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Abstract
This study aimed to investigate the effects of dielectric-barrier discharge (DBD)
cold plasma (CP) pretreatment on Camelina sativa “Soheil cultivar” seed. A
DBD plasma reactor system was employed for this purpose. The experiments
were performed by taking into account variables including voltages of 15, 18,
and 21 kV and times of 2, 4, 8, and 16 min. The measured properties were oil
yield extraction (%), oil colour parameters (CIEL*a*b*), protein content (meal)
(%), surface analysis using Scanning Electron Microscopy (SEM), and fatty acids
profile of Camelina sativa. The results revealed that the CP treatment had a sig-
nificant improvement in different properties of the extracted oil. It was observed
that the extracted oil was increased, with the increasing time of CP exposure.
The treatments of CP enhanced the oil yield from 24.3 to 31.5%, and the opti-
mal conditions were identified as 21 kV and 16 min. Also, the maximum protein
amount was observed for the samples treated by CP (39.5%). The SEM analysis
showed that the cell structures of pre-treated Camelina samples were damaged,
thereby improved the oil extraction efficiency. The variations in the values of L*,
a*, and b* (max-min) were calculated to be 3.9,−2.5, and 9.7, respectively, which
indicated minor changes of CP treatment on the oil colour parameters. The
treated samples showed considerable changes of enhancement in linolenic and
linoleic acids among poly-unsaturated fatty acids; and a reduction in palmitic
acid content, among saturated fatty acids.
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1 INTRODUCTION

Oils are important as a major source of human nutrition, and to a lesser extent for industrial feedstocks. They play a crucial
role in supplying the required energy, necessary fatty acids, and fat-soluble vitamins for the body. For these reasons, this
topic was the core of many research works.[1,2]

Camelina (Camelina sativa L. Soheil), known as false flax or gold-of-pleasure, is an oilseed crop, and due to its
great potential in food and industrial applications, it is being widely adopted and cultivated in many regions of the
world. Furthermore, it has eligible progress on the public health of the world's population, particularly in industrialized
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countries.[3,4] Camelina seed oil characteristics are substantial for marketing and procuring the crop in competition with
other oilseeds. Different research works had revealed that the Camelina oil may be used as biodiesel, bio-jet fuel, hydraulic
oil, and lubricants.[5,6] For the first time, “Soheil cultivar” has been produced and introduced through anther culture of
F1 eventuated in the crossing between Blaine Greek and Calena cultivars.[7]

Various innovative technologies have been surveyed to improve food quantity and quality in recent years.[8] These
research studies include thermal and nonthermal technologies and enzyme-assisted methods, either prior or after the
common oil extraction procedures.[9–14] The application of thermal technologies leads to unpleasant effects in different
processes, such as a change in colour and texture and loss of nutrients, which motivate researchers to explore nonthermal
technologies as an alternative and possible choices.[15] In the last two decades, not only nonthermal technologies have
been safeguarded products as well as improving life span demands, but they also minimized the detrimental effects on
nutritional and quality characteristics.[16] Moreover, in recent years, some researchers have investigated the possibility
of using novel alternative nonthermal technologies to improve oil quality and quantity.[17–19] Cold plasma, as a novel
nonthermal technology, is considered as a beneficial method among research studies in the food processing science.[20]

Plasma generates excited atoms, molecules, electrons, positive and negative ions, free radicals, and quanta of electro-
magnetic radiation which shows unique effects on the different range of applications and almost all major industries,
including food science.[21,22] Only a few attempts were explored in oilseed extraction using the non-thermal plasma up to
date, compared to other technologies including pulsed electric field, ultrasonic, and microwave.[17,23]

This study focuses on the effectiveness of dielectric-barrier discharge (DBD) cold plasma (CP) pretreatment on both
quantitative and qualitative properties of extracted oil from Camelina sativa seed. Also, the effects of time and applied
voltage values, on the extracted oil properties were taken into account. To the best of our knowledge, so far, no scientific
report has been published on the DBD plasma effects on different properties of oilseeds including oil yield, especially
Camelina sativa. Additionally, the impact of DBD plasma pretreatments on the microstructure properties of Camelina
was also carried out.

2 MATERIALS AND METHODS

2.1 Materials and chemicals

Camelina variety of “cv. Soheil” ripe seeds were provided from a farm located in Kordan, Alborz province, Iran. After
drying the stems, its seeds were separated and kept in at room temperature (20–25◦C). Analytical grade n-hexane, Boron
trifluoride, Sodium chloride, and Methanol were used as a solvent for oil extraction and gas chromatography (GC)
analysis.

2.2 Dielectric-barrier discharge cold plasma equipment

Figure 1, shows the illustration of the experimental chamber (Enhance tech 15I, Kavoshyaran Co. Ltd).[24] The plasma
reactor used in this experiment was 70(w)× 45(d)× 60(h) cm, which had dual power supply voltage source (power1:
0–25 kV, 50 Hz, and power 2: 0–10 kV, 6 kHz). The setup had two parallel electrodes with the diameter of (chamber
size) 22 cm. The distance between the electrodes was adjustable (0.5–2.5 cm) and was kept 0.5 cm in all the experiments.
The lower electrode was stainless steel in direct connection with quartz to generate homogenous plasma at the various
discharge gap. A 6 kHz and 10 kV high voltage power supply was applied to the top electrode and the lower electrode
was linked to a 50 Hz and variable voltage up to approximately 25 kV. The seed samples were placed inside the glass bowl
(quartz) with a thickness of 5 mm, which was considered as the dielectric barrier. In each treatment, seeds were placed
into the bowl in one layer to expose all seeds to plasma. Also, seeds were mixing two times for each treatment manually.
Air was considered as an input gas and the processing time was adjustable.

2.3 Dielectric-barrier discharge cold plasma treatment process

The experiments were conducted at different levels of operating conditions on Camelina sativa seeds. The variables were
treatment time (four levels of 2, 4, 8, and 16 min) and applied voltage (three levels of 15, 18, and 21 kV). Each treatment
was repeated three times In the case of fatty acid composition analysis, three replicates of the oil samples were pooled. In
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F I G U R E 1 The experimental
setup (dielectric-barrier discharge
[DBD] configuration)

each experiment, about 100 g of Camelina seeds were cleaned, homogenized, prepared, and treated by cold plasma. Also,
for calculating the initial moisture content,10 g of seed samples were placed in an oven at 50◦C for 24 hr. The moisture
content was calculated using dry weight, and it was 1.3% at the start of the experiments.

2.4 Oil extraction process and determination of the oil content

After treating samples with CP, they grinded and covered with a filter paper. Then, they placed in the Soxhlet extraction
system by adding n-hexane with a ratio of 1:6 in a conical flask of 450 mL. After the oil extraction (approximately 3 hr),
the solvent was separated from the oil with a rotary evaporator (Lab Plant, LABOROTA 4000, Huddersfield, England).
Then, the achieved oil was filtered through Whatman No.1 filter paper. In the next step of the experiments, filter papers
containing Camelina oil cake (meal) were kept at ambient temperature for 24 hr, so, the solvent would evaporate. The
yield of Camelina oil was calculated using the following formula[25]:

Yield(%) =
(

m1 − m2

m1

)
× 100, (1)

where m1 is the weight of oilseeds and filter paper before extraction, m2 the weight of the dry cake and filter paper. Oil
yield was determined for three replicates.

2.5 Measurement of the oil cake (meal) protein

Oilseed protein plays a dominant role in human dietary protein needs.[26] The nitrogen content in Camelina oil cakes was
measured in three steps of digestion, distillation, and finally transferring to the device (Foss, Kjeltec™ 8400, Denmark),
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F I G U R E 2 (a) The schematic
diagram of image acquisition setup;
(b) Inside view of the setup (oil
samples)

according to the AOAC990-03[27] methodology. Finally, the value of nitrogen was determined and the amount of protein
was calculated with the use of the nitrogen-to-protein conversion factor of 6.25.[12,28]

2.6 Determination of fatty acid composition by using GC

Determination of the fatty acid composition of Camelina oil performed using Metcalfe et al.[29] method as follows: 50 mg
of the extracted oil, 5 mL of NaOH solution (2%), and 5 mL of methanol added to the test tube. This solution transferred
to a water bath at 100◦C for 10 min. Then, it cooled down to the room temperature and 2.175 mL of BF3 (20%) added to
the solution and then placed in the water bath at 100◦C for another 3 min. After this step, 1 mL of n-hexane and NaCl
was added to the solution, and the solution was shaken to ensure uniformity. Finally, the oil samples were injected into
the GC device (UNICAM, 4600, USA) to determine the fatty acid composition [30].

2.7 Measurement of oil colour parameters

With regards to measuring the oil colour parameters, the images of different Camelina oil samples were taken by using
an image acquisition setup, which consisted of a camera (Canon EOS M, 18 MP, CMOS, Japan) and a cylindrical box
containing five LEDs at the bottom. There was a special entrance door for placing samples at the bottom of the device
(Figure 2). For the processing of the images, a computer program was developed with the MATLAB R2017a software. The
image processing stage consisted of two main steps: (a) cutting the images from the background and (b) converting the
calculated RGB colour space to CIEL*a*b* space. CIEL* is the luminance or lightness component, which ranges from 0
to 100, and parameters CIEa* (redness) and CIEb* (yellowness) range from −120 to 120.[31–33]

2.8 Analysis of scanning electron microscopy

For further investigation of the effects of cold plasma phenomena on samples, the treated and reference Camelina seeds
were investigated with Scanning Electron Microscopy (SEM—model S-360, Oxford, UK). The samples were fixed on the
silicon wafer and coated with a thin layer of gold–palladium (5–10 nm) to avoid charging by the electron. Then, the seed
surface was observed at an accelerating voltage of 15 kV and a magnification factor of ×500 and ×1,000. The process of
conducting the experiments is briefly summarized in Figure 3.

2.9 Statistical analysis

The yield, colour parameters, and meal protein content of the seed oil are presented as the mean values ± SD of three
replicates. The analysis was performed using the SPSS statistical software package (IBM statistical analysis Version 22),
and the main and interaction effects of variables levels were performed by Duncan's test with the significance level set at
p ≤ .05.
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F I G U R E 3 The process of
conducting the experiments

T A B L E 1 Effect of treatment times and applied voltages on various properties of CP-treated Camelina seeds

Voltage (kV) Exposure time (min) Oil yield (%) Protein content (%) L* a* b*

Control 24.5 ± 0.1f 36.4 ± 0.1g 58.5 ± 0.6b −2.2 ± 0.2g 58.4 ± 0.4a

15 2 25.3 ± 0.4ef 37.0 ± 0.2fg 56.7 ± 1e−2 de −2.3 ± 1e−2h 51.2 ± 0.1i

4 30.3 ± 0.2b 39.3 ± 0.2b 57.7 ± 1e−2 c −0.2 ± 3e−2 b 58.2 ± 1e−2 a

8 30.1 ± 0.03bc 39.8 ± 1e−2 ab 56.5 ± 0.6e −2.5 ± 0.1i 54.1 ± 0.2f

16 28.6 ± 0.3d 37.5 ± 0.2ef 56.8 ± 1e−2 de −1.9 ± 3e−2 f 49.4 ± 1e−2 j

18 2 25.6 ± 0.4d 37.4 ± 0.2ef 54.8 ± 2e−2 g −0.5 ± 1e−2 a 56.0 ± 1e−2 d

4 28.7 ± 1.0d 37.9 ± 0.7de 55.6 ± 1e−2 f −0.6 ± 1e−2 c 55.5 ± 1e−2 e

8 29.2 ± 1.2cd 38.4 ± 0.1cd 57.4 ± 1e−2 cd −1.9 ± 3e−2 f 53.5 ± 3e−2 g

16 31.5 ± 0.1a 39.8 ± 0.3ab 55.3 ± 0.1fg −0.9 ± 0.1d 55.2 ± 0.1e

21 2 25.4 ± 0.2cd 37.4 ± 0.3ef 57.6 ± 0.5c −2.0 ± 4e−2 f 57.4 ± 0.2c

4 29.5 ± 0.8cd 40.0 ± 0.2a 58.7 ± 2e−2 ab −2.7 ± 3e−2 j 48.7 ± 0.1k

8 29.2 ± 0.9cd 38.6 ± 0.2c 57.6 ± 0.1c −1.8 ± 0.1e 57.8 ± 0.6b

16 30.1 ± 0.2bc 39.4 ± 0.2ab 59.2 ± 1e−2a −2.4 ± 4e−2h 53.0 ± 0.1h

Note: Each value represents mean± SD. For each parameter, values followed by diverse symbols (a, b, etc.) are significantly different according to
Duncan test (p ≤ .05).

3 RESULTS AND DISCUSSION

3.1 The efficiency of extracted oil after CP treatments

The values for oil extraction yield resulting from the variations in experimental conditions are presented in Table 1.
According to this table, the application of CP treatment led to an increase in the efficiency of the oil extraction process.
The lowest yield was 24.5%, which was achieved from the control sample, while the greatest yield was 31.5% and was
observed in the sample treated by CP for 16 min and applied voltage of 18 kV. Among CP-treated samples, the lowest oil
yield was obtained in 2 min exposure time, which was almost 25%; and the highest value was obtained in 16 min exposure
time which for 15, 18, and 23 kV was 28.6, 31.5, and 30.1% respectively. Thus, it can be concluded that in the enhancement
of Camelina oil yield, treatment time was a more influential factor than the applied voltage.

Since little or no similar work has been conducted, the results of this study are compared only with other studies
using either thermal or nonthermal technologies than DBD plasma. Besides, the obtained data seem to be comparable
to oil extraction yields reported for other oilseeds and plant oils. The extraction yield of some products are as follows:
PEF-treated Olive oil (4.8–14.1%)[34]; Ultrasonic-treated Rice Bran oil (enhanced by 10.8%)[35]; PEF-treated Corn, Olive
(increased up to 6.5–7.4%), and Soybean seeds[36]; PEF-treated Rapeseed (from 23 to 32% for the peeled seeds and from 43
to 45% for the unpeeled seeds[37]; and Microwave-treated Pomegranate seed oil.[38] Increasing oil yield in the mentioned
technologies is plausible because of higher and intense treatment and time ranges used that may further damage the cell
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wall; therefore, the extraction oil will be more [39]. One of the advantages of CP pretreatment is that it could apply at
room temperature (non-thermal), while the samples treated with Microwave need to be cooled down after treatment.[40]

In addition, a shorter time period resulted in more extraction yield considering CP pretreatment compared to Ultrasonic
pretreatment. Finally, Cheng et al.[9] suggested an enzyme-assisted aqueous extraction method with a higher oil yield
over 80% in which the facility costs due to extraction and demulsification units are high.

3.2 Effect of CP treatments on protein content

The protein content and oil extraction yield were revealed to be closely related, both depending on the level of disruption
of the cell wall. According to Table 1, although the influence of CP treatment on the amount of protein content of the
samples was statistically significant (p≤ .05), there was not a remarkable trend among CP-treated samples. Comparing the
mean values of protein content data (Table 1) indicated that the maximum protein levels with the value of approximately
39.5% were related to almost all of the samples treated by CP except for 2 min exposure time considering all voltage values.
The lowest protein content (36.4%) was obtained from the control sample in which its oil yield also was the lowest among
all samples (24.5%). It can be concluded that the more oil is extracted, the higher the protein content is obtained from seed
residuals. Some researchers reported an enhance in the proportion of extracted protein while applying the Microwave
and PEF methods, which was a result of an increase in the oil extraction yield.[12,41,42]

3.3 Determination of colour parameters of Camelina oil

One crucial step in quality assessment of cold plasma-treated products is the evaluation of physical appearance includ-
ing colour.[43] The results of colour changes of extracted oil samples from CP-treated Camelina seeds are presented and
discussed for each colour parameters L*, a*, and b* separately. As Table 1 shows, the CIEL*a*b* values were varied respec-
tively in the ranges of 59.2–55.3 (max-min is 3.9), −0.2 to −2.7 (max-min is −2.5) and 58.4 to 48.7 (max-min is 9.7).
According to the L*, a*, and b* variations, it can be observed that although the colour parameters were statistically sig-
nificant by 95%, the CP pretreatments had only minor effects on the colour of oil samples and small variations observed
in the colour parameters for all levels of times and voltages. As a result, CP pretreatment has no adverse effects on the
appearance of oil in the case of Camelina sativa. It should be noted that the images from oil samples were taken after
about 1 month from the date of the oil extraction process.

The interactions with some food components are possible since this technology uses the charged particles and there
might be some chemical reaction. The chemical species from plasma are promoting the disintegration of cell membranes
with possible oxidation of cellular components. These interactions will occur only on the surface.[44,45] Therefore, as the
plasma was applied only on the Camelina seed surface, no noticeable change was expected in oil colour after the extraction
process. The results presented herein are in agreement with previous reports where variations in the parameters of L*,
a*, and b* revealed no damaging change due to the plasma treatment in samples of strawberries, carrot, cherry tomatoes,
and siriguela Juice.[43,46–48]

3.4 Analysis of microscopic changes of seeds surfaces

The results of microscopic changes in seeds surfaces are presented in Figure 4. According to this figure, different micro-
scopic changes on the Camelina seed surface were observed after CP treatment. In the untreated samples, the intact
structural surface was observed (Figure 4a,b). In treated samples, partial external structures disappeared and became dis-
organized (Figure 4c,d). Generally, the reason for such a phenomenon is that CP pretreatment leads to a disintegration of
seed cells and consequently better oil extraction. The morphological analysis by SEM confirmed that the DBD treatment
was able to effectively destroy the cell structures of Camelina seeds and resulted in the release of oil. SEM micrographs of
Camelina control sample (Figure 4a) and CP-treated sample (Figure 4c), were shown a notable surface difference. Simi-
lar to this study, Billah et al.,49 observed that the black gram seed surface becomes smooth and thin gradually with DBD
air plasma treatment.[49]

There are some research data in the literature about the effects of different thermal and nonthermal technologies on
plant cells and tissues. The cellular structures of the dielectric-treated rapeseed were damaged severely, while the cellular
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F I G U R E 4 Scanning Electron Micrographs of Camelina seed. (a) Control (magnification: ×500), (b) control (×1,000), (c) CP treated
seed (21 kV, 16 min) (×500), (d) CPtreated seed (21 kV, 16 min) (×1,000)

walls of the reference sample were intact and the cells were linked closely.[10] Based on the results of the current research,
a similar pattern was observed for Camelina seed surface after CP pretreatment.

3.5 Determination of fatty acids profile

Gas chromatography was used to identify and measure the composition of the fatty acid profile of Camelina seed oil.
Table 2 shows Saturated Fatty Acids (SFAs) (%) of CP-treated and control samples of Camelina seed; and Table 3 shows
Mono-Unsaturated Fatty Acids (MUFA) and Poly-Unsaturated Fatty Acids (PUFAs) (%) of CP treated and control samples
of Camelina seed. As the main results (both Tables 2 and 3), among the PUFAs the minimum and maximum values are
as follows: Linolenic acid 25.9% (control), 29.6% (21 kV, 4 min), Linoleic acid 19.6% (control), and 22.1% (21 kV, 16 min);
among SFAs, Palmitic acid about 6.5% (CP treated), and 9.9% (control). As mentioned, extracted Camelina oil has a high
amount of Linolenic acid. It is one of the fatty acids, which is present in Camelina oil, and it constitutes about one-third of
the oil content. On the other hand, the high content of the linolenic acid (18:3), is essential in foods because of its benefits
for health requirements.[50] Also, Linoleic acid (C18:2) is widely known as a necessary fatty acid which reduces the blood
cholesterol, the risk of atherosclerosis, and other health issues; also a high content of linolenic acid makes the oil more
susceptible to oxidation.[51] In another research, Sesame seeds were exposed to Microwave for a duration ranging from 16
to 30 min at 2,450 MHz frequency.[52] The results of this research showed that the composition of free fatty acids, for the
microwave-treated samples, were slightly different from the untreated ones, which shows that nonthermal treatments
may cause changes in fatty acid compositions that are in line with the results of this research. The proposed mechanisms
can be described as follows: First, the bombardment of the surface by charged particles like electrons and ions can result
in physical change.[53] Second, the excited and reactive species in the plasma (OH, O, O*2, O3, and NO) can oxidize the
compounds of the outer surface and cause local damage of cells like fatty acids and proteins.[53,54] Furthermore, chemical
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T A B L E 2 Saturated fatty acids (SFA) (%) of CP-treated and control samples of Camelina seed

Voltage (kV) Exposure time (min) C14:0 C16:0 C18:0 C20:0 C21:0 C24:0

Control 2.8 9.9 3.1 0.7 1.8 0.0

15 2 1.7 6.8 2.5 0.8 2.0 0.1

4 0.9 6.5 2.4 0.8 2.0 0.2

8 0.7 6.6 2.3 0.9 1.9 0.2

16 0.5 6.5 2.5 0.8 2.0 0.1

18 2 1.4 6.5 2.6 0.8 1.9 0.1

4 1.3 6.6 2.5 0.7 1.9 0.1

8 0.4 6.6 2.5 0.8 1.9 0.2

16 0.4 6.5 2.7 0.8 2.1 0.1

21 2 0.1 6.8 2.5 0.9 2.1 0.2

4 0.1 6.6 2.3 0.8 1.9 0.2

8 0.1 6.7 2.4 0.9 1.9 0.1

16 0.6 6.4 2.6 0.8 2.0 0.2

Note: C14:0 (Myristic acid), C16:0 (Palmitic acid), C18:0 (Stearic acid), C20:0 (Arachidic acid), C21:0 (Heneicosanoic acid) and C24:0
(Lignoceric acid).

T A B L E 3 Mono-unsaturated fatty acids (MUFA) and poly-unsaturated fatty acids (PUFAs) (%) of CP-treated and
control samples of Camelina seed

Voltage (kV) Exposure time (min) C16:1 C18:1 (𝝎-9) C18:2 (𝝎-6) C18:3 C20:1 C20:2 C20:3 C22:1

Control 0.6 18.7 19.6 26.0 12.4 0.4 1.6 3.0

15 2 0.2 17.7 21.2 28.2 14.0 0.4 1.6 3.4

4 0.2 17.4 21.3 29.2 14.4 0.4 1.6 3.4

8 0.1 17.3 21.3 29.5 14.5 0.4 1.6 3.4

16 0.1 17.7 21.9 29.0 14.3 0.3 1.5 3.3

18 2 0.1 17.5 21.7 28.6 14.3 0.4 1.5 3.2

4 0.1 18.0 22.0 28.5 13.8 0.4 1.5 3.1

8 0.0 17.9 22.0 28.9 14.2 0.4 1.5 3.2

16 0.0 17.5 21.5 28.9 14.6 0.4 1.5 3.4

21 2 0.1 17.0 21.5 28.2 15.4 0.4 1.7 3.7

4 0.1 17.4 21.3 29.6 14.6 0.4 1.6 3.4

8 0.3 17.7 21.3 29.2 14.5 0.4 1.7 3.4

16 0.1 18.0 22.1 28.0 14.5 0.5 1.5 3.5

Note: C16:1 (palmitoleic acid), C18:1 (oleic acid), C20:1 (eicosenoic acid), C22:1 (erucic acid), C18:2 (linoleic acid), C18:3 (𝛼-linolenic acid),
C20:2 (eicosadienoic acid) and C20:3 (eicosatrienoic acid).

modification to food exposed to plasma including oxidation of sugars to organic acids, amino acid alterations, and loss of
structure in proteins, were also reported.[55]

The presence of Behenic (C22:0) and Nervonic (C24:1) acids have not been acknowledged in either control or
CP-treated samples which were previously reported by Raziei et al., although the stated values in that research were low
with values approximately 0.6 and 0.7%, respectively.[7]

Yepez and Keener (2016) reported Soybean oil which was directly exposed to high-voltage atmospheric cold plasma
and revealed a fall in polyunsaturated fatty acids were noted, without the formation of trans-fats. Specifically, 𝛼-linolenic
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acid and linoleic acid were reduced from 9.5 to 3.7% and from 48.2 to 36%, respectively.[56] In the case of Camelina oil,
Linolenic acid percentage increased from 25.9 to 29.6%. These results obtained by Yepez and Keener were in contrast
with the results of CP-treated Camelina, and it is probably because they applied HVACP on soybean oil but in the present
research, the CP was applied on Camelina seed rather than its oil.

4 CONCLUSION

Compared to other thermal and nonthermal technologies, DBD plasma pretreatment proved its oil extraction enhance-
ment of the Camelina seed oil. However, other technologies and methods were the subject of massive research in recent
years. There is scarce published research on the effects of Cold Plasma pretreatments on extracted seed oil properties to
date. There is a wide range of potentials of using nonthermal plasma which has been proved in enhancing different seed
properties like its germination and decontamination. The main objective of this research was to investigate the effects
of dielectric-barrier discharge (DBD) cold plasma (CP) pretreatment on Camelina sativa “Soheil cultivar” seed oil. The
results of this research indicated that the application of CP pretreatment led to an increase in the efficiency of the oil
extraction process and changed fatty acid compositions and protein content of the meal. Also, the results revealed that CP
pretreatment did not have any adverse effects on the colour parameters of the extracted oil. Based on the results obtained
from this study, applying CP pretreatment of Camelina seeds before oil extraction was effective in the improvement of
both the qualitative and quantitative properties of the extracted oil.
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