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Abstract: Rapeseed (Brassica napus L.) is a herbaceous annual plant of the Cruciferous family, the
Cabbage genus. This oilseed crop is widely used in many areas of industry and agriculture. High-
quality oil obtained from rapeseed can be found in many industrial food products. To date, extracts
with a high content of biologically active substances are obtained from rapeseed using modern
extraction methods. Brassica napus L. seeds contain polyunsaturated and monounsaturated fatty acids,
carotenoids, phytosterols, flavonoids, vitamins, glucosinolates and microelements. The data in this
review show that rapeseed biocompounds have therapeutic effects in the treatment of various types
of diseases. Some studies indicate that rapeseed can be used as an anti-inflammatory, antioxidant,
antiviral, hypoglycemic and anticancer agent. In the pharmaceutical industry, using rapeseed as
an active ingredient may help to develop new forms drugs with wide range of therapeutic effects.
This review focuses on aspects of the extraction of biocompounds from rapeseed and the study of its
pharmacological properties.

Keywords: Brassica napus L.; extraction methods; isolation; rapeseed oil; biocompounds; antioxidant
properties; pharmacological activity

1. Introduction

Rapeseed (Brassica napus L.) is an amphidiploid resulting from interspecific hybridiza-
tion between kale (Brassica oleracea L.) and turnip (Brassica rapa) [1]. There are two varieties
of rapeseed: spring and winter. Spring rapeseed usually does not require a vernalization
period like winter rapeseed and is grown where environmental conditions in winter are
not conducive to the survival of rapeseed plants. Winter rapeseed has a more powerful
root system than spring rapeseed, which is associated with a higher seed yield [2].

Rapeseed is cultivated in large volumes in China, Canada, the USA, India, European
countries, Russia and Kazakhstan. In Kazakhstan, rapeseed is grown mainly in the regions
of North Kazakhstan, Kostanay, Turkestan and Almaty [3]. Rapeseed in Kazakhstan
began to spread from the beginning of 2000 as one of the important areas of production
diversification, supported by state subsidies, and firmly entered the structure of crop
rotations in the northern regions of Kazakhstan. The annual area of spring rapeseed in
Kazakhstan is 150–350 thousand hectares and rapeseed oilseeds have become an export
product that is in stable demand [4]. Brassica napus L. has great potential for agro-industrial
development and is therefore a major target for crop improvement. To this end, researchers
and breeders are working diligently to develop new varieties of rapeseed with improved
agronomic characteristics such as disease resistance, herbicide resistance and increased
resistance to certain biotic and abiotic stresses [5].

The significant interest in rapeseed observed all over the world due to the fact that this
crop contains up to 49% fat and more than 20% protein, making it a valuable raw material
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for the oil and fat industry, as well as the feed industry [6]. Gabriella Di Lena et al. provided
data on the prospects for the use of rapeseed meal in various industries, as well as on its nu-
tritional properties and contained components [7]. The rapeseed market in Europe is mainly
driven by the demand for rapeseed oil, which is mainly used in the food industry and to
a lesser extent, in the biodiesel industry sector [8]. In addition, the European strategy for
promoting protein crops promotes the cultivation of protein-rich crops, including rapeseed,
to reduce dependence on imported vegetable proteins and accelerate the transition to more
sustainable agri-food systems. Every part of rapeseed (flowers, seeds, leaves, stem and
root) is used for food, medicinal and cosmetic purposes. The seeds are the most important
part as they are used as a source of oil and protein. The content of oils and proteins varies
in different lines of rapeseed varieties [9]. Rapeseed meal contains proteins with a balanced
amino acid composition, so it can be used as an alternative source of protein, thereby
satisfying the global demand for protein [10]. Rapeseed meal is characterized by a high
fiber content (33–40%), protein content (31–34%) and the presence of carbohydrates (6–13%)
and ash (5.5–6.8%). The sum of the concentrations of all detected phenolic compounds is
about 400 mg per kg of rapeseed meal. The most abundant phenolic compound in rapeseed
meal is sinapic acid, which accounts for over 85% of all quantified phenolic compounds
(mean 357 ± 13 mg/kg, range 339–379 mg/kg). Hydroxycinnamic acid derivatives are
reported to be the most abundant bioactive compounds in rapeseed, with sinapine having
antitumor, neuroprotective, antioxidant and hepatoprotective properties that are important
for health [11].

High-quality oil with useful properties is obtained from Brassica napus L. seeds. Rape-
seed oil is one of the best oils containing omega-3, omega-6 fatty acids, vitamins, phytos-
terols and terpenes. Rapeseed oil is the third most important vegetable oil in the world
after palm and soybean oils [12]. Moreover, due to its valuable ingredients, rapeseed oil
is widely used throughout the world as a healthy alternative to olive oil [13]. Rapeseed
oil is also widely used in the food, chemical and cosmetic industries [14]. The low amount
of saturated fatty acids in rapeseed oil helps to reduce blood cholesterol levels. It is also
rich in vitamins E and K, which effectively fight skin problems and signs of aging and are
often used against acne, wrinkles and various age spots. In this regard, the cultivation and
demand for this oilseed is increasing every year [15]. Due to advances in cosmetology and
biochemistry, rapeseed acts as a moisturizing and regenerating agent for the skin surface.
To date, an innovative mixture of lipids has been obtained from rapeseed, contributing
to the persistent softening of the stratum corneum of the epidermis. Rapeseed extract is
used in particular in the production of sunscreen, moisturizing and anti-aging cosmetic
products. Rapeseed contains large amounts of tocopherols, which provide intense protec-
tion against ultraviolet (UV) rays and help fight free radicals. Rapeseed-based sunscreens
provide effective skin protection against harmful UV rays, as well as it has regenerating,
moisturizing and rejuvenating properties [16]. The enzymatic technology used in the
production of rapeseed oil results in the release of bioactive compounds suitable for skin
care. Hydrolysates derived from rapeseed showed improved biological activity suitable
for anti-aging skin formulations, namely antioxidant activity inhibiting approximately
80% of cellular reactive oxidative species, and anti-inflammatory and anti-wrinkle prop-
erties inhibiting approximately 36% of myeloperoxidase activity and more than 83% of
elastase activity [17].

In Iranian traditional medicine, the roots of rapeseed have been used therapeutically
as a diuretic agent in the treatment of scurvy and inflammation of the bladder. In addition,
rapeseed is used in the treatment of liver and kidney diseases [18]. Brassica vegetable
and oilseed consumption has been found to reduce age-related chronic diseases such as
diabetes, kidney failure, hypertension and atherosclerosis. In addition, it contains var-
ious polyphenolic antioxidants, namely anthocyanin, kaempferol and quercetin, which
are considered as the main components. Its other biologically active components include
carotenoids, vitamins C and E, folic acid, sinapic acid, lignans, glucose esters, phenolic
acid and tripeptides. Sinapic acid is an effective peroxynitrite scavenger that inhibits the
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modulation of necrosis or apoptosis pathways [19]. The antioxidant value of rapeseed de-
pends on the genotype and different parts of the plant, environment and cooking methods.
Brassica promotes several biological actions such as antiviral and anticarcinogenic effects
by repairing oxidative DNA damage, inhibiting angiotensin converting enzyme activity,
lowering serum low-density lipoprotein (LDL) levels and increasing glucose tolerance [20].

The medicinal properties of Brassica napus L. are poorly studied. Therefore, we studied
the prospects of its use in pharmacy and medicine as a source of biologically active sub-
stances. This review differs from other articles because it considers different technological
methods for obtaining extracts from Brassica napus L., the chemical composition of ex-
tracts, isolation methods of biologically active substances and pharmacological properties.
Commonly used rapeseed extraction methods are supercritical, subcritical carbon dioxide
extraction, conventional solid–liquid extraction, ultrasonic extraction and Soxhlet extraction
methods. In this review, we offer a brief overview of the isolation methods of biologically
active substances from rapeseed and the therapeutic potential of rapeseed in the treatment
of various types of diseases. In many articles, the pharmacological properties of the indi-
vidual components of rapeseed have been studied separately. Therefore, we conducted a
review of all the biologically active components of Brassica napus L. and their therapeutic
activity. In order to study the extraction and isolation methods of biocompounds from
rapeseed and its pharmacological properties, we reviewed the literature using scientific
search engines such as Scopus, Google Scholar, MDPI, Wiley Online and PubMed pub-
lished between the years 1983 and 2022. The employed keywords were “Brassica napus L.”,
“Rapeseed”, “Rapeseed oil”, “Brassica napus L. extract”, “Brassica napus L. seeds”, “Canola
oil”, and/or “extraction methods”, “isolation”, “chemical composition”, “pharmacological
activity”, “biocompounds” and “use in medicine”. We carried out a bibliographic search,
considering articles, reviews, systematic reviews, books, clinical and preclinical studies
on the use of rapeseed as a source of biologically active substances, as well as its use in
medicine, the agro-industry and the food industry. Most publications about rapeseed were
found on the subjects agriculture, biology and life sciences, chemistry and materials science,
environmental and earth sciences, medicine and pharmacology, and food sciences.

2. Technology for Obtaining Extracts from Rapeseed (Brassica napus L.)
2.1. Conventional Extraction Methods

Extraction is the first step to separate biologically active compounds from natural
products. Extraction methods include solvent extraction, distillation method, pressing and
sublimation according to the principle of extraction. Solvent extraction is the most widely
used method. The extraction of natural products goes through the following stages: the
solvent penetrates the solid matrix; the solute dissolves in solvents; the solute diffuses
out of the solid matrix; the extracted solutions are collected. Any factor that increases
diffusivity and solubility in the above steps will facilitate extraction. Extraction solvent
properties, raw material particle size, solvent-to-solid ratio, extraction temperature and
extraction duration will affect the extraction efficiency [21]. Rapeseed is used to obtain
extracts by various extraction methods using solvents. The most commonly used solvent
is hexane.

In one study using the soaking rapeseed extraction method, the various parts of the
rapeseed were dried and ground into fine powders. Then, the solvent methanol 80%
was added, mixed and left for 48 h. The extract obtained was filtered and the remain-
ing solvent was evaporated. In this study, the antimicrobial activity of rapeseed extract
was also studied, as a result of which the alcohol extract of rapeseed was active against
Pseudomonas aeruginosa [22].

Aleksandra Szydłowska et al. obtained extracts from winter and spring rapeseed by
ultrasonic and conventional solid–liquid extractions in order to study their antioxidant
activity. In the conventional solid–liquid extraction process, 2 g of crushed seeds and 20 mL
of methanol–water mixture (1:1 by volume) were transferred into a round bottom flask
and shaken at room temperature for 30 min. The extraction was repeated three times
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and the residue was centrifuged. The extracts were filtered and stored in a refrigerator
at 4 ◦C. In ultrasonic extraction, 2 g of crushed Brassica napus L. seeds and 15 mL of a
1:1 methanol–water mixture were placed in an ultrasonic bath with a frequency of 40 kHz,
an ultrasonic input power of 180 W and a heating power of 800 W. Extraction was also
carried out three times. The extract was filtered and the residue was centrifuged [23].

In the liquid–liquid extraction method, dried rapeseed leaf powder (400 g) was ex-
tracted by soaking at room temperature in 60% ethanol (v/v). The resulting extract was
filtered and evaporated in vacuo at 40 ◦C using a rotary evaporator, obtaining an ethanolic
extract (65.8 g) as a dark green residue. A part of the extract (30 g) was dissolved in the
smallest amount of ethanol (~10 mL), suspended in distilled water and subjected to succes-
sive liquid–liquid extraction with petroleum ether, methylene chloride, ethyl acetate and
n-butanol. The solvent ethanol was used in the extraction process. A one-factor experiment
showed that 60% ethanol is suitable for extracting phenolic components from the plant.
According to phytochemical screening, the leaves of B. napus L. contain flavonoids as the
main component. The four flavonoid compounds were isolated as crystals by silica gel
column chromatography and purified on Sephadex LH-20. Their types were established as
quercetin, kaempferol, kaempferol-3-O-glucoside and quercetin-7-O-glucoside using UV
and 1H-NMR methods [24].

In order to obtain extract via Soxhlet extraction, 5 g of rapeseed samples was dissolved
in either 100 mL of water or 80% organic solution. Methanol, ethanol, acetone, butanol,
chloroform and hexane were used as organic solvents. These solvents were mixed with the
samples using a vortex and then continuously mixed with a slurry mixer for 12 h at room
temperature, then centrifuged at 3000 rpm for 30 min. Supernatant samples were filtered
using a syringe filter to maximize the recovery of the soluble extract. Lyophilization was
carried out for 72 h, after which the samples were stored at –20 ◦C until required. This
lyophilized material is the “extract” and is often used in all assays and experiments. All
extracts were named according to the solvent used for food extraction, such as aqueous
extract (WE), methanol extract (ME), ethanol extract (EE), acetone extract (AE), butanol
extract (BE), chloroform extract (CE) and hexane extract (HE). All lyophilized extracts were
mixed with 50% methanol and filtered to measure total phenols using the Folin–Ciocalteu
reagent. All results were repeated three times. Meanwhile, water–methanol extracts
showed higher quality recovery. In addition, extraction of rapeseed using only water
without organic solvents increased the hydrolysis of sinapic acid conjugates (such as
sinapin) and recovered higher amounts of free sinapic acid. HPLC-DAD-ABTS and LC-MS
analyses revealed 47 compounds, identifying 32 compounds and 15 remained unknown.
Aqueous extracts have proven to be the best for restoring the potentially health-beneficial
glucosinolates. These results highlight the potential of rapeseed as a source of recovery of
valuable phytochemicals for food and pharmaceutical purposes [25].

The best Soxhlet extraction efficiency was achieved using 60% methanol, 200 ◦C and a
residence time of 20 min, which is >300%. The maximum yield of canolol was obtained
using 100% methanol, 200 ◦C and 5 min with the addition of 1% NaOH in methanol (w/v).
This study demonstrates that PSE (pressure extraction) can be an effective approach to both
extract and transform phenolic compounds in rapeseed meal, which can be widely used in
the extraction and transformation of natural bioactive compounds [26].

2.2. Modern and Greener Extraction Methods

Supercritical extraction was carried out in a CC-SFE device in which rapeseed and
carbon dioxide (CO2) samples were preheated. CO2 was pumped through the bottom
into the extraction column in a continuous stream for an extraction time of 60 min. The
liquid sample was preliminarily placed inside the column. Extraction was carried out at
40 ◦C and 35 MPa. A chromatographic analysis of sterols by GC-MS was carried out, as a
result of which the contents of β-sitosterol (50 wt.%, basic), campesterol (36.25 wt.%) and
brassicasterol (23.91 wt.%) were determined [27].
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Extraction of rapeseed was carried out using deionized water as a solvent at a ratio
of solid and liquid phases of 1:20 g/mL. Samples were shaken in 500 mL Schott flasks in
a water bath at 50 ◦C and 200 rpm for 30 min. For the hydrolysis of synapic acid esters
(mainly sinapine) to free synapic acid chemical and enzymatic hydrolysis was used during
the extraction of rapeseed meal. As a result, the following biologically active substances
were found: synapic acid (9.8 ± 1.2 mg g−1), phytic acid (32.4 ± 1.8 mg g−1), protein
(393.2 ± 18.6 mg g−1) and biomass (289.8 ± 16.2 mg g−1) [28].

Another study examined modified extraction methods using supercritical carbon
dioxide extraction to produce high-value-added compounds from rapeseed oil deodorizing
distillate and compared with modified Soxhlet extraction (solvent extraction + silica). For
supercritical fluid extraction (SFE), the optimal extraction parameters were temperature
40 ◦C, pressure 350 bar (for phytosterols) and 400 bar (for tocopherol), 5% ethanol as
co-solvent and pre-treatment with saponification. The optimized SFE procedure resulted in
the recovery of three major phytosterols (50 wt.% β-sitosterol, 23.91 wt.% brassicasterol and
36.25 wt.% campesterol) and only α-tocopherol. In addition, comparative data showed that
the extraction efficiency of phytosterols and tocopherols was about three times higher when
using supercritical extraction compared to modified Soxhlet extraction. In addition, the use
of ethanol as a co-solvent increased the recovery efficiency and purity of phytosterols and
tocopherols [29].

The extraction of brassinosteroids was carried out by ultrasonic extraction, in which
fresh plant tissues of rapeseed, frozen in liquid nitrogen, were crushed in a mortar with a
pestle. Then, 50 mg of homogenized plant tissue was weighed into 2 mL Eppendorf tubes,
and 1 mL of 60% (v/v) ACN, 2/3 of zirconium beads and an appropriate amount of stable
isotope-labeled internal standards were added. The samples were homogenized with a ball
mill at a frequency of 30 Hz for 3 min. Tubes with crude extract were sonicated for 5 min
and extracted overnight with a laboratory rotator at 17 rpm and 4 ◦C [30].

Cvjetko et al. conducted the extraction process in a high-pressure laboratory extractor.
First, the crushed sample weighing 30 g was placed into the extractor. The extracts were
collected in pre-weighed glass vials and placed in a separator at room temperature and
pressure. The studied pressure values varied from 20 MPa to 30 MPa and temperatures
ranged from 40 ◦C to 60 ◦C at an extraction time of up to 4 h. No significant differences
were found in the fatty acid profiles of rapeseed oil extracted with n-hexane Soxhlet and
supercritical carbon dioxide extraction. n-Hexane and CO2 are non-polar solvents, so they
show similar behavior when extracting chemical compounds from plant materials. The
content of total unsaturated fatty acids in the studied rapeseed oil was very high, above
90%; the same can be said about the total content of monounsaturated fatty acids (MUFA),
as it was above 65%. With the exception of palmitic acid, present at about 4.7%, and stearic
acid, present at about 1.8%, the amount of other saturated fatty acids was much lower [31].

Uquiche et al. conducted supercritical SC-CO2 extraction on SPE-ed SFE by loading
27.1 g ground rapeseed meal (24.7 g dry substrate) into a 50 cm3 extraction vessel. The
extraction pressure (20, 30 or 40 MPa) was adjusted manually using a pneumatically driven
booster pump. The temperature of the air bath (oven) containing the extraction vessel (40,
50 or 60 ◦C) was in turn controlled automatically. The extract in the CO2 stream leaving the
extraction vessel was separated from the solution using an expansion valve maintained
at 110 ◦C and collected in pre-weighed glass vials (60 cm3 capacity). The resulting extract
contains chemical compounds such as tocopherol, carotenoids, fatty acids (C14:0–C24:0)
and sterols (brassicasterol, campesterol, β-sitosterol, etc.) [32].

For rapeseed cake, subcritical fluid extraction (SFE) is the best choice to maintain
oil quality [33]. Several solvents such as propane, butane, dimethyl ether (DEM) and
1,1,1,2-tetrafluoroethane (R134a) can be used as subcritical fluids for the extraction of veg-
etable oil or animal lipids. Tingting Guo et al. developed and optimized the process of
subcritical fluid extraction of rapeseed cake. In the experiment, the rapeseed cake was
placed in an extraction vessel and covered with a lid. First, a vacuum pump was turned on
to reduce the pressure in the extraction, separating and measuring vessels to −0.01 MPa.
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Then, the static extraction started. The R134a/butane was compressed with a compres-
sor and the vacuum pump was opened for further reduction until the pressure in the
three vessels reached −0.01 MPa. The extract was collected from the separator vessel and
centrifuged. As a result, the optimal extraction parameters were identified: the ratio of
butane R134a 1.5 kg/kg, extraction temperature 45 ◦C and extraction time 50 min. Thus,
R134a/butane subcritical extraction is an effective method for extracting rapeseed cake and
can potentially become an alternative to supercritical dioxide extraction and traditional
hexane extraction [34].

As a result of studying various technologies for obtaining extracts from rapeseed,
various types of biologically active compounds were discovered. The list of chemical
compounds obtained by different extraction technologies is given in Table 1.

Table 1. Extracted biologically active compounds from rapeseed (Brassica napus L.).

Technologies for
Obtaining Extracts

from Rapeseed
Extraction Parameters

Methods for
Determining Biologically

Active Substances

Pharmacological
Activity

Isolated
Compounds Reference

Soaking method Solvent is methanol 80%,
extraction time 48 h -

The extract has
antimicrobial

activity against
Pseudomonas

aeruginosa

- [22]

Ultrasonic extraction

Solvent is
methanol–water,
ultrasonic bath

frequency 40 kHz,
ultrasound power 180 W

and heating power
800 W

-

The extract
exhibits

antioxidant
activity

- [23]

Conventional
solid–liquid extraction

Solvent is
methanol–water, at

room temperature with
an extraction time of

30 min

-
The extract has
an antioxidant

effect
- [23]

Liquid-liquid
extraction

Solvent is ethanol 60%,
at room temperature,
extract yield 65.8 g

Spectral methods, UV and
1H-NMR techniques

The extract
contains phenolic
compounds in its

composition

Quercetin,
kaempferol,
kaempferol-

3-O-
glucoside,

quercetin-7-
O-glucoside

[24]

Soxhlet extraction

Solvents: methanol,
ethanol, acetone,

butanol, chloroform,
hexane. Extraction time:

12 h at room
temperature

High-performance liquid
chromatography-diode

array detection

Aqueous extracts
contain large
amounts of

glucosinolates

Synapic acids [25]

Pressurized solvent
extraction (PSE)

Solvent is methanol 60%,
extraction temperature
200 ◦C, extraction time

20 min

1H NMR

Methanol extract
is most suitable
for extracting

phenolic
compounds

Sinapine
thiocyanate,
sinapic acid,

canolol

[26]

Supercritical CO2
extraction

Extraction time 60 min,
extraction temperature
40 ◦C, pressure 35 MPa

High-performance liquid
chromatography

The extract
contains a large

amount of sterols

β-sitosterol,
campesterol,
brassicasterol

[27]
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Table 1. Cont.

Technologies for
Obtaining Extracts

from Rapeseed
Extraction Parameters

Methods for
Determining Biologically

Active Substances

Pharmacological
Activity

Isolated
Compounds Reference

Solid–liquid extraction

Solvent is deionized
water, temperature

50 ◦C, extraction time
30 min

High-performance liquid
chromatography

The extract
contains a large

amount of
synapic acid

esters

Synapic acid,
phytic acid,

protein
[28]

Supercritical CO2
extraction

Temperature 40 ◦C,
pressure 350 bar (for

phytosterol), 440 bar (for
tocopherol), co-solvent:

ethanol 5%

Gas chromatography

The extract
contains a large

amount of
phytosterols and

tocopherols

β-sitosterol,
brassicast-

erol,
campesterol,
α-tocopherol

[29]

Supercritical CO2
extraction

Pressure 20–30 MPa,
temperature 40–60 ◦C,

extraction time 4 h
Gas chromatography

The extract
contains a large

amount of
unsaturated fatty

acids

Oleic acid,
stearic acid,
linoleic acid

[31]

Supercritical CO2
extraction

Pressure 20, 30 and
40 MPa; temperature 40,

50 and 60 ◦C

UV spectrophotometry,
gas chromatography

The extract
contains a large
amount of fatty

acids

Tocopherols,
carotenoids,
sterols, fatty

acids

[32]

Subcritical fluid
extraction (SFE)

The ratio of butane
R134a 1.5 kg/kg,

extraction temperature
45 ◦C and extraction

time 50 min

Gas chromatography,
high-performance liquid

chromatography

The extract had
the highest

tocopherols and
β-carotene,

higher canolol
and phytosterols

but fewer
phospholipids

Phospholipids,
fatty acids,
β-carotene,
tocopherols,
phytosterols

[34]

Among all the mentioned extraction methods, hexane extraction has the advantages
of high productivity and low cost. However, oil extraction contains a lot of residual
solvent. In addition, the high-temperature extraction and desolvation process destroys
heat-sensitive substances in the oil [35]. Supercritical carbon dioxide extraction is also
widely used in the extraction of oils and fats, which has the following advantages: low
cost, non-toxic and environmentally friendly. The density, viscosity and diffusivity of CO2
can be controlled by adjusting the temperature and pressure of SCO2, achieving the goal
of increasing the extraction rate or selectivity of oil and fat [36]. However, the pressure of
supercritical extraction is high and the equipment is expensive, which hinders the wide
use of the technology in industry [37]. Subcritical fluid extraction (SFE) is a new separation
technology developed after supercritical fluid extraction. This guarantees quality and
productivity, and promotes industrialization. Therefore, for rapeseed meal, SFE is the best
choice to maintain oil quality.

3. Biologically Active Compounds in Rapeseed (Brassica napus L.)

Rapeseed (Brassica napus L.) contains a large amount of biologically active substances
with therapeutic and prophylactic properties. This plant contains brassinosteroids, toco-
pherols, carotenoids, flavonoids, glucosinolates, vitamin C, minerals and fatty acids.

3.1. The Content of Sterols in Rapeseed

Sterols and sterol esters of fatty acids predominate among the non-acylglycerol lipids
of vegetable oils. Total sterols (the sum of esterified and non-esterified sterols) typically
make up 0.2–1.0% of total lipids for most vegetable oils. Phytosterol is a class of chemical
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compounds with cyclopentane and phenanthrene as the backbone which perform physio-
logical functions such as reducing the incidence of heart disease, anticancer and immune
regulation [38]. The biological properties of sterols, particularly the ability to lower blood
cholesterol levels, have led to significant interest in these compounds in the pharmaceutical
and food industries. They inhibit the absorption of dietary cholesterol in the colon, as they
compete with this compound for space in the micelle emulsion that transports systemic
lipids from the blood to the liver. This action has a beneficial effect on the entire body,
as it helps to maintain the full activity and health of the heart, prostate gland, liver and
immune system [39]. Rapeseed oil contains 0.5–1.1% phytosterols, of which the total phy-
tosterol fractions consist of 45–60% sitosterol, 25–39% campesterol, 5–13% brassicasterol,
3–7% avenasterol and 1% stigmasterol [40]. The total content of phytosterols in rapeseed
oil (4.6–9.0 mg/g) is approximately twice that of sunflower (2.1–4.5 mg/g) or soybean
(2.3–4.7 mg/g) oils [41]. Marzena Gawrysiak et al. showed the results of determining the
content of phytosterols in the composition of rapeseed. In Brassica napus L. seeds harvested
from the field, the total content of phytosterols in the analyzed species was 10.97 g/kg of fat.
The dominant sterols were β-sitosterol (5.19 g/kg), which accounted for 47% of the total
sterol content, and campesterol (4.48 g/kg), which accounted for 41% of the sterol fraction.
Brassicasterol (0.96 g/kg), a characteristic sterol of cruciferous plants, in oils extracted
from seeds, accounted for 8.5% of all sterols. Other sterols are found in much smaller
amounts. The content of stigmasterol was 0.07 g/kg, and avenasterol was 0.27 g/kg of oil,
corresponding to sterol content of 1% and 2.5%, respectively. Thus, among all identified
sterols, the highest degradation rate was observed for stigmasterol and brassicasterol [42].

Sterols, tocopherols and phenolic compounds found in rapeseed are biologically active
components that exhibit an antioxidant effect. Figure 1 shows the composition of rapeseed
and its mechanism of action.
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It is known that brassinosteroids have therapeutic properties against the development
of cancer and have the potential for the development of new anticancer drugs [43]. These
phytohormones also have antiproliferative, antiangiogenic, antiviral, antigenotoxic, anti-
fungal and antibacterial effects on the human body [47]. The main aspect of the protective
role of brassinosteroids is associated with their ability to provide resistance against viruses,
especially herpes [48].

Some stigmasterol derivatives have been found to have a broad spectrum of antiviral
activity in in vitro studies. These synthetic compounds have therapeutic properties, includ-
ing the (i) inhibition of RNA virus replication and (ii) containment of HSV-1 infections [49].
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Similar synthetic brassinosteroids, including stigmastane and androstane derivatives, are
widely known immunomodulatory agents that also act as anti-inflammatory steroids [50].

In addition, rapeseed contains several biologically active compounds with important
health benefits, including tocopherols, flavonoids, carotenoids and glucosinolates. Toco-
pherols exhibit the properties of vitamin E, are considered natural antioxidants and play
an important role in improving human health. The content of tocopherols in rapeseed oils
ranges from 45 to 75 mg %. High concentrations of α- and γ-tocopherol exist in refined
rapeseed oil with total concentrations of tocopherols [51]. Vitamin E deficiency in the hu-
man body can lead to anemia, impaired immune response, retinopathy, neuromuscular and
neurological problems [44]. Tocopherols have some potential health benefits, especially in
the prevention of atherosclerosis, cancer, diabetes and obesity. In addition, these substances
help reduce the risk of neurological and inflammatory diseases. Some studies show that
α-tocopherol can reduce the risk of Parkinson’s disease, as well as have a preventive effect
on Alzheimer’s disease [52].

3.2. The Content of Phenolic Compounds in Rapeseed

The main phenolic compound in rapeseed is sinapinic acid, which accounts for 70% of
the total content of free phenolic acids and their derivatives such as sinapin [53]. Synapic
acid also exists as glucopyranosyl synapate [54]. Only a small portion of sinapic acid, less
than 16%, is present as free sinapic acid [55]. 2,6-dimethoxy-4-vinylphenol (vinylsyringol),
known as canolol, is also one of the main phenols in rapeseed. It can be formed by
decarboxylation of sinapinic acid and makes up 70–85% of the total amount of free phenolic
acid [56]. Canolol has been shown to exhibit effective antioxidant and antimutagenic
properties in the body. When Brassica napus L. seeds are pressed, only a small part of the
phenols passes into crude oil, and most of them remain in the cake. Therefore, rapeseed
cake is an excellent source of canolol [57].

Yue Wang et al. provided an analysis of the total content of phenols and flavonoids
in a comparison of yellow- and black-seeded B. napus L. In this study, the content of
phenolic compounds was significantly higher 5 weeks after flowering in black seeds
(6.44 ± 0.97 mg EE/g phenols and 3.78 ± 0.05 mg EE/g flavonoids) than in yellow seeds
(2.80 ± 0.13 mg/g phenols and 0.83 ± 0.01 mg/g flavonoids). HPLC analysis revealed
56 kinds of phenolic compounds, specifically kaempferol-3-O-glucoside, isorhamnetin-3-O-
glucoside and quercetin-3-O-sophoroside, procyanidin B2 ([DP 2]), which were significantly
lower in yellow seeds compared to the black seeds of Brassica napus L. In addition, an
antioxidant capacity study was conducted in which iron reduction (FRAP) values were
maximized at 5 WAF in black seeds (432.52 ± 69.98 µmol Fe(II)/g dry wt) and 6 WAF in
yellow seeds (274.08 ± 2.40 µmol Fe(II)/g dry weight). As a result, antioxidant capacity
was significantly reduced in yellow-seeded B. napus L. compared to black seeds, and a
positive correlation between antioxidant and flavonoid content was found in both yellow-
and black-seeded B. napus L. Thus, the black seeds of B. napus L. contain a large amount of
phenolic compounds and have a pronounced antioxidant capacity compared to the yellow
seeds of B. napus L. [58].

3.3. Vitamins and Glucosinolates in Rapeseed

The advantage of rapeseed oils is their rather high content of carotenoids, 0.30–0.57 mg %.
Carotenoids are chemically related to vitamin A and are critical for skin and eye health,
as well as for preventing oxidative-related disorders, including several types of cancer
and cardiovascular disease [45]. β-carotene and lutein are the main carotenoids present
in rapeseed oil. β-carotene has an antioxidant effect, and lutein helps prevent macular
degeneration and is present in the eye to actively filter harmful light, reducing the amount
of light reaching the retina [59]. Many carotenoids have anticarcinogenic, antimutagenic,
antitoxic, immunomodulatory and other properties. This allows us to consider carotenoids
as potential means of preventing the most common human diseases: atherosclerosis, malig-
nant neoplasms and chronic infectious processes. Recently, special attention has been paid
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to carotenoids as promising agents for cancer chemoprevention. They help in inhibiting the
growth of malignant tumors and inducing apoptosis. Additionally, they help lower blood
pressure, reduce pro-inflammatory cytokines and reduce inflammatory markers [60].

Glucosinolates are sulfur- and nitrogen-containing secondary metabolites, some of
which are well known for their anti-carcinogenic properties in humans [61]. Isothiocyanates
(ITCs) are chemoprotectants produced as a product of the hydrolysis of glucosinolates by
the enzyme myrosinase. ITCs present in cruciferous vegetables have higher anticancer
properties and can inhibit cell proliferation [62]. ITCs inhibit cancer cell proliferation by
inhibiting proteins involved in tumor initiation and proliferation pathways. Meanwhile,
ITC treatment stimulates reactive oxygen species (ROS), cell cycle arrest, programmed cell
death and autophagy [63]. Cruciferous consumption, both fresh and raw, appears to be
more beneficial than cooked or boiled, as the bioavailability of ITC is higher in the former
than in the latter.

In addition, rapeseed is a rich source of vitamin C, minerals and fatty acids. Vitamin C
performs important functions in the human body, such as ensuring the normal functioning
of the immune system, the formation of red blood cells and collagen synthesis, and the
absorption of iron from plant foods. In addition, ascorbic acid is an antioxidant; that is,
it protects cells from damage by free radicals. A number of sources indicate that vitamin
C is involved in more than 300 biological processes in the body. Vitamin C is not able to
accumulate in the body, and any excess amount received from food or vitamin supplements
is excreted in the urine and feces within a short period of time. Even the minimum amount
of vitamin C is not created in the human body, it’s daily intake with food is necessary. The
daily requirement for vitamin C of an adult is 50–100 mg [64].

3.4. Mineral Composition of Rapeseed

Brassica napus L. seeds contain a significant amount of mineral elements—Ca, P, K,
Mg and Fe. In addition, they contain selenium, which has antioxidant properties and is
necessary for the formation and metabolism of iodine-containing thyroid hormones [65].
Calcium is one of the main macroelements of the human body. Approximately 99% of
calcium is found in bone tissue; the rest is found in extracellular fluid and other tissues.
Sufficient calcium intake is important for the prevention and treatment of osteoporosis, as
it helps to maintain bone mineral density, reduces the risk of hip fractures and potentiates
the antiresorptive effect of estrogens on bone tissue [66]. Phosphorus is an essential mineral
present in every cell of the human body. It is the second most abundant mineral after
calcium, accounting for about 1% of total body weight. While the primary purpose of
phosphorus is to build and maintain bones and teeth, it also plays an important role in the
formation of DNA and RNA (the body’s genetic building blocks). This helps ensure that
cells and tissues are properly maintained, repaired and replaced as they age. Potassium
plays a role in the functioning of the nervous system, muscle contraction, maintaining
the body’s water balance, maintaining normal blood pressure and blood sugar, and in
many biochemical reactions that ensure human life. Normal levels of potassium in the
body, in addition to stimulating regular heartbeats, can help offset the negative effects
of a high-sodium diet, as potassium is actually an antagonist. This reduces the risk of
developing hypertension, stroke and other cardiovascular diseases. Potassium helps
maintain an alkaline environment in the body, which promotes bone health and muscle
mass. Potassium may also help maintain normal kidney and adrenal function. A large
number of studies demonstrate the health benefits of potassium, especially in relation to
the cardiovascular system. The elemental composition of the human body consists of 99%
of 12 basic chemical elements, among which magnesium ranks fourth after potassium,
calcium and sodium. Being a necessary macroelement for cells and tissues, magnesium
is involved in many physiological processes that ensure the normal functioning of the
body: in the synthesis of enzymes (substrate of ATP, ADP, creatine kinase, hexokinase,
etc.), direct activation of enzymes, regulation of cell membrane function (stabilization of
cell membranes, cell adhesion, transmembrane flow of electrolytes), calcium antagonism
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(muscle contraction/relaxation, release of neurotransmitters, excitability of the specialized
conduction system of the heart) and in plastic processes (protein synthesis and catabolism,
exchange of nucleic acids and lipids, mitochondria) [67]. Iron is an essential trace element
that is part of more than 100 enzymes in the human body and is involved in respiration,
hematopoiesis, immunobiological processes and redox reactions. Its plasma concentration
varies widely and in a healthy person is 10.8–28.8 µmol/L [68]. Iron is one of the main
components of hemoglobin. Hemoglobin carries oxygen in the blood throughout the body.
Iron is also involved in the process of reproduction of healthy red blood cells containing
hemoglobin. Without iron, many processes in the body are impossible, including energy
metabolism and DNA repair. Iron helps to keep the immune system in good shape,
allowing the body to fight infection, and is involved in tissue growth. Iron deficiency can be
due to the following reasons: chronic blood loss (hemorrhoids, profuse menorrhagia, etc.);
insufficient intake of iron from food (vegetarianism); increased iron consumption (periods of
intensive growth and development, pregnancy and lactation); malabsorption in pathology,
the gastrointestinal tract or excessive use of phosphates, oxalates, calcium or tannin; and
competitive iron consumption (helminthic infestations), as well as hypovitaminosis [69].

3.5. Fatty Acid Composition of Rapeseed

Brassica napus L. seeds contain a high fatty acid composition, especially high concen-
trations of mono- and polyunsaturated fatty acids, low concentrations (6.5–8%) of saturated
fatty acids and a sufficient ratio of omega-3:omega-6 fatty acids [70]. The physical, chemical
and nutritional properties of rapeseed oil obtained from Brassica napus L. seeds depend
mainly on its fatty acid composition, which consists of approximately 60% oleic acid (C18:1),
4% palmitic acid (16:0) and 2% stearic acid [46]. Table 2 presents data on the content of fatty
acids in rapeseed oil.

Table 2. Fatty acid composition of rapeseed oil.

Fatty Acids Pharmacological Activity Quantity, % References

α-linolenic acid Reduces the risk of cardiovascular disease 10.34 ± 0.91 [71]

Palmitoleic acid Improves cognitive functions and has a positive effect on
the brain 0.28 ± 0.01 [71]

Erucic acid - 0.03 ± 0.01 [71]

Heptadecanic acid Shows protective effect on the epidermis 0.05 ± 0.02 [72]

Gadoleic acid Shows moisturizing effect on the skin 1.29 ± 0.18 [72]

Oleic acid Shows antioxidant effect 55.22 ± 0.85 [72]

Linoleic acid Involved in normal functioning of cell and subcellular
membranes 24.24 ± 1.13 [73]

Stearic acid Promotes the development of the nervous system and
thermoregulation of the body 2.08 ± 0.09 [74]

Palmitic acid Maintain the normal function of cell membranes 6.06 ± 0.18 [75]

Myristic acid Shows antimicrobial activity 0.25 ± 0.01 [76]

Arachidic acid Helps prevent the development of stomach ulcers 0.27 ± 0.01 [77]

Eicosaenoic acid Helps to maintain normal blood pressure 1.00 ± 0.03 [77]

Behenic acid Helps to improve overall levels of hydration in skin 0.23 ± 0.01 [78]

Oleic acid is a monounsaturated fatty acid that belongs to the group of omega-9
unsaturated fatty acids. Oleic acid is the main monounsaturated fatty acid consumed
by humans [79]. It is synthesized in the body from saturated fatty acids and partly from
carbohydrates. The physiological need is 10% of the daily caloric intake. The metabolism
of oleic acid has a number of features: human cells oxidize oleic acid at a rate that exceeds



Molecules 2022, 27, 8824 12 of 24

all fatty acids, especially palmitic acid; has the ability to reduce the sensitivity of low-
density lipoproteins to lipid peroxidation; participates in the exchange of tocopherol,
contributing to its antioxidant effect; and accelerates the incorporation of fatty acids into
cell membranes [80].

Linoleic acid is a monobasic carboxylic acid with two isolated double bonds, and
belongs to the omega-6 unsaturated fatty acids. Linoleic acid is one of the so-called
essential fatty acids necessary for normal life; these acids enter the human and animal
organism with food, mainly in the form of complex lipids—triglycerides and phosphatides.
Linoleic acid belongs to the class of omega-6-unsaturated fatty acids; therefore, the human
body is able to synthesize from it the quadruple unsaturated fatty acid arachidonic acid
belonging to the same class. Human cell membranes contain on average 10 times more
linoleic acid than omega-3-unsaturated α-linolenic fatty acid, which proves the critical
importance of linoleic acid and the entire class of omega-6-unsaturated fatty acids for the
normal functioning of cell and subcellular membranes [73].

Stearic acid (C18:0) is also a saturated fatty acid, found in varying amounts in all oils
and fats, including marine oils, and is the main component of hydrogenated fats. Its main
function is to supply the body with energy. Stearic acid favorably affects the functioning
of internal organs: it participates in the thermoregulation of the body and improves the
condition of hair and skin [74].

Palmitic saturated fatty acid is long-chain and abundant in nature. Palmitic acid
plays an important role in maintaining the normal function of cell membranes and also
helps the body store energy to facilitate metabolic functions. Some of these functions
include providing membranes with the necessary characteristics for cell division, biological
reproduction, and intracellular membrane transport. It also helps create sphingolipids
found in cell membranes that help protect the brain and nerve cells [75].

Myristic, like other saturated fatty acids, has some antimicrobial activity, especially
against Gram-positive bacteria. Myristic acid is able to potentiate the antibacterial action of
antibiotics in the intestine, which can significantly increase the effectiveness of the treatment
of acute intestinal infections of bacterial and viral–bacterial etiology. Myristic acid is an
immunological stimulant when interacting with bacterial or viral antigens, helping to
increase the body’s immune response to the introduction of an intestinal pathogen. During
the formation of memory in the brain cells of experimental rats, the concentration of
saturated fatty acids, especially myristic acid, increases [76].

Arachidonic acid is an organic compound, an omega-6 unsaturated fatty acid. The hu-
man body can independently synthesize it from the essential omega-6 unsaturated linoleic
acid. Arachidonic acid is part of the phospholipids of the cell membranes of platelets and
endothelial cells. Free arachidonic acid is rapidly metabolized to prostaglandins and throm-
boxanes. There are two main metabolic pathways for arachidonic acid, cyclooxygenase
and lipoxygenase. The cyclooxygenase pathway of metabolism leads to the formation
of prostaglandins and thromboxane A2, while the lipoxygenase pathway leads to the
formation of leukotrienes. Arachidonic acid enters the body partly with food (vegetable
oils) and is partly synthesized by the body, which ensures its constant presence in the
human body [81].

Eicosanoic acid is a saturated fatty acid found in some vegetable oils and in small
amounts in human milk. This acid helps maintain normal blood pressure by relaxing
arteries and blood vessels and lowering blood lipids. Eicosanoic acid also reduces blood
clotting factors. This acid is an integral part of the biological cell membrane, giving it
the fluidity and flexibility necessary for the functioning of all cells, especially the nervous
system, skeletal muscles and the immune system [77].

Behenic acid is a saturated fatty acid that is derived from the seeds of the indigenous
Amazon tree species, Pentaclethra macroloba [82]. As a fatty acid, behenic acid is important
to help provide a protective barrier against the environment in order to maintain good skin
quality. In skincare, behenic acid has lubricant, emollient and soothing properties, which
help to restore the skin’s natural oils and improve overall levels of hydration [78].
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Erucic acid is an unsaturated carboxylic acid with one double bond, meaning that it
is a monounsaturated, monoenoic acid. Erucic acid is toxic to the heart muscle; therefore,
in different countries, legislative restrictions have been introduced so that the content of
erucic acid in the oil used in food does not exceed 2–5%. This stimulated the development
of low-erucic rapeseed varieties, from which rapeseed oil with a low content of erucic
acid is obtained. It belongs to the class of omega-9 fatty acids, which means that it is not
indispensable for the human body [83].

4. Pharmacological Properties and Therapeutic Activity of Rapeseed (Brassica napus L.)

Rapeseed can be of great importance in the field of biomedicine, as it has the potential
to prevent serious modern diseases, including diabetes, obesity and hypertension. Ad-
ditionally, it is widely used in the treatment of kidney diseases, cystitis, abscesses, gout,
joint pain and rheumatoid arthritis. Figure 2 presents data on the use of rapeseed in the
treatment and therapy of various types of diseases.

Molecules 2022, 27, x FOR PEER REVIEW 13 of 25 
 

 

properties, which help to restore the skin’s natural oils and improve overall levels of hy-
dration [78].  

Erucic acid is an unsaturated carboxylic acid with one double bond, meaning that it 
is a monounsaturated, monoenoic acid. Erucic acid is toxic to the heart muscle; therefore, 
in different countries, legislative restrictions have been introduced so that the content of 
erucic acid in the oil used in food does not exceed 2–5%. This stimulated the development 
of low-erucic rapeseed varieties, from which rapeseed oil with a low content of erucic acid 
is obtained. It belongs to the class of omega-9 fatty acids, which means that it is not indis-
pensable for the human body [83]. 

4. Pharmacological Properties and Therapeutic Activity of Rapeseed (Brassica napus 
L.) 

Rapeseed can be of great importance in the field of biomedicine, as it has the potential 
to prevent serious modern diseases, including diabetes, obesity and hypertension. Addi-
tionally, it is widely used in the treatment of kidney diseases, cystitis, abscesses, gout, joint 
pain and rheumatoid arthritis. Figure 2 presents data on the use of rapeseed in the treat-
ment and therapy of various types of diseases. 

 
Figure 2. Therapeutic properties of rapeseed (Brassica napus L.) [84–87]. 

4.1. Rapeseed in Diabetes and Obesity 
Diabetes mellitus is one of the most common human diseases in the world, the fre-

quency of which is increasing every year. This disease is associated with a violation of the 
absorption of glucose and develops due to a deficiency of the hormone insulin, resulting 
in the development of hyperglycemia, a persistent increase in blood glucose [88]. The dis-
ease is characterized by a chronic course, as well as a violation of all types of metabolism: 
carbohydrate, fat, protein, mineral and water–salt. Food products contain various types 
of carbohydrates. Some of them, such as glucose, consist of one six-membered heterocyclic 
carbohydrate ring and are absorbed in the intestine unchanged. These substances are bro-
ken down by various enzymes in the gastrointestinal tract into glucose molecules and 
other simple sugars, and are eventually also absorbed into the blood. Thus, glucose is the 
main carbohydrate of the blood and the whole organism. It plays an exceptional role in 
the metabolism of the human body: it is the main and universal source of energy for the 
whole organism. In case of insulin deficiency (type 1 diabetes mellitus) or a violation of 
the mechanism of interaction of insulin with body cells (type 2 diabetes mellitus), glucose 
accumulates in the blood in large quantities (hyperglycemia), and body cells (with the 
exception of insulin-independent organs) lose their main source of energy. To treat this 
disease, special enzymes are used that inhibit intestinal enzymes that break down com-
plex carbohydrates to glucose, thereby reducing the absorption of glucose at the intestinal 

Figure 2. Therapeutic properties of rapeseed (Brassica napus L.) [84–87].

4.1. Rapeseed in Diabetes and Obesity

Diabetes mellitus is one of the most common human diseases in the world, the fre-
quency of which is increasing every year. This disease is associated with a violation of the
absorption of glucose and develops due to a deficiency of the hormone insulin, resulting
in the development of hyperglycemia, a persistent increase in blood glucose [88]. The
disease is characterized by a chronic course, as well as a violation of all types of metabolism:
carbohydrate, fat, protein, mineral and water–salt. Food products contain various types of
carbohydrates. Some of them, such as glucose, consist of one six-membered heterocyclic
carbohydrate ring and are absorbed in the intestine unchanged. These substances are
broken down by various enzymes in the gastrointestinal tract into glucose molecules and
other simple sugars, and are eventually also absorbed into the blood. Thus, glucose is the
main carbohydrate of the blood and the whole organism. It plays an exceptional role in the
metabolism of the human body: it is the main and universal source of energy for the whole
organism. In case of insulin deficiency (type 1 diabetes mellitus) or a violation of the mecha-
nism of interaction of insulin with body cells (type 2 diabetes mellitus), glucose accumulates
in the blood in large quantities (hyperglycemia), and body cells (with the exception of
insulin-independent organs) lose their main source of energy. To treat this disease, special
enzymes are used that inhibit intestinal enzymes that break down complex carbohydrates to
glucose, thereby reducing the absorption of glucose at the intestinal level. Currently, there
are no conservative treatments that can cure type 2 diabetes mellitus [89]. In some studies,
Brassica napus L. seeds have been found to contain angiotensin-converting enzyme (ACE)
and dipeptidase-IV (DPP-IV) inhibitory peptides [90]. DPP-IV is a serine protease that
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helps inactivate glucagon-like peptide-1 when it enters the bloodstream. Preclinical studies
show that these peptides exhibit glucose tolerance and high rates of insulin secretion. Thus,
Brassica napus L. seeds have potential antidiabetic and antihypertensive properties [84].

Overweight and obesity are the main causes of diabetes and insulin resistance. Viola-
tion of the lipid profile is usually observed in patients with diabetes mellitus. Moreover,
an increase in adipose tissue, especially visceral fat, is associated with the development
of diabetes [91]. Due to the high content of flavonoids, the hypoglycemic properties of
rapeseed have been studied. In one study, an experiment was carried out on Wistar rats,
which were divided into five groups. Rapeseed extract was administered orally to rats for
4 weeks. As a result, rapeseed extract significantly lowered glucose levels in diabetic rats
and helped lower serum triglyceride levels. Thus, rapeseed extract is beneficial for patients
with diabetes and has a hypoglycemic effect [92].

The Westernization of eating habits in most countries is characterized by an increase
in the consumption of high-calorie foods high in refined sugar, saturated fatty acids (SFAs)
and an increased ratio ofω6/ω3 fatty acids. The associated increased prevalence of over-
weight, obesity and cardiovascular disease is a major public health problem. All these
phenomena are the leading cause of disability and death. The consumption of refined
oils as a source of lipids that contain high amounts of SFAs but do not contain other
biologically active compounds increases the risk of developing these diseases. Dietary
intake of cis-monounsaturated and polyunsaturated fatty acids and bioactive antioxidants
such as vitamins and phenolic compounds is recognized as a cardioprotective and healthy
metabolic effect [93]. Rapeseed is a good source of ω3 polyunsaturated fatty acids (PU-
FAs) for humans. The oil obtained from this plant contains 8–10% linolenic acid (ALA,
18:3ω3) and has a good ratio of ω6/ω3 acids [94]. Brassica napus L. seeds contain bioactive
compounds, including antioxidant vitamins such as tocopherol (mainly alpha-tocopherol),
phenolic molecules (canolol, sinapic acid, sinapin), coenzyme Q (CoQ) and phytosterols.
These micronutrients have healthy metabolic, anti-inflammatory and physiological ef-
fects [95]. Consumption of fatty acids (especially PUFAs) increases the rate of fatty acid
oxidation, resulting in peroxisomal and mitochondrial production of hydrogen peroxide.
Antioxidant supplementation concomitantly withω3 PUFAs is an appropriate nutritional
strategy to reduce obesity-related metabolic disturbances by altering antioxidant activity
and inflammation [96]. Frederic Capel et al. conducted preclinical trials to study the effect
of rapeseed oil in the diet of rats in the fight against obesity. The diet consisted of palm
oil and rapeseed oil enriched with polyunsaturated fatty acids and a sufficient ratio of
ω6/ω3 acids. As a result, the rapeseed oil diet prevented glucose intolerance in rats and
also reduced triacylglycerol levels. Thus, enriched rapeseed oil with natural micronutrients
has been shown to improve skeletal muscle and adipose tissue metabolism, allowing better
management of excess fatty acids and lowering glycemia, which may be beneficial in the
long term [97].

Malgorzata Jamka et al. conducted a clinical trial to study the effect of amaranth
and rapeseed oil on people suffering from overweight and obesity [98]. Exclusion cri-
teria included a chronic systemic or gastrointestinal disease in anamnesis, liver disease,
exocrine pancreatic insufficiency, drugs that affect fat digestion or absorption, pregnancy
and lactation. All study participants were randomly assigned to groups I and II. In group
I, amaranth oil was administered at a dose of 20 mL per day in the first intervention, and
rapeseed oil at a dose of 20 mL per day was administered in the second intervention.
Baseline variables included changes in tumor necrosis factor-alpha; adiponectin; oxidized
low-density lipoprotein; apolipoproteins (Apo) A1, B and E; and markers of glucose and
insulin homeostasis. Rapeseed oil had a greater positive effect on atherosclerosis markers
than amaranth oil [99].

4.2. Rapeseed in Treatment of Cardiovascular Diseases

Cardiovascular disease is one of the main causes of premature death in many countries
and leads to disability in patients. Among cardiovascular diseases, atherosclerosis is
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the most common pathological process. The progression of atherosclerosis is influenced
by factors such as lipid abnormalities, oxidative stress and chronic inflammation [100].
Rapeseed oil is one of the main vegetable oils used in the food industry in many countries.
This oil has a low amount of saturated fatty acids and a high amount of monounsaturated
fatty acids compared to other edible oils. Additionally, rapeseed oil is a source of linoleic
acid, α-linolenic acid and other essential fatty acids [101]. Various studies show that
rapeseed oil can lower serum total cholesterol and low-density lipoprotein cholesterol. The
phytosterols contained in rapeseed oil have a hypocholesterolemic effect by inhibiting the
absorption of cholesterol [102]. Trace elements present in the composition of rapeseed oil
can prevent the occurrence of atherosclerosis. One study conducted on laboratory rats
examined the effect of rapeseed oil on risk factors for atherosclerosis. As a result of the
study, after the consumption of oil in rats, the levels of triglycerides and plasma cholesterol
decreased markedly. Thus, rapeseed oil prevents atherogenesis by improving plasma
oxidative stress, the lipid profile and inflammation [103].

4.3. Antioxidant Properties of Rapeseed

Antioxidants are substances that have the ability to scavenge free radicals due to their
redox properties. Natural antioxidants are safer and have fewer side effects compared to
synthetic antioxidants [104]. Antioxidant activity, α-amylase inhibitory activity as well as
antibacterial activity of rapeseed extract have been previously studied. When obtaining the
extract, methanol was used as a solvent. The antioxidant activity of the extract was studied
by DPPH analysis, in which at 125 (µg/m) extract, the DPPH value was 42.36 ± 3.26. The
data obtained confirm the presence of antioxidant properties of the methanol extract of
rapeseed. The high content of phenols and flavonoids in the rapeseed extract contributes
to the manifestation of antioxidant properties [105]. Aleksandra Szydłowska-Czerniak et al.
used three different analytical methods to determine the antioxidant capacity of rapeseed:
ferric-reducing antioxidant power (FRAP), 2,2′-diphenyl-1-picrylhydrazyl (DPPH) and
oxygen radical absorbance capacity (ORAC). Mean ORAC values for methanolic rapeseed
extracts (4092–12,989 mmol Trolox/100 g) were significantly higher than FRAP and DPPH
values (6218–7641 and 6238–7645 mmol Trolox/100 g, respectively) [106]. In another study,
four modified methods were used to determine the antioxidant activity of rapeseed oil: 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), cupric-reducing antioxidant capacity (CUPRAC) and ferric-reducing antioxidant
power (FRAP). The obtained values of DPPH, ABTS, CUPRAC and FRAP of rapeseed oil
were 126–586, 400–1998, 455–1913 and 72–291 µmol TE 100 g−1, respectively [107].

Azzurra Stefanucci et al. studied the antioxidant activity and enzymatic inhibitory
ability of rapeseed extract. This extract contains flavonoids, glucosinolates, sinapic acid and
disaccharides. According to the analysis of DPPH, the extract showed antioxidant activity
as a result of studying the ability to scavenge radicals. The enzymatic inhibitory effect of
the extract against acetylcholinesterase was studied using standard in vitro bioassays. In
total, glucosinolates are healthy phytochemicals with antioxidant effects to the body [108].

Jovicic Dusica et al. studied the antioxidant activity of rapeseed leaves and roots
at different stages of growth and grown under different field conditions. The study was
conducted on the following parameters: the activity of the superoxide dismutase enzyme,
the activity of glutathione peroxidase, the intensity of lipid peroxidation, the content of
glutathione and the total antioxidant activity. As a result, the antioxidant activity of all
studied parameters in all genotypes, both in leaves and roots, was higher in plants grown
on Solonetz compared to plants grown on Chernozem [109].

4.4. Antiviral and Antibacterial Activity of Rapeseed

A subcritical water extract of rapeseed has been studied as an antiviral agent against
the A/H1N1 virus. At maximum non-toxic concentrations, the subcritical aqueous extract
showed antiviral activity against influenza A/H1N1 virus compared to other extracts of n-
hexane, ethanol or hot water. The addition of 0.5 mg/mL subcritical aqueous extract to the
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culture medium resulted in 50.35% viability of kidney cells of dogs infected with influenza
A/H1N1 virus. Thus, the extract had antiviral activity against influenza virus infection.
The data obtained indicate the prospect of using rapeseed extract as an antiviral agent [110].

Hepatitis C virus is one of the main causes of chronic liver disease. With about
170 million cases in the world, it remains a serious public health problem [111]. Treatment
of hepatitis C is ineffective in most cases, and is also long-term and expensive. At the
same time, there is still no vaccine against this infection in practical healthcare. One study
investigated the antiviral activity of an extract of a transgenic hepatitis C virus core protein
derived from rapeseed and rHCVcp derived from Escherichia coli. Mice immunized with
the transgenic core protein oil developed a strong humoral (IgG) and Th1-dependent
cellular response, manifested by high levels of IFN-γ and a lower IgG1/IgG2a ratio and
secretion of IL-4. The results of intracellular cytokine staining showed that immunization
with transgenic core protein oil in mice triggered both CD4+ and CD8+ T cells to release
IFN-γ, while CD4+ cells were mainly activated by Freund’s adjuvant. The data obtained
are important for the development of a hepatitis C vaccine and indicate the potential of the
antigen obtained from rapeseed [85,112].

Another study shows that the alcohol extract of rapeseed has an antibacterial effect
on some types of pathogenic bacteria. The study was carried out using good diffusion
agar and disk diffusion agar for Staphylococcus aureus, Bacillus cereus, Escherichia coli and
Pseudomonas aeruginosa. A minimum inhibitory concentration and minimum bacterici-
dal concentration test was performed using serial dilutions in vitro. As a result of this
study, the alcohol extract of rapeseed prevented the growth of the above pathogenic
bacteria, in which the minimum inhibitory concentration varied from 12.5 mg/mL to
100 mg/mL. Rapeseed oil has been used in the treatment of various types of diseases
and skin infections in Pakistan. The oil is obtained from rapeseed by extraction with
n-hexane. The antibacterial activity of rapeseed oil was studied on four microorgan-
isms, namely Staphylococcus aureus, Staphylococcus epidermidis, Pseudomonas aeruginosa and
Klebsiella pneumonia, causing some infections. In this study, rapeseed oil showed inhibitory
activity against Staphylococcus epidermidis, Pseudomonas aeruginosa and Klebsiella pneumonia,
but no inhibitory activity was found against Staphylococcus aureus [113].

Film with rapeseed extract obtained by supercritical carbon dioxide extraction also
showed antibacterial activity against pathogenic microorganisms. An in vitro study was
conducted in which the decimal reductive concentration and the minimum bactericidal
concentration for pathogens were determined. Terpenoids, diterpenes and sesquiterpenes
were found in the composition of this extract using gas chromatography. The study of
antibacterial and fungicidal activity of rapeseed extract was carried out on four strains of
pathogenic microorganisms, namely S. aureus, E. coli, P. aeruginosa and C. albicans. As a
result, the rapeseed extract exhibited biological activity against C. albicans at a dilution of
1:32 and against E. coli at a dilution of 1:8. However, no inhibitory ability was found for
P. aeruginosa and S. aureus. Thus, the data obtained indicate the potential of using rapeseed
extract as an antibacterial agent in the pharmaceutical industry [114].

4.5. Anticancer Properties of Rapeseed

Cancer is considered one of the dysregulations of basic cellular functions such as
growth signaling, anti-apoptotic signaling, gene stability and immune response [115].
Every year, the number of patients with cancer and the mortality rate from this disease
increase [116]. Currently, Brassica plant metabolites are becoming new sources of anticancer
therapy. Bioactive compounds in these plants exhibit anticancer activity against the main
types of tumors [86]. Numerous clinical studies have been conducted to explore effective
treatments for cancer. However, later, their toxic and side effects had a negative impact on
patients. Radiation therapy and chemotherapy have serious side effects on healthy cells.
Targeted therapies and immunotherapy are considered among the most effective cancer
treatments, but they are applied to limited patients and are expensive therapies. In this
regard, combination therapy replacing monotherapy has recently been used to prevent
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their side effects [117]. Moreover, searches are underway for new and effective drugs
with reduced side and toxic effects. Plant metabolites are the source of a wide range of
biological activities, such as anti-inflammatory, antimicrobial, anticancer and antianalgesic
activity [118]. Among anticancer drugs, more than 60% of drugs are obtained from plant
materials. Plants belonging to the Brassicaceae family are a rich source of glucosinolates,
which are widely used as biologically active compounds [119]. Active metabolites of
glucosinolates are used in various forms of cancer. For example, sulforaphane is used in
the treatment of prostate cancer by helping to inhibit the growth of prostate cancer tumors.
It also helps in the treatment of breast cancer, ovarian cancer and melanoma [120]. Erucin
is effective in the treatment of pancreatic tumors, hepatocellular carcinoma and breast
cancer. Indole-3-carbinol prevents colon cancer, hepatocellular carcinoma, breast cancer
and prostate cancer [121].

It is now known that rapeseed may have chemoprotective and antitumor properties.
Some researchers believe that the antitumor effect may be associated with the effective
purification of reactive oxygen species by various rapeseed extracts [122]. In particular,
brassinosteroids present in rapeseed extracts have an anticancer effect. The steroid fraction
of the chloroform extract of rapeseed exhibits cytotoxic activity against certain types of
human cancer cells. Cell death occurs due to the induction of caspase activity and inhibition
of the Bcl-2 protein, mainly in prostate cancer cells [123]. Some results from other studies
suggest that a diet based on omega-3 fatty acids helps to slow prostate tumorigenesis by
lowering estradiol and testosterone levels by suppressing cell proliferation in C3(1) Tag
mice [124]. Rape root extract has an anticancer effect by inhibiting the proliferation of
human Hep G2 cancer cells. Other data indicate that γ-tocopherol in rapeseed extract may
potentially reduce the risk of prostate cancer [125].

Breast cancer is one of the main oncological diseases frequently found in women in
developed countries [126]. Some studies show that plant-derived protein hydrolysates
can prevent cancer. Peptides are bioavailable chemical compounds compared to proteins
and free amino acids. Thus, they can replace chemotherapy due to their effective tissue
penetration and low toxicity [127]. Rapeseed meal is a by-product of the agro-industrial
sector, which contains a large amount of proteins and peptides with anticancer properties.
In one study, an enzymatic digest of rapeseed protein inhibited the proliferation of a
breast cancer cell line. The protein isolate was extracted from the alkaline extract of
rapeseed. As a result, all obtained protein hydrolysates exhibited an antiproliferative effect
on MCF-7 cells [128].

4.6. Rapeseed in Treatment of Hypertension

Hypertension is high blood pressure, which is a serious pathological condition that
significantly increases the risk of developing diseases of the cardiovascular system, brain,
kidneys and other diseases. In the modern world, the prevalence of arterial hypertension is
30–45% among the adult population [129]. Blood pressure is the force exerted by circulating
blood on the arteries, the most important blood vessels in the body. Hypertension is
characterized by an excessive increase in blood pressure. It is predicted that the number
of patients with this disease by 2025 will be 1.6 billion [130]. Rapeseed-derived peptides
can be used to treat arterial hypertension. One in vivo study in mice examined the safety
and antihypertensive properties of rapeseed peptides in synergy with captopril. According
to toxicity studies, the maximum tolerated dose exceeded 25 g kg−1 body weight per day
in mice, i.e., rapeseed peptides are non-toxic. Moreover, rapeseed peptides synergistically
increased the amplitude of captopril lowering blood pressure by 9% and increased the time
of antihypertensive activity in hypertensive rats by 20% [87]. Thus, rapeseed peptides can
be used in the development of an antihypertensive agent that helps lower blood pressure.

Table 3 presents the main pharmacological properties and therapeutic value of rape-
seed obtained from various studies. The pharmacological activity of some individual
components characteristic of rapeseed has been studied by Hussain et al., Akbari et al.,
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Batool et al. and Ferrero et al. Rapeseed has been studied as a source of biologically active
substances that contribute to the prevention and treatment of various types of diseases.

Table 3. Overview of pharmacological properties of rapeseed (Brassica napus L.).

Pharmacological Properties Therapeutic Activity of Rapeseed Concentration Reference

Antidiabetic properties The peptides present in rapeseed affect high
levels of insulin secretion 680 µg/mL [84]

Hypoglycemic action An extract derived from rapeseed significantly
reduces serum triglyceride levels 3 g/kg [92]

Atherosclerosis
Rapeseed oil prevents atherosclerosis by

lowering plasma triglyceride and cholesterol
levels

20% [103]

Antioxidant activity The methanol extract of rapeseed has an
antioxidant effect 1000 µL [105]

Antiviral activity An aqueous extract of rapeseed shows antiviral
activity against the A/H1N1 influenza virus 0.5 mg/mL [110]

Hepatitis C virus
The extract of transgenic core protein of hepatitis
C virus obtained from rapeseed shows activity

against hepatitis C virus
0.05% [112]

Antibacterial properties
The alcohol extract of rapeseed has an

antibacterial effect on some types of pathogenic
bacteria

75 µL [113]

Anticancer properties
Rapeseed root extract shows an anticancer effect
by inhibiting the proliferation of human cancer

cells Hep G2
3.75–10 mg/mL [125]

Hypertension Rapeseed-derived peptides shows
antihypertensive effects 1.27 mg mL−1 [87]

Generally, rapeseed has pharmacological properties that contribute to the treatment
of various forms of diseases such as diabetes, obesity, viral infections, bacterial diseases,
atherosclerosis, cancer and hypertension. Phytochemical compounds present in rapeseed
inhibit and reduce the proliferation of cancer cells, stimulate the immune system and have
an antioxidant effect.

5. Conclusions and Future Perspectives

Rapeseed is a widespread oilseed crop that is used in food, agriculture, medicine and
cosmetic industry. Extracts obtained from rapeseed contain a wide range of biologically
active substances that can be used in the treatment of different types of diseases. The most
commonly used extraction methods for obtaining extracts from Brassica napus L. seeds are
supercritical and subcritical extraction processes. These extracts are characterized by a low
level of saturated fatty acids and a significant amount of monounsaturated fatty acids and
polyunsaturated fatty acids, which have a cardioprotective effect on the body and help
to reduce blood cholesterol levels. Extracts also contain large amounts of phytosterols,
carotenoids, tocopherols and flavonoids. These substances have a positive effect on the
cardiovascular and nervous systems, prevent the formation of blood clots and effectively
fight infectious diseases. Rapeseed is widely studied for medicinal purposes as an anti-
inflammatory, antiviral, antidiabetic, anticancer and antioxidant agent. The data in this
review illustrate the prospects of using rapeseed to obtain extracts with a wide range of
biologically active substances and in the treatment of various types of diseases.
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Extraction of Oil from Rapeseed Using Response Surface Methodology. Food Technol. Biotechnol. 2012, 50, 208–215. Available
online: https://hrcak.srce.hr/83934 (accessed on 18 August 2022).

32. Uquiche, E.; Romero, V.; Ortíz, J.; Del Valle, J.M. Extraction of oil and minor lipids from cold-press rapeseed cake with Supercritical
CO2. Braz. J. Chem. Eng. 2012, 29, 585–598. [CrossRef]

33. Russin, T.A.; Boye, J.I.; Arcand, Y.; Rajamohamed, S.H. Alternative techniques for defatting soy: A practical review. Food Bioprocess.
Technol. 2011, 4, 200–223. [CrossRef]

34. Guo, T.; Wan, C.; Huang, F. Extraction of rapeseed cake oil using subcritical R134a/butane: Process optimization and quality
evaluation. Food Sci. Nutr. 2019, 7, 3570–3580. [CrossRef]

35. Campbell, K.A.; Glatz, C.E.; Johnson, L.A.; Jung, S.; de Moura, J.M.N.; Kapchie, V.; Murphy, P. Advances in aqueous extraction
processing of soybeans. J. Am. Oil Chem. Soc. 2011, 88, 449–465. [CrossRef]
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