Emirates Journal of Food and Agriculture. 2017.29(3): 170-178
doi: 10.9755/ejfa.2016-11-1760
http://www_.ejfa.me/

REGULAR ARTICLE

Comparative biochemical profile of protein-rich
products obtained from industrial rapeseed meal

Petya Ivanova', Hristo Kalaydzhiev', Turid Rustad?, Cristina L. M. Silva®, Vesela I. Chalova'

'Department of Biochemistry and Molecular Biology, University of Food Technologies, 26 Maritsa Blvd, Plovdiv 4002, Bulgaria, ?Department
of Biotechnology, Norwegian University of Science and Technology, 7491 Trondheim, Norway, *CBQF - Center of Biotechnology and Fine
Chemistry - Associated Laboratory, Superior School of Biotechnology, Portuguese Catholic University / Porto, Rua Arquiteto Lob&o Vital,
Apartado 2511, 4202-401 Porto, Portugal

ABSTRACT

Protein-rich products, prepared from industrial rapeseed meal, have the potential for versatile applications in the food, feed, and nutraceutical
industries. The aim of study was to characterize the biochemical composition of two protein-rich products obtained from industrially
produced rapeseed meal. Protein isolate (Pl) and acid soluble protein (ASP) were prepared by alkaline extraction (pH 12.0) followed by
isoelectric precipitation (pH 4.5). Biochemical analyses revealed that Pl contained a high protein amount (86.9%), while ASP had 28.8%
protein and a relatively high level of non- protein compounds including ash (20.6%) and fiber (30.0%). Results showed that neither
protein products contained glucosinolates. They were rich in microelements; the most abundant were Cu (64.3 mg kg') and Fe (133 mg
kg") in Pl and Mn (39.7 mg kg') and Zn (84.2 mg kg') in ASP. Pl and ASP were also a good source of Se (1.1 mg kg and 0.9 mg kg,
respectively). Lysine was the most abundant essential amino acid in Pl with amino acid score of 100.7% followed by leucine (98.3%) and
valine (95.8%). Both protein products were mainly composed of low molecular weight fractions (5 to 33 kDa), but in different ratio. The
Pl contained two fractions with molecular weights 53 and 235 kDa which were not found in ASP. In conclusion, Pl and ASP exhibited

different biochemical characteristics which make them suitable for different applications.
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INTRODUCTION

Rapeseed is a major oil-bearing crop. It is mainly used
for preparation of vegetable oil, which, depending on
the quality, is economically valuable for food or biofuel
production (Carré and Pouzet, 2014). The oil extraction
leads to generation of solid residues known as rapeseed
meal which can amount to 48% of the total quantity
of rapeseeds used (Ivanova, 2012). Due to high protein
content (38 to 45%), rapeseed meal is used as a protein-
rich additive in the feed industry (Newkirk, 2009).
However, its application as a feed ingredient is limited by
high fiber content and anti-nutritional compounds which
have negative effect on animal metabolism and growth
performance (Khajali and Slominski, 2012; Mejicanos
etal., 2016). As a result, a substantial amount of rapeseed
meal remains unutilized thus becoming a waste product
(Campbell et al., 2010).

The application of industrial rapeseed meal for preparation
of protein-rich products could lead to a better and more
complete use of this agricultural by-product. Rapeseed
meal has the potential to serve as an alternative plant
protein source for human consumption because of its
high biological value (Campbell et al., 1981), relatively
well-balanced amino acid composition (Sosulski, 1983;
Pastuszewska et al., 2000) and good functional properties
(Aluko and Mclntosh, 2001; Yoshie-Stark et al., 2008). The
use of rapeseed protein or their derivatives for non-food
and non-feed purposes as antiamnestic, antihypertensive,
antithrombotic, antioxidative, antifungal and antiviral agents
has also been documented (Wanasundara et al., 20106).

Major challenges in preparation of rapeseed meal-derived
protein products and their subsequent application in food
industry ate related to alteration of protein characteristics
due to process parameters related to oil extraction
and rapeseed pre-treatment. This is especially valid for
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industrially obtained rapeseed meal which is produced after
thermal treatment with a high heat load. This is probably
the reason for the limited numbers of published reports on
protein preparations from industrially produced rapeseed
meal. The most typical procedure used for preparation of
protein isolates is based on alkaline extraction followed
by isoelectric precipitation at acidic pH (Tan et al., 2011).
However, little attention is paid to acid soluble protein
which remains in the solution after acidic precipitation.
According to Lqari et al. (2002), the acid soluble protein may
reach up to 20% of the alkaline-extracted protein. Wong
et al. (2013) reported that acid soluble protein, recovered
after isoelectric precipitation (pH 4.5) of alkaline- extracted
protein (pH 8.5) from lupine kernels, yielded 16.2  0.4%
of the protein contained in kernels. The acid soluble protein
exhibited foaming properties superior to that of the alkaline
protein isolate and similar to foaming properties of fresh
egg white. From industrially defatted rapeseed meal, a yield
of 10% soluble protein was obtained (Chabanon et al.,
2007). To the best of our knowledge, no published studies
on detailed characterization of acid soluble proteins derived
from rapeseed meal are available. The purpose of this study
was to characterize the biochemical composition of two
protein-rich products obtained from industrially produced
rapeseed meal after isoelectric precipitation.

MATERIAL AND METHODS

Material

Rapeseed meal was provided by a local company. It
was produced after thermal treatment of rapeseeds
at 110 — 115 °C tollowed by extraction with hexane at
60— 65°C for approximately 1 h. The industrially produced
rapeseed meal was grinded and sifted to collect 0.315 mm
particles which were used for analysis. To reduce phenol
and glucosinolate contents, the rapeseed meal was subjected
to a 4-step treatment with 75% aqueous ethanol solution
at a meal to solvent ratio of 25% (w/v), for 30 min at
room temperature (Chabanon et al., 2007). The residue
was collected by decanting, dried in air and stored in a
closed container. All reagents used were of analytical grade.
A written informed consent for the implementation of
herein described research activities has been taken from
the participants of the study.

Preparation of rapeseed meal protein-rich products

Two protein-rich products, namely protein isolate (PI)
and acid soluble protein (ASP), were prepared by using
the ethanol pre-treated industrial rapeseed meal as a
protein source. The PI was produced by alkaline extraction
(pH 12.0) of 7.5% meal suspension at 40°C for 75 min.
Extracted proteins were precipitated with HCI at pH 4.5
which corresponded to the lowest protein solubility. The
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resulting sediment was collected by centrifugation at
1800xg for 15 min (MPW-251, Med. Instruments, Poland).
It was washed 3 times with acidic distilled water (pH 4.5)
with a volume 6 times the volume of the wet precipitate
and lyophilized (Lyovac GT2, Leybold-Heraeus, Germany).
The supernatant and all washing liquids were combined
and also lyophilized to prepare ASP.

Chemical analysis

Total nitrogen was determined by Kjeldahl’s method and
multiplied by 6.25 to convert to crude protein (AOAC, 1990).
Ash content was determined by ICC Standard Ne104/1.
The amount of total lipids was evaluated as described by
Bligh and Dyer (1959) with slight modifications. Total fibers
were determined as described by Southgate (1991). Total
phenols were extracted with 70% aqueous ethanol solution
as describe by Petkova et al. (2014) and quantified by using
Folin-Ciocalteu reagent (Ainsworth and Gillespie, 2007).
Total glucosinolates were evaluated as described by Jezek
etal. (1999). The method is based on spectrophotometric
evaluation of glucosinolates after alkaline hydrolysis and
reduction with potassium ferricyanide. Sinigrin was used for
standard curve generation. Selenium (Se) was determined
by using inductively coupled plasma optical emission
spectrometry (ICP-OES) (ISO 11885:2007). For all other
microelements and heavy metals, Bulgarian National
Standard procedure, BDS 11374, was used.

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

SDS-PAGE was performed with an omniPAGE mini Cleaver
electrophoresis (Model CVS10DSYS, Cleaver Scientific Ltd,
United Kingdom) as described by Laemmli (1970). The gel
system consisted of a 15% polyacrylamide resolving gel
(pH 8.8). Protein samples were loaded at two concentrations,
namely 2.7 mg mL" and 4.05 mg mL", to provide better
visibility. Visualization of gels was realized with 0.2%
Coomassie Brilliant Blue R-250 dye (Serva Electrophoresis
GmbH, Germany) for 20 min and discolored by immerging
in a solution containing 10% ethanol and 7% CH,COOH
for overnight. Data were analyzed by using TotalLab1D
Analysis software (BioStep GmbH, Germany).

Total amino acid analysis and amino acid score
calculation

The amino acid composition was determined by high-
pressure liquid chromatography (HPLC). Lyophilized
samples were prepared by hydrolysis in 6M HCI
at 105°C for 22 h (Blackburn, 1968) followed by
neutralization and filtration of hydrolysates. Reverse
phase HPLC by precolumn fluorescence derivatisation
with o-phthaldialdehyde (SIL-9A Auto Injector, LC-9A
Liquid Chromatograph, RF-530 Fluorescence HPLC
Monitor, Shimadzu Corporation, Japan) was performed
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with a NovaPak C18 cartridge column, using the method of
Lindroth and Mopper (1979) as modified by Flynn (1988).
Amino acid score (AAS) was calculated as a ratio of the
amount of each essential amino acid in a sample (g/100g
protein) and the amount of the respective amino acid in
an “ideal” protein (g/100g protein) as stated by the Food
and Agriculture Organization of the United Nations (FAO,
1970). The result was expressed in percent.

Statistical analysis

Results are presented as means of atleast three independent
determinations T standard deviation (SD). Statistical
evaluation was performed by using one-way analysis of
variance (ANOVA) of the IBM SPSS Statistics program
(Somers, NY, USA). Mean differences were established
by Fisher’s least significant difference test for paired
comparison with a significance level a0 = 0.05.

RESULTS AND DISCUSSION

Chemical composition of ethanol-treated rapeseed
meal

The ethanol-treated rapeseed meal contained relatively
high amount of protein (42.61 £ 0.04%) which is a
necessary prerequisite for the preparation of protein-rich
products (Table 1). Total fiber content remained at the
level of 33.56 + 0.08% (Table 1). Although fiber content
of the meal could be reduced by rapeseeds dehulling, this
approach is not practiced industrially due to possible oil
loss (Khajali and Slominski, 2012) and potential increase
of primary product cost (Shires et al., 1983).

Antinutritional compounds in rapeseed meal are a major
factor which limits its application as a protein source in
food and feed industries (Tan et al., 2011). According to
Wanasundara (2011), the fiber fraction and alcohol soluble
components (sugars, glucosinolates and some phenolics)
may account for a significant amount of rapeseed derived
protein products. The content of total phenols in the
rapeseed meal used (1.13 £ 0.04%), previously established
by Ivanova et al. (2016), was 4-fold reduced to 0.25 £
0.02% (Table 1) by a simple 4-step ethanol treatment
of the raw material. While in low quantities phenols are
considered beneficial because of their antioxidant capacity,
in higher amounts they reduce nutritional and functional
properties of proteins (Aider and Barbana, 2011). In
addition, rapeseed phenols are contributing to the bitter
taste, astringency and dark color of the rapeseed meal
thus influencing overall quality of corresponding protein
products (Zum Felde et al., 2007).

Glucosinolates were below the detection limit of the
analytical method used (Table 1). This is probably a
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consequence of the ethanol pre-treatment as well as the
initial relatively low glucosinolate level in the industrial
rapeseed meal used in the study (12.69 pumol g), as
previously evaluated by Ivanova et al. (2016). Since this
industrial rapeseed meal is composed of mixed cultivars, it
is difficult to relate the low glucosinolate concentration to a
specific variety. Most probably, this is due to heat treatment
of the rapeseeds during the oil production process (Bell
and Keith, 1991; Mansour et al., 1993). Slawski et al. (2012)
and Adem et al. (2014), who explored the suitability of
rapeseed meal as a protein source in aquaculture, also used
ethanol pre-treatment of rapeseed meal as an approach for
reduction of antinutrients.

Chemical composition of protein-rich products

As expected, PI, which was obtained by isoelectric
precipitation of alkali extracted proteins, contained a high
amount of crude protein (86.86 * 0.02) and a relatively
low amount of non-protein compounds (Table 2).
Rapeseed derived protein rich products can be prepared
by various approaches including the protein micellation
method (Ismond and Welsh, 1992), membrane separation
technology (Ghodsvali et al., 2005), direct alkaline
extraction (Tan et al., 2011) as well as other methods.
The direct alkaline extraction is one of the most typical
procedures for preparation of canola (rapeseed varieties)
protein isolates with high protein yield (Tan et al., 2011).
Protein content of alkaline extracted precipitates may
vary from 70% to 90% (Aluko and Mclntosh, 2001;
Ghodsvali et al., 2005), although protein isolates with a
protein content higher than 90% have also been reported

Table 1: Chemical composition of ethanol-treated industrial
rapeseed meal

Component *Content (%)
Crude protein 42.61+0.04
Ash 7.29+0.13
Total lipids 3.72+0.17
Total fiber 33.56+0.08
Phenols 0.25+0.02
Total glucosinolates Not detected

*Calculated on a dry matter basis (90.28% + 0.02)

Table 2: Chemical compositions of protein isolate (PI) and
acid soluble protein (ASP)

Component Content (%)
PI* ASP*

Crude protein 86.86+0.022 28.84+0.03°
Ash 2.35+0.32° 20.55+0.66*
Total lipids 2.13+0.172 1.16+0.06°
Total fiber 4.64+0.40° 30.01+0.142
Phenols 0.26+0.00° 2.15+0.012
Total glucosinolates Not detected Not detected

*Contents are calculated on a dry matter basis, 97.84% + 0.06 for Pl and
94.75% + 0.04 for ASP. 2*Means in a row with different superscripts differ
significantly (p<0.05)
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(Pedroche et al., 2004). The ash (2.35 * 0.32%, Table 2)
and total lipid contents (2.13 * 0.17%, Table 2) were in
the range of maximum allowed concentrations, below 4%
and 2%, respectively (EFSA, 2013). The PI had a relatively
low total level of phenols (0.26 = 0.00%, Table 2) which
could still interact with proteins in a food system if used as
a food or feed ingredient. Phenolic compounds react with
proteins by vatious mechanisms and form stable protein/
phenolic complexes which may reduce nutritional and
organoleptic properties of final food products (Aider and
Barbana, 2011). Regardless of undesired color and reduced
amino acid availability, plant polyphenols are powerful
antioxidants with potential benefits for human health.
Pandey and Rizvi (2009) suggested that consumption of
diets rich in plant polyphenols may decrease the risk of
cancers, cardiovascular diseases, diabetes, osteoporosis and
neurodegenerative diseases.

Although solubilization of proteins in alkaline media
followed by isoelectric precipitation is considered a
successful approach for fiber separation, our PI contained
relatively high fiber level (4.64 £ 0.40%, Table 2). In
contrast, Pedroche et al. (2004) prepared a protein isolate
from Brassica carinata by alkaline extraction (pH 12) which
contained 0.23% fiber. High fiber content in protein
isolates is not desired since it may negatively influence
protein digestibility (Bell, 1993). However, it has been
demonstrated that dietary fiber reduced cholesterol levels
and incidences of colon cancer in human (Anderson,
1985; Reddy et al., 1987). The ASP, prepared in our study,
contained 7-times more total fiber than PI (30.01 £ 0.14%,
Table 2). By using two rapeseed cultivars, Yoshie-Stark
et al. (2006) purposefully obtained protein concentrates
with enhanced fiber contents that varied from 26.2% to
30.6%. Sensory analysis of sausages prepared with the same
protein concentrates as substitutes for casein demonstrated
superiority of taste, texture and aroma. Compared to
PI, ASP was a better source of Mn and Zn containing
approximately 10- and 2.5-fold higher amounts of these
elements, respectively (Table 3). Although fiber is often

Table 3: Contents of selected microelements and heavy
metals of protein isolate (Pl) and acid soluble protein (ASP)

Component Content (mg kg™)

PI* ASP*
Copper (Cu) 64.29+0.072 8.32+0.04°
Iron (Fe) 133.00+0.232 26.82+0.14°
Manganese (Mn) 3.98+0.12° 39.72+0.122
Selenium (Se) 1.07+0.052 0.87+0.02°
Zinc (Zn) 35.76+0.18° 84.22+0.112
Lead (Pb) 1.48+0.06 <0.1
Cadmium (Cd) 0.10+£0.00 <0.1

*Contents are calculated on a dry matter basis, 97.84% + 0.06 for Pl and
94.75% + 0.04 for ASP. 2*Means in a row with different superscripts differ
significantly (p<0.05)
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implied to negatively affect zinc bioavailability, more precise
studies involving reduction of concomitant antinutrient
factors (Barbro et al., 1985) as well as experiments on
pure fiber components such as a-cellulose (Turnlund
et al., 1984) suggested little or no inhibitory effect of
fiber on zinc absorption. However, further investigation
should be performed to evaluate the influence of the
high fiber content in ASP on manganese bioavailability
(Freeland-Graves et al., 2015). If needed, a decrease in
fiber content could be achieved by enzymatic or chemical
decomposition. By using Viscozyme® L, a combination
of arabinase, cellulase, B-glucanase, hemicellulase and
xylanase, Rodrigues et al. (2014) significantly decreased the
content of non-digestible carbohydrates in rapeseed meal.
The enzymatic treatment led to enhancement of protein
content from 41 to 68% and to an 80%-yield of reducing
sugars expressed as glucose equivalents. Carbohydrases
secreted by white rot fungi were applied for canola plant
biomass biodegradation (Isikhuemhen et al., 2014).
Luj an-Rhenals et al. (2015) used sulfuric acid in various
concentrations to degrade carbohydrates in soybean meal.
The procedure resulted in fermentable sugars which were
further used as a carbon source by Saccharomyces cerevisiae
and Zymomonas mobilis to produce ethanol.

Ash content in food- and feed ingredients as well as in
processed food is highly variable. For example, ash content
in white sugar should not exceed 0.1%, while the limit
range for the same parameter in instant and decaffeinated
coffee is set at 6 to 15% (FDA, 2013). Since no purification
step was involved, the ASP contained high ash content
(20.55 £ 0.66%, Table 2). By using a chick growth assay,
Johnson and Parsons (1997) established that ash content in
meat and bone meal (24%), poultry by-product (16%) and
lamb meal (24%) did not significantly alter protein efficiency
ratio and net protein ratio values for these inclusions in
poultry diets. Decreases of ash content of ASP, if needed,
could potentially be achieved by means of ultrafiltration
and diafiltration. The combination of both techniques is
widely used in small- and large-scale industrial processes
for purification of specific biomolecules including plant
proteins (Zwijnenberg et al., 2002; Aspelund and Glatz,
2010). However, the volume and the grade of diluents as
well as degree of purification could significantly impact
the overall operating cost and consequently the financial
profit of the final product (Paulen et al., 2013). Therefore,
application of ultrafiltration/diafiltration as well as the
choice of diluent scheme should be considered after
careful economic analysis. In addition, this type of protein
purification would result in a product with enhanced
protein level but low level of minerals which are necessary
for the optimal development and metabolic functioning
of humans. Copper, Fe, Zn and Se are essential trace
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elements where sub-optimal level may provoke numerous
diseases of public health importance (Aliasgharpour and
Farzami, 2013). Manganese serves as an activator and a
constituent of several enzymes in human organism (WHO,
1996). Both protein-rich products, obtained in our study,
were rich in microelements with the main elements being
Cu (64.29 mg kg') and Fe (133 mg kg') in PI and Mn
(39.72 mg kg') and Zn (84.22 mg kg') in ASP (Table 3).
The contents of the studied elements in the one or both
protein-rich products exceeded the respective values
established for protein isolates prepared from soybean
(Garcia et al., 1998) and Parkia biglobosa seeds (Ogunyinka
etal., 2017). Most probably, the extent of the interaction of
microelements with proteins as well as the stability of the
respective complexes under the conditions of the isoelectric
precipitation contributed to the different contents observed
in PI and ASP.

Both PI and ASP were rich in Se as PI contained
significantly higher amount of Se (p < 0.05) than ASP
(Table 3). Selenium is needed for proper function of
glutathione peroxidases and thioredoxin reductase, involved
in controlling concentrations of highly reactive oxygen-
containing metabolites in tissues (Arthur etal., 1996; Howie
et al., 1998). A major Se source for human is food from
animal origin like beef and pork meat, fish, liver and kidney
(Brown and Arthur, 2001). Plant foods are low in Se and
diets, limited to plant-derived foods, may lead to a higher
risk of Se deficiency. Selenium contentin PI (1.07 mg kg™,
Table 3) and ASP (0.87 mg kg'!, Table 3) exceeded several
folds the ones established in wheat (0.165 ug g') and batley
(0.069 pg g") which are considered a major plant source of
this element in human nutrition (Al-Ahmary, 2009). The Se
content in rapeseed meal varies from 0.16 to 0.29 mg kg™
and it is approximately10 times higher than that in soybean
meal (Arthur, 1971; Feng and Zuo, 2003). While rapeseed
meal cannot be directly consumed by humans, rapeseed
meal protein-rich products may be prepared in a form
suitable for enrichment of dietary Se in human nutrition.

While being a good source of protein and minerals
i.e., Fe, Cu, Se and Zn, Pl contained high amount of
Pb (1.48 mg kg, Table 3) which precludes its potential
application in food industry in its current form. The value
is 3-fold higher than the limit set by EFSA (2013). Lead
affinity towards protein complexation (Belatik et al., 2012;
Jalilehvand etal., 2015) is the most probable explanation for
the higher concentration of this element in PI compared to
ASP. Cadmium, evaluated in both PI and ASP, was within
(or below) the limit values set for most food products
(EC No 466, 2001). Although not appropriate as a food
additive, the PI could be valuable for non-food and non-
feed uses. Because of the presence of multiple reactive
sites and charged residues, rapeseed/ canola proteins can be
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converted into molecules/polymers with diverse technical
properties (Wanasundara et al., 20106). It was demonstrated
that rapeseed napins possessed significant antifungal
activities against Fusarinm langsethiae with 1C, = 70 uM
(Nioi et al, 2012).

Plants from Brassica genus including B. napus are well
known for their high capacity to accumulate heavy metals
available in soil (Mourato et al., 2015). Wang et al. (2005)
observed accumulation of Pb in both rapeseeds and hull.
Other studies have also shown that Pb levels higher than
the accepted maximum permissible concentrations were
established in rapeseed oil (Angelova et al.,, 2011) and
meal (Elson etal, 1979). Accumulation of heavy metals by
Brassica plants is highly variable and is dependent on the
utilization of contaminated sewage water for irrigation and
the extent of soil contamination (K aur and Sharma, 2014).
In addition, Brassica cultivars and hybrids demonstrated
high fluctuation in their capacities to uptake heavy metals
(Mourato et al., 2015). Therefore, concentration of these
elements in products detived from rapeseed/canola, if
present at all, is not consistent and should be evaluated
prior to a food application.

Total amino acid composition and amino acid score

Total amino acid analysis revealed that PI contained a
high amount of lysine (5. 5%, Table 4). The calculated
amino acid score (AAS) for lysine (100.72%) demonstrated
that the PI may almost fully satisfy the daily need of this
essential amino acid as defined by FAO (1970). According
to Tan etal (2011), lysine content in canola protein isolates
may vary from 5.04% to 6.34% and is highly dependent
on extraction method. The lysine content in Pl is close
to the amount found in isoelectric canola meal protein
isolate (5.6%), as reported by Tzeng et al. (1988), but is
higher than the values found in Brassica carinata protein
isolates (3.8%, 3.3%, and 4.5%) prepared after NaOH
extraction at pH 10, 11, and 12, respectively (Pedroche

Table 4: Essential amino acid composition and amino acid
score of rapeseed meal protein isolate

Amino acid “Ideal protein”* Rapeseed meal protein
(9/100 g protein) isolate
Content Amino
(9/100 g protein) acid
score (%)
Valine 5.0 4.79+0.39 95.80
Leucine 7.0 6.88+0.60 98.28
Isoleucine 4.0 3.66+0.31 91.50
Threonine 4.0 3.71+0.37 92.75
Lysine 53 5.54+0.56 100.72
Phenylalanine NA 3.24+0.27 ND
Methionine NA 1.47+0.13 ND

*Amino acid composition of an “ideal” protein (FAO, 1970), ND denotes Not
determined
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et al., 2004). Methionine in PI (1.47%) was higher than
that in soy protein isolate (0.92%) and hempseed protein
isolates (1.39%) estimated by Wang et al. (2008), and
the methionine level (1.31%) in flaxseed whole extracts
evaluated by Chung et al. (2005). The PI appeared to be a
good source of leucine and isoleucine with AAS reaching
98.3% and 91.5%, respectively. Although not evaluated as
a usual limiting amino acids in plant protein sources, the
branched amino acids may be needed in proportionally
higher amounts under specific physiological conditions
such as surgery, trauma, infections and starvation and
therefore, external provision of these amino acids would
be necessary (Kinney and Elwyn, 1983). The ASP, obtained
in our study, could not be considered a valuable source of
essential amino acids (data not provided).

From non-essential amino acids, glycine/atrginine amount
was the highest (24.55%, Table 5). In general, arginine
can be synthesized de #ovo by human body but external
supplementation of this amino acid may be necessary
during specific diseases and trauma recovery when decrease
of arginine concentration in blood plasma accompanied by
a lack of compensatory mechanisms may occur (Castillo
et al., 1994). Histidine and tyrosine were not detected in
the PI. This may be partially due to ethanol pre-treatment
of the rapeseed meal, employed in our study, which
initially aimed to decrease concomitant anti-nutritional
compounds. However, ethanol is a common solvent use for
the extraction of prolamins which may account for 20% of
canola proteins (Tan et al., 2011). Although the opposite
was stated by Tan et al. (2011), probable amino acid loss
may also occur because of the rapeseed processing for
meal production. Tzeng et al. (1988) explained that long
processing as well as alkaline conditions may negatively
impact amino acid stability. Newkirk et al. (2003) reported
significant decreases in histidine and proline after toasting
of canola seeds. Variations in anti-nutrient concentrations,
protein digestibility and amino acid composition among
rapeseed meals were previously reported (Newkirk
and Classen, 2002; Ayton, 2014). Genetics and growth

Table 5: Nonessential amino acid composition of rapeseed
meal protein isolate

Amino acid Rapeseed meal
protein isolate
(9/100 g protein)
Alanine 4.45+0.41
Tyrosine NA
Glycine/arginine 25.21+£2.72
Serine 4.30+0.43
Aspartic acid 5.15+0.41
Glutamine/glutamate 22.34+1.81
Asparagine 0.18+0.01
Histidine NA

NA denotes Not available
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conditions of the rapeseeds, used for production of the
meal, may also contribute to the differences in the total
amino acid composition, observed between PI and the
published data (Uppstrom, 1995; Tan et al., 2011).

Protein profile of Pl and ASP

SDS-PAGE analysis revealed significant differences in
molecular weight distribution of PI and ASP. Both protein
products were mainly composed of low molecular weight
fractions between 5 to 33 kDa but in different ratio
(Figs. 1 and 2). This is in agreement with results for canola
protein isolate (mainly 14 to 59 kDa) presented by Wu and
Muir (2008). However, a band of 14 kDa, referred to by
the same authors to as napin (a major rapeseed albumin),
was not observed neither in PI nor ASP (Figs. 1 and 2).
Instead, two bands with lower molecular weights, namely
5 and 8 kDa were found. It should be noted that the
8 kDa — protein fraction was the most abundant fraction in
ASP accounting for 36.6% of total proteins and the third

1 b & 3" 3
—— — T —

AR L R

Molecular Weight

Fig 1. SDS-PAGE of protein isolate, lines 1 (2.7 mg mL") and
1' (4.05 mg mL™"), and acid soluble protein, lines 3 (2.7 mg mL"') and
3' (4.05 mg mL"). Line 2 is a molecular weight marker. *Band not
identified by software analysis.

Individual protein fraction, %

20 21 29

Molecular weight, kDa

Fig 2. Comparative fractional profiles of protein isolate (Pl) and acid
soluble protein (ASP).
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one in PI reaching 14.5%. Our results imply that possible
decomposition of napin during rapeseed processing and
subsequent protein products preparation may occur.
After evaluating protein profile of a rapeseed protein
concentrate by SDS-PAGE, Adem et al. (2014) revealed
9 to 4 kDa bands corresponding to napin polypeptide
chains. Aluco and Mclntosh (2001) observed only four
major bands (16, 18, 30 and 53kDa) in laboratory-defatted
meals prepared from canola seeds. The 18 kDa band was
observed in both PI and ASP electrophoretic analysis.
This low molecular weight fraction was the second most
abundant one in ASP reaching 21.7% of total proteins.
The 20- and 33 kDa fractions, also found in both protein
products, correspond to a- and - subunits of cruciferin
as described by Héglund et al. (1992). The 53kDa fraction,
also observed by Aluco and McIntosh (2001), was present
only in PI but notin ASP (Fig, 2). While ASP contained only
low molecular protein fractions, 12.69% of PI consisted
of a 235 kDa protein fractions which is most probably
cruciferin. Its molecular weight has been reported to
vary between 230 and 320 kDa depending on literature.
Interestingly, a minor band at around 66 kDa, which was
not detected by analyzing program but was visible on Fig. 1,
was also observed and reported as not defined by Adem
et al. (2014) who studied SDS-PAGE protein profile of a
rapeseed protein concentrate.

CONCLUSION

Industrial rapeseed meal is a by-product which is still
underutilized. Preparation of protein-rich products leads to
a better and more efficient utilization of industrial rapeseed
meal and generate added value from it. The two protein-
rich products, obtained in our study, differed considerably
in biochemical characteristics which suggest versatile
potential application. Values of Pb in PI above acceptable
concentration limit imply a necessity of precise quantitative
analyses of heavy metals in the obtained protein products
prior to their utilization. Since this parameter is highly
dependent on rapeseed quality, high variations of heavy
metal concentrations in rapeseed-based protein products
could be expected. This study demonstrated the possibility
for better and more complete use of the industrial rapeseed
meal by simultaneous preparation of two protein-rich
products.
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