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Abstract  

Rapeseed oil is a unique vegetable oil that can be produced in the Swedish 

climate. It is a profitable crop for farmers and a sustainable choice for the 

consumer. The Scanian oil is not well characterized concerning the relation 

between lipid composition and sensory properties and this paper means to add 

knowledge in this area. Four different rapeseed oils from winter varieties, 

Glimmingehus Gård, Ingelstad Gård, Farmors lycka and ZETA respectively 

which obtained by cold pressing were selected for this study. Three samples 

originated from known Scanian producers and the fourth was included as a 

commercial reference/control sample. The study is designed in order to explore 

the physicochemical and sensory properties of Scanian rapeseed oils. The lipid 

composition was studied by LC-MS. In total, 95 volatile lipid compounds were 

identified. The total triglycerides and phospholipids contents of all four samples 

were determined and among them, Farmors Lycka oil and Glimmingehus Gård oil 

showed a significant increase in the amount of total phospholipids, while the total 

triglycerides were almost the same in all samples. The descriptive sensory 

analysis revealed significant differences regarding a horseradish-like flavour and 

odour between the mentioned two oil samples compared with a control sample 

(ZETA oil). A clear correlation was noticed between the higher amounts of total 

phospholipids and the horseradish attribute, which may indicate a role of 

phospholipids in flavour and odour of the oil products.  
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Abbreviations 

ALA Alpha-Linolenic Acid 

DHA Docosahexaenoic Acid 

EPA Eicosapentaenoic Acid 

FA Fatty Acid 

FFA Free Fatty Acid 

GC Gas Chromatography 

HDL High Density Lipoprotein (so-called 'good' cholesterol)  

LC-MS  Liquid Chromatography–Mass Spectrometry  

LDL Low Density Lipoprotein (so-called 'bad' cholesterol) 

PL Phospholipids 

PC                 Phosphatidylcholine 

PE                 Phosphatidylethanolamine 

LPC             Lysophostidylcholine 

Cer                 Ceramide 

TG    Triglyceride 

QDA Quantitative Descriptive Analysis 

QTOF Quadrupole time-of-flight  
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Introduction 

Health effects and sustainability of rapeseed oil 

In recent decades, rapeseed has become a valuable crop for farmers, as it can 

provide a good income and goes well in a rotation with wheat, which is often the 

most profitable cereal crop (King, 2018). As one of the main vegetable oils in the 

world, rapeseed oil has been accepted for its high nutritional value and 

characteristic flavour and is one of the most consumed vegetable oils (Zhang, et 

al., 2021). Rapeseed oil is well-known as one of the most valuable edible oils, 

mainly due to the high content (approx. 90%) of 18-carbon unsaturated fatty 

acids. Its high unsaturated fatty acids and relatively low saturated fatty acid 

contents is associated with ranges of health benefits: decrease of LDL 

cholesterols, increase of HDL cholesterols, prevention of cardiovascular diseases, 

heart disease, and cancer (Lee, et al., 2021). Rapeseed oil is produced from 

rapeseed varieties with a low level of Erucic acid, (connected to several health 

problems such as accumulation of triglycerides in the heart; increased risk of lung 

cancer; and anaemia), and is characterized by the presence of fatty acids that are 

desirable in human and animal diets (Sagan, et al., 2019). Rapeseed oil also 

contains lipid soluble vitamins, carotenoids, phytosterols, and a number of 

phenolic compounds, which if unaltered by the processing, can act as antioxidants 

(Bellostas, et al., 2007). The main components in rapeseed oil, as in all vegetable 

oils, are carbon, oxygen and hydrogen. Through various combinations, these 

atoms form different variants of triglycerides (TAGs) which represent 96 - 98% of 

the oil composition. TAGs are composed of three fatty acids (FAs) esterified to a 

glycerol molecule (Mårtensson, 2020). FAs such as Omega-3 (n-3) and Omega-6 

(n-6) positively affect the heart health. However, humans lack an enzyme, called 

desaturase, which is essential for the synthesize of these FAs and thus they must 

be consumed in the diet in order to be present in the body (Kaur, et al 2014). n-3 

FAs are also essential for development of the eyes and brain of a fetus. A 

deficiency of n-3 FAs may lead to cognitive dysfunction and poor mental health. 

Also, Alpha-linolenic acid (ALA, 18:3 n-3) is a shorter chain n-3 fatty acid and an 

essential FA found in plants sources, including flaxseed, walnuts, canola oil, and 
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soybeans. While ALA may be converted to docosahexaenoic acid (DHA, 22:6 n-

3) and eicosapentaenoic acid (EPA, 20:5 n-3); however, this conversion is 

relatively low in humans (Hanebutt, et al., 2008). Therefore, it is best to consume 

these metabolites in the diet. There are many health benefits with n-3 FA 

consumption, particularly EPA and DHA. The most extensively researched 

benefit is the reduced risk of cardiovascular disease. EPA and DHA have been 

shown to reduce low density lipoproteins (LDL: known as bad cholesterol) 

(Sedoski, 2011).  

Rapeseed oil has been known for its essential lipid profile known to reduce 

cholesterol and improve heart health, joint mobility and brain function (Gandhi, 

2021). It is high in mono-unsaturated fats and rich in vitamin E. Moreover, cold 

pressed rapeseed oil is one of the few unblended oils that can be heated to a high 

frying temperature without its antioxidants, character, colour and flavour spoiling 

(Gandhi, 2021). 

The world’s major producers of rapeseed oil are Canada, the European Union, 

China and India with 19, 16.83, 13.1 and 7.7 million metric tons of rapeseed oil in 

2019–2020, respectively (Shahbandeh, 2021). Rapeseed oil contributes as the 

second largest part of the global oilseed industry after soybean and third largest in 

the global vegetable oil production after palm oil and soybean oil (Wanasundara 

et al., 2017). Rapeseed oil originates from rapeseeds (Brassica napus subsp. 

napus) and rapeseeds can germinate at low temperatures, making it also accessible 

in the northern parts of the globe (Mårtensson, 2020).  

In Sweden, especially in southern Sweden (Scania), farmers grow large quantities 

of rapeseed locally, which is converted to rapeseed oil and can be exported to 

other regions. Thus, in the case of rapeseed, the settlement city can be considered 

self-sufficient (Stenmark, 2015).  

The production of rapeseed has a relatively low risk for sustainability issues such 

as deforestation (Bajželj, et al., 2021). However, there are some other important 

risks, namely:  
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● Traceability in a commodity-based supply chain 

● Transparency on field-level practices 

● Biodiversity  

At most points of the origin, sustainability concerns related to rapeseed production 

are mitigated to some extent by good agricultural practices. They are supported by 

strong legal frameworks and environmental incentive schemes. However, 

transparency and reliable data is currently still a challenge (AAK, 2021). 

Greenhouse gas emissions and environmental pollution related to livestock 

production in developed countries have led to a reduction in the consumption of 

animal products and their replacement with plant products that are compatible 

with sustainable feed (Bajželj, et al., 2021). It has been reported that rapeseed oil 

compares more favorably to sunflower oils in terms of greenhouse gas emissions 

and water consumption (Monsanto International Sàrl, 2018). At the global level, 

45% of dietary fats are of animal origin. The main sources of vegetable fats 

include palms, soybean, rapeseed, sunflower, sesame, and olive which have their 

own challenges; some have more like; deforestation to produce palm oil, whereas 

some are less such as limitations on rapeseed rotation due to susceptibility to pests 

and diseases. This issue increases the use of fertilizer and pesticides to obtain a 

high seed yield. (Bajželj, et al., 2021). 

Interestingly, after palm oil, rapeseed oil is the most sustainable oilseed crop with 

a fully certified supply chain of 0.8 yield per hectare and with the proper life cycle 

assessment (LCA), which has known as a method used to evaluate environmental 

impacts associated with the various stages of a product, ranging from the 

extraction of raw materials, going through the processing and distribution phases 

to end with the final product (Lewis, 2019). Rapeseed produces one of the most 

popular vegetable oils. If it is grown as a monoculture over the farmland, it can 

negatively affect the environment and people’s health by using more fertilizer 

(King, 2018). This crop needs high fertilizer and pesticide inputs compared with 

other crops. Due to its effects on soil, it should only be grown every 5–7 years in 
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rotation. These limitations related to rotation, can limit total production in 

sustainable food systems (Bajželj, et al., 2021). A significant increase in 

sustainable production would require the development of new, agroecologically 

suitable cultivars. Furthermore, by using mixed cropping systems, rapeseed can be 

one of the most profitable crops. This cropping system can decrease nutrient 

leaching, pathogen and weed infestation, and thus the need for agrochemicals. On 

the other hand, it can increase the availability of nitrogen among other nutrients, 

and yield stability (Lizarazo, et al., 2020). This crop is also extremely vulnerable 

to a large number of pests and diseases which are generally treated with a range of 

fungicides and insecticides (King, 2018). 

Organic or locally produced rapeseed oil, which has been produced through a cold 

pressed treatment remains a sustainable choice compared to many other cooking 

oils (Molly, 2020). Generally, the cold pressed treatment is less energy intensive.  

Quality of Rapeseed oil 

The range of rapeseed oils available on the market has increased significantly over 

the recent years and all marketed products should meet the highest quality and 

nutritional standards as consumers have become more interested in health issues, 

taste and quality of oil components (Bojanowska and Lamorska 2016). Therefore, 

identification and evaluation of rapeseed oil quality is one of the requirements in 

the food industry and market. This demand could be satisfied by improved 

agronomic developments, better processing methods, use of transgenic rapeseed 

oil and improvements in the varieties available (Abbadi & Leckband 2011). 

Genetic factors, environmental conditions during the growth of the crop, storage 

conditions, the conditions during the production process as well as the packaging 

can directly influence the quality of the oil obtained from rapeseed (Bellostas, et 

al., 2007; Wroniak, 2015).   

Processing plays an important role in the final quality of the oil. Thus, controlling 

the processing conditions especially temperature, moisture and time of processing 

is critical to be ensured that the quality of the oil is preserved throughout the 
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process. The main methods used for the extraction of rapeseed oil include hot 

pressing, solvent extraction, and cold pressing. High temperatures result in 

increasing oil yield. However, excessive heat treatment may induce oxidation 

processes which results in the formation of dark colored compounds that are 

released into the oil and decrease oil quality. In contrast to processing techniques 

based upon exhaustive heating, “cold” processing technique that include 

optimized enzyme inactivation allows to obtain high quality oil rich in 

antioxidants and free from undesirable flavours, odours and color, at the same 

time as preserving the quality of the seed oil. The high-quality oil obtained with 

cold pressing can be compensated for reduced oil yields. (Bellostas, et al., 2007 & 

Östbring, et al., 2020). 

The main factors that limit the shelf-life of rapeseed oils for human consumption 

are their acid- and peroxide values which are indicators of hydrolytic- and 

oxidative changes. The chemical composition of lipids is a key determinant of 

oxidative changes in natural, unrefined oils and their susceptibility to 

environmental factors. Acid value indicates the number of free fatty acids in a 

lipid and the peroxide value describes the number of primary oxidation products 

(Bojanowska & Lamorska 2016). 

However, besides significant contents of unsaturated fatty acids, rapeseed oil also 

contains tocopherols, sterols, and polyphenols, which help to improve the 

nutritional value and oxidative stability (Zhang, et al., 2021). 

Physicochemical properties  

The chemical composition and especially the structure and shape 

(stereochemistry) of the individual components of rapeseed set the potential and 

limitations for food (Bellostas, et al., 2007). In this aspect, low molecular weight 

compounds presented in rapeseed, such as antioxidants and phenolic compounds, 

are the main factors affecting the quality of the end-products of rapeseed. These 

low molecular weight compounds can thus limit the applicability of rapeseed 

products in human diets. (Bellostas, et al., 2007).  
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The oil from rapeseed varieties is generally of high quality, with the rich fatty 

acids profile, including phospho- and glycolipids. The fatty acids composition of 

rapeseed oil is determined by genetic factors and thus depends upon cultivar type. 

Moreover, free fatty acids profile is also affected by climatic conditions; hot and 

dry climatic conditions caused to increase the level of free fatty acids (Bellostas, 

et al., 2007). 

In rapeseed oil, the fatty acid molecules mainly consist of chains with 18 to 22 

carbon atoms. All fatty acids present in the rapeseed oil are given in Table 1. The 

number behind the fatty acid represents the number of carbons in the hydrocarbon 

chain and the second number represents the amount of double bonds in the fatty 

acid (Mårtensson, 2020). 

Table 1. Composition of fatty acids in cold pressed rapeseed oil (Mårtensson, 

2020). 

*wt% represents percentage by weight. 

Rapeseed oil is composed of high monounsaturated fatty acids with 59–61% oleic 

acid (C18:1) and also, contains polyunsaturated fatty acids with 18–21% linoleic 

acid (C18:2), known as omega-6 fatty (n-6) acids, as well as 8–11% of α-

Linolenic acid (C18:3), known as omega-3 (n-3) fatty acids. 

A healthy diet containing vegetable oils such as rapeseed oil, which contains 

different types of lipids in the oil, can affect lipid metabolism. Lipids are 

important fats that serve different roles in the human body. The three main types 

of lipids are triacylglycerols (also known as triglycerides), phospholipids, and 

sterols (Callahan, 2021). 

Fatty acid content Molecular Formula C  

(wt%)* 
H  

(wt%)* 
O 

 (wt%)* 

Stearic (18:0) C18H36O2 5.4 0.9 

Oleic (18:1) C18H34O2 46.9 7.4 7.0 

Linolenic (18:3) C18H30O2 7.0 0.9 1.0 

Gadoleic (20:1) C20H30O2 1.2 0.1 0.2 

Erucic (22:1) C22H32O2 0.5 0.1 0.1 
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- Triglycerides make up more than 95 percent of lipids in the diet which can be in 

the form of fat and oil in diet. This type of lipid can be saturated or unsaturated, 

which is part of what makes them solid or liquid. Fats are lipids that are solid at 

room temperature, whereas oils are liquid. 

- Phospholipids make up only about 2 percent of dietary lipids. They are water-

soluble and are found in both plants and animals. Phospholipids are crucial for 

building the protective barrier, or membrane, around body’s cells. In fact, 

phospholipids are synthesized in the body to form cell and organelle membranes. 

In blood and body fluids, phospholipids form structures in which fat is enclosed 

and transported throughout the bloodstream. 

- Sterols are the least common type of lipid. Cholesterol is perhaps the best well-

known sterol. Though cholesterol has a disreputable character, the body gets only 

a small amount of its cholesterol through food and the body produces most of it. 

Cholesterol is an important component of the cell membrane and is required to 

synthesize sex hormones, vitamin D, and bile salts. (Callahan, 2021). 

Sensory assessment 

The most important parameter for the assessment of edible oils is the sensory 

evaluation (Matthäus and Brühl 2008). Sensory analysis is an objective evaluation 

of organoleptic attributes of a product and interprets those responses to products 

that are perceived by the senses of sight, smell, touch and taste and flavour 

(Baron, 2021). Taste refers to the senses inside our mouth including our tongue 

where the basic tastes are perceived while flavour is when taste and aroma 

converge. Cold pressing is an oil extraction method without chemical or thermal 

treatments, leading to oils with an astringent, slightly nutty, and seed-like flavour 

and since no additional treatment except for filtration, it has mild, fresh taste and 

cabbage-like flavour (Matthäus and Brühl 2008). During the past decade, more 

and more attention has been paid to the flavour of rapeseed oil, odorants in 

particular. More than 300 volatile compounds in rapeseed oil have been reported 

so far (Zhang, et al., 2021). However, only a part of these compounds is aroma-
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active and can contribute to the overall aroma of rapeseed oil (Zhang, et al., 

2021). 

Sensory evaluation can be defined as techniques used to accurately measure 

human responses to foods (Walsh, 2007). It is important to minimize potential 

biases of brand identity and other information influencing consumer perception. 

Sight, smell, taste, touch, and hearing – sensory evaluation can be considered a 

quantitative science in which numerical data is collected to establish specific 

relationships between product characteristics and human perception. Sensory test 

results can help reflect perceptions and views of consumers that might buy the 

product and should generalize to larger populations to fulfil a test’s predictive 

validity (Lawless, & Heymann, 2010). The results from sensory evaluation 

provide a more accurate description of the physiochemical and sensory properties 

of products comparability. Sensory properties of a food product play a critical role 

in forming positive expectations both before and during consumption. According 

to a study in 2019 conducted on group of adults in United States, 86% of 

consumers considered taste to be the major driver of purchase intention. Whereas, 

unexpected or unpleasant taste can represent a barrier to acceptance (Fiorentini, et 

al., 2020). There are many different techniques for performing sensory 

assessments, but all have in common that the measurement of the product's 

properties itself is put in focus, without other aspects such as brands or other 

information affecting the assessor's perception (Lawless, & Heymann, 2010; 

Claudia, 2017). 

The sensory assessment can either be done by a consumer panel comprising 

untrained consumers who assess the product regarding likes and dislikes. The 

result reflects acceptances and preferences of consumers for the product. The 

sensory evaluation of edible oils can also be done by a trained panel of tasters 

which are familiar with the product and possible perceptions resulting from 

defective products. In this method a panel of assessors, trained and selected 

according to standards developed by standardization institutes such as ISO, CEN 

and ASTM, with good awareness of their sensory skills can generate a sensory 

vocabulary containing attributes that describe the products (Svensson, 2012). 
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According to their experience, the panel is able to generate a sensory vocabulary 

that defines attributes of products. The panel should use a standardized vocabulary 

for the description of the perceptions, to ensure that the same term is used for 

similar sensations. The use of a standardized vocabulary improves the 

reproducibility and precision of the sensory analysis and these standard 

vocabularies are obtained from discussion sessions between panel members.  

Sensory analysis which is done by analytical panels can be an important tool for 

food scientists and product developers in the food industry (Matthäus & Brühl 

2008; Johansson, 2022). Sensory evaluation of oil samples is an important 

assessment method in industry and quality of oil will be characterized by 

satisfactory sensory attributes, a pleasant flavour and aroma, clear appearance, and 

absence of sedimentation (Bojanowska & Lamorska 2016). According to the 

American Oil Chemists’ Society (AOCS), edible oils can be graded using the 

Flavour Quality Scale to describe lipid oxidation (Soriano, 2016). In addition, the 

sensory evaluation, which is a tool to assess the product regarding sensory 

approach, is an integral part of the development of products that involves the 

evaluation of appearance, aroma, and taste as well as overall quality by a trained 

panel or a consumer panel (Drake, 2021). 

Often, an important aim of sensory evaluation is to get reproducible and reliable 

results and not to detect some minimal differences between samples that taste 

more or less the same (Matthäus & Brühl 2008). So, appropriate vocabularies, for 

example, for odour descriptors are necessary. The most important parameter for 

the assessment of edible oils is the sensory evaluation, because the product has to 

fit the consumer preferences, otherwise the product has no chance on the market 

(Matthäus & Brühl 2008).  

There are three type of sensory analysis that are commonly used in evaluation of 

products and each method may be divided into three classes: Descriptive analysis, 

Affective analysis and Discriminative analysis (Zoecklein, et al., 1999). 

Descriptive analysis is a method which involves the training of panelists to 

quantify specific sensory attributes for appearance, odour, flavour, texture and 
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after taste, as well as provide a detailed profile of a food product's sensory 

attributes and quantitative measurement of each attribute's intensity. Descriptive 

sensory analysis may include a line scale, category scale and ratio scale and they 

are used to determine how samples differ from each other based on specific 

criteria. For describing the intensity of the sensations two different scales are 

available for edible oils: a scale with distinct values and the use of a continuous 

scale i.e. a line of 10 cm length where the panelists puts his tick mark on the line 

where it reflects their evaluation of the sample and the markings on the line scale 

can then be measured and translated into numbers for statistical analysis. 

(Matthäus & Brühl 2008). Category scaling are also known as structured scales. 

they range from 6 to 10 points with 7-points and 9-points scales being the most 

commonly used. This type of descriptive test allows one or more sample to 

evaluated for a single or multiple attributes. In ratio scaling, samples that are only 

different in one attribute are randomly assigned to panelists and panelists are 

asked to rate the first sample and then rate the others in relation to the first one 

(Svensson, 2012). One method to evaluate a sensory profile of an edible oil that is 

well known and extensively used is the Quantitative Descriptive Analysis method 

(QDA). QDA is a behavioral sensory evaluation approach that uses descriptive 

panels to measure a product's sensory characteristics and developed by Tragon 

Corporation in 1974 (Tauferova, et al., 2021; Sidel, et al., 2018). In this method, 

sensory analysis is performed by a trained and selected panel according to 

standards developed by standardization institutes such as ISO with good 

awareness of their sensory skills which can generate a sensory vocabulary 

containing attributes that describe the samples.  

An affective test uses consumer panels of untrained panelists who evaluate 

products on feelings, perceptions and attitudes to answer questions "how well the 

products are liked or which product do you prefer?". This method requires a much 

larger panel size than analytical methods in order to have greater confidence about 

the interpretation of the results. (Zoecklein, et al., 1999). Affective tests, also 

known as hedonic tests, are used to measure consumer preference, liking or 

acceptance of a product. Examples of commonly used affective tests are: Paired 

comparison preference, Hedonic scaling and Ranking. Paired comparison 
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preference asks for panelist preference between the sample instead of identifying 

the difference between two samples in a certain attribute. The Hedonic scaling test 

is typically used to measure the degree of liking of a sample by consumers and the 

ranking test asks the panelists to rank their preference of the sample (Svensson, 

2012).               

Discriminative tests are quantitative and used to determine whether panelists are 

able to tell the difference between samples. For example, these tests are often used 

when performing quality control on a new batch of food, to ensure that this batch 

has no sensory difference from the control. Discriminative analysis includes 

Triangle Test, Duo-trio Test and Paired Comparison Test. The triangle test tells 

the panelists that two of the three samples are identical and ask the panelists to 

identify the sample that is different. In the Duo-trio test the panelists are asked to 

point out the sample that matches the given reference sample. In the paired 

comparison test the panelists are asked to tell which sample is most intense in a 

given attribute. This test is unique compared to the previous two tests because it 

allows the sample to be evaluated based on a specific characteristic (Svensson, 

2012). 

The data sets obtained from the sensory assessments of the individual tasters are 

statistically evaluated in order to improve the reliability and repeatability of the 

results. 

Research aim and questions 

This master thesis aims to assess sensory attributes and selected physicochemical 

properties of cold pressed Scanian rapeseed oils in comparison with a standard, 

commercial rape seed oil.  

With this intent, the research questions of this project are: 

- Is there a relationship between the investigated physicochemical and sensory 

properties? 

- Which are the sensory properties of selected Scanian rapeseed oils? 
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Materials and methods 

Study Design 

The study is designed in order to explore the physicochemical and sensory 

properties of Scanian rapeseed oils. The rapeseed oils used in this study are three 

different of winter rapeseed cultivars SY Alibaba, DK expansion and Utsäde 

höstraps respectively, plus a commercial oil (Zeta) as the control sample. Since 

the Scanian rapeseed oils are not well characterized concerning the relation 

between lipid composition and sensory properties, this study means to add 

knowledge in this area. All information regarding to samples are summarized in 

Table 2. All samples were from different rapeseed seed varieties and the 

extraction was performed on a semi-industrial scale with the cold pressed method 

by two local producers in the south of Sweden (Scania). The control sample was 

purchased from a local grocery (Table 2). A range of quality parameters were 

investigated such as lipid profile which consist of phospholipids, sterols, and 

triglycerides as well as sensory properties in rapeseed oil samples.  

Table 2. Products included in the sensory examination with information on 

production method, brand and country of origin. 

 
Rapeseed Oil Seed 

Variety 

Trademark or 

Producer 

Region of 

origin or 

source 

Cultivation Production 

processing  

method 

Date of 

harvest or 

production 

Scanian 

(Conventionally) 

SY 

Alibaba 

Glimmingehus 

Gård 

Scania, 

Simrishamn

s 

Winter 

rapeseed  

Cold 

Pressed 

31.07.21 

Scanian 

(Conventionally) 

DK 

expansion 

Ingelstad Gård Skåne, 

Tomelilla 

Winter 

rapeseed  

Cold 

Pressed 

04.08.21 

Scanian Organic Utsäde 

Höstraps 

Farmors lycka 

(Arvidsson) 

Skåne, 

Österlen 

Unknown Cold 

Pressed 

31.01.21 

Commercial 

(Svensk rapsolja) 

Unknown ZETA Swedish 

rapeseed 

fields 

Unknown Cold 

Pressed 

09.02.21 
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Physicochemical Analysis 

Lipid analysis  

As part of our studies to elucidate details of the regulation of lipid accumulation in 

rapeseed oil, each oil sample was analyzed as duplicate. 30 µl of oil samples was 

added in an Eppendorf tube. 10 µl of 0.9% NaCl was added to the sample 

followed by 120 µl of 2.5 ppm internal standard mixture for normalization. The 

samples were vortexed until they had a cloudy-like look. Then, the samples were 

put on ice for 30 min. After cooling, the samples were centrifuged at the speed of 

9400 rcf for 3 min. 60 µl of the lower layer of the Eppendorf tube after 

centrifugation was added to the LC vial followed by the addition of 60 µl of 

CHCl3: MeOH. The samples were loaded in LC for lipid quantification. 

Quantification of lipids was performed using a 7-point internal calibration curve 

(0.1-5 µg/mL). Quantification of lipids was performed using a 7-point calibration 

curve ranging from 0.1 to 5 µg/mL.  

LC-MS analysis 

Lipid profile was analyzed using ultra-high-performance liquid chromatography- 

quadrupole time-of-flight mass spectrometry method (UHPLC-qTOF/MS, Agilent 

Technologies, Santa Clara, CA, USA).  The Acquity UPLC®, BEH C18 (2.1 × 

100 mm, particle size 1.7 μm) (Waters, Milford, MA, USA) column set at 50 °C 

with a C18 pre-column (Waters, Wexford, Ireland) column was used for lipid 

separation. The samples were kept at 10 ˚C and 10 µl of the sample volume was 

injected. The mobile phases were A: H2O (1000 mL), NH4Ac (10mM) and formic 

acid (0.1%) and mobile phase B: Acetonitrile (500mL), Isopropanol (500 mL), 

NH4Ac (10mM) and formic acid (0.1%). The flow rate was 0.4 ml/min and the 

gradient started with 95% A and 5% B with a linear change after 1.5 min to 70% 

A and 30% B, followed a change after 4.5 min to 30% A and 70% B, and after 7.5 

min with 100% B until the end of run. Dual jet stream electrospray (dual ESI) ion 

source was used in negative mode. The capillary voltage and the nozzle voltage 

were at 4500 V and 1500 V. The N2 pressure was set on 21 psi, with the sheath 

gas flow as 11 L/min and temperature at 379 °C for the nebulizer.  
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Sensory Properties 

Sensory analysis was carried out by an analytical sensory panel of six panellists 

chosen and trained at Kristianstad university laboratory using Descriptive 

Analysis. 

Sensory evaluation and training were performed over a period of three days. The 

sensory laboratory was designed according to ISO 6658:2017 (Swedish Institute 

for Standards, 2017). After training sessions, the panel developed descriptions of 

the perceived sensory attributes of the oils and generated a set of attributes to be 

used for documentation of the intensity of the specific attribute. This was done by 

evaluating a selection of the samples from the test design. First the panellists 

generated attributes individually where each participant developed his or her 

individual vocabulary. When all panellists had an individual attributes vocabulary, 

a session aimed at panel discussion on the most cited descriptors of oils was 

performed in order to select those that best characterize the product and to 

eliminate those that were not perceived by most panellists. 

During the training session, reference samples were provided to each panellist to 

form a sensory memory. After the discussion and selection of the attributes, a 

training session of the selected oils descriptors’ line scaling method preceded the 

quantitative descriptive analysis of oil samples. For describing the intensity of the 

sensations for oils, the line scale was 110 mm and spanned from 0 to 100 and 

anchored at 10 and 90 where the taster puts his tick mark intuitively on the line. 

The anchor at 10 was marked “low intensity” and the anchor at 90 was marked 

“high intensity”. 

The Descriptive Analysis was performed in a sensory laboratory equipped 

according to ISO 8589:2010 (Swedish Institute for Standards, 2010) and using 

EyeQuestion (version 4.11.68, logic8, Netherlands) which is an Internet-based 

software developed to collect data from sensory analyses and panel surveys.   

Collected information was analysed and then reported in Excel or Word 

documents and the results with the intensities of each of the chosen sensory 

descriptors on a spider plot could show the differences of rapeseed varieties oils. 
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Evaluation was performed in three two-hour sessions during three consecutive 

days. Each panellist evaluated all four samples in triplicate. The panellists were 

served a single sample at a time in a randomised order with individual orders for 

each panellist to prevent bias from any overlapping effects within the test design. 

Oil evaluations were performed individually, in isolated booths. 

Each sensory test began with informing the participants about the purpose of the 

work and a rough description of the approach to the assessment. After providing 

the products, all the oils were stored at cool (approx. 12 ° C) and dark place in the 

room until evaluation time and for each test, all oils were tempered to room 

temperature before the evaluation. Approximately 15 mL of each sample of 

rapeseed oil were served with the three-digit codes in transparent plastic 

containers, in randomized order, to make it as a blind test. Panellists were asked to 

rinse their mouths with warm water after each sample and were also provided 

with cucumbers and wafers for palate cleansing.  

The resulting odour attributes had been named as grass aroma, sugar pea aroma, 

sunflower seeds aroma and horseradish – strong aroma. In addition, the flavour 

attributes described as sunflower seed flavour, butter flavour, horseradish – mild 

flavour, fresh cabbage flavour and rancid flavour. Furthermore, there was only one 

attribute for taste which was named as bitter taste. The panel developed descriptions 

of the perceived sensory attributes of the products, generating a set of attributes and 

developing a consensus regarding the evaluation of each attribute (Table 3). The 

assessment of these attributes was sorted by the tests and then the mean value was 

produced to be able to compare the properties with each other. These averages were 

listed in a table and read into a spider diagram to clarify the different sensory 

profiles of the oil samples.  
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Table 3. Sensory attributes and definitions established by the panel. 

Category Attribute Attribute in 

Swedish  

Definition 

Odour Grass 

Sugar Pea 

Sunflower seeds 

Horseradish – strong  

Gräs 

Sockerärta 

Solrofrö 

Pepparrot - stark 

Aroma of fresh grass 

Aroma of sugar peas 

Aroma of sunflower seed 

onion, garlic, coffee and mustard-like  

Flavour Sunflower seeds 

Butter – unsalted 

Horseradish – mild  

Fresh cabbage  

Härsken oil 

Solrosfrö 

Smör  

Pepparrot – mild 

Färsk kål 

Härken olja 

Flavour of sunflower seeds  

Unsalted butter flavour 

Musty, mustard, onion, garlic, 

mushroom, coffee 

Fresh, very mild cabbage 

Rancid flavour 

Taste Beska  Beska Basic taste of bitterness 

Data analysis 

MS data processing of lipids was performed using open source MZmine 2.53 

(Pluskal et al., 2010). The parameters used in MZmine program was according to 

the detailed description by Lamichhane et al., 2021. 

All chemical analyses on oil samples were performed in duplicate and the results 

are presented as mean and their standard error means (SEM). 

GraphPad statistical software (Prism 9) was used for data evaluation. To 

determine differences in mean values between each individual oil sample and the 

control sample, one-way ANOVA followed by Tukey’s test was used. In addition, 

two-way ANOVA followed by Tukey’s test was applied for multiple comparisons 

between four oil samples. ZETA oil was considered as the control sample to 

perform t-test.  
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The data has been collected from the sensory assessments as Word and Excel 

documents. EyeOpenR version 4.11 was used to summarise sensory results. To 

analyse the results from sensory analysis, two-way ANOVA followed by Tukey’s 

test, using GraphPad, was conducted. 

Principal Component Analysis (PCA), which is a multivariate technique, was used 

to have an overall view of the results from physiochemical analysis and sensory 

analysis. GraphPad statistical tool (Prism 9) was used to make PCA plots.  

Ethical considerations 

Research ethics include the requirements for conducting research work, the nature 

of the research itself and the publication of the information in the research 

(Swedish Research Council, 2017 & Mann, et al., 2004). The major ethical 

considerations in conducting research are a) Informed consent, b) Beneficence- 

Do not harm c) Respect for anonymity and confidentiality d) Respect for privacy. 

The Institute of Food Science & Technology, on the advice of the former 

Professional Food Sensory Group (the Sensory Science Special Interest Group), 

has authorised the following statement, issued in October 2020 which general 

principles as follows: 

- The scope of permitted tests using human subjects, and levels of authorisation to 

sanction tests, should be defined in a written organisation ethical policy. 

- All test procedures should be carried out in such a way as to reduce any risks to 

the health of the participants, whether organisation employees, trained external 

assessors or consumers. 

- Test participants should be volunteers, either through contractual agreement or 

on an ad hoc basis. 

The principles described should be given full consideration in the design and 

execution of sensory evaluation (The Institute of Food Science & Technology, 

2020). 
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According to Bryman (2011), there are various principles that apply to, among 

other things, Swedish research, which concern voluntariness, integrity, 

confidentiality and anonymity of persons involved in research. 

According to the Swedish Research Council (2002), however, certain prior 

information can be weighed in case the outcome of the survey should be affected. 

In this study, it was chosen to ignore information about the different oils, so that 

the assessment would not be affected by preconceived notions regarding the taste 

and aroma of the samples. The information was therefore provided afterwards. 

The panelists were informed of the purpose of the work, that their participation 

was voluntary, and that the person could cancel participation if desired. In 

addition, information concerning the person must be treated with the greatest 

possible confidentiality, kept inaccessible to third parties and used only for the 

purpose of the study. The panelists have been informed of this prior to each 

survey in order to ensure awareness of these principles. 

Results 

Chromatographic Analysis 

The total ions chromatograph of all lipids detected in four different samples is 

presented in Figure 1. 

 

Figure 1. Total ion Chromatograph of lipids in four oil samples. 
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In total, 95 lipid features were detected and identified in all four oil samples 

(Figure 1). The identified lipids consisted of phosphatidylcholine (PC), 

lysophostidyl-cholines (LPCs), phosphatidylethanolamines (PE), ceramides (Cer), 

sphingomyelins (SM), and di and triacylglycerols (DG, TG). The main group of 

lipids in all oil samples were TGs followed by PEs. Since a very sensitive LC 

coupled to MS detector was used for analysis, individual peaks for two major 

lipids (TG and PE) could be extracted using MZmine program (Figure 2).  

 

Figure 2. Extracted Ion Chromatogram of TG and PE in four different oil samples. 
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Comparison of lipid profile  

Looking at lipid profile in all four oil samples, the identified lipids were 

categorized in two lipid groups: 1) total phospholipids consisting of PC, LPC, PE, 

Cer and SM; 2) total triglyceride consisting of TG and DG (Table 4). 

Table 4. Total Concentration of different lipid groups in oil samples (µg/mL) 

Lipids ZETA oil Glimmingehus 

Gård oil 

 

Ingelstad Gård 

oil 

 

Farmors 

Lycka oil 

 

Total Triglyceride 

(µg/mL) 

954.1 ± 87.4 719.9 ± 182.4 960.5 ± 164.1 929.4 ± 142.3 

Total Phospholipid 

(µg/mL) 

7.3 ± 0.9 13.5 ± 2.2
**

 6.2 ± 0.9 12.1 ± 1.3
*
 

Results are given as mean ± SEM, n=2.  Mean values were significantly different from the control 

sample (ZETA oil): *P < 0·05, **P < 0·01 (one-way ANOVA and Turkey’s test). 

 

Looking at two major lipid groups, it could be seen that the total amount of 

triglyceride is about 100 times higher that total amount of phospholipid in all oil 

samples (Figure 3). Concerning the total amount of triglyceride, no significant 

differences were seen between four different oil samples. Zeta oil, which was 

considered as the control oil sample, had similar amount of triglyceride as the 

other oil samples. However, Glimmingehus Gård oil had slightly lower 

triglyceride level compared with other samples. Total phospholipids showed a 

different pattern. Glimmingehus Gård oil had the highest concentration of 

phospholipid among the oil samples. The total phospholipid contents of 

Glimmingehus Gård oil and Farmors Lycka oil were significantly higher 

compared with Zeta oil as the control oil sample. The quantitative results of the 

lipid profiling in different oil samples are presented in Table 4.  
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Figure 3. Total concentrations (µg/mL) of triglyceride and phospholipid in four different oil samples. 

Data are presented as mean ± SEM, n=2.  Mean values were significantly different from the control 

sample (ZETA oil): *P < 0·05, **P < 0·01 (two-way ANOVA, Tukey’s test). 

 

Sensory Analysis 

Odour  

The odour of four rapeseed oils was evaluated using four different attributes: 

Grass (Gräs), Sugar Pea (Sockerärta), Sunflower seeds (Solrosfrö) and 

Horseradish- Strong (Pepparrot-stark). The results from six panelists involved in 

the sensory analysis were reported on a scale between 0 and 100.  

As seen in Figure 4, all four oil samples showed almost similar intensity of odour. 

However, in terms of “Horseradish- Strong (Pepparrot-stark)”, significant 

differences could be seen between ZETA oil and Glimmingehus Gård oil (p<0.05) 

as well as ZETA oil and Farmors lycka oil, which showed much higher significant 

difference (p<0.000001).  
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Figure 4. Odour intensity of four different oils based on four attributes. Data are presented mean ± SEM.  

Mean values were significantly different from the control sample (ZETA oil): *P < 0·05, *****P < 

0·000001 (two-way ANOVA, Tukey’s test). 

 

 

Flavour and Taste  

The taste and flavour of four different rapeseed oils were evaluated based on 5 

different attributes for flavour: Sunflower Seeds (Solrosfrö), Butter- unsalted 

(Smör-osaltat), Horseradish (Pepparrot-mild, aromen, ingen hetta), Fresh Cabbage 

(Färsk kål) and Härsken olja, as well as one attribute for taste: beska (bitterness). 

The results from total six panelists were summarized on a scale between 0 to 100.  

Among flavour attributes, Horseradish (Pepparrot-mild, aromen, ingen hetta) 

showed significant difference between Zeta oil as the control sample and Farmors 

Lycka oil (p<0.001) (Figure 5). Other flavour characteristics were almost similar 

between different oil samples. Regarding taste attribute, beska, which describes 

bitterness, all four oil samples showed almost similar intensity and no significant 

differences could be seen (Figure 5). 
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Figure 5. Flavour and taste intensity based on five and one attribute, respectively. Data are presented 

mean ± SEM.  Mean values were significantly different from the control sample (ZETA oil): ***P < 

0·001 (two-way ANOVA, Tukey’s test). 

 

The results of sensory analysis have been also shown in the form of a spider 

diagram in Figure 6.  

Spider plot is used when the data wants to be displayed across several unique 

dimensions. Each quantitative axis represents an intensity for different categorical 

values (smell and taste attributes). As it has been shown in Figure 6, Framors 

lycka oil showed a slightly different and wider look compared to the other oil 

samples which had almost similar and smaller trend. Among the other three oils 

samples, Zeta and Glimmingehus Gård oil had very similar look on spider plot.  
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Figure 6. Spider Diagram of the intensity of the different properties of the oil samples included in the 

sensory analysis, assessed on a scale between 0 to 100.   

 

Principal Component Analysis  

Principal Component Analysis (PCA) was performed including all results from the 

study. The results are presented in two PCA plots. The PCA score plot (Figure 7) 

shows that the oils differed through that there is a large spread of the values in the 

diagram. The biggest differences could be seen between ZETA oil and Ingelstad 

Gård oil, which is obvious through the positioning in the PCA score plot in Figure 

7 where the ZETA oil is located in the top left corner of the graph and the Ingelstad  

Gård oil is in the down left corner of the score plot. Differences between Farmors 

Lycka oil and ZETA oil could also be seen; however, the differences are not as big 

as the differences between ZETA oil and Ingelstad Gård oil.  
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Figure 7. PCA score plot of four different oil samples.  

 

Looking at PCA loading plot (Figure 8), total phospholipid content together with 

Horseradish (Pepparrot) both for odour and flavour have been located in the right 

part of the plot where the Farmors Lycka oil is placed. On the other hand, the 

characteristics of Fresh Cabbage (Färsk Kål) is placed in the left-down corner of 

the loading plot where the Ingelsatd Gård oil is located. The taste of butter- 

unsalted and sunflower are in the left-top corner of the plot where ZETA oil is 

placed.  Furthermore, the Grass and Sugar Pea odours are in lower part of the 

loading plot where the Ingelstad Gård oil has found in score plot. The total 

triglyceride and sunflower seed for odour are placed around the intersection of the 

loading plot (figure 8) and can therefore not be connected to any single oil. 

However, they are located together, which can represent some association 

between them. Regarding taste attribute, beska, it is located closely to Horseradish 

(Pepparrot) both for odour and flavour. 



 32 (48) 
 

Kristianstad University | SE-291 88 Kristianstad | +46 44 250 30 00 | www.hkr.se 

 

Figure 8. PCA loading plot of four different oil samples showing all chemical and sensory 

parameters included in the study.  

 

Discussion 

Results discussion 

Vegetable oils are complex chemical mixtures composed primarily of lipid 

structures, such as triacylglycerols, free fatty acids and mono- and 

diacylglycerides from degradation processes (Tonin et.al., 2019). In addition, 

vegetable oils also contain a variety of minor components, such as sterols, 

tocopherols, and phospholipids, but their distributions are characteristic of 

different types of oils (Kamal-Eldin, 2005). Lipid has a fundamental nutritional 

role in the body, but its high consumption is directly related to cardiovascular 

diseases, obesity, and insulin resistance. In the present study, lipid profile of four 

different rapeseed oils was analyzed. The lipid profile of all four oil samples 

contained 98 – 99% triglycerides and 1 – 2% phospholipids. The same results has 

been shown in another study, where it was revealed that the percentage of 
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triglycerides was 95 % and as of the phospholipids was 2 %, in oil from winter 

rapeseed1 cultivation (Kleymenova, et al., 2021).  

Phospholipids in edible oil can act as antioxidants to protect against lipid 

oxidation. The production method plays a significant role in the phosphorus 

content and phospholipids profile of oils. Among different production methods, 

cold pressed process is an ideal method as it preserves most of the phospholipids 

content in the oil (Kleymenova, et al., 2021 & Walacik, et al., 2015). The 

phospholipids level of the oil samples in this study, can be the result of their 

production method which was cold pressed. Cold pressed rapeseed oil has been 

considered as an ultimate edible oil due to its better phospholipids profile, which 

may preserve the quality of the oil (Walacik, et al., 2015). Furthermore, it has also 

been reported that phospholipids may precipitate in the oil during the storage and 

cause a dark colour (Chew, et al., 2017). The precipitated phospholipids may 

carry trace metal ions to act as pro-oxidant to affect the oxidative stability of the 

oil and consequently make affect the oil quality (Chew, et al., 2017). However, in 

this study there was no differences in appearance between oil samples.  

The total phospholipids content in Glimmingehus Gård oil and Farmors lycka oil 

was about two times more than the ZETA oil. These differences may be due to 

several factors such as genetic characteristics, differences in plant cultivar and the 

storage conditions. It has been shown previously that genetic modification of fatty 

acids composition in vegetable oil has significant effects on phospholipids profile 

(Abidi, et al.,1999; Ambrosewicz, et al., 2015). As it is expected, the triglycerides 

content of all four oil samples, which represents the total fatty acids contents, was 

high without any differences. These results are in agreement with previous studies 

which showed very similar amounts of triglycerides in various brands of rapeseed 

oil (Tonin et al., 2019). The exception was Ingelstad Gård oil, in which it was 

possible to note that among the other oil samples, this oil showed slightly lower 

                                                 

1 Winter rapeseed is planted in autumn, September, over the winter and is harvested in June, while spring 

rapeseed is planted in March and harvested in September-October (Shirani Rad, A., H., & Zandi, P., 2012). 
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amount of triglyceride even in comparison with the ZETA oil. However, based on 

previous studies on triglycerides content of rapeseed oil, the fatty acid 

compositions and their double-bond positions in triglyceride, have been thought to 

be associated with the nutrition of edible oils. (Guan, et al., 2016). Further 

investigation on fatty acids composition may reveal more information about 

nutritional value of each oil, by evaluating their fatty acids composition and their 

associations with health and disease.  

Regarding the sensory analysis, the cold-pressed rapeseed oils were distinguished 

in the assessment by four different attributes to the odour and five different 

attributes to the flavour as well as one attribute to the taste. As it has been 

mentioned before, the cold-press treatment may affect physiochemical properties 

as well as sensory quality of final oil samples (Tauferova, et al., 2021). In a study 

conducted by Matthäus and Brühl (2008), German cold-pressed rapeseed oil 

showed fruity and nutty attributes which represent high-quality oil, while they 

were also described as unpleasant rancid and bitter taste. The attribute nutty 

summarizes a sensation resembling asparagus, cabbage, fresh green vegetable, 

sometimes with a sulphur note.  

Concerning the sensory analysis in this study, among all oil samples the Ingelstad 

Gård oil had most pronounced grassy like odour, which was reported as 

unpleasant odur that did not satisfy consumers (Kleymenova, et al., 2021). But in 

overall, there are similarity in grassy, sugar pea-like, sunflower seeds-like (nutty) 

odours as well as sunflower seed-like, fresh cabbage-like, härsken oil-like and 

buttery flavours in the studied oil samples. It can be concluded that both in the 

mentioned study on different rapeseed varieties grown at different locations in 

Germany and the current study, a mass of samples has shown the attributes seed-

like and nutty. However, it is not yet obvious whether this effect is due to regional 

climate conditions or more due to regional soil properties (Matthäus and Brühl 

2008). In addition, based on a study conducted by Kaiser, 2017, the cold-pressed 

rapeseed oil received the highest values as nut / seeded by the panelists in the 

study, which represented high-quality rapeseed oils.  
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Interestingly, among all ten sensory attributes in the current study, Horseradish 

attribute, both in flavour and odour, was the only attribute that differed between 

oil samples. The horseradish-like odour was different between ZETA oil and 

Glimmingehus Gård oil as well as Farmors lycka oil. Moreover, the ZETA oil and 

Farmors lycka oil were different in the terms of horseradish-like flavour. Since 

higher amounts of total phospholipids were seen in Glimmingehus Gård oil and 

Farmors lycka oil, it can be concluded that there is a connection between higher 

phospholipid content and the more obvious horseradish-like flavour and odour in 

these oil samples. It should be mentioned that other common odour, flavour and 

taste attributes, were reported in the similar intensity level by the panelists, which 

showed the oils similarity in those aspects. Interestingly, similar results were 

reported in the study by Zhang et al. (2021) in which panelists described similar 

levels of intensities for grassy odour as well as cabbage-like flavour in different 

rapeseed oils.  

Based on the results showed in spider plot and PCAs, Farmors Lycka oil showed 

different trend regarding odour, flavour and taste attributes as well as higher 

amounts of phospholipids content compared with the ZETA oil. Framors Lycka 

oil was placed in a position in PCA plot together with the bitter taste. This is in 

agreement with previous study by Koprivnjak, et al., 2009, in which it has been 

shown that the bitterness in seed oils can be related to the amounts of 

phospholipids (Koprivnjak, et al., 2009). The sensory analysis of Farmors Lycka 

oil showed strong intensity of Horseradish-like odour and flavour, followed by 

Härsken oil flavour and grassy odour. Koprivnjak et.al reported that the increase 

of phospholipids slightly reduced fruity and green odor notes, based on 

descriptive sensory analysis. Furthermore, Walacik et al (2015) argues that the 

phospholipids found in oils contribute to sensory properties and they cause a 

decline of the taste, odor, and color of oils. It has been reported that phospholipids 

impact the oil quality in terms of flavour and odour, as they can be easily affected 

during the storage and treatment process (Chew, 2020).   
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Methodology discussion 

Currently, there is no single analytical tool capable of identifying and quantifying 

all the lipid classes simultaneously without combining various technologies. Most 

of the current methods for vegetable oil analysis are concentrated on the polar or 

nonpolar components of oils, using chromatographic techniques, such as gas 

chromatography (GC); requiring extraction and derivation procedures. Altogether, 

these steps are considerably laborious and difficult to automate (Tonin, et al., 

2019). Conversely, the search for faster, more efficient techniques with minimal 

preparation of the sample for the lipid analysis, has increasingly motivated the use 

of liquic chromatography followed by mass spectrometry. In the current study, 

GC-MS analysis was done on oil samples, firstly. However, lipids were not 

detectable by this method, which could be due to low volatility of lipids and/ or 

using specific GC column that might not be compatible with lipid molecules. 

Since there was a lack of time in the project, the analytical platform was changed 

to liquid chromatography method which was developed and tested before in the 

analytical laboratory at Örebro University. The LC-MS which was used in this 

study, demonstrated a robust and technically simple method for the investigation 

of a complex lipid profile. The method used here was based on internal standard 

method, which allowed the quantitative analysis of absolute concentrations of 

lipids. Internal standard method was used to improve the precision of quantitative 

analysis by adding known concentrations of substances in the lipid analysis.  

Untargeted as well as targeted lipids analysis were conducted in this study. The 

aim of untargeted analysis is to detect every lipid classes simultaneously, while 

the targeted lipids analysis focuses on known lipids offers possibilities for a better 

determination of minor compounds whose signals might otherwise be suppressed 

(Sommer, et al., 2006). It also allows for an additional level of characterization of 

components based on their chromatographic behavior as well as the MS results 

(Sommer, et al., 2006). The LC-MS method used in this study has been previously 

developed for analyzing lipids in biological samples such as breastmilk 

(Lamichhane et al., 2021). To compare the rapeseed oils, a representative mass 

spectrum of each type of samples was used. Triglyceride profiles observed among 

the various brands were very similar. However, the extracted mass spectrum for 
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one of the phospholipids classes, PE, showed significant differences between 

different oil samples and this is a great advantage of using high resolution LC-

qTOF system to be able to quantitatively analyses the samples.  

Furthermore, to make a clear description about sensory attributes a descriptive 

analysis was conducted. Among the sensory evaluation tools, the descriptive 

analysis has shown to be the most informative and comprehensive, giving a lot of 

detailed information (Svensson, 2012). Descriptive methods provide objective 

descriptions of the nature and intensity of sensory characteristics, as well as 

reliable statistical data (Marques, et al., 2022). In descriptive analysis a well-

trained panel is always involved. The level of training needed depends on 

panelist’s previous knowledge, both on the method used and the product that is 

being evaluated. Through the training, panelists learn to adopt an analytical frame 

of mind where they focus on specific product aspects. 

In this study, all the panelists had previous experience with sensory analysis of 

various food commodities and were familiar with cold-pressed oils and they made 

their own individual assessment based on their experiences. In addition, the panel 

used for this study has long term experience with the method of descriptive 

analysis and work together in a team and thus, they can easily agree in the use of 

words describing the attributes of the products. The point in this study was that 

the triplicates assessments were done on each sample. Peltier et al. (2018) & 

Djekic et al. (2021) argued that a duplicate is optimal for trained panels in sensory 

evaluation; however, with more than two replicates, only small difference can be 

generated to the results when working with a well-trained panel. Furthermore, 

Carpenter, et.al. stated that replicate test depends on the type of sensory 

assessments that are used for research activities and also, the training and 

experience of the panel can build confidence in replicate test and increases the 

reliability of the assessments. 

Before making the decision to reduce the replication, the sensory analyst or trainer 

must be confident that the panel is consistent, reliable and make sure the panelists 

realize the sensory properties.  
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If the panel fully trained and constantly evaluating the same type of product, then 

sensory descriptive analysis using a single assessment is likely to provide reliable 

data. While, if the panel is evaluating different products all the time, then 

replication is advisable. On other hand, replication is expensive in time and 

resources, and industry often does not replicate, as a single assessment is often 

considered sufficient to achieve the objectives (Carpenter, et al., 2000).  

Descriptive tests are demanding tests in which highly trained panelists are needed 

to provide the reproducibility of the results. Trained panelists would be more 

accurate and have more experience, despite their vision about a product not 

always corresponding to consumers’ preferences. Since there were few numbers 

of panelists involved in this study and the results are based on individual 

interpretation, thus the results of sensory analysis are not fully comparable to 

results of other studies. However, it should be mentioned that if the purpose of the 

sensory analysis is more toward consumer’s wish, an affective test can be an 

alternative. The test uses panels of consumers based on their feelings, perceptions 

and attitudes.  

Relevance for the subject Food and Meal Science 
and future research 

Just as society has evolved over time, our food system has also changed over 

centuries into a global system of immense size and complexity. The commitment 

of food and meal science professionals in advancing the science of food, ensuring 

a safe and abundant food supply, exploring consumers’ preferences and 

contributing to healthier people everywhere, is integral to that evolution. This 

aspect includes a section on food manufacturing and details various food 

processing methods that ensure food safety and preserve the quality of products. 

In addition, in the other section, food scientists and the food industries are striving 

to improve the food supply for a healthier population and support the society by 

providing potential solutions to future challenges. The present study could 

possibly contribute to this understanding by investigating and evaluating the range 

of quality parameters such as lipid profile, which consist of phospholipids and 

triglycerides, and sensory properties in rapeseed oil samples. 
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The results from this study may reveal novel findings and points at a direction 

where the development of oils on the market will continue. 

Furthermore, for future research it is recommended to further investigate the 

different rapeseed oil samples which have been produced through different 

processes in order to see if the results from the sensory aspects and even 

physiochemical properties shows consistency with quality associations. A further 

investigation on fatty acids composition of different oils is also suggested to better 

understand the nutritional profile. This can also provide fundamental information 

to food industries, particularly in controlling the quality of oils, evaluating 

consumer acceptability of edible oils, as well as in product development. 

Conclusion 

The high-resolution LC-QTOF method was successfully applied on four different 

rapeseed oil samples. Clear physiochemical differences could be seen between oil 

samples as the total phospholipids content was different, while the total 

triglycerides level was almost similar in all four samples. Sensory analysis 

uncovered more specific differences between the samples. Based on principle 

component analysis, strong correlation between the total phospholipid profile and 

sensory attributes were found.   

This study revealed novel findings about lipid compositions and sensory attributes 

of four different cold-pressed Scanian rapeseed oils. Since the oils have not been 

characterized concerning the relation between lipid compositions and sensory 

properties before, this paper has added knowledge in this area. The results from 

this study, can be used for developing a nutritious rapeseed oil which satisfies the 

consumer’s wish. This study can also provide detailed scientific information to 

food industries for developing improved-quality oils. 
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