the integrity of the 
chemical structure of peptides, their interactions with food matrix components 
and organoleptic properties are important attributes to be considered when 
formulating novel products containing bioactive peptides.  

Some studies have shown it to be a wrong approach that peptides are 
screened first in vitro for potential targets and then in vivo to confirm efficacy. 
According to Foltzand collagues (2010), it appears that it is only valid to 
propose efficacy once the peptide exhibits reasonable proteolytic stability and 
physiologically relevant absorption, distribution, metabolism and excretion 
profiles. In this field, more in-depth topics include the stability of the 
biological activity of peptides, both in the food matrix where released or 
incorporated and in vivo in the body before being absorbed and transported to 
the target site. Greater understanding of the biological fate of peptides and the 
site of action will allow delivery or an effective dose and formulation of the 
peptides to ensure that they reach their target sites. Confirmation of the 
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efficacy of plant-derived peptides in vivo is still in its infancy. Some food 
protein-derived peptides and intact proteins have shown a beneficial effect in 
vitro and in human intervention studies. However, we need to gain better 
understanding of the relationship between these in vitro activities and 
especially, long term health benefits in humans and establish appropriate 
biomarkers of biological efficacy. For example, the extent of the 
antihypertensive effects has been suggested to depend on the nature of 
delivery system, dose, study duration, genetic background of the subjects, 
stages of hypertension (reviewed by Udenigwe and Aluko, 2012). 
Furthermore, molecular studies are needed to assess the mechanisms by which 
bioactive peptides exert their activities in the body. To this end, it may be 
necessary to employ proteomic and metabolomic methods. By means of these 
novel nutrigenomic approaches, it is possible and, in future, perhaps essential 
to investigate the impact of peptides on the expression of genes and hence 
endeavour to optimize the nutritional and health effects delivered by peptides.  

Moreover, the safety of all novel peptides intended for food or 
pharmaceutical uses should be tested in accordance with international and 
national food safety regulations. In cases of products intended to be marketed 
in the EU member states, the novel food legislation has to be observed. Other 
challenges with dietary bioactive peptides are posed by health claims, which in 
the EU countries are strictly regulated and require science-based 
documentation before approval by the European Commission. At present, 
there are worldwide efforts to harmonize these regulations so as to develop fair 
global food marketing and protect consumers against false or misleading 
product information. 
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ABSTRACT 
 

Rapeseed is the traditional name of a large winter or spring annual 
oilseed crop from the Brassicaceae family, and is related to mustard, 
cabbage, broccoli, among others. As one of the leading oilseed crops, 
rapeseed is primarily grown for its oil content. Production of rapeseed oil 
by cold or hot screw pressing solely or followed by solvent extraction, 
respectively, generates a significant co-stream in the form of press cake 
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or meal. This co-stream is an excellent feedstock for nutritionally 
valuable components such as protein, and bioactive compounds such as 
phenolics and peptides, not only for livestock but also for human 
consumption. The mentioned bioactive compounds have been found to 
possess potential health benefits and skin-repairing properties and thus 
may play an important role not only in the cosmetics but also in the 
treatment or prevention of many diseases. Rapeseed protein, constituting 
32-36% of the rapeseed press cake or meal, has a well-balanced amino 
acid composition and suitable technological properties for food use. 
However, there are still challenges that limit the use of rapeseed press 
cake for commercial profitable production of protein and bioactive 
compounds, particularly in relation to the organoleptic properties and 
levels of harmful or anti-nutritional factors such as glucosinolates and 
phytates. This chapter reviews the possibilities as well as the challenges 
that rapeseed press cake co-stream ingredients face regarding skin care, 
food and nutraceutical applications. 
 
 

INTRODUCTION 
 
Rapeseed, which comprises the species Brassica napus and Brassica rapa, 

is among the most important oilseed crops which are grown annually in 
temperate climates such as Europe, Canada, China, India and Australia [1, 2]. 
The seeds (containing 40-48% oil on dry matter basis) are currently processed 
to produce oil that is sold mainly to the food and biodiesel market, but it is 
also suitable as a raw material for lubricants, plastics, soaps, etc. Depending on 
the method of oil extraction, the residual seed mass can be designated as: i) the 
press cake, which is produced when only physical oil pressing is used, or ii) 
the meal, which is obtained when the pressing is followed by solvent 
extraction of residual oil from the press cake [3]. 

The continuous growth of rapeseed oil production for food and other uses 
coincides with proportional production of co-streams. Global rapeseed press 
cake/meal production increased by 80% between 2002 and 2012 [4]. Similarly, 
in the EU-27, rapeseed press cake/meal production doubled from 6,5 million 
tons in 2004 to 13,5 million tons in 2014 [5]. Large processing plants use hot 
pressing and solvent extraction to obtain rapeseed oil, while smaller producers 
of unrefined virgin oil mainly adopt the cold pressing process. There is a trend 
among consumers towards the use of unrefined virgin oil particularly in 
Europe and Northern America. This multiplies the small‐ and medium‐sized 
extraction plants producing virgin oil by cold pressing and consequently 
generating significant press cake co-stream. 
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After processing rapeseed into oil, many valuable compounds such as 
proteins, carbohydrates, lipids and a range of other compounds such as 
polyphenols, phenolic acids and esters, glucosinolates, phytates, vitamins and 
minerals remain in the press cake/meal. The chemical composition and 
nutritional value of these co-streams are influenced by the processing 
technology and conditions used in the oil production such as type of the oil 
press, temperature, humidity during the extraction process, etc.) [6], but also 
by environmental factors like climate conditions, soil and fertilisation, not to 
mention genetic variation caused by breeding [7]. These conditions set the 
potential and limitations of the obtained co-streams for use in high-value 
applications [8]. In particular, the press cake from cold pressing of rapeseed is 
considered as a raw material for food protein production since protein quality 
is better retained in this feedstock than in the solvent-extracted meal. 

Current strategies for managing the co-streams include the use of press 
cake/meal as a protein source in feed formulations for animals, but also in 
lower value end-uses such as fertilizers or as a soil cover to prevent erosion. 
However, especially the press cake from cold pressing represents a rich source 
of native, high-quality protein and other bioactive compounds valuable as 
ingredients in foods, pharmaceuticals and cosmetics [9–14]. The press cake 
from cold pressing of whole rapeseeds contains 32-36% protein [15, 16], 
which is mainly comprised of the storage proteins cruciferin (12S globulin) 
and napin (2S albumin). The overall amino acid composition of these proteins 
is well-balanced with sufficient amounts of lysine and sulfur amino acids to 
meet the FAO requirements for daily intake [17, 18]. On the other hand, whole 
rapeseed protein seems to have limited digestibility in humans similarly to 
many other plant proteins [18, 19]. The functional properties (solubility, 
thermal, emulsification, foaming and gelation properties) of rapeseed proteins 
have been well characterized with clear indications of their potential as 
performance ingredients in e.g., food and cosmetic products [20]. 
Additionally, several bioactivities including antioxidative, antihypertensive, 
antidiabetic, anorexigenic, hypocholesterolemic, anticancer and antiviral 
properties, have been identified in rapeseed proteins and peptides [21]. 

Despite the larger potential of rapeseed press cake, there are still 
technological barriers to its full profitable use. The presence of phytates, 
which are efficient chelators of minerals and proteins [22], phenolic 
compounds generating undesirable colours and flavours, traces of 
glucosinolates which are considered antinutritional for animals, but have a 
controversial role in human health [23], and the high carbohydrate content 
(36% on dry matter basis) which influences the digestibility and technological 
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properties of the press cake [16]. Therefore, feasible technologies are needed 
in order to enhance the functionality, bioavailability, and sensory properties of 
rapeseed-derived ingredients both in food and skin care applications. Aqueous 
extraction of proteins in alkaline or saline conditions has been actively studied 
since the 1970’s with the aim to produce high-protein fractions for food use 
[24–26]. In addition, enzyme-aided processing using proteases and/or cell wall 
degrading enzymes has proven to be successful for the extraction of whole 
protein and protein hydrolysates from press cake and meal [16, 27–29]. 

The present chapter summarizes recent advances on the enzyme-assisted 
extraction processes of protein and other bioactive compounds from rapeseed 
press cake. It also reviews the potential use of these compounds in high value 
applications such as skin care, food and nutraceutical industries. 

 
 

SUSTAINABLE PROCESSING OF RAPESEED CO-STREAMS 
 
Oilseed proteins are most commonly enriched by alkaline extraction of 

defatted seed mass, followed by acidic precipitation and washing to yield a 
protein concentrate (>65% protein) or isolate (>90% protein). Although nearly 
pure protein can be obtained at a high yield, these technologies suffer from 
intensive water and energy consumption, use of chemicals, and requirement 
for multiple processing steps. High pH has been reported to expose proteins to 
denaturation, which reduces their solubility and related functional properties 
[30], and to increase the co-extraction of phenolic compounds with the protein 
[31]. To improve the feasibility, sustainability and economics of rapeseed 
protein production, alternative technologies such as dry fractionation and 
enzyme-assisted wet fractionation at reduced water content, have been the 
focus of several recent studies [16, 27–29, 32–36]. 

Dry fractionation is based on mechanical grinding and separation 
techniques and offers a sustainable approach for production of plant protein 
concentrates [33]. Dry fractionation is generally more energy-efficient than 
wet processing as there is no need for drying steps after the fractionation. Dry 
fractionation can also be regarded as a relatively mild way of processing since, 
although compromising the protein purity, it retains the natural functionality of 
the protein better than wet processing which is often carried out in severe pH 
and temperature conditions. Dry fractionation has been successfully used to 
enrich protein from pulses and cereals [33]. 

In rapeseed, protein and oil are mainly stored in the kernel of the seed 
which is surrounded by a hull rich in fibres and polyphenolics [37]. These 
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components can have unfavourable effects on the sensory properties and 
digestibility of rapeseed protein products, and hence, removal of the hulls is 
recommended when targeting colour and flavour-neutral protein for food 
applications [38]. In our recent study, defatting of rapeseed cold-press cake by 
supercritical CO2 extraction and subsequent removal of the hull particles by 
milling and air classification produced a fine, light-coloured material with 
concomitant increase of protein content from 36 to 46% [32]. Removal of oil 
from the cold-press-cake is a required pre-treatment and at the same time the 
major drawback of dry fractionation, since oil hinders the dispersion of milled 
particles during air classification [33]. 

Carbohydrate-hydrolysing enzymes, especially pectinase, cellulase, β-
glucanase and xylanase, have proven useful for enrichment of rapeseed 
proteins. Carbohydrates constitute around 35% of rapeseed press cake [16], 
with pectin, cellulose, xyloglucan, arabinan and arabinogalactan being the 
main cell wall polysaccharides [39]. In the study by Niu et al., 2012, combined 
use of hemicellulase, pectinase, cellulase and protease enzymes enabled 
aqueous extraction of 82% of the total protein from rapeseed cold-press cake 
[28]. Such yield compares well with reported protein extraction yields from 
alkaline procedures, ranging from 56 [40] to 94% [41]. A patent by DeCastro 
et al., 2005, similarly describes a procedure where intermittent wet milling and 
enzymatic carbohydrate hydrolysis are used to recover a protein extract and 
oil-protein emulsion from thick slurry (19% solid content) of rapeseed cake 
and water [29]. 

Cell walls have been identified as one of the main physical barriers for 
protein release from various biomasses [42]. Pressing oil from rapeseeds 
partially disrupts seed cell walls and releases some protein from the kernel 
cells [16]. Cell wall degrading enzymes are expected to facilitate protein 
extraction from the press cake partly by disintegration of the remaining tissue 
[16]. Recently, we have revealed more mechanisms by which these enzymes 
influence rapeseed protein recovery, including the reduction of water-holding 
capacity of the press cake through pectin hydrolysis, and release of anionic 
compounds which improve protein solubility by electrostatic stabilization [34]. 
Enzyme treatment seems particularly beneficial when protein extraction is 
performed at increased solid content [34]. In these conditions, efficiency of 
solid-liquid separation by e.g., centrifugation is hindered by the high water 
holding capacity of rapeseed press cake, and carbohydrate-hydrolysing 
enzymes offer an effective tool to facilitate the processability of this material. 

In addition to facilitating protein extraction from the press cake without 
alkali or other chemicals, carbohydrate-hydrolysing enzyme treatment has also 
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shown to improve functional properties of the resulting protein extracts [35]. 
Generally, use of these enzymes results in increased co-extraction of sugars 
and galacturonic acid [16]. Anionic carbohydrates are known to stabilize 
rapeseed protein dispersions by formation of electrostatic complexes [43, 44], 
and in a similar manner, uronic acids released during pectin hydrolysis have 
been suggested to increase the dispersion stability of enzymatically produced 
crude protein extracts [35]. 

Protein-hydrolysing enzymes i.e., proteases have been increasingly 
studied in the past decade as a gentle method for production of rapeseed 
protein hydrolysates with new functional properties. Hydrolysis of rapeseed 
proteins into soluble peptides can substantially facilitate their recovery from 
the press cake and solvent-extracted meal [27, 28]. The degree of hydrolysis 
influences not only the yield but also the functional and sensory properties of 
the resulting peptides. Limited hydrolysis can improve the emulsifying and 
foaming activities and water and oil absorption capacities of rapeseed protein 
hydrolysates [12], while extensive hydrolysis may result in weakened 
functional properties [45] and formation of peptides with bitter taste [46]. On 
the other hand, small peptide size has been connected with certain bioactivities 
such as the inhibition of the angiotensin converting enzyme (ACE) involved in 
blood pressure regulation [47]. 

Various commercial protease preparations have proven effective for 
production of mixtures of bioactive rapeseed peptides. To maximize the yield 
of peptides, endopeptidases which cleave the peptide chains in the middle have 
been favoured over exopeptidases which release amino acids from peptide 
chain ends. The most studied preparations include B. licheniformis serine 
endopeptidases and mammalian gastrointestinal proteases [48]. 

 
 

VALORISATION OF RAPESEED 
CO-STREAMS INTO ADDED-VALUE APPLICATIONS 

 
Increasing global demand of proteins for human consumption and animal 

feeding has prompted the exploration of rapeseed industry co-streams, among 
others, as a novel protein source. Traditionally, rapeseed press cake/meal is 
used as animal feed, but its protein- and phenolic-rich nature, and the already 
proven bioactive properties of these compounds have found applications in 
other markets. Apart from food applications, their use as a resource for 
nutraceuticals and cosmeceuticals has been considered like various non-food 
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applications such as films and paper additives [49]. Furthermore, it has been 
considered for its potential use in fermentative processes, including 
saccharification and production of enzymes, antibiotics, antioxidants and other 
by-products [50]. 

Annually, nearly 15 million tonnes of rapeseed co-streams are produced in 
Europe. The market price of press cake and meal used for animal feed is EUR 
150-300/ton and the price of rapeseed oil varies between EUR 300 and 
1400/ton [4]. In comparison, the price of plant protein ingredients such as soy 
protein isolates and hydrolysates ranges from 6000 to 7000 USD/ton [51], and 
the commercial value of food-quality rapeseed protein products made of press 
cakes could reach a similar level. So far, commercial value has not been 
estimated for the use of rapeseed press cake in cosmetics but an even higher 
value would be foreseen. Despite of these attractive price estimations, a small 
number of applications of the rapeseed co-streams are found in literature. 
Nevertheless, their potential use in added-value applications in food and 
cosmetic industry is a growing research interest. 

New and valuable compounds can be extracted and purified from rapeseed 
co-streams using technologies of varying complexity. One of the early 
rapeseed protein concentrates, generated after a dehulling process followed by 
a myrosinase inactivation, was reported to possess an acceptable light colour, 
neutral and bland flavour, and high nutritional value [52]. According to later 
studies, rapeseed protein isolates have shown favourable functional properties 
such as high emulsifying capacity [14] or gelation efficiency [53] depending 
on the production method and composition. It is important to consider that 
although certain non-protein compounds such as phenolics can impair protein 
performance [54], high purity is not a prerequisite for suitable functional 
properties. In a recent study, a protein-rich fraction (46% protein) obtained by 
dry fractionation of defatted rapeseed press cake possessed lighter colour and 
higher dispersion stability than a rapeseed protein isolate (>90% protein) from 
wet fractionation [55]. 

The potential of rapeseed proteins in several food applications has been 
studied, though the brown colour of protein fractions, resulting from oxidation 
of phenolic compounds, is considered as a major limitation for their 
incorporation in food and other products [36, 48]. For example, rapeseed 
protein concentrates have been successfully applied as alternative for soy or 
lupine protein concentrates in sausage formulations to prevent water and oil 
separation [36, 48], and in bakery products and mayonnaise for complete 
substitution of egg protein. 
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Yoshie-Stark et al., 2006 used a steaming process to obtain rapeseed 
protein concentrates for food applications [48]. When this protein concentrate 
was added to sausage preparations to replace casein, sensory analysis showed 
that the rapeseed protein sausage had improved taste, good texture and a 
characteristic aroma. Moreover, after hydrolysis with gastrointestinal enzymes, 
an improved angiotensin converting enzyme (ACE) inhibition and DPPH 
radical scavenging activity was observed [56]. 

Apart from the protein, rapeseed press cake has also attracted much 
attention as a source of antioxidative phenolic compounds such as sinapine 
and sinapic acid which are enriched in the kernel of the seeds [57]. Rapeseed 
phenolic extracts have proved effective in preventing unwanted oxidation of 
emulsions and oils [58, 59], therefore they can serve as natural preservatives in 
various food and cosmetic products. More recently, a rapeseed press cake 
valorisation approach performed in our group has revealed that the 
endopeptidases hydrolysis of press cake generated peptide-phenol fractions 
with improved antioxidant, anti-inflammatory and anti-wrinkle activities 
important for anti-ageing properties, thereby setting these hydrolysates as 
potential ingredients for skin care applications [32]. 

 
 

LIMITATIONS AND POTENTIAL CHALLENGES 
 
While the potential use of rapeseed co-streams into added-value 

applications in food, cosmetics and biomedical industry is an exciting and 
growing area of research, there are a few risks and limitations that should be 
tackled before the widespread use of rapeseed press cake/meal-derived protein 
products in human consumption. Hence, it will take time to realise their 
potential as edible and safe raw materials for cosmetics or nutraceutical 
industries. 

Being novel food ingredients, rapeseed protein products will require 
special regulatory approval for marketing. To achieve this, trials are required 
that demonstrate the safety (animal/human testing data) of these compounds. 
Scientific data were presented to a regulatory agency, such as the US Food and 
Drug Administration (FDA) in order to confer a ‘Generally Regarded As Safe’ 
or ‘GRAS’ status for new food ingredients or processing aids. In the European 
Union and Canada, foods from non-traditional sources require approval under 
the Novel Food Legislation to ensure safety and clarity to the final consumer 
[60]. The first commercial rapeseed protein products by Burcon NutraScience 
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Corporation received GRAS status in 2008, and in 2014 B. napus protein 
isolates were approved for marketing in Europe as novel food ingredients. 

Due to the absence of solid in vivo evidence and/or clinical data, 
frequency and administration of rapeseed bioactive compounds may be 
impossible to determine, leading to wide variability in intake and biological 
effects. Therefore, more investigation will be needed before they could be 
released to the market for human care [61]. Moreover, potential risk results 
from the presence of immunogenic proteins and peptides within the protein 
hydrolysates, which may induce and/or exacerbate allergic reactions in a 
minority of users [62, 63]. Another weak point is that due to the proteinaceous 
composition, rapeseed protein or peptide fractions may promote microbial 
contamination of skin care formulations. Therefore, the use of preservatives 
cannot be avoided. 

Further technological advancements are necessary to generate 
economically feasible and sustainable production processes for rapeseed 
protein and bioactives. Commercialization of rapeseed protein isolates is 
currently challenged by the high investment and operational costs of water and 
energy-intensive wet fractionation processes [33]. Therefore, future research 
should focus on reducing water and chemical consumption to obtain 
ingredients with sufficient quality at reasonable costs [36]. Feasible recovery 
of high-quality fractions is challenged by the complex composition of rapeseed 
press cake/meal. Distinct properties of the two major rapeseed proteins open 
up wide application potential, but at the same time complicate their efficient 
recovery without multiple processing steps. Secondly, phytates and phenolic 
compounds in rapeseed press cake have a strong tendency to interact with 
rapeseed proteins and peptides and, therefore, are difficult to separate from the 
final products [31, 64]. Intensive research has been carried out and is still 
needed to prevent the co-fractionation of these compounds with rapeseed 
proteins and peptides. 

 
 

CONCLUSION 
 
Given their large quantities, the management of rapeseed oil industry co-

streams is a growing focus of interest. In fact, over the past few decades 
industrial actors from oilseed producers to rapeseed crushers, showed interest 
in diversifying the markets for oilseed cake/meal, and in particular, to obtain 
high added-value products such as nutraceuticals, cosmeceuticals, etc. While 
many researchers use different technologies to isolate proteins, phenolics and 
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other interesting biocompounds mainly for food applications, others are more 
focused on the valorisation of these co-streams as a whole, avoiding expensive 
purification steps. 

The exploitation of these high protein industrial co-streams by using 
environmentally benign biomechanical and enzymatic processing technologies 
will surely bring new perspectives in food and skin care industries. In fact, the 
rapeseed industry, like many others that produce valuable waste and co-
streams, offer plenty of potential and opportunities that may attract the 
attention of the stakeholders. Nevertheless, the adoption of ideas relevant to 
the biorefinery where rapeseed industry identifies these co-streams as potential 
sources of wealth aiming complete recycling and utilization are needed, rather 
than their rejection or application in low-profitable applications. Significant 
technological challenges need to be met before such changes are adopted by 
industry to satisfy current and future societal needs. 
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ABSTRACT 
 

Vegetable lecithins are commercially obtained from oil-bearing seeds 
such as soybeans, sunflower and rapeseed. Soybean seeds are the main 
source of lecithin in confectionery industry in Serbia and elsewhere. On 
the other hand, production of sunflower and rapeseed oil makes 
economically sustainable production of sunflower and rapeseed lecithin 
and their use as emulsifiers in different confectionery products.  

This chapter examined physical properties of fat filling produced 
with oil industry by-products – sunflower and rapeseed lecithin in 
comparison with widely used emulsifier - soy lecithin. Rheological, 
textural and thermal properties were determined by rotational viscometry, 
texture analyser, and differential scanning calorimetry while particle size 
distribution was analysed using particle size analyser. 

The obtained results showed similar particle size distribution of fat 
filling produced with soy, sunflower and rapeseed lecithin within each 
applied milling time, indicating appropriate production. Regarding 
rheological properties, fat filling samples with sunflower lecithin had 
lower values of viscosity and textural parameters compared to samples 
with soy and rapeseed lecithin at all applied milling time. On the other 
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hand, soy lecithin influenced higher values of mentioned parameters. 
Prolonging the milling time had no significant influence on termal 
parameters of fat filling produced with all three type of lecithin where 
samples with sunflower lecithin began to melt at lower temperatures in 
relation to samples with soy and rapeseed lecithin. 
 
 

INTRODUCTION 
 
During oil processing, the phospho- and glycolipids present in the crude 

oil are removed in order to stabilize vegetable oil against sedimentation and 
also to enable further refining steps. The obtained crude lecithin, as a by-
product of vegetable oil refining process, can be defined as a mixture of polar 
lipids (phospholipids, glycolipids), carbohydrates and vegetable oil together 
with minor components [1]. The often used quality characteristic acetone-
insoluble matter includes phospholipids, glycolipids and carbohydrates all 
together [2]. 

Soybean oil has been the primary source of commercial vegetable lecithin 
for many years, typically containing between 0.5 and 3% of phospholipids [3]. 
Only a part of the potential lecithin gums of the crushed seeds is processed as 
lecithin. The world market for commercial lecithin is estimated at 150,000-
170,000 metric tons, making it a leading food emulsifier group. Sourcing of 
identity-preserved (IP) non-GMO soy lecithin for the European market may 
not meet all these demands, which presents a market opportunity for high-
quality IP sunflower and rapeseed lecithins [4]. Although the percentage of 
phospholipids in sunflower oil averages around 0.75%, the availability of 
lecithin from this oil may be a possibility assuming the increased production of 
sunflower oil in the last years. Sunflower lecithin has a mild taste with similar 
phospholipid composition to soybean lecithin, with a tendency to higher PC 
and lower PE ratios, which might be caused by crop varieties and processing 
conditions [5]. On the other hand, Rapeseed (Brassica napus L.) is the second 
most important oilseed crop in the world after soybean [6]. At first rapeseed 
lecithin was applied as an emulsifier and energy component in animal feed. 
Today, as double-zero rapeseed varieties, such as canola, became available the 
applications of rapeseed lecithin have developed positively [5].  

Functional properties of lecithin are mainly caused by the surface-active 
character of its phospholipids. These consist of a glycerol backbone esterified 
with two fatty acids and a phosphate group which may be esterified with 
monovalent alcohols (for example choline or ethanolamine), or polyvalent 
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alcohols (for example glycerol or inositol). The phospholipid and fatty acid 
composition of lecithin usually depend on type of oil from which lecithin was 
obtained and on processing conditions [7]. Phosphatidylcholines (PC), 
phosphatidylethanolamines (PE), phosphatidylinositols (PI), phosphatidyl-
serines (PS), phosphatidilglycerols (PG), phosphatidic acid (PA), glycol-
phospholipids (GPL) and their lysoforms are the major phospholipids found in 
lecithin from vegetable sources [8].  

Lecithins as food additives are legally regulated in the European Union 
under the number E 322. In addition to definition and appearance the quality 
requirements for lecithin also include: not less than 60% acetone insoluble 
substances; less than 0.3% toluene insoluble substances; less than 2% volatile 
substances (determined after 1 h drying at 105ºC); less than 35 mg potassium 
hydroxide per gram; peroxide value 10 or less, expressed in mequ/kg [1]. The 
amount of acetone insoluble matter (%AI) is the approximate indication for 
the amount of phospholipids, glycolipids and carbohydrates, since the oil and 
fatty acids dissolve in acetone. On the other hand, the level of toluene 
insoluble matter (TI) is a measure of the purity of lecithins. TI matter usually 
consists of residual fiber, but sometimes particulate contaminants may be 
introduced during processing [2]. 

 
 

APPLICATION OF LECITHIN IN FAT BASED 
CONFECTIONERY PRODUCTS 

 
A lot of confectionery products contain a substantial amount of fat phase 

which contributes to the structure of the final product. Many of the sensory 
attributes of fat based confectionery products, such is spreadability, mouth 
feel, texture, etc. are dependent on the macroscopic properties of the fat crystal 
network [9, 10]. As a continuous phase in fat based confectionery products the 
fat phase completely determines the hardening and melting as well as the 
consistency of the final product. Therefore, the fat selection depends on its 
characteristics and complex processes that may occur during manufacture and 
later in storage [11]. Beside carefully selected raw materials, industrially 
produced food requires emulsifiers to facilitate processing and ensure final 
product with a uniform quality and long shelf-life [4]. As amphipathic 
molecules lecithins have found numerous applications in the food industry, 
mainly as emulsifiers and stabilizers [8]. Lecithin helps to smooth the texture 
of food and serves as an emulsifying agent in the manufacture of chocolate, 
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bakery and instant products, margarines, and mayonnaise [12, 13]. One of the 
most traditional applications for lecithin is its use in chocolate production [14]. 
Chocolate mass is a suspension of solid sugar, milk powder and cocoa 
particles dispersed in a continuous cocoa butter phase [15]. At the end of the 
conch process the all amount of lecithin (0.3-0.5%) is usually added in all 
amount. Lecithin has effect on chocolate mass flow properties in terms of 
viscosity reduction, flow improvement during tempering, and flow 
improvement during molding or enrobing. The flow properties of chocolate 
mass is measured at 40ºC since the fat is molten with no fat crystals present 
[2]. Thus, chocolate rheology is mainly defined by fat content, applied 
emulsifier, processing conditions and solid particle size distribution [16]. The 
main difference between chocolate and other cocoa based products is in fat 
phase. For example, cocoa spreads does not contain cocoa butter but contains 
cheaper vegetable fats, mostly hydrogenated oils, and may contain vegetable 
oil to improve spreadability [17]. The main characteristics of this type of 
product are: good spreadability in wide temperature range (from ambient to 
fridge), rich creamy taste and homogeneous smooth structure, without fat 
phase migration on the cream surface [18].  

Being a surface active phospholipid mixture, lecithin performs as an 
excellent wetting and emulsifying agent. In heterogeneous systems the 
phospholipid molecules arrange themselves in a monomolecular layer with the 
fatty acid facing the oil surface and the phosphoric acid portion facing the 
water surface. The arrangement lowers the interfacial tension of the oil-water 
boundary with resultant benefits such as rapid wetting, lowering of viscosity, 
and better and more stable emulsions or dispersions [19]. In manufacture of 
liquid chocolate mass and similar oil-based suspensions lecithin is commonly 
used as surfactant. The addition of lecithin to oil-based suspensions causes 
adsorbing of surface active components at the surface of suspended particles, 
and thus smoothing of particle surface. This reduces the friction between 
particles and results in a decrease of yield stress and viscosity until a surfactant 
concentration for maximum reduction is reached. Further increasing lecithin 
concentration raises yield stress and does not lead to a further reduction of 
viscosity [7]. Lecithin is added in relatively small amounts (0.1–2%) as 
emulsifier in food production whereby its color, odor and flavor are not 
normally noticeable [20].  

This chapter investigated physical properties of fat filling produced in a 
laboratory ball mill applying standard soy lecithin as emulsifier, as well as 
sunflower and rapeseed lecithin, analyzing their influence on physical 
properties of fat filling under three applied milling times. 
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MATERIALS AND METHODS 
 

Starting Materials 
 
- Fat filling mass that passed through 3 roll mill in industrial conditions 

- mixture of powdered sugar (“Crvenka a.d.,” Crvenka, Serbia), cocoa 
powder (“Centroproizvod,” Beograd, Serbia), soy flour 
(“Sojaprotein,” Bečej, Serbia), milk powder (“Imlek,” Beograd, 
Serbia), vegetable fat (“Dijamant,” Zrenjanjin, Serbia) 

- K-VEGETABLE fat (Dijamant, Zrenjanin, Serbia). Fat characteristics 
- fatty acid composition and solid fat content at different temperatures 
are given in previous research [9]. 

- Native fluid soybean lecithin, containing more than 60% matter 
insoluble in acethone, and less than 0.3% matter insoluble in toluene, 
produced and declared in “Victoriaoil” Oil Factory, Šid, Serbia 

- Native fluid sunflower lecithin, containing more than 60% matter 
insoluble in acethone, and less than 0.3% matter insoluble in toluene, 
produced and declared in “Victoriaoil” Oil Factory, Šid, Serbia 

- Native fluid rapeseed lecithin, containing more than 60% matter 
insoluble in acethone, and less than 0.3% matter insoluble in toluene, 
produced and declared in “Victoriaoil” Oil Factory, Šid, Serbia 

 
The composition of fat filling includes: 50% of powdered sugar, 30% of 

vegetable fat, 7% of cocoa powder, 5.5% of soy flour, 7% of milk powder, 
0.5% of lecithin. 

 
 

Plan of Experiments 
 
Fat filling was produced in laboratory ball mil, with capacity of 5 kg. The 

samples were prepared with 0.5% of soy, sunflower and rapeseed lecithin, 
with different time of milling (30, 50, and 70 minutes) in order to get the 
following samples: 

 
Lecithin Soy Sunflower Rapeseed 
Milling 
time (min) 30 50 70 30 50 70 30 50 70 

Sample Soy 
30 

Soy
50 

Soy 
70 

Sun
30 

Sun 
50 

Sun 
70 

Rape
30 

Rape 
50 

Rape
70 
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Methods 
 
Fat filling production. Fat and lecithin were homogenized first in 

laboratory ball mill for 5 minutes. Then fat filling mass was added. The 
temperature in the ball mill was 35°C, with a rotation speed of 50 rpm. Fat 
filling samples were added into a sterile plastic cups after defined milling time 
and each cup capped with a plastic lid. 

Particle size distribution. Particle size distribution in fat filling samples 
was determined by Mastersizer laser diffraction particle size analyzer 
equipped with Hydro 2000 μP wet dispersion unit (Malvern Instruments). Fat 
filling sample was dispersed in sunflower oil at ambient temperature (21 ± 
1°C) and added until adequate obscuration was obtained. All measurements 
were performed in triplicate. Obtained particle size distribution parameters 
included mass median diameter d(0.5); parameters d(0.1) and d(0.9), and 
volume weighted mean dmm.  

Rheological properties. Rheological properties of fat filling samples were 
determined by rotational rheometer Rheo Stress 600, Haake. The tests were 
carried out at 35ºC using a concentric cylinder system (Z20 DIN). The shear 
rate was increased from 0 s−1 to 60 s−1 within a period time of 180 s, then was 
kept constant at max. speed of 60 s−1 60 s and after that was reduced from  
60 s−1 to 0 s−1, within 180 s, according to modified O.I.C.C.C. method [21]. 

Textural characteristics. Textural characteristics of fat samples were 
analyzed using a Texture Analyzer TA.XT Plus, Stable Micro System. The 
hardness and work of shearing were determined by penetration at ambient 
temperature of 21 ± 1°C, according to method Chocolate Spread – 
SPRD2_SR_PRJ. Each sample was placed into the cone sample holder and 
pressed down in order to eliminate air pockets. Any excess of sample was 
scraped off with a knife. Then the filled cone sample holder was put in base 
holder and 45 degree cone probe was used to penetrate the samples at 3 mm/s. 

Thermal properties. Differential scanning calorimetry DSC 910, Termal 
analyzer 990 and Dynamic mechanical analyzer (Du Point Instruments, USA) 
was used to determine the thermal profile of fat filling samples produced with 
soy, sunflower and rapeseed lecithin. 5 mg of fat filling samples were weighed 
in aluminium pans and pierced covers were sealed in place. An empty, 
hermetically sealed aluminium pan was used as a reference. Samples were 
analyzed by the following procedure: they were heated from 10ºC to 100ºC 
with heating rate of 5ºC per minute. 

Statistical analysis. Results were expressed as mean of triplicate analyses. 
The results were statistically tested using ANOVA method and the means 
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were compared by one-factor analysis at variance with subsequent 
comparisons by Duncan's test at a significance level at 0.05 using software 
Statistica 12.0 (Statsoft, USA). 

 
 

RESULTS AND DISCUSSION 
 

Particle Size Distribution 
 
Particle size distribution of fat filling produced with lecithin from different 

origin, milled 30, 50, and 70 minutes in laboratory ball mill is presented in 
Figure 1.  

 

 

Figure 1. Particle size distribution of fat filling samples with soy, sunflower and 
rapeseed lecithin, depending on milling time: a) 30; b) 50; and c) 70 minutes in a ball 
mill. 
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Obtained curves represent the Gaussian distribution of solid particles and 
relatively uniform particle sizes in fat fillings with soy, sunflower and 
rapeseed lecithin, depending on each applied milling time in laboratory ball 
mill. However, particle size results in terms of d(0.1), d(0.5), d(0.9) and dmm 

show differences between the samples and are presented in Table 1.  
 

Table 1. Parameters of particle size distribution of fat filling 
 

Sample 
Particle size distribution (μm) 

dmm d(0.1) d(0.5) d(0.9) 
Soy30 3.06b ± 0.17 12.75e ± 0.33 46.87c ± 3.21 20.98d ± 2.85 
Soy50 2.78a ± 0.04 10.55b ± 0.27 36.73b ± 0.86 16.06ab ± 0.50 

Soy70 2.84a ± 0.13 10.82bc ± 
0.21 35.89b ± 0.83 15.73ab ± 0.71 

Sun30 2.90a ± 0.06 11.01c ± 0.08 38.80b ± 1.30 17.88c ± 0.28 
Sun50 2.87a ± 0.16 10.56b ± 0.17 37.47b ± 0.50 15.92ab ± 0.20 
Sun70 2.81a ± 0.04 9.59a ± 0.17 30.24a ± 1.11 14.08a ± 0.63 
Rape30 3.27c ± 0.06 11.92d ± 0.08 44.93c ± 0.58 18.91cd ± 0.22 
Rape50 3.08b ± 0.12 11.13c ± 0.39 38.69b ± 4.34 16.89bc ± 2.06 

Rape70 2.92b ± 0.05 10.72bc ± 
0.16 36.94b ± 0.85 15.98ab ± 0.27 

Values represent the means of three measurements ± standard deviation. Values 
followed by different lower-case letters in the same column are significantly 
different from each other (p < 0.05). 
 
Prolonging the milling time generally decreases all particle size 

parameters within fat filling samples with particular applied lecithin, where 
samples with rapeseed lecithin have significantly (p < 0.05) higher values of 
d(0.1) and d(0.5) in relation to samples with soy and sunflower lecithin within 
all applied milling time (with the exception of d(0.5) for Rape70). On the other 
hand, there are no significantly (p < 0.05) different values of d(0.9) between 
fat filling samples produced with soy and rapeseed lecithin within all applied 
milling times, while Sun30 and Sun70 have statistically significant (p < 0.05) 
lower values of d(0.9). 

Despite significant differences between some particle size parameters in 
fat fillings within each applied milling time, the values of volume weighted 
mean dmm do not significantly differs (p < 0.05). The only exception is Soy30 
which has statistically significant higher value of dmm in comparison with fat 
filling sample produced with sunflower lecithin, milled 30 minutes in 
laboratory ball mill. 
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Rheological Properties 
 
Figure 2 presents flow curves of fat filling samples, determined at 

temperature of fat filling production (35ºC).  
 

 

Figure 2. Flow curves of fat filling samples with soy, sunflower and rapeseed lecithin 
milled: a) 30, b) 50, and c) 70 minutes in a ball mill. 

Since the values of volume weighted mean dmm generally do not 

significantly differs (p < 0.05) in fat filling samples with soy, sunflower and 
rapeseed lecithin within all applied milling time, it can be assumed that 
rheological properties mostly depend on lecithin type.  

All samples show thixotropic flow. It is evident that fat filling samples 
with soy lecithin generally have higher values of shear stress at higher shear 
rate, within particular milling time. On the other hand, samples with sunflower 
and rapeseed lecithin have higher values of shear stress at lower shear rate 
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compared to fat filling samples produced with soy lecithin. Samples of fat 
filling with sunflower lecithin have lower values of viscosity at all applied 
milling time. Rheological parameters are given in Table 2. 

 
Table 2. Rheological parameters of fat filling samples 

 

Sample Thixotropy curve 
area (Pa/s) 

Casson yield 
stress (Pa) 

Viscosity at 
maximum shear 
rate (Pas) 

Casson 
viscosity 
(Pas) 

Soy30 2192.25c ± 22.89 39.82b ± 1.36 10.21c ± 0.05 5.82e ± 0.03 
Soy50 2950.54e ± 27.60 37.75a ± 1.48 12.75f ± 0.06 7.70g ± 0.02 
Soy70 3230.48f ± 30.21 40.77b ± 2.01 14.76h ± 0.08 9.02h ± 0.05 
Sun30 2728.12d ± 25.63 75.58f ± 2.69 8.85a ± 0.05 3.40a ± 0.01 
Sun50 7051.34h ± 36.98 73.67e ± 2.21 8.89a ± 0.03 3.61b ± 0.02 
Sun70 2757.17d ± 28.69 72.31e ± 3.01 10.72d ± 0.04 4.61c ± 0.04 
Rape30 974.09a ± 15.34 36.21a ± 1.98 9.94b ± 0.05 5.52d ± 0.03 
Rape50 1819.46b ± 19.36 43.35c ± 1.64 10.93e ± 0.06 6.01e ± 0.03 
Rape70 4189.61g ± 31.24 68.44d ± 2.96 14.25g ± 0.06 6.79f ± 0.02 

Values represent the means of three measurements ± standard deviation. Values 
followed by different lower-case letters in the same column are significantly 
different from each other (p < 0.05). 
 
The data given in Table 2 shows that prolonging the milling time leads to 

increasing the viscosity at maximum shear rate and Casson viscosity in fat 
filling produced with all three type of lecithin. This is due to larger surface 
area of all particles in samples with longer milling time where the system is 
more compact with less free fat phase. Fat filling with sunflower lecithin have 
statistically significant (p < 0.05) higher values of Casson yield stress or 
higher initial force that must be applied to the system to begin to flow, 
compared to samples with soy and rapeseed lecithin. However, those samples 
have lower values of viscosity at maximum shear rate and Casson viscosity at 
particular milling time in relation to fat filling samples produced with soy and 
rapeseed lecithin. On the other hand, the highest values of viscosity are noticed 
in samples with soy lecithin, within all applied milling time.  

Prolonging the milling time causes higher values of tixotropy curve area 
in samples with the addition of soy and rapeseed lecithin, mostly pronounced 
in Rape70. This means that increasing the shear rate in those samples 
influences more pronounced destruction of the structure caused by breaking 
the bonds within packed sugar crystals and cocoa solids [16]. On the other 
hand, fat filling sample with sunflower lecithin milled 50 minutes in ball mill 
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have the highest value of tixotropy curve area, that significantly differs (p < 
0.05) in relation to all other samples. 

 
 

Textural Characteristics 
 
Figure 3 shows textural characteristics of fat filling samples with the 

addition of lecithins from different origin, milled 30, 50 and 70 minutes in ball 
mill.  

 

 

Figure 3. Textural characteristics of fat filling samples with soy, sunflower and 
rapeseed lecithin depending on milling time. 

Samples with soy lecithin have a significantly (p < 0.05) higher values of 
hardness and work of shearing at 20ºC comparing to other fat filling samples 
with sunflower and rapeseed lecithin. On the other hand, samples with 
sunflower lecithin have the lowest statistically significant (p < 0.05) values of 
textural parameters at each milling time. The addition of rapeseed lecithin 
reduces the values of textural parameters in relation to samples with soy 
lecithin, but not as much as the addition of sunflower lecithin. The obtained 
results are in accordance with rheological measurements that showed the 
highest viscosity values in fat filling samples with soy lecithin and the lowest 
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in sample with sunflower lecithin. The research [4] also showed that fat 
samples with addition of sunflower lecithin had the lowest values of textural 
parameters, due to the consistency of sunflower lecithin that is more fluid and 
less viscous than soybean and rapeseed lecithin. Prolonging the milling time 
slightly increases the values of textural parameters in all samples (with the 
exception in sample Rape/70) due to lower particle size of solids that cause 
more compact structure of fat filling. However, the results within each applied 
lecithin do not differ statistically significant (p < 0.05) with also the exception 
in sample with rapeseed lecithin milled 70 minutes in a ball mill. 

 
 

Thermal Properties 
 
Table 3 shows DSC parameters - onset temperature (To), peak temperature 

(Tp), and conclusion temperature (Tc).  
 

Table 3. Thermal parameters of fat filling samples 
 

Sample Tonset (ºC) Tend (ºC) Tpeak (ºC) Tindex [Tend -Tonset] 

Soy30 31.14c ± 
0.17 

37.35ab ± 
0.31 

33.54cde ± 
0.56 6.21ab 

Soy50 31.25c ± 
0.27 

37.89b ± 
0.69 

33.25bcd ± 
0.29 6.64ab 

Soy70 30.82bc ± 
0.35 

37.42ab ± 
0.24 

32.92bc ± 
0.35 6.60ab 

Sun30 29.35a ± 
1.04 

36.24a ± 
0.68 34.35e ± 0.12 6.89b 

Sun50 30.17ab ± 
0.34 

36.68ab ± 
0.90 34.12e ± 0.65 6.51ab 

Sun70 29.63a ± 
0.69 

36.52a ± 
0.84 34.36e ± 0.26 6.89b 

Rape30 30.54bc ± 
0.32 

36.90ab ± 
0.42 

32.65abc ± 
0.92 6.36ab 

Rape50 30.69bc ± 
0.13 

36.84ab ± 
0.52 

32.26ab ± 
0.34 6.15a 

Rape70 30.22ab ± 
0.26 

36.74ab ± 
0.68 31.89a ± 0.91 6.52ab 

Values represent the means of three measurements ± standard deviation. Values 
followed by different lower-case letters in the same column are significantly 
different from each other (p < 0.05). 
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Melting first begins in fat filling samples with sunflower lecithin (29.35– 
30.17ºC) while the samples with soy lecithin have higher values of Tonset in 
comparison to samples with sunflower and rapeseed lecithin, ranging in 
interval from 30.8 2ºC in Soy70 to 31.25 in Soy50. Having higher 
temperatures of Tonset the samples with soy lecithin also have higher Tend 
temperatures (37.35–37.89ºC) compared to fat filling samples produced with 
sunflower and rapeseed lecithin, which, on the other hand, are not significantly 
different (p < 0.05) in relation to Tend values of fat filling with sunflower and 
rapeseed lecithin. The addition of sunflower lecithin affect the melting piont of 
fat filling where the samples with sunflower lecithin have significantly higher 
values (p < 0.05) of Tpeak in comparison to other samples. However, Tindex 
range in interval from 6.15 in Rape50 to 6.89 in Sun30 and Sun70 with 
generally no statistically differences (p < 0.05) between all samples. 

Generally, prolonging the milling time from 30 to 50 and 70 minutes has 
no significant influence (p < 0.05) on termal parameters of fat filling produced 
with all three type of lecithin. 

 
 

CONCLUSION 
 
The aim of this chapter was to compare physical characteristics of fat 

filling produced with standard soy lecithin with fat filling produced with 
sunflower and rapeseed lecithin, depending on milling time in laboratory ball 
mill. Obtained results showed that all applied milling time were enough for 
achieving adequate degree of fragmentation of solid particles in fat filling 
samples which should provide adequate melting in the mouth during 
consumption. However, prolonging the milling time reduced particle size in all 
samples which caused more compact structure and thus generally increased 
values of viscosity and textural parameters in all samples within particular 
lecithin, but with no influence on their termal properties. Samples with 
sunflower lecithin had higher values of yield stress but, on the other hand, 
lower values of viscosity and textural parameters within all applied milling 
time compared to samples with soy and rapeseed lecithin and also began to 
melt at lower temperatures.  
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ABSTRACT 
 

Rape plant is economically important oilseed crop, contributing up to 
15% of oil production worldwide. European Union Directive 2009/28/EC 
mandatory determines for member States 10% sharing of energy from 
renewable sources by 2020, thus concentrating much effort in 
implementation of rapeseed fatty acid methyl esters as biodiesel, yielding 
to established standards in blends with petrodiesel, having benefits over 
diesel fuel such as decreasing in CO2 and smoke density (European 
Standards EN 590). But rapeseed has beneficial nutritional properties, 
providing most important nutrition for human daily life: energy, essential 
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fatty acids, phytosterols, and tocopherols. It has high protein content; 
over 200 flavonoids; and secondary metabolites showing antioxidant 
activity, prevention from cardiovascular diseases and cancer. The oil is 
46% of dry weight of seed. Meal has 40% proteins, 35% fibers, 8.5% 
minerals and 1% lipids. Rape plant, thereby, is a fertilizing product of 
great importance for agriculture, too. We have chosen to emphasis on 
rapeseed as a food, calling attention to mass spectrometry for lipidomics, 
proteomics and low molecular weight analysis. The great applicability of 
mass spectrometry has been governed by high complexity of the foodstuff 
matrix, containing thousand components from biomacromolecules  
(12–21 kDa) to low molecular weight analytes in concentrations from 
macro-components (acylglycerols, > 94%) to traces (cytokinins,  
< pmol.g-1). The analysis of agricultural pesticides is a challenging 
research task, too, due to lipophylic properties at trace levels, difficult 
their extraction. But, mass spectrometric methods have superior 
instrumental characteristics over a large scale of methods. These are: (i) 
instrumental flexibility and different ionization approaches, including 
off– and on-line hybrid operation; (ii) high–to–ultrahigh resolving power 
allowing analysis in multicomponent mixture. Particularly for rapeseed 
oil at resolution m/Δm50% > 350 000 and a mass accuracy < 1 ppm it has 
been achieved detail analysis of chemical content by electrospray 
ionization Fourier transform ion cyclotron resonance mass spectrometry 
without sample pretreatments; (iii) high accuracy and precision; (iv) low 
concentration limits of detection of attomol levels; (v) analytical 
information from macromolecules with masses higher than 50 kDa to low 
molecular weight analytes; and (vi) 3D imaging for assay from isolated 
living cell to whole organs and bodies. The chapter can be regarded as a 
comprehensive summary about contribution of mass spectrometric 
methods to analysis of rapeseed, reflecting their irreplaceability to the 
field of “Food control.”  
 

Keywords: rapeseed, lipidomics, proteomics, metabolomics, mass 
spectrometry, analytical chemistry  
 
 

ACRONYMS 
 
A   Arachnid acid 
APCI  Atmospheric pressure chemical ionization 
B   Behenic acid 
CEC  Capillary electro-chromatography 
C   Chemical ionization 
DGs  Diacylglycerols 
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EI   Electron ionization 
EDTA  Ethylenediamine tetraacetic acid 
ESI   Electrospray ionization 
G   Gadoleic acid 
GC   Gas chromatography 
GC–C–SIRMS Gas chromatography–combustion-stable  

isotope ratio mass spectrometry 
CE   Capillary electrophoresis 
GPC  Gel permeation chromatography 
DART  Direct analysis in real time (DART) 
EI   Electron impact (mass spectrometry) 
ESI FT–ICR MS Electrospray ionization Fourier transform  

ion cyclotron resonance mass spectrometry 
Fs   Fluorescence (detection) 
FAB  Fast atoms bonbardment (mass spectrometry) 
GLC–MS  Gas–liquid chromatography mass spectrometry 
HPLC  High-performance liquid chromatography 
HPSEC  High-performance size-exclusion chromatography 
HS–SPME  Head-space–solid phase micro-extraction 
ICP–MS  Inductively coupled plasma mass spectrometry 
IR   Infrared 
L   Linoleic acid 
Li   Lignoceric acid 
LLE  Liquid–liquid extraction 
LMW  Low molecular weight (analytes) 
Ln   Linolenic acid 
MAE  Microwave-assisted extraction 
MGs  Monoacylglycerols 
MPSE  Magnetic solid-phase extraction 
Mo   Heptadecanoic acid 
MSPD  Matrix solid-phase dispersion 
NARP  Non–aqueous reversed–phase 
NMR  Nuclear magnetic resonance 
NARP–HPLC Non-aqueous reversed-phase high-performance 

liquid chromatography 
O   Oleic acid 
P   Palmic acid 
PA   Phosphatidic acid 
PC   Phosphatidylcholine 
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PE   Phosphatidylethanolamine 
PG   Phosphatidylglycerol 
PI   Phosphatidylinositol 
PMME  Polymer monolith microextraction 
Po   Palmitoleic acid 
PS   Phosphatidylserine 
QuEChERS  Quick, easy, cheap, effective, rugged, and safe 
RI   Relative intensity 
S   Stearic acid 
SFC  Supercritical fluid chromatography 
SPE  Solid–phase extraction 
TLC  Thin layered chromatography 
TGs  Triacylglycerols 
TOF  Time-of-flight (analyzer) 
UPLC  Ultra–high performanceliquid chromatography 
UV   ultraviolet (detection). 
 
 

INTRODUCTION 
 
We should note here, in the “introduction” part of this chapter, like in 

“summary” one about the wide applicability of oilseed rape fatty acids methyl 
esters as reniewvable source of energy, because of enormous research efforts 
have been devoted to development of “Clean technologies” blending the 
petrodiesel, on the base of oilseed crops, thus optimizing the naturally 
occurring sources at minimum environmental impact [1–9]. Particularly 
rapeseed based biodiesel has great potential to replace the fossil fuels, because 
of there have already been discovered crucial genetic, biotechnological and 
process chemical engineering technologies improving the quality and the 
applicability of the rapeseed oil for such purposes [1–9]. There is evidenced 
that the use of rapeseed based biodiesel is characterized with decreasing in 
CO2 and smoke density, thus rescuing the emission of greenhouse gases. 
Particularly within the frame of the member States of European Union have 
been concentrated innovation programs and investment in standard rapeseed 
biodiesel (European Standards EN 590) according to European Union 
Directive 2009/28/EC, determining intensive development and implementation 
of new “Clean technologies.” Furthermore the 1st generation “Clean” fuels, 
based on biodiesel is currently commercially available [1–9]. Despite the fact 
that the technological cycle leading to the implementation of rapeseed oil 
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products as biodiesel has broadly involved analytical steps using mass 
spectrometric based protocols for chemical analysis [10–26] as among the 
robustest instrumentation currently available, in this chapter, we will introduce 
the great capability of the methods of mass spectrometry to “Food control,” 
describing their contribution to qualitative, quantitative and structural analysis 
of the chemical composition of Brassica napus L. and its products, including 
the food technological steps for rapeseed edible oil production. From this 
perspective we shall argue that some detail attention on the available research 
contributions clearly highlighted the beneficial nutritional properties of the 
rapeseed products both to humans and animals, determining rapeseed oil as 
among the healthy oil product for the humans. Particularly important is to 
highlight it antioxidant, antimicrobial and anti-fungal activity, in addition to 
prevention from cardiovascular diseases and cancer [27, 28]. Surprisingly, 
therefore, in the case of Brassica napus L. plant there has a significant 
competition between developments in high healthy for the humans food– and, 
in parallel, “Clean” technologies. It should, of course, be mentioned here that 
our chapter, having essentially character of “chapter-review,” addresses 
contributions of the methods of mass spectrometry to significantly important 
technologies at an industrial scale, reflecting the attention to known reports, 
but in parallel, emphasizing on great prospectives for further both laboratory 
and industrial scale analytical elaborations, implementing the mass 
spectrometric based methods to many interdisciplinary branches involving 
chemistry, chemical and process engineering, biotechnology, genetics and the 
fourth. For this reason we have chosen rather an “object-oriented” structure of 
the content of the chapter, than to summarize contributions to each of the 
different methods of the mass spectrometry applied towards rapeseed–based 
analytical objects.  

 
 

1. RAPESEED LIPIDOMICS 
 
The rapeseed lipidomics has essentially been associated with macro-

component analysis of tri–, di– and monoacylglycerols, where TGs content 
can vary ∈ 94–98% in crude/cold pressed oil to 99% in the corresponding 
refined product [29]. Despite the fact that the fatty acids belong to the LMW 
analytes, accounting to their molecular masses, we have discussed their 
analysis separately because they are the main components of the rapeseed food 
product. So, series papers report efforts in elaboration of MS–based protocols 
for lipidomics in rapeseed [30–53]. Particularly challenging from an analytical 



Bojidarka Ivanova and Michael Spiteller 70 

point of view is quantitation of cis/trans–isomers and positional isomers of 
unsaturated fatty acids [49]. Furthermore, fatty acid content can vary within 
the frame of different maturation stages [36]. The structural similarity of major 
fatty acid components in rapeseed oil, thereby, requests sensible and reliable 
analytical method for structural analysis and quantitation. GC could be used 
for analysis of MGs, however, main drawbacks, connected with determination 
of non–volatile compounds have occurred. The TGs screening has involved 
short capillary column operating at high temperature (T = 350oC). The 
employment of TLC as a preliminary stage of sample preparation has shown 
low selectivity and resolution accompanied with numerous and costly 
operation stages [49, 54, 55]. Normal phase HPLC coupled with MS has been 
successfully used for quantitation of TGs, DGs and MGs, respectively [11, 55–
69], nevertheless that selectivity of cis/trans– and different positional isomers 
is relatively low. Among developed HPLC approaches for preliminary 
separation of TGs there are widespread used NARP–HPLC and silver mode 
HPLC [31, 49, 58–60]. The last method has been employed in separation of 
positional isomers of TGs [11]. The GLC approach needs a preliminary 
chemical derivation step converting fatty acids into their methyl ester 
derivatives; while a carbon isotope labeling requires whole sample to be 
preliminary combusted [70]. So that, despite, numerous reports and successful 
analyses by chromatographic separation steps, all these approaches are 
significantly time and labor consuming in addition to their relatively high cost. 
Furthermore none of them have high selectivity to individual acylglycerols 
[70]. On the other hand, TGs do not absorb irradiation energy within  
200–400 nm, and there is unable to achieve quantitation by Fs or UV–
detection. CEC, representing a hybrid methods between the capillary 
electrophoresis and micro–LC, approach has reserved much attention as a fast 
separation technique operating at a higher resolution, than LC–one as well as 
providing more complete analyte profiling than the LC–approach, applicable 
to lipidomics [62]. By contrast, MS methods provide qualitative, quantitative 
and structural information about individual analytes in complex mixtures like 
rapeseed oil. Early studies on the MS fragmentation of TGs in oils [67] have 
employed the CI– and EI–approaches. The first one has yielded to abundance 
[M–H]-, operating at negative mode, ion without to produce interference  
[M–35]- ion. The positive operation mode has resulted to [M+H]+– and 
[M+NH4]+– adducts, in addition to [M+H–RCO2H]+ ion. The EI–ionization 
has revealed formation of M•+ cation–radical in addition to corresponding 
fragmentation patterns operating under both positive or negative modes. 
Among powerful MS–methods, widely used are APCI– and ESI–MS [11]. 
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Nevertheless that a low abundance of [M+H]+ ion for different TGs operating 
at a positive mode by APCI–MS, have been observed, [M+H–RCOOH]+ ion 
usually exhibits a relatively high intensity enables quantitation of the 
corresponding analytes. More complex MS picture has yielded ESI–MS based 
method, showing series [M+Na]+, [M+K]+ and [M+NH4]+ adducts of analyte 
TGs. Comparing with APCI–(MS)n analysis, ESI–(MS)n one also shows 
complex fragmentation patterns due to stabilization of last mentioned ions 
(Table 1). In spite of those drawbacks to chemical derivation, and in parallel to 
methylation of fatty acid derivatives as an approach to their identification it 
has also been utilized approach of formation of sulfide adducts as a tool for 
determination of double bond position in molecular scaffolds of unsaturated 
acids, employing TLC and GC–MS [30]. The procedure involves treatment 
with dimethyl disulfide yielding to methyl 9,10-bis(methylthio)octadec-12-
enoate (Isomer I) and 12,13-bis(methylthio)octadec-9-enoate (Isomer II) 
treating acid L (18:2, D9,12), respectively (Scheme 1). The MS patterns 
obtained allow unambiguous distinguishing of both isomers showing peaks at 
m/z 217.1240/171.1199 (Isomer I) and 257.1554/131.0897 (Isomer II), 
respectively.  

 
Table 1. Relative abundance of [M+H]+, [M+Na]+, [M+K]+ and [M+NH4]+ 

ions of main TGs obtained by ESI– and APCI–MS methods [11]  
 
 APCI   
TGs [M+H]+   
PPP 0.03   
PoPoPo 6.3   
OOO 7.1   
LLL 100   
LnLnLn 100   
 ESI   
TGs [M+Na]+ [M+K]+ [M+NH4]+ 
PPP 100 71.7 8.1 
PoPoPo - -  
OOO 26.9 100 13 
LLL 18.1 100 3.6 
LnLnLn 13.1 100 3.1 
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Scheme 1. Chemical derivatization of L (18:2, Δ9,12) by dimethyl disulfide; MS data 
[30]. 

The implementation of MALDI–MS for analysis of TGs is still scarce, 
despite reported prominent result [11]. The main reason to a rather lack of 
MALDI–MS based studies for analysis of major component in oils can be 
associated with a wide trend to implementation of this method for biological 
macromolecular screening of living cell, organs and bodies determining its 
application rather as method for clinical diagnostics and medical research [71–
74], than to areas such as, for example, food chemistry and “Food control” 
[75]. A significant progress, which has been achieved is associated with ESI 
FT–ICR MS study of rapeseed oil, showing that operating at ultrahigh MS 
resolving power of m/Δm50% > 350 000 and mass accuracy <1 ppm it has been 
identified in details chemical components without any incorporation of 
extraction or separation stages as well as any chemical derivation procedure 
[77]. These crucial results shed light into prospectives for development of MS 
based methods for direct assay of oil foodstuffs allowing, obtaining of 
meaningful analytical information at high accuracy and precision reducing the 
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systematic and random errors of measurements typical for multi-stage sample 
pretreatment approaches, in addition to an overcoming drawbacks to many 
methods, using preliminary sample pretreatments. But, particularly prominent 
among MS–based methods for such as purposes is namely the MALDI–MS, 
involving Orbitrap analyzer, which like FT–ICR method has ultra–high 
resolving power and superior instrumental characteristics mentioned still in the 
“summary” part to this chapter. Moreover it allows direct assay without any 
preliminary sample manipulations, involving concentration, extraction, 
purification and the fourth [75]. More recently has been discussed the 
instrumental advantages of MALDI–MS for environmental analysis of 
complex multicomponent mixtures such as aquatic and terrestrial soil and 
sediments, making a brief parallel with it applicability to foodstuffs analysis, 
thus aiming to highlight that, in spite of, already mentioned outstanding 
contributions of MALDI–MS to clinical diagnostics and medicinal practice, in 
fact, the great ability the method encompasses a large range of molecular 
masses from LMW analytes to macromolecules having weights up to 100 kDa 
[71–74]. 

For purposes of a structural elucidation of unknown oils, there has been 
elucidated fragmentation patterns of common TGs, DGs and MGs (Scheme 2) 
as a base to identify major components in rapeseed oil [11, 33, 42, 77].  

 

 

Scheme 2. (Continued). 
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Scheme 2. Fragmentation scheme of major acylglycerols and their methyl esters [11, 
33, 42]. 
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Disusing analytical advantages of the method of the mass spectrometry 
not only for quantitation, but also for structural analysis, it is important to 
pointed out their advantages in distinguishing cis/trans–isomers of unsaturated 
fatty acids. From an analytical point of view as it has been mentioned above 
this research task appears challenging, moreover, the widely employed 
chromatographic methods have exhibited little selectivity towards those 
isomers. By contrast a FAB–MS study has shown that both isomer types have 
shown different intensity ratios of MS isotope profile [69]. Thus, relative 
intensity ratio of MS peaks at m/z 181/182, 209/210 and 237/238 in cis/trans–
9–octadecenoic, 11–octadecenoic and 13–docosenoic acids are: RI181/RI182 = 
1.19 (cis–9–octadecenoic acid), RI181/RI182 = 0.67 (trans–9–octadecenoic 
acid), RI209/RI210 = 1.31 (cis–11–octadecenoic acid), RI209/RI210 = 0.89 (trans–
11–octadecenoic acid), RI237/RI238 = 1.28 (cis–13–docosenoic acid) and 
RI237/RI238 = 0.85 (trans–13–docosenoic acid), respectively.  

The employment of soft–ionization MS methods [71–76] briefly discussed 
in previous paragraph has resulted to detail component identification of 
rapeseed oil, starting with major fatty acids [w/w%]: O (C18:1), m/z 339 
(62.1%); L (C18:2) m/z 337 (19.8%); Ln (C18:3) m/z 335 (8.5%); P (C16:0) 
m/z 313 (4.6%); S (C18:0) m/z 341 (1.7%); (C20:0) (0.6%); G (C20:1) 367 
(1.6%); (C22:0) (0.3%) and (C22:1) (0.8%) [33]. Total number of TGs 38 has 
been identified [31], using chromatographic peak ratios, MS peak values of 
molecular ions [M+H]+ and retention times (τR): LnLnLn (Area, < 0.05;  
m/z 873; τR = 81.5 mins); LLnLn (Area, < 0.05; m/z 875; τR = 87.9); LLLn 
(Area, 2.7; m/z 877; τR = 94.0); OLnLn (Area, 3.7; m/z 877; τR = 94.9); LnLnP 
(Area, 2.3; m/z 851; τR = 96.7); LLL (Area, 1.1; m/z 879; τR = 99.7); OLLn 
(Area, 5.7; m/z 879; τR = 100.8); LnLP (Area, 0.7; m/z 853; τR = 102.6;); OLL 
(Area, 8.0; m/z 881; τR = 105.8); OLnO (Area, 11.1; m/z 881; τR = 106.9); LLP 
(Area, 1.1; m/z 855; τR = 107.5); OLnP (Area, 2.3; m/z 855; τR = 108.4); PLnP 
(Area, 0.06; m/z 829;  τR = 110.1); LOP (Area, 5.4; m/z 857;  τR = 114.2); PLP 
(Area, 0.7;831; m/z 116.2; OOMo (Area, 0.2; m/z 871;  τR = 116.3); GLO 
(Area, 1.2; m/z 911;  τR = 118.4); OOO (Area, 16.8; m/z 855;  τR = 119.0); 
SLO (Area, 2.1; m/z 855;  τR = 120.6); OOP (Area, 4.3; m/z 859;  τR = 120.9); 
POP (Area, 0.8; m/z 833;  τR = 122.6); GLS (Area, 0.5; m/z 913;  τR = 123.9); 
GOO (Area, 1.3; m/z 913;  τR = 124.6); ALO (Area, 0.3; m/z 913;  τR = 126.1); 
GOP (Area, 0.8; m/z 887;  τR = 126.3); SOO (Area, 1.2; m/z 887;  τR = 126.7); 
SOP (Area, 0.5; m/z 861;  τR = 128.7); GOG (Area, 0.3; m/z 941;  τR = 129.7); 
LiLL (Area, 0.3; m/z 967;  τR = 130.8); BOL (Area, 0.5; m/z 941;  τR = 131.4); 
AOO (Area, 0.4; m/z 915;  τR = 132.0); SOS (Area, 0.07; m/z 889;   
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τR = 133.8); LiOL (Area, 0.06; m/z 969;  τR = 136.0); BOO (Area, 0.1;  
m/z 943;  τR = 136.9); GGS (Area, < 0.05; m/z 943;  τR = 139.0) and LiOO 
(Area, < 0.05; m/z 971;  τR = 141.5), respectively [31, 42].  

The MS spectra of saturated TGs such as for example tritripalmitin 
operating at tandem MS3 mode has shown [M+NH4]+→[(M+NH4)–NH3–
H2O]+ fragmentation, while the DGs such as 1,3-dihexadecanoylglycerol 
exhibits abundance [(M+NH4)–NH3–H2O]+ ion with MS peak at m/z 552 
(100%) [42].  

A step-wise mechanism of fragmentation has been proposed studying the 
MS2 pattern of 1,3-dihexadecanoylglycerol, showing high abundance 
[(M+NH4)–NH3]+ ion. It has MS peak at m/z 569 [42]. The MS2 analysis of 
MGs also indicated formation of abundance [M+NH4]+ adducts having relative 
intensities of 100%, in addition to a low–abundance MS peaks of [(M+NH4)–
NH3]+ and [(M+NH4)–NH3–H2O]+ ions.  

As an important analytical task can be regarded the determination of the 
cyclic fatty acids, obtained as a result of intra-molecular formation of cyclic 
unsaturated fatty acids in rapeseed oil [43]. Because of to some of these cyclic 
products have been reported adverse physiological activity there are focused 
much effort in development of quantitative protocols for their analysis during 
the refinement and frying processes, where these derivatives ha mainly 
occurred in the oil product. Thus 11,12-methylene-octadecanoic acid has been 
identified, as a cyclic product performing a comprehensive correlative GC–MS 
analysis of their derivatives 11,12-methylene-octadecanoate methyl ester and 
.ass spectrum of the picolinyl derivative of 11-nonadecenoic acid [43]. It has 
been shown however, that this fatty acid derivative exists also in crude oil 
extract and therefore, it cannot be assigned to oil-processing derivatives.  

The successful identification of TGs, generally, applicable to rapeseed oil 
products, through their Li – adducts in the gas – phase has been demonstrated 
[68]. The ESI–MS method has been involved in the experimental design, 
showing formation of abundance [M+Li]+ ions. These ions has yielded 
abundance fragment ions of type [M+Li–(RnCO2H)]+ and [M+Li–
(RnCO2Li)]+, respectively. Each fatty acid substituents can be easy identified 
using the abundance fragment ions [RnCO2H+Li]+, [RnCO]+, and [[RnCO]+–
18], respectively.  

In this sub–section of the chapter, also, we have discussed adulteration of 
rapeseed oil with cheaper oils, representing a significant challenge from an 
analytical point of view, due to overlapping of fatty acid compositions in many 
different oil crops [77].  
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Despite this challenge GC–SIRMS and DART–HRMS approach has 
yielded to successful profiling of different oils determining fatty acid MS 
fingerprinting profiles. Usually the analysis has involved carbon isotope 
labeling [75].  

 
 

2. RAPESEED PROTEOMICS 
 
The food plant protein has been regarded as an important source of 

peptides and amino acids with various biological functions. Particularly 
rapeseed proteins have received great attention due to proposed anti-tumor 
activity, in addition, to a broad spectrum of anti-fungal one [78–82]. The main 
protein content in meal is 40%, while totally 20–25% proteins have occurred 
in dry seed weight [81, 82]. In this respect, it has been focused significant 
effort in obtaining of rapeseed protein adequate for human consumption [78]. 
The main difficulties are associated with presence of low molecular weight 
analytes such as glucosinolates and erucic acid (Section 3.6). The studies in 
this direction have shown that in rapeseed have mainly two families of storage 
proteins, i.e., cruciferins and napins [83]. The first group belongs to 12S–
glubolin class and represents ∈ 15–45% of total content. The second family 
proteins belongs to 2S albumins, having molecular weights ∈ 12500–14500 
Da [79, 84–92]. After maturation there have been identified two peptide chains 
(chains A and B, Figure 1) having masses 3.8–4.5 and 8.4–10 kDa joined with 
S–S disulfide bridges. Due to numerous napin genes and various proteolytic 
cleavage it has been found existing of a large set of different isoforms.  

The employment of MALDI–TOF and FAB mass spectrometry has 
resulted to identification of a large number of those isoforms summarized in 
Table 2 [93–95].  

The 3D structure of one of those forms called BnIb has been determined 
using NMR (Figure 2) [79]. These are still scarce findings on the 3D 
molecular structures of rapeseed proteins however are the base for further 
determination of the whole range of biological function of the napin type 2S 
albumins, which generally have antimicrobial activity, in addition, to already 
mentioned anti-fungal one [79, 93].  
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Figure 1. Molecular structure and S–S linkage of napin protein isoform BnIb according 
[79]. 
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Table 2. Proteomics by MALDI–TOF and ESI–MS/MS of short and long 
napin chains  

 
Sequence/protein identity Position/gene ID M/z Refs. 
Pro-Ala-Gly-Pro-Phe 38–42 488.2 [28] 
IP...QSGGGPS 7-39 3991.4 [93] 
RIP...QSGGGPS 6-39 4147.6 [93] 
GPFRIP...QSGGGPS 3-39 4448.5 [93] 
AGPFRIP...QSGGGPS 2-39 4520.2 [93] 
SAGPFRIP...QSGGGPS 1-39 4604.3 [93] 
IP...QSGSGPS 7-39 3991.4 [93] 
RIP...QSGSGPS 6-39 4147.6 [93] 
GPFRIP...QSGSGPS 3-39 4448.5 [93] 
AGPFRIP...QSGSGPS 2-39 4520.2 [93] 
PAGPFRIP...QSGSGPS 1-39 4617.4 [93] 
QAGPFRIP...QSGSGPS 1-39 4631.4 [93] 
IP...QSGSGPS 7-39 4019.1 [93] 
RIP...QSGSGPS 6-39 4175.8 [93] 
GPFRIP...QSGSGPS 3-39 4477.6 [93] 
PAGPFRIP...QSGSGPS 1-39 4645.3 [93] 
RIP...GGGSGPS 6-41 4299.3 [93] 
PAGPFRIP...GGGSGPS 1-41 4769.1 [93] 
 < QAGPFRIP...GGGSGPS 1-41 4783.6 [93] 
 < Q...KTMPGP 6'-89' 9567.2 [93] 
PQGPQQ...KTMPG 1-88' 9995.3 [93] 
LSAGPNGGSIAK  16794 [97] 
LTFVEDGETK   [97] 
Luminal binding protein 30693966 164 [99] 
Luminal binding protein 30693962 243 [99] 
Putative heat shock protein partial 37718900 131 [99] 
Dipeptidyl peptidase IV 30794015 225 [99] 
Putative inorganic pyrophosphatase 26451240 137 [99] 
Luminal binding protein 19805 82 [99] 
PQGPQQ...KTMPGP 1 '-89' 10093.8 [93] 
PQGPQQ...KTMPGPS 1 '-90' 10179.8 [93] 
PQGPQQ...KTMPG 1 '-88' 10265.1 [93] 
PQGPQQ...KTMPGP 1-89' 10358.7 [93] 
PQGPQQ...KTMPGPS 1 '-90' 10447.1 [93] 
 < Q... KTMPGPG 6'-90' 10242.8 [93] 
GPQQ.. .KTMPGPG 3'-90' 10542.4 [93] 
 < QGPQQ.. .KTMPGPG 2'-90' 10644.7 [93] 
 < QQGPQQ... KTMPGPG 1 '-90' 10778.4 [93] 
 < QQQGPQQ...KTMPGPG 0'-90' 10908.5 [93] 
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Table 2. (Continued) 
 

Sequence/protein identity Position/gene ID M/z Refs. 
 < Q...KTMPG 6'-88' 9710.2 [93] 
 < Q...KTMPGP 6'-89' 9806.8 [93] 
 < Q...KTMPGPS 6'-90' 9893.2 [93] 
PQGPQQ...KTMPG 1'-88' 10231.9 [93] 
PQGPQQ...KTMPGP 1'-89' 10331.3 [93] 
PQGPQQ...KTMPGPS 1 '-90' 10417.5 [93] 
PQSPQQ...KTMPG 1'-88' 10264.1 [93] 
PQSPQQ...KTMPGP 1'-89' 10361.2 [93] 
PQSPQQ...KTPMGPS 1 '-90' 10447.2 [93] 
GDAAPSEEQLK   [97] 
ALVTDADNLTPK    
Phosphoglycerate mutase 23297457 413 [99] 
Cytoplasmic aconitate hydratase 4586021 439 [99] 
Phosphoglycerate mutase 18391066 444 [99] 
Phosphoglycerate mutase 18391066 645 [99] 
Putative elongation factor 29824421 162 [99] 
Phytocystatin 33309455 97 [99] 

 

 

Figure 2. 3D structure of napin protein isoform BnIb according [79]. 

Moreover these proteins are susceptible to a genetic manipulations, thus 
appearing excellent templates for the genetic engineering in improvement of 
their biological role and function as well as the healthy properties of the grain 
crop. Cyclic Zn–containing metal–organics of small peptides such as Ser–Met 
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and Asn–Cys–Ser in rapeseed oil has determined in rapeseed employing ESI–
MS [96]. Thus the summary of proteomic studies of Brassica napus plant has 
been shown in Table 2, encompassing the contributions [97–142], in addition 
to those ones already discussed above.  

 
 

3. PROFILING OF LOW MOLECULAR WEIGHT 
COMPONENTS IN BRASSICA NAPUS PLANT  

AND ITS PRODUCTS 
 
It was pointed out above that the analysis of fatty acids from an analytical 

chemical point of view, employing MS based methods essentially represents 
analysis of LMW–analytes. But because of the fatty acids are the major 
components in the rapeseed crop, the lipodimics has been discussed as a 
separate section 1. The analysis of LMW analytes in rape plant flowers, hulls, 
seed and roots as well as the rapeseed oil [143–210] will be discussed in the 
next sub-sections in this section 3.  

 
 

3.1. Analysis of Brassica Napus Flowers and Hulls  
 
The MS analysis of Brassica napus hulls employing the GC–, LC–MS and 

FAB–MS methods has shown that they have significant amount of 
carbohydrates. MS analysis of extracts by aqueous ammonium oxalate 
medium has shown the major content of D–galacturonic acid (76%), D–
galactose (2–3%), L–arabinose (8–9%), D–xylose (2%) and L–fucose (1%) 
[151]. While, partial acetolysis of xyloglucan, followed by a O–deacetylation 
has resulted to series monosacchadides: 2,3,4-(CH3)3–xylose (m/z 117 (118), 
161 (162)); 2,3,4-(CH3)3–fucose (m/z 117 (118), 131, 161 (162), 175);  
3,4-(CH3)2–xylose (m/z 117, 189(190)) and 3,4,6-(CH3)3–galactose (m/z 161, 
189 (190)) [152] In addition oligosaccharides and series phenolic acids have 
been also determined in flowers and hulls of rape plant [143, 153]. The GLC–
MS analysis of hulls has shown the presence of: p–hydroxy benzoic acid  
(0.2 mg/100 g flower); vanillic acid (1.2); protocatechuic acid (16.4),  
p–coumaric and cis/trans–ferulic acids (trace concentration levels); caffeic 
acid (4.3) and trans-sinapic acid (2.4), thus determining a total chemical 
content of those derivatives of 24.5 mg/100 g flower [143, 202]. The malic, 
synapic and chlorogenic acids have been determined by mass spectrometry 
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using the following sets of MS peaks and corresponding abundances of the 
molecular ions to each of the acids as following: m/z 423 (0.7), 335 (7.4), 245 
(14.8), 233 (31.7), 189 (13.6), 175 (8.9), 147 (71.2) and 133 (11.9); 368 (93.6), 
353 (38.1), 338 (87.0), 323 (17.0) and 279 (21.4); as well as 768 (2.8), 372 
(3.0), 345 (47.3) and 307 (27.5), respectively [143]. 

 
 

3.2. Analysis of Brassica Napus Seed 
 
The pyrolysis of rapeseed meal has yielded the proximate and ultimate 

components showing, moisture (10.58 wt%), volatile matter (67.31 wt%), 
fixed carbon (15.80 wt%), C (45.98 dry wt%), H (6.21 dry wt%), N (6.90 dry 
wt%), S (0.88 dry wt%), O (40.09 dry wt%), extractive (19.40 dry wt%), 
hemicellulose (41.40 dry wt%), lignin (4.99 dry wt%) and cellulose (28.59 dry 
wt%), respectively [211]. The protein content is 41.4%, fats 3.2%, ashes 7.6%, 
polyphenols 1.3%, phytic acid 1.2%, fibres and sugars 45.3%, respectively 
[212]. The significant protein content having healthy for humans biological 
activity (section 2). In parallel, however, the seed has also series antinutritives, 
where the fibres being among most abundance one [169]. The UPLC–MS/MS 
study [169, 170] of rapeseed fiber has identified series LMW analytes of 
phenolic and aldehyde chemical classes as summarized in Table 3. The 
analysis of vitamin K has been reported to [171]. In seeds there are determined 
employing HPLC–ESI–(MS)n numerous flavonoids, their glucosides, 
hydroxycynnamoyls, (–)–epicatechin, malic acid, procyanidin B2, and 1–
synapoylgentiobiose, as well as non-glucosinolates (Scheme 3, Table 3) [172–
174]. 

 
Table 3. LMW analytes MS/MS analysis 

 
Analyte (Species) tR [min] Fragmentation MS/MS3/MS4 data 

(Relative intensity,%) 
[Ref.] 

Protocatechuic acid 2.0 153 ([M-H]-), 91 (5), 108 (31), 
109 (100), 153 (44) 

[169, 170] 

4-Hydroxybenzoic acid 3.3 137 ([M-H]-), 93 (100), 137 (18) [169,170] 
Salicylic acid 3.3 137([M-H]-), 65 (8), 93 (100), 

137 (54) 
[169] 

4-
Hydroxybenzaldehyde 

4.6 121([M-H]-), 91 (5), 92 (56), 93 
(12), 121 (100) 

[169] 
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Analyte (Species) tR [min] Fragmentation MS/MS3/MS4 
data (Relative intensity,%) 

[Ref.] 

5-Hydroxyferulic acid 5.2 209 ([M-H]-), 121 (3), 149 (20), 
150 (100), 165 (11), 194 (43), 209 
(62) 

[169] 

p-Coumaric acid 5.7 163 ([M-H]-), 91 (6), 93 (24), 117 
(10), 119 (100), 163 (37) 

[169] 

Coniferyl alcohol 6.2 179 ([M-H]-), 89 (3), 91 (5), 117 
(5), 119 (3), 135 (13), 145 (23), 
146 (100), 147 (12), 161 (15), 
163 (14), 164 (61), 179 (42) 

[169] 

Ferulic acid 6.4 193.1 ([M-H]-), 89 (20), 117 (6), 
133 (18), 134 (100), 149 (10), 178 
(18), 193 (49) 

[169] 

Sinapic acid 6.7 223.1 ([M-H]-), 65 (3), 89 (4), 93 
(30), 104 (3), 117 (3), 121 (59), 
132 (3), 135 (11), 148 (3), 149 
(100), 163 (12), 164 (46), 165 (6), 
179 (7), 193 (37), 208 (24), 223 
(53) 

[169] 

Sinapaldehyde 7.5 207.1 ([M-H]-), 77 (5), 93 (15), 
105 (9), 121 (17), 123 (3), 149 
(29), 163 (3), 177 (100), 191 (5), 
192 (75), 207 (50) 

[169] 

qn-3-O-sophoroside-7-O-
glucoside 

16.57 787.2 ([M-H]-), 445 (23), 301 
(85), 300 (100) 

[172] 

km-3-O-
caffeoylsophoroside-7-
Oglucoside 

21.9 933.2 ([M-H]-), 609 (100), 447 
(11), 429 (29), 285 (5) 

[172] 

(−)-epicatechin 24.46 289.1 ([M-H]-), 203 (100), 187 
(39) 

[172, 174] 

(Putative) 
hydroxycinnamic acid 
derivative 

49.54 949.3 ([M-H]-), 419 (100), 223 
(11) 

[172] 

1,6-Disinapoylglucoside 55.15 591.2 ([M-H]-), 223 (45), 205 
(100), 190 (41) 

[172] 

Quercetin-3-O-glucoside 12.3 463 ([M-H]-), 301 [174] 
Putative epicatechin 
derivative 

13.3 386 ([M-H]-), 306, 275, 259, 241, 
208 

[174] 

Kaempferol-3-O-
glucoside 

19.0 447 ([M-H]-), 609, 447, 285 [174] 

Quercetin 3-O-
diglucoside-7-O-
glucoside 

22.0 787 ([M-H]-), 831, 625, 301 [174] 
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Table 3. (Continued) 
 

Analyte (Species) tR [min] Fragmentation MS/MS3/MS4 data 
(Relative intensity,%) 

[Ref.] 

Putative quercetin 
derivative 

22.6 423 ([M-H]-), 342, 301 [174] 

Kaempferol-3-O-
diglucoside-7-O-
glucoside 

23.6 771 ([M-H]-), 609, 447, 285 [174] 

Isorhametin-dihexoside-
O-glucoside 

24.8 801 ([M-H]-), 639, 315 [174] 

3-Methylsulphinylpropyl 
(glucoiberin) 

2.9 358, 259 [89] 

2-Propenyl (sinigrin) 3.8 278, 275, 259, 227, 196, 180, 162 [89] 
3-Butenyl (gluconapin) 7/5 292, 275, 259, 227, 195, 194, 176 [89] 
3-Methylthiopropyl  12.9 326, 275, 259, 228, 195 [89] 
3-Indolylmethyl  21.4 275, 259, 251, 205 [89] 
1-Methoxy-3-
indolylmethyl  

34.6 447, 466, 284, 259 [89] 

Aflatoxin B1 (Aspergillus 
flavus and parasiticus) 

15.9 313 [208] 

Fumonisin B1 (Fusarium 
verticillioides) 

18.8 722 [208] 

Ochratoxin A 
(Aspergillus ochraceus) 

23.6 404 [208] 

Zearalenone (Fusarium 
culmorum) 

23.6 317 ((-)-MS-mode) [208] 

Cholesterol  0.61 255, 129, 107 [144, 224] 
Brassicasterol 0.69  [144] 
Campesterol 0.81 255, 213, 129, 83, 73 [144, 224] 
Δ5-Avenasterol 1.12 412 M+ (6), 386, 343, 296, 257, 

129, 83 
[144, 224] 

Δ7-Avenasterol 1.32 386, 343, 296, 281, 253 [144, 224] 
2-(4-Hydroxyphenyl) 
ethanol 

4.2 137 ([M-H]-), 93 (8), 106 (4), 107 
(7), 119 (24), 137 (100) 

[169, 170] 

Vanillic acid 4.3 167 ([M-H]-), 65 (15), 91 (28), 
108 (100), 123 (34), 152 (45), 167 
(59) 

[169] 

Caffeic acid 4.5 179 ([M-H]-), 89 (6), 107 (4), 134 
(22), 135 (100), 179 (43) 

[169] 
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Analyte (Species) tR [min] Fragmentation MS/MS3/MS4 
data (Relative intensity,%) 

[Ref.] 

Syringic acid 5.0 197 ([M-H]-), 63 (3), 78 (17), 89 
(50), 91 (50), 95 (38), 106 (38), 
121 (53), 123 (47), 138 (54), 153 
(50), 167 (17), 182 (54), 197 
(100) 

[169] 

Vanillin 5.6 151 ([M-H]-), 92 (31), 108 (28), 
136 (100), 151 (39) 

[169] 

Benzoic acid 5.9 121 ([M-H]-), 77 (19), 121 (100) [169] 
Syringaldehyde 6.3 181.1 ([M-H]-), 67 (11), 95 (19), 

123 (50), 137 (4), 151 (100), 165 
(8), 166 (79), 181 (42) 

[169] 

Sinapyl alcohol 6.6 209.1 ([M-H]-), 77 (5), 93 (11), 
95 (3), 105 (6), 121 (8), 133 (18), 
151 (46), 161 (59), 176 (18), 179 
(100), 191 (7), 194 (47), 209 (40) 

[169] 

Coniferyl aldehyde 7.2 177.1 ([M-H]-), 133 (3), 134 (5), 
161 (10), 162 (100), 177 (45) 

[169] 

km-3-O-triglucoside-7-O-
glucoside 

17.63 933.3 ([M-H]-), 429 (51), 284 
(100) 

[172] 

Sinapoylhexose 23.4 385.1 ([M-H]-), 208 (32), 179 
(21), 164 (100) 

[172] 

km-3-O-
sinapoylsophoroside-7-
O-glucoside 

24.84 977.3 ([M-H]-), 429 (100), 284 
(71), 285 (23) 

[172] 

km-3-
Otrisinapoylhydroxyferul
oylsophoroside 

49.75 1419.4 ([M-H]-), 429 (100), 284 
(43) 

[172] 

Sophoraflavonoloside 36 609 ([M-H]-), 447, 429, 285 [174] 
Quercetin-deoxyhex 25.4 447 ([M-H]-), 301 [174] 
Quercetin 3-O-
sinapoyldiglucoside-7-O-
glucoside 

26.9 993 ([M-H]-), 831, 625, 301 [174] 

Kaempferol-sinapoyl-
trihexoside 

28.8 977 ([M-H]-), 815, 653, 447 [174] 

Kaempferol-3-O-
glucoside-7-O-glucoside 

30.1 609 ([M-H]-), 489, 447, 285 [174] 

Isorhametin-dihexoside-
O-glucoside 

30.7 801 ([M-H]-), 639, 315 [174] 

Isorhametin-dihexoside  639 ([M-H]-), 477, 315 [174] 
(2R)-2-hydroxy-3-
butenyl (progoitrin) 

3.7 332,308,301,298,275,259,241,227
,210,195 

[89] 
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Table 3. (Continued) 
 

Analyte (Species) tR [min] Fragmentation MS/MS3/MS4 data 
(Relative intensity,%) 

[Ref.] 

4-Methylsuphinylbutyl 
(glucoraphanin) 

4.0 372, 259 [89] 

4-Hydroxy-3-
indolylmethyl 
(4-
hydroxyglucobrassicin) 

9.7 383, 285, 275, 267, 259, 240, 176 [89] 

4-Methylthiobutyl 
(glucoerucin) 

19.4 340,291,275,259,242,227,195,178
,163 

[89] 

4-Methoxy-3-
indolylmethyl 

31.2 463, 397, 299, 291, 275, 259, 235, 
227 

[89] 

Slternariol (Alternaria 
spp.) 

17.6 257 ((-)-MS-mode) [208] 

Gliotoxin (Aspergillus 
fumigatus) 

13.2 263 [208] 

T-2 toxin (Fusarium 
culmorum and 
graminearum) 

22.5 489 [208] 

Stigmasterol 0.88 343, 255, 213, 129 [144, 224] 
β-Sitosterol 1.00  [144] 
Fucosterol 1.06 412 M + (8) [144] 
Δ7-Stigmastenol 1.18  [144] 

 

 

Scheme 3. (Continued). 
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Scheme 3. Chemical diagrams of the LMW analytes in seed according [172, 173, 175].  

The effect of the microwaving on the flavor characteristics of rapeseed has 
been examined in [176], using GC–MS. Compounds such as dimethyl 
di/sulfide, acetic acid, 2–methyl–1–propanol, 2/3–methyl–butanal, formate–3–
methyl–1–butanol, 2,4–pentadienenitrile, methyl–pyrazine, octane, hexanal, 
2–furanmethanol, fyrfural, 5–cyano–1–pentene, 2,3–dimethyl–pyrazine, 2–
ethyl–3 (or 6)–methylpyrazine, 3–Ethyl–2,5–dimethylpyrazine and more have 
been determined. Phytoalexins and phytoanticipins (Scheme 4) are naturally 
produced metabolites with antimicrobial function [213–221], occurred in the 
rapeseed under stress y Cu2+–ions [216, 219]. 

The MS analysis of mycotoxins has represented also a mandatory task of 
“Food contro,” because of those secondary metabolites produced by 
filamentous fungi have nephrotoxic, carcinogenic, nephrotoxic or estrogenic 
effect [208]. Their determination in oilseed meal has been reported to [208] 
(Table 3).  
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Scheme 4. Phytoalexins and phytoanticipins in rapeseed [216]. 

The seed has ability to cumulate phenolic substances such as sinapine, 
sinapic acid (τR = 9.1 mins, MS/MS ([M–H]- (m/z 223), m/z 209 (Relative 
abundance, 6), 208 (100), 179 (36), 164 (28), 149 (2), MS3 (MS/MS (m/z 
208)), m/z 193 (8), 165 (45), 164 (100), 163 (12), 149 (24)), sinapate ester 
derivatives, 4-vinylsyringol (τR = 13.4 mins, MS/MS ([M+H]+ (m/z 181)), m/z 
150 (8), 149 (100), 121 (12), 93 (3)) and its trimer (τR = 21.6 mins, MS/MS 
([M–H]- (m/z 539)), m/z 524 (100), 522 (17), 509 (8), MS3 (MS2 (m/z 524)), 
m/z 509 (25), 508 (30), 507 (100), 357 (8), 355 (6), 343 (12), MS4 (MS3 (m/z 
507)), m/z 492 (100), 477 (52), 464 (12), 449 (21), 353 (8), 340 (9), MS5 (MS4 
(m/z 492)), m/z 477 (100), 464 (21), 449 (28), 341 (14), 325 (9), MS6 [MS5 
(m/z 477)] m/z 462 (100), 449 (21), 447 (16), 325 (9), 323 (18); MS7 [MS6 
(m/z 462)] m/z 447 (100), 434 (11), 431 (10), 406 (16), 391 (12), 378 (16), 309 
(18), 293 (10); MS8 [MS7 (m/z 447)] m/z 432 (100), 389 (77), 388 (9), 359 
(21), 293 (62) as well as cis/trans–diastereomers of phenylindane (τR = 20.8 
mins, MS/MS [M–H]– (359), m/z 345 (2), 344 (100), 329 (8), 152 (3), MS3 
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[MS/MS (m/z 344)] m/z 344 (2), 329 (100), 192 (3), 177 (3), 152 (4), MS4 
[MS3 (m/z 329)] 315 (3), 314 (100), 301 (10), 299 (15), 175 (9), MS5 [MS4 
(m/z 314)] m/z 299 (100), 283 (23), 175 (31), 138 (8), 123 (7), MS6 [MS5 (m/z 
299)], m/z 298 (19), 284 (34), 271 (66), 255 (18), 175 (100), 173 (39), 125 
(58) and 123 (32), determined by LC–(or HPLC–)–ESI–MS [165, 166]. The 
first group compounds originate of kaempferol glycosides or from glucose and 
gentiobiose, respectively (Scheme 5).  

 

 

Scheme 5. Formation of sinapine in seed; Chemical diagrams of 4-vinylsyringol and 
cis/trans-diastereomers of phenylindane [165, 166]. 

 
3.3. Analysis of Brassica Napus Root 

 
The plant roots have assimilated significant amount of organic substances 

from the rhizosphere [222]. Those compounds can be both low– and high 
molecular weight analytes, furthermore varying within the frame of a large 
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dynamic range depending on physical, chemical and/or biological 
characteristics of the soil, the presence of metal ions such as, for example, 
Zn2+ or Fe2+/3+ and more. The major organic compounds in the roots 
represent carboxylic acids, which have been determined in the rapeseed routs 
studying a large scale of experimental conditions [222]. Maleate, malate, 
succinate, oxalate and citrate have been analyzed mass spectrometrically. To 
determine ultra-trace concentration limits of detection ∈ 1–47 nm by LC–ESI–
MS/MS, there has been elaborated an approach involving chemical derivation 
of the acidic analytes, using the esterification of the molecular scaffold 
functionalization through formation of chlorotrimethylsilane intermediates 
(Scheme 6) [223].  

 

 

Scheme 6. Rrimethylsilane–derivative and esperification of carboxilyc acids in 
rapeseed roots [223]. 

 
3.4. Rapeseed Oil Analysis 

 
3.4.1. Analysis of Naturally Occurring Products in the Rapeseed Oil  

Phytosterols in the rapeseed oil we shall describe here (Scheme 7), using 
their classification as LMW analytes, naturally occurring in the rapeseed oil 
product and the rape meal. In general the phytosterols have shown high 
healthy effect as are widely used for nutrients. More than 200 phytosterols 
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have been identified in the oil crops [224–227]. Cholesterol (Δ5-cholesten-3β-
ol) and stigmasterol ([24R]-24-ethyl-Δ5,22-eholestadien-3β-ol) are in trace 
concentration levels [144], while brassicasterol ([24S]-24-methyl- Δ5,22-
cholestadien-3β-ol), campesterol ([24R]-24-methyl- Δ5-cholesten-3b-ol),  
b-sitosterol ([24R]-24-ethyl-Δ5-cholesten-3b-ol), Δ5-avenasterol ([24Z]-24-
ethylidene-Δ7-cholesten-3b-ol) and Δ7-stigmastenol ([24R]-24-ethyl-Δ7-
cholesten-3b-ol) are ∈ 2–58% [144]. The chromatographic and GC–MS and 
GLC–MS identification and quantitation is shown in Table 3 [224–227]. The 
APCI– and ESI–MS data have shown [226]: cholesterol (m/z 369 [M+H–
H2O]+) (ESI/APCI), 409 ((M+Na]+) (ESI); stigmasterol m/z 394 ([M–H2O]+) 
(ESI/APCI), 395 ([M+H–H2O]+) (APCI); β–sitosterol m/z 396 ([M–H2O]+) 
(ESI/APCI), 397 ([M+H–H2O]+) (APCI), 415 ([M+H]+) (ESI); fucosterol m/z 
394 ([M-H2O]+) (APCI), 395 ([M+H–H2O]+) (APCI/ESI) and 413 ([M+H]+) 
(ESI), respectively [226]. 

 

 

Scheme 7. Chemical diagram of Δ7– and Δ5–sterols [227]. 

Equimolar mixture of methyl 9,10-bis(methylthio)octadec-12-enoate and 
12,13-bis(methylthio)octadec-9-enoat has been determined quantitatively, 
determining the rapeseed oil matrix effect by LC–MS/MS. Zearalenone and its 
derivatives (Scheme 8) have been assigned as metabolites of Fusarium fungi, 
colonizing grains including rapeseed [213]. These naturally occurring 
compounds can induce endocrine disruption by steroid receptor signaling 
mechanism thus altering the hormone production. For this reason they are 
object of food control in the edible oils. Particularly in the rapeseed oil product 
there is detected concentration level 40.7 μg.kg-1 in a case study of marked oil 
[213].  
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Scheme 8. Chemical diagrams of zearalenone and its derivatives [213]. 

Ricinoleic acid at concentration level 208 ± 40 ppm and cytokinins have 
been detected in rapeseed as well [213–221]. 

 
3.4.2. Analysis of Contaminating Agents in Rapeseed Oil 

 
3.4.2.1. Analysis of Organic Pollutants 

The adulteration of rapeseed oil with aniline has resulted to acute 
pulmonary and neuromuscular disorders in Spanish toxic oil syndrome [228–
236]. From amount of 50 000–100 000 people consumed the poisoned oil the 
affected people are over 20000 and 350 lethal cases [230]. An immunological 
pathogenesis has been associated with this syndrome, causing for enormous 
efforts in understanding of the biochemical mechanisms governing the 
metabolism of the poisoned oil components in humans. As proposed causative 
agents are denoted N-(2-hydroxy-3-butenyl)-N'-phenylthiourea and its cyclic 
product 1-phenyl-5-vinyl-2-imidazolidinethio, determined in oil case samples 
by GC–EI–MS [230]. The fragmentation pathways are shown in Scheme 9. To 
the toxic oil syndrome has also been associated contamination with 
pentachlorophenol [234].  

Toxic oil syndrome has also been associated with anylines 3-(N-
phenylamino)-1,2 propanediol, [M+H]+ (m/z 168), 2-hydroxy-3-(N-
phenylamino)propyl linoleate (m/z 430), 2-hydroxy-3-(N-phenylamino)propyl 
oleate (m/z 432), 2-hydroxy-3-(N-phenylamino)propyl heptadecanoate (m/z 
420), 2-linoleyloxy-3-(N-phenylamino)propyl linoleate (m/z 692), 2-oleyloxy-
3-(N-phenylamino)propyl linoleate (m/z 694), 2-linoleyloxy-3-(N-
phenylamino)propyl oleate (m/z 694), 2-oleyloxy-3-(N-phenylamino)propyl 
oleate (m/z 696), (OO(1,2)PAP), 2-linoleyloxy-3-(N-phenylamino)propyl 
heptadecanoate (m/z 682), 2-oleyloxy-3-(N-phenylamino)propyl 
heptadecanoate (m/z 684), 2-heptadecanoyloxy-3-(N-phenylamino)propyl 
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(m/z 672), N-phenyl linoleamide (m/z 356), N-phenyl linolenamide (m/z 354), 
N-phenyl oleamide (m/z 358), N-phenyl eicosanamide (m/z 386), N-phenyl 
heptadecanamide (m/z 346) [159]. An analytical protocol for determination of 
polycyclic hydrocarbon contaminating organics in rapeseed oil by DART–MS 
has been reported to [214]. An object of strict control in rapeseed oil food 
product is also 3-chloro-1,2-propanediol a food–process contaminating agent, 
having carcinogenic effect in vitro [187, 209, 215, 219]. The maximum 
admissible daily concentration level 2 μg.kg-1 body weight day-1 has been 
determined by Joint Food and Agriculture Organization of the United 
Nations/World Health Organization Expert Committee on Food Additives in 
2007 [215]. In addition to the quantitation of organic contaminating agents 
causing toxic oil syndrome, in this section of the chapter we shall describe 
among the most important tasks relating the food control, particularly the 
rapeseed oil analysis, i.e., the quantitation of pesticide residues in oil 
foodstuffs, having great impact for the human health risk along with above 
shown contamination type [237–240]. Like all agricultural crop protecting 
agents, the employment of fungicides, herbicides and pesticides in rape crop 
prevention can causes to remaining of those substances and/or their 
metabolites as well as degradation products at the harvest stage and thus to 
contaminate both the final oil product and the meal. The maximal residue 
levels of pesticides for rapeseed products, fixed by Regulation Directive 
396/2005 of the European Commission are listed in Tables 5 and 6 [241]. The 
same Tables summarize MS data, employed in the analytical protocol for 
rapeseed oil analysis are reported in [237–241]. Firstly in the literature the 
analysis of naturally occurring pesticides of rotenone type in rapeseed oil 
products has been reported in [242], employing the MALDI–MS method. Due 
to their high toxicity to humans causing for neurodegenerative atypical 
parkinsonian syndrome, there is strict regulation for the European Union 
Countries limiting the maximal residue levels to 40 ppb [242–244]. Along 
with the achieved concentration limits of detection 0.14 ng.g-1, recoveries ∈ 
99.98–99.36% (SD(yEr±) ∈ 0.00156 – 0.00575) for levels of pollutant 1 of 
1.00, 5.0 and 25 μg and ∈ 99.968–98.772% (SD(yEr±) ∈ 0.00415–0.12422) 
for levels of pollutant 2 of 1.00, 5.0, and 25 ng in spiked oil sample sets, there 
has been presented a methodological contribution for sample preparation 
techniques applied for MALDI–MS measurements, where the classical 
polyfunctional carboxylic acids have been replaced with a new designed set of 
crystals of organic salts (Figure 3), which optical spectroscopic characteristics 
make them suitable matrix components both for UV–and IR–MALDI mass 
spectrometry [75, 242].  
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Scheme 9. EI–MS fragmentation of N–(2–hydroxy–3–butenyl)–N'–phenylthiourea and 
1–phenyl–5–vinyl–2–imidazolidinethio [230].  
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Table 4. Maximum residue levels [mg.kg-1] of pesticides in rapeseed 
according European Union Directive 396/2005 (2011) [243–246];  

MS/MS fragmentation ions (abundance, %) 
 

Pesticide Level Precursor MS ion MS ion (abund.%) 
Acetamiprid 0.01 223 126 (100) 
Azoxystrobin 0.5 404 372 (100) 
Chlorfenvinphos 0.05 359 155 (100) 
Clomazone 0.02 240 125 (100) 
Difenoconazole 0.05 251 251 (100) 
Fluorochloridone 0.1 292 292 (100) 
Metalaxy-M 0.1 280 192 (71) 
Oxadiazon 0.05 345 220 (100) 
Prochloraz 0.5 376 308 (100) 
Thiacloprid 0.3 253 126 (100) 
Trichlorfon 0.1 257 109 (100) 
Atrazine 0.05 216 174 (100) 
Carboxin 0.1 236 143 (100) 
Clethodim 1 360 164 (100) 
Dichlorvos 0.01 221 109 (100) 
Fluazifop-P-butyl 0.15 384 328 (63) 
Imidacloprid 0.1 256 209 (100) 
Metolachlor 0.1 284 252 (100) 
Phoxim 0.02 229 129 (100) 
Tebuconazole 0.5 308 70 (100) 
Triadimefon 0.2 294 197 (100) 
Acetochlor 0.2 270 224 (100) 
Carbendazim 0.1 192 132 (12) 
Chlorpyrifos 0.05 350 198 (100) 
Diazinon 0.02 305 169 (100) 
Diniconazole 0.05 324 70 (100) 
Haloxyfop-P-
methyl 

0.2 376 316 (100) 

Methidathion 0.05 303 145 (100) 
Paclobutrazol 0.02 294 70 (100) 
Propiconazole 0.1   
Thiamethoxam 0.05 292 211 (100) 
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Table 5. Negative-ESI precursor ion mass spectra of authentic gibberellin 
in rapeseed [200] 

 
 [M–H]−  M/z fragment 
GA8 363 321(40), 275(100), 257(45),119(55) 
GA1 347 303(50), 259(100) 
GA6 345 301(35),257(80),239(40),161(40), 119(100) 
GA20 331 287(100), 250(10),225(10),219(15),173(50), 147(30) 
GA13 377 359(100), 303(45),259(5),215(15) 
GA19 361 317(70), 273(100), 255(45),229(45),203(60), 133(40) 
GA34 347 303(25), 259(100), 241(35),199(20) 
GA51 351 287(100), 243(75),219(60),182(20) 
GA7 329 287(5), 223(100), 211(15),168(10) 
GA4 331 313(50), 287(100), 257(75) 
GA53 347 329(100), 303(75),233(35),189(70) 
GA24 345 301(90), 257(100), 213(60),135(35) 

 
Table 6. Relative peak area of aldehydes from condensates of  

rapeseed oil fumes 
 

 190-
200  

230-
240  

270-
280  

M/z  

3-Methyl-2-butenal 0.78  0.50 0.22 55,41,83,39,69 [161] 
Hexanal 2.09 2.49 2.73 44,56,41,43,57,100 [161] 
2-Hexenal 0.38 0.47 0.25 41,55,69,83,39,98 [161] 
Heptanal 0.24 0.54 1.54 43,41,70,44, 56,114 [161] 
2-Heptenal 3.30 4.23 4.42 41,83,55,57,56,112 [161] 
2,4-Heptadienal 8.11 4.58 1.19 81,39,41,53,67,95 [161] 
Octanal   1.05 43,41,57,55,84,69 [161] 
2-Octenal  0.46 0.90 41,55,70,39,83,126 [161] 
Nonanal  2.27 7.47 41,43,57,56,44,142 [161] 
2-Nonenal   0.72 41, 55,70,83,96,140 [161] 
Conc, T 240-280oC  
1,3-Butadiene    504 ng.L-1 [162] 
Benzene    2391 ng.L-1 [162] 
Acrolein    391.8 μg.L-1 [162] 
2,4-nonandienal 0.47 0.27 81,41,39,53,138 [161] 
decanal  0.28 43,41,57, 

44,70,71,156 
[161] 

2-decenal 1.99 7.42 41,43,55,70,39,83, 
154 

[161] 

2,4-decadienal 2.01 2.98 81,41,39,53,138 [161] 
Undecanal   43,41,57,55,67,170 [161] 
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 190-
200  

230-
240  

270-
280  

M/z  

2-undecenal 1.89 7.84 41,70,55,43,83,168 [161] 
2,4-undecadienal  0.21 81,41,55,39,166 [161] 
dodecanal   43,57,41,82,68,184 [161] 
9-octadecenal  0.23 55, 69,43,67,83,266 [161] 
9,17-octadecadienal  0.30 67,81,41, 95,53,264 [161] 
Conc, 240-280oC  
Formaldehyde   71.2 μg.L-1 [162] 
Acetaldehyde   306.9 μg.L-1 [162] 

 
 

 
 

 

 

(1) 

 

 
 

 

 

(2) 

Figure 3. Crystal structures of N1-(3-amino-propyl)-butane-1,4-diammonium 
tris(hydrogensquarate) squaric acid (1) and pentane-1,5-diammonium 
bis(hydrogensquarate) monohydrate (2) [242]; Chemical diagrams. 

 
 



Bojidarka Ivanova and Michael Spiteller 98 

 

Figure 4. 3750–1800 cm-1 solid–state IR–spectra of N1-(3-amino-propyl)-butane-1,4-
diammonium tris(hydrogensquarate) squaric acid (1), pentane-1,5-diammonium 
bis(hydrogensquarate) monohydrate (2), propane-1,3-diammonium bis(benzene-1,2,4-
tricarboxylate) dihydrate (3) and pentane-1,5-diammonium squarate (4) measured, 
employing the nujol–mull technique. 

Among the crucial factor in the molecular design of new matrix 
components for MALDI–MS sample preparation are the optical properties of 
the crystals, where when the analysis has involved desorption/iuonizations 
laser irradiation source within the UV – region, than the matric crystal should 
have properties close to the exitation wavelength. By contrast, for the needs of 
the IR–MALDI–MS it is need absorption of crystals ∈ 3300–3000 cm-1, where 
mainly νOH and νNH stretching vibrations of NH– or OH–groups have 
occurred. Given that the implemented new crystals for rapeseed oil analysis by 
MALDI–MS [242] have shown absorption UV–bands ∈ 200–350 nm of 
n→π* transitions as well as IR–bands ∈ 3300–3000 cm-1 of νOH, νas

N+H3, 
νas

N+’H3 and νs
NH3, respectively (Figures 4 and 5).  

 
 



Lipidomics, Proteomics and Profiling of Low Molecular Weight … 99 

 

Figure 5. UV–spectra pentane-1,5-diammonium bis(hydrogensquarate) monohydrate 
(1), propane-1,3-diammonium bis(benzene-1,2,4-tricarboxylate) dihydrate (2) [242]. 

As it has been broadly discussed [75], there has clear trend in search of 
new matrix component, replacing the neutral crystals and co–crystals for 
MALDI–MS sample preparation, because of the salts of organic salts have 
advantages versus the neutral polyfunctional banzoic acid derivatives 
consisting in regular polycrystalline growth increasing the sample – to – 
sample reproducibility and spot–to–spot repeatability of measurements, thus 
increasing the method performance parameters in addition to the indicating of 
successful ionization of large scale LMW analytes in various environmental 
and foodstuffs matrices [75].  

 
3.4.2.2. Analysis of Inorganic Pollutants 

In general the determination of trace elements is an important task in 
assessment of the quality of edible oils involving the freshness and the period 
of the storage [247–251]. The presence of the heavy metal ions in the final oil 
products has been associated with their migration from the soil to oilseeds. 
Despite that some transition metals are essential for the humans like the 
described below Zn–complexes, environmental exposure and contamination 
from them can cause for a bioaccumulation both in the oil and in the 
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consumers, where with increasing in concentration a toxic effect rises [248]. 
The analysis of the heavy metal content has mandatory involved the series of 
the well known toxic heavy metals and their organometallic As, Hg, Cr, Cd, 
and Pb, respectively [247]. Among the sensible instrumental analytical 
methods for analysis of heavy metals in foods, in general, and in parallel a 
mass spectrometric based approaches is ICP–MS [75]. In spite of the known 
capacity of this method for trace concentration level analysis, it application is 
accompanied with series sample pretreatments, which in the case of the oil 
analysis are complicated further due to the viscosity of the oil foodstuff 
matrix. In order to overcome those drawbacks there are developed analytical 
approaches for extraction of the heavy metals from the oil sample using the 
EDTA as one, becoming universal ligand [247]. Concentration ranges 
75.7±3.6 μg.kg-1 (Mg), 12.5±1.8 μg.kg-1 (Al), 0.29±0.04 μg.kg-1 (Cu), 
25.2±4.1 μg.kg-1 (Zn) and 0.02±0.008 μg.kg-1 (Cd) in rapeseed oil have been 
reported [247]. But soft–ionization MS methods have provided crucial 
information about the complexes of essential metal ions in the rapeseed plant 
tissue [249]. Thus, those results have highlighted the promising prospectives 
of last MS approaches for metallomics [75]. The migration of thallium (TlI/III) 
from soil to rapeseed plant has been examined by ICP–MS [251], governing 
the study by the fact that this TlI/III is not essential metal and thus it is toxic for 
the human health. Accounting for the fact that the ionic radii of Tl+– and K+–
ions are similar it has been distributed in the plant cells, similarly. Tl+–ion is 
accumulated intra-cellularly in addition to a proposed enzymatic inhibition 
effect like Hg2+– and Pb2+–containing species. In general, high accumulation 
effect has occurred [251].  

 
3.4.3. Chemical Analysis of Reactions and Products of Thermal 
Treatment of Rapeseed Oil 

The major focus of this section of the chapter is on various chemical 
reactions and products occurred under thermal treatment of rapeseed oil, 
describing known auto– and thermal oxidation processes, polymerization and 
hydrolysis as well as cyclic and fission reactions, comprehensively elucidated 
employing methods of the mass spectrometry, based on soft–ionization 
techniques, largely employing coupled instrumental schemes by GC–, LC– or 
HPLC– as preliminary separation steps [75, 203, 252–260]. The chemical 
analysis carried out, has involved determination of the reaction products of 
rapeseed oil under different experimental conditions encompassing 
temperature ranges ∈ 190–200, 230–240 and 270–280oC [161, 162]. The 
experimental designs have been based on popular ways for cooking 
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worldwide, furthermore involving investigation of the processes in the 
thermally treated oil itself and the corresponding fumes content. The 
importance of the results, which have been achieved has been associated with 
numerous studies on the physiological effect of chemicals resulted from the 
thermal treatment of rapeseed oil as well as volatile compounds, which are in 
their major part aldehyde acids and aldehyde, in addition to simple unsaturated 
hydrocarbons such as, for example, 1,3–butadiene and benzene (Table 6). 
Among various aldehyde there has extensively been studied 4–hydroxy 
nonenal [32] obtained under deep–fat frying within a temperature range 240–
280oC, showing cytotoxic, hepatotoxic, mutagenic and genotoxic effect. The 
9–oxononanoic acid, which is major aldehyde acid as a result of oxidation of 
lipids under thermal treatment at T > 200oC can induce hepatic lipid 
peroxidation and thus to affect the hepatic metabolism. Furthermore, in 
general, aldehyde have been described as high chemically reactive compounds 
having ability to bond to free amino groups in large set of essential amino 
acids, thus forming aldimines or to take part in coupling processes with 
sulfhydryl groups. Same is valid for the lipid peroxides, where numerous in 
vivo studies have shown cytotoxic, mutagenic and teratogenic effect [158]. 
Despite fact that those products have concentration levels μg.g-1 in the foods, 
there has rather lack of knowledge about their physiological effect. 
Accounting for the fact that the major components in the oils are fatty acids, 
both saturated and unsaturated as well as that rapeseed oil has shown a high 
level of unsaturation, which one hand make it a healthy food product. On the 
other hand the presence of high concentration of allyl groups has resulted to a 
high sensibility of the oil towards namely oxidation reaction and radical 
reactions. The formed autoxidation products have mainly downed into volatile 
products with concentrations in the oil lower than 0.0015 μg.L-1 (2,6-cis/trans-
nonadienal) or 0.0001 μg.L-1 (1-octene-3-one) [32, 163] (Scheme 10). 
Nevertheless that part of the formed aldehyde remains in the oil, as it was 
shown above, furthermore they are bonded to the lipids through ester 
functional groups. These bonded aldehyde adsorbed into the frying food can 
have negative healthy effect for the consumers. For these reasons the 
development of accurate and precise protocols for determination of both 
volatile and bonded reaction products of the thermal treatment of oil has 
become a primary task for the field of the “Food control,” evaluating he risk 
for the human health [32, 143, 158, 161, 163, 255–258].  
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Scheme 10. β-scission of fatty acids hydroperoxide esters [32]. 

 

 

Scheme 11. MS fragmentation of saturated fatty acids esters [33]. 

The analysis of volatile compounds has usually involved GC–MS 
approach, providing meaningful information for the contain of fumes from 
frying of rapeseed oils. Significantly more complicated is the determination of 
the bonded aldehyde in the oil, where even a qualitative analysis is a difficult 
research task, due to hundreds possible combinations of bonded products 
between the fatty acids and their oxidized derivatives. In this respect there 
have been reported series developments based on preliminary TLC combined 
with HPLC–MS or employment of HPSEC for separation of polar from the 
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non-polar fraction [32]. The 100– and 500–Å gel columns packed with 
styrene–divinylbenzene copolymer have been utilized (Scheme 10).  

The MS fragmentation of the methyl esters of fatty acids has exhibits 
peaks at m/z 87, 74 and 59 [CH O-C(=OH+)-CH•

2] and [CH OC=O]+. The 
major peaks for the unsaturated fatty acids are at m/z 41, 55, 69, however, they 
can be characteristics for saturated derivatives as well as via the shown 
fragmentation Scheme 11 [32, 33]  

Direct analysis of major TGs by transmission-mode DART mass 
spectrometry and HPLC (or ultra–HPLC)–MS of the thermally treated 
rapeseed oils has been reported as well [203–205]. 

The pan-frying at 160oC has resulted to oxidation of sitosterol/sitostanol 
as well as polymerization of the lipid mass in the rapeseed oil (Figure 6) [206].  

 

 

Figure 6. Oxidation of sitosterol and lipid matrix in native rapeseed oil [206]. 

The quantitation of canolol content as a function of the roasting time at 
different temperatures has been studied in (Figure 7) [207]. 
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Figure 7. Roasting effect on the concentration of conolol in rapeseed oil [207]. 

 

Scheme 12. Fragmentation pattern of conolol [210]. 
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The MS spectrometric profile of conolol, involved into it identification 
and determination quantitatively has comprehensively been described (Scheme 
12) [210]. 

 
 

3.5. Rapeseed Melt Analysis 
 
Along with beneficial nutritional properties of the rapeseed oil itself, the 

usage of the rapeseed meal after oil extraction as feedstock for animals has 
met limitation, due to the high content of glucosinolates (Scheme 13) [199]. It 
has been proposed that glucosinolates are risk agents promoting cancer [88, 
261, 262]. There have been known about 100 different substituted 
glucosinolates, from which ones four major glucosinolate components in the 
rapeseed meal occurred, i.e., glucobrassicin (R1 = R2 = H), 4–hydroxy–
glucobrassicin (R1 = OH, R2 = H), 4–methoxyfglucobrassicin (R1 = OCH3,  
R2 = H) and neoglucobrassicin (R1 = H, R2 = OCH3), respectively (Scheme 13 
[147], in addition to known olefinic–, methylsulfinylalkyl– and aryl–
glycosinolates [88, 90]. During a seeding process they are bocked down under 
an enzymatic reaction with participation of myrosinase E.C.3.2.3.1 yielding to 
isothiocyanates, thiocyanates, nitriles and oxasolidinethiones (Schemes 14 and 
15). These compounds can be harmful for the animals [147, 148, 157]. On the 
other hand the meal contains significant amount of essential amino acids, 
which are desirable for the human food supplements and animal feeds [165]. 
In this respect, enormous effort has been devoted to overcome this, 
implementing in the agricultural practice of a new variety of rapeseed, namely 
so–called “double zero” (0,0) crop in the agricultural practice, showing a 
significant reduction of the discussed glucosinolates, for example the 
concentration limits of detection of sinigrin 2.85 ng has been detected by LC–
APCI–MS [157]. Despite this successes in improvement of nutrition properties 
of rapeseed meal, the analysis of glucosinolates remains as a task for control of 
the foodstuffs quality, so that, the MS fragmentation of various analytes has 
comprehensively been studied by HPLC–ESI–(MS)n (Table 3) [89]. A minor 
product, O-α-D-galactopyranosyl-(l→6)-O-α-D-galactopyranosyl-(1→lL)-
myo-inositol (Scheme 16) of biosynthesis of stachyose, which is the major 
oligosaccharide in rapeseed meal has been identified in [149], along with 
acetates of 2,3,4,6-tetra-O-methyl-D-galactose, 2,3,5-trl-O-methyl-L-
arabmose, 2,3,4-tri-O-methyl-D-glucuromc acid, 2,4,6-tn-O-methyl-D-
galactose, 2,3,4-tn-O-methyl-D-galactose, 2,3-di-O-methyl-L-arabmose, 2,3-
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di-O-methyl-D-galactose, 3-O-methyl-L-arabmose and 2-O-methyl-D-
galactose [150], respectively.  

 

 

Scheme 13. Major glucosinolates in rapeseed meal [88, 90, 147]. 

 

 

Scheme 14. Breakdown of glucosinolates [147]. 



Lipidomics, Proteomics and Profiling of Low Molecular Weight … 107 

 

Scheme 15. Enzymic hydrolysis of glucosinolates [147]. 

 

 

Scheme 16. Chemical diagram of O-α-D-galactopyranosyl-(l→6)-U-a-D-
galactopyranosyl-(1→lL)-myo-inositol [149]. 

Another drawback to the wide gene non manipulated application of 
rapeseed meal for animal feed originates from the high content of 
polysaccharides containing arabinose, xylose, manose galactose and uronic 
acid as residues in the cell walls, which cannot be degraded by endogenous 
enzymes of mono-gastric animals [263–266]. Moreover the structures of those 
polysaccharides are still not well understood, thus causing for a pretreatment 
of the rapeseed crop in order to improve the nutrition properties for animal 
consumption.  
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CONCLUSION 
 
In this short chapter, we wanted to introduce the readers to great 

instrumental features of matrix–assisted laser desorption ionization mass 
spectrometry for analysis of Brassica napus plant as a whole and, particularly, 
it edible foodstuff product having beneficial nutritional properties for human 
daily life, i.e., the rapeseed oil. Shortly we have considered known 
contributions of MALDI–MS method to qualitative and quantitative analysis 
of macromolecules in rapeseed oil. But, in this chapter the special concern is 
about low molecular weight analyte determination. Thus we refer broadly the 
prospectives of the method as an analytical instrumental approach in the field 
of “Food control” encompassing application on a large scale of analytes, 
involving products of thermal treatment of rapeseed oil, organic and inorganic 
pollutants as well as multicomponent complex analysis of flowers and hulls, 
seed and roots, employing its ultra high resolving power allowing quantitation 
in complex homogeneous and heterogeneous mixtures at fmol–to–attomol 
concentration limits of detection, along with it flexible sample preparation 
techniques and ability for imaging and direct assay. 
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ABSTRACT 
 

The research was aimed at studying the possible unintended 
biochemical peculiarities of the recently obtained herbicide-resistant 
canola (Brassica napus L.) plants which express both the BAR gene 
conferring resistance to glufosinate herbicides and synthetic EPSPS gene 
responsible for resistance to glyphosates. Both total radical scavenging 
activity and superoxide dismutase activity as a part of plant antioxidant 
system were investigated in the leaf extracts using DPPH (2,2-diphenyl-
1-picrylhydrazyl radical) and nitroblue tetrazolium assays, respectively. 
The total soluble protein content was also evaluated. Significant decrease 
in the total radical scavenging activity was detected for the primary 
transgenic plants possessing two different genes for herbicide resistance. 
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The total soluble protein content and superoxide dismutase activity were 
unaffected in these plants. The analyzed biochemical parameters in the 
leaf extracts from untransformed plants were similar to those of the 
herbicide-resistant plants of the first and the second generations grown in 
vitro on the media without herbicide supplementation. Addition of Basta 
(phosphinothricin) or Hurricane Forte (glyphosate) herbicide solutions to 
the culture media did not affect antioxidant activity of transgenic canola 
plants. Thus, T2 generation homozygous canola plants resistant to both 
glufosinate and glyphosate herbicides had the total soluble protein 
content, total radical scavenging activity, and superoxide dismutase 
activity in their leaves similar to that of the untransformed control plants. 
Earlier we have produced several groups of transgenic canola lines 
bearing target genes of the different origins. There were the plants 
expressing either 1) both DesC desaturase (DesC) gene from 
cyanobacterium Synechococcus vulcanus and EPSPS gene or 2) human 
interferon α2b (HuIFN-α2b) gene or 3) CYP11A1 gene for cytochrome 
P450SCC from bovine adrenal cortex mitochondria. Antioxidant activities 
in these plants have been compared to that of the newly obtained 
herbicide-resistant plants. The influence of different target genes on plant 
antioxidant activity and the importance of this parameter for both plants 
and human health are discussed. 
 

Кeywords: Brassica napus, antioxidant activity, total radical scavenging 
activity, superoxide dismutase 
 
 

INTRODUCTION 
 
Herbicide-resistant varieties have consistently occupied the largest 

planting area among biotech crops since their advent in 1996. In 2014 both 
glufosinate- and glyphosate-resistant rapeseed cultivars were grown on 9 
million hectars, what was 25% of the total planting area for this crop 
worldwide (James, 2014). 

Recently, a new tendency in the design of herbicide-resistant varieties 
emerged. It is the combination of resistance to several herbicides 
simultaneously (Vencil et al., 2012). Thus, Triazine resistant Roundup Ready 
canola plants were produced through a hybrid breeding techniques by 
Monsanto Company and Pacific Seeds worked in conjunction. They possess 
resistance to glyphosate and triazins (http://roundupreadycanola.com.au/wp-
content/uploads/2014/03/What-is-Triazine-Tolerant-Roundup-Ready-
canola1.pdf). 
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Although there is a number of transgenic plant peculiarity investigations 
(Reguera et al., 2012; Bhargava and Sawant, 2013), the discussions about their 
potential environmental risks and danger are continued. Changes both in total 
radical scavenging and superoxide dismutase (SOD) activities as the measures 
of antioxidant activity in transgenic plants may cause great influence on plant 
development. Antioxidant activity of plant tissues characterizes an ability to 
maintain the balance of reactive oxygen species (ROS) needed for plant 
metabolism (Karuppanapandian et al., 2011, Mittlera and Blumwald, 2015). 
ROS includes both the free radicals such as superoxide, peroxyl and hydroxyl 
radicals and the molecules such as singlet oxygen and hydrogen peroxide. 
ROS are commonly produced during photosynthesis, respiration, 
photorespiration, and primary as a result of a membrane-bound-NADPH 
activity (De Gara et al., 2003; Pilon et al., 2011; Marino et al., 2012). High 
light, extreme temperatures, drought, flooding, salt stress, pathogen attack, and 
especially the combinations of various stresses dramatically increase a 
quantity of these substances and may lead to oxidative damage (Susuki et al., 
2011; Pandey et al., 2014). Plant antioxidant system is responsible for 
overcoming the excessive amounts of ROS. It provides the tightly coordinated 
activity of enzymes (SOD, peroxidase, catalase) and non-enzyme antioxidants 
(proline, glutathione, ascorbic acid, fatty acids, polyphenols (tocopherols, 
anthocyanins, flavonoids, aromatic oxyacids)) (Hasanuzzaman et al., 2012, 
Wojtera-Kwiczor et al., 2014). The major nectar protein from ornamental 
tobacco is superoxide dismutase that functions to generate high levels of 
hydrogen peroxide against pathogenic fungi and bacteria (Thornburg et al., 
2003). The positive correlation of treatments using the high functional 
substances and stress tolerance improvement due to increase in antioxidant 
activity was also proved (Liu et al., 2005; Chung et al., 2006; Janeczko 2012). 
Changes in antioxidant activity in plants of the same species grown in different 
environmental conditions were noticed (Abbasi et al., 2015). SOD activity in 
the alpine plants was higher than in plants grown in the steppe (Öncel et al., 
2004). Positive correlation between activities of antioxidant enzymes (SOD, 
catalase and glutathione peroxidise) and a radical scavenging activity detected 
using DPPH assay was found in Chinese medicine plants (Lee et al., 2003). 
Some compounds, for example, coronatine which is a chlorosis-inducing 
phytotoxin that mimics some biological activities of methyl jasmonate may 
alleviate plant stress influence by increase in both SOD and radical scavenging 
activities (Xie et al., 2008). Increase in antioxidant activity due to transgenesis 
positively affects the plant abilities to grow faster and to resist the stresses of 
different origins (Gusta et al., 2009; Luo et al., 2013; Confalonieri et al., 



L. O. Sakhno, K. V. Lystvan, V. B. Belokurova et al. 136 

2014). Values of SOD activity were used for in vitro salt tolerance evaluation 
of sweet potato (Ipomoea batatas (L.) Lam.) mutants (He et al., 2009). This 
approach facilitated the following selection of salt tolerant plants under 
greenhouse conditions. Tissues with lower amount of antioxidants including 
SOD had decreased responsiveness to in vitro manipulations and genetic 
transformation (Dan, 2008). SOD activity was higher in in vitro regenerated 
and propagated Leptadenia reticulate plants as compared to field grown ones 
(Sudipta et al., 2014). 

SOD activity was studied in seeds of herbicide-resistant canola and maize 
(Zea mays L.) (Xu et al., 2011). Earlier we have produced transgenic canola 
plants which express both BAR and synthetic EPSPS gene and determined 
SOD activity in their leaf tissue in non-stress conditions (Sakhno and Slyvets 
2014). However, this parameter has not yet been explored under stress 
(herbicide application). In addition, any data about the total radical scavenging 
activity in herbicide-resistant plants are absent. Study of these characteristics 
will allow determining the possible unintended biochemical changes in 
transgenic canola in comparison with non-transgenic plants.  

 
 

METHODS 
 
Plant material and growth conditions. Biotech canola plants expressing 

both BAR and EPSPS transgenes have been produced as a result of 
Agrobacterium tumefaciens-mediated transformation on the cv Exgold 
background by using рСВ133 vector (Figure 1) according to our own protocol 
(Sakhno et al., 2008). Primary transformants were acclimatized to greenhouse 
conditions and self-pollinated. The produced seeds (T1 generation) were 
sterilized and tested for phosphinothricin and glyphosate resistance in vitro. 
The same procedure was held for Т2 seed production. The best lines according 
to glyphosate resistance under greenhouse conditions, namely Т015/133/2 
(primary transformant), Т115/133/2/9 (T1 generation), and Т215/133/2/9  
(T2 generation), were chosen for the current analyses. The second generation 
line was characterized to be homozygous (Sakhno et al., 2015). Untransformed 
spring canola plants cv Exgold were used as a control. Both untransformed 
and biotech plants were micropropagated and grown in vitro (+23°С, 4000–
5000 lx, 14-h photoperiod) on agar-solidified hormone-free MS medium 
(Murashige and Skoog 1962) in MagentaTM Boxes for four weeks. The upper 
and adventitious buds of both Т215/133/2/9 and untransformed lines were also 
cultured together on the same media supplemented with either 
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phosphinothricin (5 mg/L) or glyphosate (2 mg/L). The sterile herbicide 
solutions were added to the media after autoclaving.  

 

 

Figure 1. Scheme of the T-DNA region of plasmid construct used in the experiments: 
LB – T-DNA left border; RB – T-DNA right border; Pnos-BAR-Tosc – 
phosphinothricin acetyltransferase (BAR) gene expression cassette (coding sequence 
for BAR with nopalin synthase gene promoter (Pnos) and octopine synthase gene 
terminator (Tocs); P35S-TP-EPSPS-Tnos – 5-enolpyruvylshikimate-3-phosphate 
synthase gene (EPSPS) expression cassette (fusion of N-terminal chloroplast transit 
peptide (TP) with synthetic ESPSP coding sequence downstream of cauliflower mosaic 
virus 35S promoter (P35S) and followed by nopalin synthase gene terminator (Tnos).  

 
Determination of Total Soluble Protein (TSP) Content  

 
TSP was determined according to Bradford (Bradford 1976). The fresh 

plant material (100 mg) was ground with 1 mL of 50 mM Tris-HCl buffer (pH 
8.0) in a mixer mill Retsch MM 400 (Germany) with vibration frequency of 
25Hz for 3 min and then centrifuged at 13000 g (4°С) for 15 min. The 
supernatant was used for the analyses. The optical density of the reaction 
mixture was detected at 595 nm by BioPhotomether Eppendorf, v.1.35 
(Germany) with bovine serum albumin (Fermentas, Lithuania) as a standard. 

 
 

SOD Activity Assay 
 
SOD activity was measured using nitroblue tetrazolium photochemical 

oxidation method (Beyer and Fridovich, 1987). Formazan formation was held 
in 1.5-mL Eppendorf tubes. Plant extracts could inhibit this reaction due to the 
SOD activity. One tube for each sample was retained in the dark. Three others 
were illuminated with white light (fluorescent lamp Т5/G5, model ELI-230A-
T5-8W) for 5 min in the thermostat at 24°С. The color of the reaction mixture 
changed from yellow to violet as the result of oxidation. In the null sample 
containing no leaf extract the oxidation was complete. The reaction mixture 
absorbance in the illuminated samples was determined at 550 nm by 
BioPhotomether Eppendorf (Germany) and compared with corresponding 
values of dark samples. 
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Total Radical Scavenging Activity Assay 
 
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay was used for the total radical 

scavenging activity evaluation (Blois 1958). Reactions were conducted in 96-
well microplates. Each well contained 100 µL of the reaction mixture 
consisting of DPPH solution in 96% ethanol (10-4 М) and 20; 10; 5; 2.5; 1.25 
or 0.625 µL of the tested extract. The reaction was carried out for 30 min in 
the dark at room temperature. Then, the optical densities of the final solutions 
were measured at 550 nm. The optical density of plant extract solutions in 
ethanol without DPPH addition was also determined. Ascorbic acid solution in 
water (10 mg/mL) was used as the positive control. DPPH reduction was 
expressed as a percent of inhibition and calculated according to the following 
formula: 

 
А(c) – А(е) / А(c) * 100, 
 

where А(c) was the optical density of the control solution, and 
А(е) was the optical density of solution of the tested extract.  
The correlation graph was calculated on the basis of values of DPPH color 

inhibition and the extract volume needed for it. The volume of extract that 
caused 50% inhibition was determined as EC50 value.  

 
 

Statistical Analysis  
 
The experiments were repeated three times independently, and each data 

point was the mean of three replicates. Average mean, standard deviation, 
confidence interval and Student's t-test for statistical significance were 
calculated using Microsoft ® Office Excel 2003 (Microsoft Corporation) 
standard functions. 

 
 

RESULTS AND DISCUSSION 
 
The initial untransformed and biotechnological canola lines bearing both 

EPSPS and BAR transgenes were cultured in vitro. The upper and adventitious 
buds were grown on agar-solidified hormone-free MS medium either with 
herbicide addition or without it (Figure 2).  
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Figure 2. The adventitious canola buds growth on the media supplemented with 
phosphinothricin (A, C) and glyphosate (B, D). A, B – the start of the experiment, B, D 
– 28 day of the experiment, Bn15 – control, untransformed plants cv Exgold, 
15/133/2/9 – T2 generation transgenic line. 

When the control buds were cultured on the medium supplemented with 
phosphonomethylglycine (glyphosate) for four weeks (2 mg/L, the Hurricane 
Forte causative agent), they had no ability to form the roots and produced the 
only small leaf approximately 2 mm in diameter (Figure 2, D). Under the same 
conditions the adventitious transgenic buds of Т215/133/2/9 line have 
developed into plants with the powerful root system and leaves (Figure 2, D). 
The effect of phosphinothricin (5 mg/L) on the control plant growth was 
stronger in comparison to that of glyphosate (Figure 2). Untransformed 
adventitious buds bleached and died, nevertheless the transgenic ones 
produced normal shoots with roots and leaves under phosphinothricin pressure 
(Figure 2, C).  

TSP content is one of the parameters that are used for evaluation of plant 
physiological state both in normal and stress conditions. Thus, water deficit 
caused the increase in TSP content in tomato (Lycopersicon esculentum) 
(Mäkelä et al., 2000) and sunflower (Helianthus annuus L.) (Iqbal et al., 2011) 
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leaves. In contrast, the same conditions led to decrease in the TSP content in 
sesame (Sesamum indicum L.) cultivars (Fazelli et al., 2007). It was noticed 
that plants of two sesame varieties which were different in TSP under 
physiological conditions demonstrated different response to drought. Decrease 
in TSP was lower under water deficit in the cultivar that was characterized by 
higher drought tolerance and higher TSP content in normal conditions (Fazelli 
et al., 2007). Protein concentration may be influenced by some treatments, for 
example it increased in 28-homobrassinolide-treated maize plants (Arora et al., 
2008). 

Leaves of 28-day-old canola plants were used for the biochemical 
analyses in our experiments. TSP determination showed no significant 
differences between the untransformed (24.15 ± 1.3 mg/g fresh weight (FW)) 
and biotechnological plants of different generations grown in physiological 
conditions (23.85 ± 1.1; 24.2 ± 0.9 and 23.86 ± 1.5 mg/g FW in T015/133/2; 
Т115/133/2/9 and Т215/133/2/9 respectively) (Figure 3). Both glyphosate and 
phosphinothricin addition to culture media did not influence TSP content in 
Т215/133/2/9 plants (Figure 3). Although in non-stress conditions the similar 
results were demonstrated for transgenic canola plants expressing either DesC 
desaturase (DesC) gene from cyanobacterium Synechococcus vulcanus 
simultaneously with EPSPS gene or human interferon α2b (HuIFN-α2b) gene 
(Slyvets et al., 2013; Sakhno and Slyvets, 2014, Sakhno, 2015), in the latter 
plant group the TSP content was higher as compared to the controls under 
osmotic stress induced by mannitol (Slyvets and Sakhno, 2014). In addition, 
drought tolerance improvement in HuIFN-α2b canola plants was shown in 
terms of fresh weight, membrane permeability, photosynthetic pigment 
content, and SOD activity. In contrast, no alterations were determined in the 
TSP content for DesC/EPSPS canola lines in comparison with wild-type plants 
both in cold and osmotic stresses (Slyvets et al., 2013; Sakhno 2015) as well as 
no increase in tolerance to these stresses was confirmed. Earlier we have also 
produced canola plants bearing CYP11A1 gene for cytochrome P450SCC from 
bovine adrenal cortex mitochondria (Sakhno et al., 2010). TSP content of these 
lines was significantly higher (up to 1.36-fold) than that of the initial plants 
under non-stress conditions, but it decreased to the level of the wild-type 
plants under osmotic stress (Sakhno 2015). All transgenic canola plants 
mentioned above were resistant to glufosinate herbicide due to the expression 
of BAR gene which was used in transformation vectors as a selective one. It 
allows concluding that BAR gene expression did not affect TSP content in 
transgenic canola plants. Moreover, biotechnological canola plants expressing 
either BAR/EPSPS or BAR/EPSPS/DesC genes had TSP content similar to 
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untransformed controls. Thus, EPSPS gene expression did not lead to change 
in leaf TSP content. 

 

 

Figure 3. Leaf TSP content in canola plants grown in vitro: Bn15 – control 
untransformed plants cv Exgold; T0 – Т015/133/2 (the primary transformant); T1 – 
Т115/133/2/9 (T1 generation transgenic line), and T2 – Т215/133/2/9 (T2 generation 
transgenic line), PPT – phosphinothricin; glyph – glyphosate. Error bar represents 
mean ± one standard deviation from three replications (n = 3). 

The total radical scavenging activity evaluation in the leaf extracts of the 
analyzed canola plants demonstrated no significant differences between 
untransformed and biotechnological ones of different generations except the 
primary transgenic Т015/133/2 line (Figure 4). The scavenging activity against 
DPPH radical in these plants was lower by 44.5% as compared to wild-type 
plants. One of the possible explanations may be a change in redox homeostasis 
because of hemizygous status of the target genes for herbicide resistance. In 
the next generations it might be levelled due to transition of these genes to 
homozygous state. Moreover, the total radical scavenging activity in the leaves 
of transgenic Т215/133/2/9 line (the second generation) cultured on neither the 
media with phosphinothricin or glyphosate did not differ significantly from 
values for the same media without herbicides (Figure 4). It evidenced no stress 
response caused by corresponding heterologous gene expression in the 
analyzed plants. In contrast, increase in antioxidant activity in the leaf extracts 
of CYP11A1 canola by 38–130% was testified (Sakhno et al., 2010) using 2,6-
Dichloroindophenol, Sodium salt oxidation method (Semenov and Yarosh, 
1985). In addition, these canola as well as tobacco plants possessing the same 
transgene were characterized by increase in biomass production, TSP content, 
and growth rate (Spivak et al., 2009; Sakhno et al., 2010). CYP11A1 canola 
plants also demonstrated higher adaptive plasticity in short time heat (Sakhno 
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et al., 2014) and osmotic stresses (Sakhno 2015) in comparison with 
untransformed ones. Increment in antioxidant activity up to 4-fold was also 
detected in leaves of РАР1 (Production of Anthocyanin Pigment 1) canola (Li 
et al., 2010). Both tobacco and canola plants bearing CYP11A1 gene as well as 
РАР1 canola had BAR gene in their nuclear genome. Comparison of changes 
in antioxidant activity of these plants and the analyzed in the present work 
resulted to the conclusion that CYP11A1 and РАР1 gene expression influenced 
the total radical scavenging activity while BAR gene expression did not. 

 

 

Figure 4. DPPH in the leaf extracts of canola plants grown in vitro: Bn15 – control 
untransformed plants cv Exgold; T0 – Т015/133/2 (the primary transformant); T1 – 
Т115/133/2/9 (T1 generation transgenic line), and T2 – Т215/133/2/9 (T2 generation 
transgenic line), PPT – phosphinothricin; glyph – glyphosate. Error bar represents 
mean ± one standard deviation from three replications (n = 3). Asterisk * indicates 
significant difference of the experimental value as compared to that of the control one 
(p ≤ 0.05). 

SOD activity may be used as an indicator of the redox homeostasis in 
plants and animals. This parameter changes at the different plant development 
stages (Gupta et al., 1993; Diaz-Vivancos et al., 2010; Matamoros et al., 
2010). SOD activity differences were detected in different organs of the same 
plant (Martins et al., 2011). The stress stimuli of both biotic and abiotic origins 
cause the strong influences on plant SOD activity (Molina-Rueda et al., 2013).  

SOD activity measurements in leaf extracts of both untransformed and 
BAR/EPSPS canola revealed no significant differences between the wild-type 
and transgenic plants (Figure 5) grown on MS medium. Similarly, the means 
of SOD activity of biotechnological plants grown on the media with either 
phosphinothricin (5 mg/L; 22.4 ± 0.9 U mg-1 protein) or glyphosate (2 mg/L; 
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23.4 ± 2.0 U mg-1 protein) did not significantly differ as compared to that of 
the same plants cultured without herbicides (21.9 ± 1.6 U mg-1 protein). 

 

 

Figure 5. Leaf SOD activity in canola plants grown in vitro: Bn15 – control 
untransformed plants cv Exgold; T0 – Т015/133/2 (the primary transformant);  
T1 – Т115/133/2/9 (T1 generation transgenic line), and T2 – Т215/133/2/9 (T2 generation 
transgenic line), PPT – phosphinothricin; glyph – glyphosate. Error bar represents 
mean ± one standard deviation from three replications (n = 3). 

The SOD activity evaluation in seeds of the commercial transgenic canola 
events, namely GT73, MS1/RF1 and MS8/RF3 testified decrease in this 
parameter by 22% and 25% for the first and second plant group mentioned, 
respectively, and no change for the latter one in comparison with 
nontransgenic controls (Xu et al., 2011). The plants of GT73 event is 
characterized by glyphosate resistance due to EPSPS gene expression. Both 
MS1/RF1 and MS8/RF3 canola plants possess BAR gene in their nuclear 
genome and are resistant to glufosinate treatment. Thus, either the BAR or 
EPSPS gene expression may influence SOD activity in canola seeds. However, 
no alterations in leaf canola SOD activity were found in our experiments with 
BAR/EPSPS plants (Figure 5). It was similar to the results obtained for 
MS8/RF3 canola seeds (Xu et al., 2011). In contrast, SOD activity rise was 
determined in both HuIFN-α2b and CYP11A1 canola leaves under the normal 
conditions (Sakhno and Slyvets, 2014) as well as under water deficit (Slyvets 
and Sakhno, 2014, Sakhno, 2015) and heat (Sakhno et al., 2014). It was 
accompanied by higher biomass and TSP production as well as photosynthetic 
pigment content and lower membrane permeability in transgenic plants under 
stresses. A lot of the other transgenic plants characterized by the SOD activity 
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increase in normal conditions due to heterologous gene expression have been 
produced by the top world laboratories (Gusta et al., 2009; Confalonieri et al., 
2014; Su et al., 2015) in an effort to elevate some crop biomass and yield 
under the climate changes. However, majority of transgenic plants are similar 
in term of SOD activity as compared to untransformed initial plants under 
physiological conditions. Oftentimes the ability to higher SOD activity 
increase in comparison to nontransgenic controls was documented for them 
under stresses (Qiao et al., 2010; Lee et al., 2013; Bai et al., 2013). So, the 
innate elevated SOD activity in some wild plants and crop varieties as well as 
the acquired one due to transgenesis gives the advantages for plant growth and 
development especially in nonphysiological conditions. 

The correlation between the radical scavenging and SOD activities in 
plants was noticed. Thus, the elevated SOD activity was proportional to the 
stimulation of antioxidant activity in fava bean (Vicia faba) sprouts after a 
seed microwave treatment (Randhir and Shetty, 2004). 

ROS are commonly produced during normal plant, animal and human 
metabolism. The excessive quantity of these compounds leads to oxidative 
damage. In humans, ROS are involved in pathogenesis of cancer, 
cardiovascular diseases, atherosclerosis, hypertension, ischemia/reperfusion 
injury, diabetes mellitus, neurodegenerative diseases (Alzheimer’s disease and 
Parkinson’s disease), rheumatoid arthritis, and ageing (Valko et al., 2007). In 
some cases, for example in hypertension and diabetes mellitus, a potential 
usefulness of plant antioxidants was confirmed (Galvez Ranilla et al., 2010; 
Akolade et al., 2014). There are the highest quantity of the antioxidants in 
fruits as compared to such groups of dietary products as berries; nuts, seeds 
and dry fruits; vegetables; roots and tubers; beans; cereals (Halvorsen et al., 
2002). Plants used in the folk medicine of different world regions are 
characterized by high antioxidant activity. Thus, methanol extracts of some 
plants traditionally used in Chinese medicine demonstrated high level DPPH 
scavenging activity and could inhibit H2O2-induced apoptosis of Chinese 
hamster lung fibroblast (V79-4) cells (Lee et al., 2003). The extract of Areca 
catechu var. dulcissima possessing the highest DPPH value provided most 
significant dose-dependent increase of SOD, catalase and glutathione 
peroxidise activities in V79-4 cells and thus protected them against oxidative 
damage. Supplementation of the maize-soybean meal based diets with 
rosemary (Rosmarinus officinalis) and its volatile oil improved broiler meat 
quality. Moreover, growth performance was positively affected by the 
rosemary volatile oil supplementations (Yesilbag et al., 2011). At the same 
time the research efforts aiming to elucidate whether excessive formation of 
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free radicals is a primary cause or a downstream consequence of tissue injury 
in plants and animals as well as to investigate the usefulness of plants as a 
source of antioxidants for human health go on (Valko et al., 2007, Dudonné et 
al., 2009; Stevenson and Lowe, 2009; Karuppanapandian et al., 2011). 

 
 

CONCLUSION 
 
Thus, TSP content, DPPH and SOD activities in the leaves of T2 

generation homozygous canola plants grown in vitro and resistant to both 
glufosinate and glyphosate detected no significant differences as compared to 
that of the untransformed plants. Similarly, antioxidant activity was the same 
in untransformed controls and in transgenic canola plants expressing both 
DesC desaturase (DesC) gene from cyanobacterium Synechococcus vulcanus 
and EPSPS gene. In contrast, both SOD and radical scavenging activities were 
increased in canola plants bearing either human interferon α2b gene or 
CYP11A1 gene for cytochrome P450SCC from bovine adrenal cortex 
mitochondria under non-stress conditions. In addition, osmotic stress tolerance 
improvement was demonstrated for both CYP11A1 and HuIFN-α2b canola 
plants. Although the introduction of EPSPS, BAR and DesC genes did not 
affect the antioxidant status of canola plants, expression of some target genes 
(CYP11A1 and HuIFN-α2b) enhanced their antioxidant activity. The 
mechanisms of these alterations require further investigation. 
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