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Abstract

:

Vegetable oils are selected by consumers based on the presence of multiple bioactive substances, including polyunsaturated fatty acids, sterols, and tocopherols. Another important factor in oils is their quality. This research involved analyzing the oils quality and quantity of bioactive substances obtained from rape seeds and white mustard seeds that underwent germination. The quality of the oils was compared by determining the acid and peroxide values. Germination lowered the peroxide value by 86.3% and 71.4% for rapeseed oil and mustard oil, respectively. This was due to the germination step of the seed use oxygen, which was the substrate for lipid peroxidation. The activity of peroxidase increased by 95% for rapeseed oil and 94% for mustard oil during germination. An increase in the amount of polyunsaturated fatty acids in mustard oil also was noted during germination.
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1. Introduction


Oil quality is one of the determinants of whether an oil can be used for food purposes. The quality of an oil depends on the degree of maturity of the seeds, the amount of impurities contained, the quantity of damaged seeds, the moisture of the seeds during and after storage, and the storage conditions [1]. The basic parameters that describe oil quality are the acid value and the peroxide value. The peroxide value describes the oil’s content of peroxides, which form through the process of oxidation [2]. The acid value describes the quantity of free fatty acids formed through the hydrolysis of ester bonds in fats [3]. The maximum permissible values of these parameters are specified in the World Health Organization’s Codex Alimentarius [4]. For refined oils, the maximum peroxide and acid values are 10 meq O2/kg and 0.6 mg KOH/kg, respectively. For cold-pressed and virgin oils, the maximum peroxide and acid values are 15 meq O2/kg and 4 mg KOH/kg, respectively.



Apart from the oil quality, the quantity of biologically active compounds in an oil is also important to the consumer. The biologically active compounds found in oils include polyunsaturated fatty acids, tocopherols, sterols, and carotenoids [5]. The quantity of biologically active compounds is also affected by a number of factors—particularly by the method of pressing and the method of preparing the seeds for pressing; these affect the oil composition. Both roasting and germinating seeds can affect the components of the oil [6]. During roasting, many physical and chemical changes take place in the product, which include flavor, color and texture changes. Changing these characteristics improves the palatability of the raw material [7]. Additionally, roasting conditions the seeds, which improves extraction and increases oil yield [8]. At the same time, Maillard reaction products may be formed during roasting, which may reduce the nutritional value of the raw material [9]. Germination is the process by which seeds that were previously dormant become imbibe and begin development by piercing the rootlets through the seed coat. Due to the changes taking place during germination, the level of fat is reduced, so the yield of the obtained fat is reduced [10]. Research on germination and metabolic mechanisms inside seeds is still ongoing [11,12]. However, the number of studies related to the quality of oil obtained from germinating oilseeds is insufficient. In the literature, we found some information about changes in bioactive compounds in some different seeds during germination, for example: quinoa [13], amaranth [14], sacha inchi [15], sunflower seeds [16], soybean [17] or flaxseed [18]. Depending on the type of the seeds we can see different changes during germination. However, most often, seed germination leads to the accumulation of bioactive ingredients and the improvement of oil quality. In some cases, germination improved the fatty acid profile [13,14,15], tocopherol content [15,16,17] or increase concentration of phytosterols [16,17].



Peroxidases are family of isoenzymes and structurally can be described as heme-containing monomeric glycoproteins. Peroxidases oxidize some compounds in the presence of H2O2 [19,20]. During germination, peroxidases play a significant role in axis growth by producing ˙OH from H2O2 [21]. Reactive oxygen species such as ˙OH, O2−, and H2O2 are usually considered toxic [22], but for seeds, H2O2 is a germination promoting factor. The scavenging activity of H2O2 is sufficiently high to result in the production of O2 for mitochondrial respiration [23].



Rapeseed oil is the third oil in the world in terms of consumption (first place—palm oil, second place—soybean oil) [24]. In Poland, rapeseed oil is a very popular oil due to its versatility, availability and affordable price. In addition, it is characterized by a high content of unsaturated fatty acids. Mustard oil is a niche oil, but it is also an oil characterized by a high content of unsaturated fatty acids. The new double-improved variety (less glucosinolates and less erucic acid) is a variety less sensitive to temperature changes during cultivations and can also be used for consumption purposes.



In this study, we investigated the effects of germination of rape and mustard seed on the oil’s quality and concentration of bioactive substances. The hypothesis is that the quality of the oils obtained from the seeds after germination will be improved. So far, there have been no studies of oil from germinating seeds combining both oil quality, changes in bioactive compounds and changes in the amount of peroxidase in rapeseed and mustard.




2. Materials and Methods


2.1. Chemicals


We purchased 96% Ethanol, Na2CO3, NaOH, CuSO4·5H2O, KNaC4H4O6·4H2O, NaH2PO4, Na2HPO4 from POCH (Poland). Bovine albumin (BSA), Folin reagent, hexane for GC, 30% sodium methoxide in methanol, pyrocatechol, hydrogen peroxide, 5α-cholestane, tert-butyl methyl ether, BSTFA +1% TCMS and 2-propanol were purchased from Sigma Aldrich (St. Louis, MO, USA), and 1M KOH in methanol was obtained from Chempur (Piekary Śląskie, Poland).




2.2. Materials


Rape seeds (Brassica napus L.) “Karo” variety—humidity 5.65% and white mustard seeds (Sinapis alba, “Warta” variety, with zero erucic acid and zero glucosinolates)—humidity 6.00% obtained from The Plant Breeding and Acclimatization Institute in Poznań were used in this study. Both varieties are in the Research Center for Cultivar Testing in Poland. Some of both types of seeds remained unprocessed as control seeds. The rest of the seeds were washed with 70% ethanol to remove fungi and mold. The seeds were covered in water to swell them. Once this had been achieved, the seeds were spread in a single layer to sprout and placed in heaters without access to light. The humidity in both incubators was 90%. The germination conditions for both types of seed differed only in terms of temperature: 22.5 °C for rape seeds and 10 °C for mustard seeds. Samples of the germinating seeds were withdrawn daily for three days and frozen until needed for analysis. After three days of germination, all seeds had sprouts. The experiment was performed in triplicate.




2.3. Determination of Protein Content


Seeds (100 mg) were placed in a cold mortar. The seeds were treated with 0.1 M phosphate buffer pH 7.8 and crushed. The suspension was filtered through a filter. The Lowry method [25] was used to determine the protein content of the seed. First, a standard curve was prepared covering the range of 20–100 µg proteins. Individual solutions were prepared from a solution of BSA at a concentration of 200 µg/mL. The following reagents were prepared: A: 2% Na2CO3 in 0.1 M NaOH; B: 0.5% CuSO4·5H2O in 1% KNaC4H4O6·4H2O; C: a mixture of reagent A and reagent B; D: diluted Folin reagent (1:1 v:v with distilled water). Reagent C was added to 50 µL of the protein extracts, mixed, and left for 30 min at room temperature. After that, 200 µL of D reagent was added, mixed, and again left for 30 min at room temperature. Absorbance was measured at 750 nm against a blank (to which water was added instead of the proteins). The determination coefficient was 0.926. In preparing samples from the mustard and rape seeds, the determination procedure was the same as for the preparation of the standard curve, except that the protein extracts that had earlier been obtained from the seeds were used instead of BSA solutions.




2.4. Peroxidase Enzyme Activity


Peroxidase enzymatic activity was determined following the method of Bhattacharya et al. [26]. First, 2.6 mL of 0.1 M phosphate buffer at pH 7.8, 400 µL of 5mM pyrocatechol, and 400 µL of 0.8 mM hydrogen peroxide at 4 °C were added to the tubes. Then, 100 µL of the previously obtained protein extract was added to them. The samples were mixed and the absorbance was measured at a wavelength of 470 nm every minute for three minutes against a blank sample.




2.5. Extraction of Oil from Seeds


Ground seeds (50 g) were placed in a Soxhlet extractor and 200 mL of hexane was added. The seed oil was allowed to extract for six hours from the moment the solvent began to boil. Then hexane was evaporated using a vacuum evaporator at a temperature of 40 °C [27]. Before and after the extraction was started, the weight of the seeds was weighed in order to calculate the fat content of the seeds. The oils thus produced were then analyzed.




2.6. Acid Value and Peroxide Value


The acid value was determined using International standard method PN-EN ISO 660:2010 [28]. The peroxide value was determined using International standard method PN-EN ISO 3960:2017-03 [29].




2.7. Fatty acid Analysis


The methodology described by Raczyk et al. [30] was used to analyze the fatty acids. Two drops of oils were used to perform the esterification reaction. Then 1 mL of hexane and 1 mL of 0.4 M sodium methoxide were added, mixed, and left for 15 min at room temperature. Five (5) mL of distilled water was added to stop the reaction. After separation of the phases, the upper phase was transferred to chromatographic vials. For analysis we used a gas chromatograph Thermo 1300 with a flame ionization detector (Thermo Scientific, Waltham, MA, USA) and a SP-2560 capillary column (100 m × 0.25 mm × 0.2 µm) (Supelco, Bellefonte, PA, USA). The inlet and detector temperatures were both 240 °C. Hydrogen was used as carrier gas with a flow rate of 1.5 mL/min and the analysis was performed in split mode. The initial oven temperature was 160 °C; this was maintained for 1 min, and then increased to 220 °C at 6 °C/min, where it was held for 17 min. The injector and detector were set to 240 °C. One (1) µL samples were used for the analysis. Finally, retention times were compared with those obtained from a run using 37 Component Fame Mix (Supelco, Bellefonte, PA, USA).




2.8. Sterol Analysis


The method described by Sahu et al. [31] was used to analyze the sterol content. About 0.05 g of oil was weighed and 0.1 mg of 5α-cholestane (internal standard) and 1M KOH methanol were added for saponification. The sample was mixed, placed in a thermoblock for 1 h, and left for 18 h at room temperature. Water was added and extraction was carried out twice with hexane:tert-butyl methyl ether (1:1, v/v). The solvents were evaporated from the extract under a stream of nitrogen. Finally, silylation was performed by adding 100 µL of pyridine and 400 µL of BSTFA + 1% TMCS. The samples were then analyzed on using a HP6890 gas chromatograph with a flame ionization detector (Agilent, Santa Clara, CA, USA). A DB-35ms capillary column (25 m × 0.20 mm × 0.33 μm, Agilent, Santa Clara, CA, USA) was employed. The oven temperature was increased from 100 °C (held for 5 min) to 250 °C at 25 °C/min (held for 1 min), and then at a speed of 3 °C/min to 290 °C, which was maintained for 20 min. Hydrogen was the carrier gas and the flow rate was of 1.5 mL/min; the temperature of the injection port and flame ionization detector were set to 290 °C and 300 °C, respectively.




2.9. Tocopherol Analysis


The method described by Górnaś et al. [27] was used to analyze tocopherols. First, 2-propanol was added to the oil sample and filtered through a nylon syringe filter (0.22 µm) into vials. The analysis was performed using a HPLC system (Shimadzu Corporation, Kyoto, Japan) consisting of a pump (LC-10ADvp), a degasser (DGU-14A), a low-pressure gradient unit (FCV-10ALvp), a system controller (SCL-10Avp), an auto injector (SIL-10AF), a column oven (CTO-10ASvp), and a fluorescence detector (RF-10AXL) in reversed phase mode using a Luna PFP column (150 × 4.6 mm, 3 mm) with a guard column (4 × 3 mm) (Phenomenex, Torrance, CA, USA). The column oven temperature was 40 °C. The mobile phase was methanol:water (93:7; v/v) and the flow rate was 1.0 mL min−1. The excitation wavelength was 295 nm and the emission wavelength was 330 nm.




2.10. Statistical Analysis


The samples were analyzed in triplicate. All the data was presented as a mean with standard deviations. The statistical program Statistica 13.3 (TIBCO Software Inc., Palo Alto, CA, USA) was used to prepare one-way analysis of variance (ANOVA). The Tukey test was used, with a significance level of α = 0.05. R software (version 4.1 with packages FactoMineR v.2.4 and factoextra v.1.0.7) was the software used for principal components analysis (PCA).





3. Results and Discussion


3.1. Changes in Fat Content during Seed Germination


During the germination of rapeseeds, there was a sharp drop in the percentage of fat in the seeds. Initially, the fat in the seeds accounted for 41.5%, and on the third day of germination, 22.1% of the fat (Table 1). In soybean seeds, also during germination, the percentage of fat decreased from 20% to 15% [17]. During the sprouting of the legumes, the percentage of fat in the seeds is also lowered [32]. During germination, fat is used to produce energy to grow. Lipids are used as respiratory substrates and in the pathways of sugar and amino acid synthesis [33]. In the case of mustard seeds, only an increase in the percentage of fat in seeds was observed during the 3 days of germination. The percentage increased from 26.0% to 27.0%, this is due to a slower development of germ and an earlier stage of germination [34].




3.2. Changes in Fatty Acids during Seed Germination


The rapeseed and white mustard oils showed their typical species-specific abundances of individual fatty acids as present in Figure 1 and Figure 2, respectively. In rapeseed and mustard, oleic, linolenic, and linoleic acids were most common. Longer germination time resulted in increases in linoleic and linolenic acids in mustard oil. The linoleic acid concentration increased from 10.29% to 11.24% in mustard seed and the linolenic acid percentage increased from 17.17% to 18.07%. Linolenic acid also increased during sesame germination [35]. In mustard oil, the remaining acids represented less than 5% and did not alter with germination. A similar relationship has been shown when Peruvian quinoa (Chenopodium quinoa Willd.) was germinated. Three varieties of Peruvian quinoa showed an increase in the percentage of linoleic and linolenic acids after two days of seed germination [13]. The concentration of linoleic acid in amaranth seeds also increased from 1.84% to 1.99% when germination was performed [14]. The percentage of fatty acids seen during germination has also been tested in seeds of sacha inchi (Plukenetia volubilis L.), with an increase in linoleic and linolenic acids seen until day 6 of germination. A decrease in linoleic and linolenic acid abundances was also seen after the sixth day of germination, on account of the longer duration of this study. From the tenth day of germination, levels of palmitic and oleic acid began to increase [15]. In the initial period of germination, fatty acids are transformed into sugars, but first saturated fatty acids and monoenoic fatty acids are transformed, which increases the percentage of polyene fatty acids. Consuming polyunsaturated fatty acids protects, for example, against the inflammatory diseases, cancer and cardiovascular diseases [36].




3.3. Changes in Sterols during Germination


Phytosterols have been proven to lower blood cholesterol levels by blocking places for cholesterol [37]. The results of phytosterol analysis are presented in Figure 3 and Figure 4. The sterol levels found in the rape and mustard seeds prior to sprouting are what would be expected for the type of seed: the rape seeds contained mostly β-sitosterol, campesterol, and brassicasterol, while the mustard seeds contained mostly β-sitosterol, campesterol, and Δ5-avenasterol. Summarizing the results from three days of seed germination, differences can only be seen for the most abundant sterols. On the first and second day of seed germination, a decrease in the amount of individual sterols can be seen. A change occurs on the third day of germination in the rapeseeds, but the sterol levels in the mustard seeds firstly decreased and then increased and remained the same as on day 0 (prior to germination). In addition, in the case of tobacco seeds, depending on the tested sterols, there were different changes in the amount of sterols over time [38]. The amount of β-sitosterol in the rapeseed oil was lower on day 3 of germination than on day 0; the amount of campesterol increased from day 0 to day 3; the amount of brassicasterol remained the same as on day 0. During the roasting of rapeseeds, the amount of sterols in the oil also increases. Changes in the amount of total sterols are greater. During 100 min of roasting, the amount of sterols increased by 6% [39]. Stigmasterol and β-sitosterol are important contributors to cell differentiation and proliferation [40]. Initially, the sterols present in the seeds are used for cell differentiation and proliferation and their amount in the fat fraction of the seed decreases. On the third day of germination, the synthesis of additional amounts of sterols began and the sterol level in the germinating seeds thus increases [41]. The germination of sunflower and rice seeds has been examined, and there is a gradual increase in sterol levels during the 5 days or 4 days of germination, respectively [16,42].




3.4. Changes in Tocochromanols during Germination


Results of the tocochromanols analysis were shown in Figure 5 and Figure 6. In mustard, it is γ-tocopherol (day 0: 66.10 mg/100 g) that dominates, but this decreases during germination (day 3: 55.24 mg/100 g). On the other hand, α-tocopherol increases during germination (day 0: 5.61 mg/100 g; day 3: 18.17 mg/100 g). The tocopherols thus increase during germination of mustard seed. In the study by García-Navarro et al. [43] on mustard seeds, a similar relationship was found: α-tocopherol increased and γ-tocopherol decreased in sprouts left in the dark. α-Tocopherol is predominant in photosynthetic tissues, e.g., in leaves, and γ-tocopherol is found primarily in seeds, fruits and tubers [43]. Therefore, at the start of germination, the amount of γ-tocopherol begins to decrease and the amount of α-tocopherol begins to increase. For soybeans, however, the tocopherol level had increased by the third day of germination, but began to decrease from day 5 [17]. In rapeseed, α-tocopherol predominates (41.61 mg/100 g), increasing during germination (day 3: 54.02 mg/100 g) while γ-tocopherol decreases. The total tocopherols did not change over the three days of germination, but in the longer study of Zhang et al. [44] the tocopherols increased by a factor of over four. During the roasting of rapeseeds, the amount of tocopherols in the oil also increases. Changes in the amount of total tocopherols are greater. During 100 min of roasting, the amount of tocopherols can increase by 11% [39]. Consuming tocopherols in the diet protects against cardiovascular disease, neurodegenerative disease and cancer [45].




3.5. Oil Quality


The peroxide value reflects the quantity of peroxides present in the oil. For rapeseed oil from ordinary seeds, it equaled 11.53 meq O2/kg, while for mustard oil, it was value of 7.47 meq O2/kg. For both mustard and rapeseed, the peroxide value decreased in the oils obtained from seeds after days 1, 2, and 3 of germination. After day 3, it was 1.58 meq O2/kg for rapeseed oil, and 2.14 meq O2/kg for mustard seed. All peroxide values do not exceed the maximum values set by the Codex Alimentarius [4]. However, the initial peroxide value (day 0) is closer to the upper limit of the maximum value. Reducing the peroxide value during seed germination improves the quality of the oil, it contains less compounds of primary fat oxidation. Peroxide and acid values are presented in Table 2. Peroxides formed during the oxidation process easily break up into secondary compounds of the oxidation process, e.g., aldehydes or esters. For this reason, the amount of peroxides decreased during seed germination. In addition, the presence of the peroxidase enzyme (Section 3.6) reduced fat oxidation. The reverse properties can be seen in oils obtained from roasted rapeseeds—the longer the seeds are roasted, the more the peroxide value increases [38]. The acid value describes the quantity of free fatty acids in an oil; it was 5.61 mg KOH/g for the oil from ordinary mustard seeds and 0.67 mg KOH/g for the rapeseed oil. By the first day of germination, the acid value had decreased significantly in the mustard oil to 3.80 mg KOH/g, but then increased in the days following germination, reaching 5.61 mg KOH/g on the third day. In the case of rapeseed oil, the acid value increased on each subsequent day of germination, until it reached 10.31 mg KOH/g on the third day. The increase in the amount of free fatty acids is associated with the start of hydrolysis, which leads to the breaking of ester bonds between glycerol and fatty acid. The effect of this is an increasing amount of free fatty acids, which are determined by the acid number [46]. The acid values of rapeseed oil exceed the permissible values specified by the Codex Alimentarius only on the third day of germination. In the case of mustard, all values exceed the permissible value set by the Codex Alimentarius [4], except for the oil obtained from the seeds on the first day of germination. Similar results have been seen for flax seeds, but there both the acid value and the peroxide value increasing over each of four days of germination [18]. There was also a significant increase in the acid number during the germination of Moringa peregrina seeds [46]. The quality of the oil depends primarily on the oil extraction technique, but also on the quality of the seeds used to obtain the oil. In order to be able to use inferior quality seeds, the oil of which will be characterized by high peroxide and acid values, it is possible to apply earlier treatment of these seeds, i.e., seed germination, which will reduce the peroxide and acid values. The possibility of lowering the peroxide and acid number by germination can be also used in subsequent studies on other seeds with high peroxide and acid values.




3.6. Comparison of Enzymatic Activity in Seeds and Sprouts of Rape and Mustard


Absorbance measurements of samples prepared by the Lowry method allowed the amount of protein in the seeds to be calculated; the peroxidase activity was also determined using the spectrophotometric method. The results of these determinations are shown in Figure 7 and Figure 8. Protein decreases during germination in both types of seed from 21.68 to 9.36 protein content in seeds [%] for rapeseed oil and from 24.65 to 8.40 protein content in seeds [%] for mustard oil. The greatest decrease in protein was observed between days 0 and 1 of germination. Changes in protein after this were not significant. Two opposing processes take place during germination: as soon as the germinal root breaks through the seed coat, storage proteins begin to be broken down by proteolytic enzymes. Proteins then begin to be synthesized in the embryo [47]. In our experiment, we saw a decrease in the amount of protein associated with root puncture, but the process of synthesizing new proteins in the sprouts had not yet begun. During 7 days of peanut kernel germination, the percentage of proteins also decreased from 37.6 to 27.1% [48]. The enzyme peroxidase was found to be present. During the following days of sprouting of rape and mustard seeds, there was an increase in the activity of the enzyme peroxidase, which is synonymous with an increase in the vigor of germinating seeds. Peroxidase activity then decreases in mature seeds [49]. An increase in the level of peroxidase was also found in the research of Palmiano and Juliano [50]. In rice seeds exposed to light during germination, a significant increase in peroxidase was found on the fourth day of germination. The increase in peroxidase was faster for seeds that grew in the dark: on day 3, there was already a significant increase in the amount of peroxidase. The increase in peroxidase during germination was also confirmed by the studies of Omidiji et al. [51] and Ramaiah et al. [52] in which Sorghum bicolor and Pinus banksiana seeds were tested. The increase in the activity of the peroxidase enzyme and the use of O2 for germination affected the quality of the oil obtained from the germinating seeds. In subsequent stages of germination, the peroxide value of the sprout oil decreased, which means that the fat present in the seeds was not oxidized due to the peroxidase activity.




3.7. Principal Component Analysis (PCA)


Principal component analysis (PCA) was applied to observe possible clusters in oil samples obtained from rape and white mustard seeds. The first two principal factors accounted for 81.5% (Dim1 = 55.9% and Dim2 = 25.6%) of the total variation. The PCA analysis showed differences between the samples of oil obtained from rape seed and mustard seed but also within the individual oils (Figure 9). Factor 1 was mainly correlated with the content of plastochromanol-8 (PC-8) (r = 0.990), PUFA (r = 0.969) and total sterols (r = 0.893). It was also negatively correlated with the MUFA (r = −0.975), SFA (r = −0.946) and total tocopherols (r = −0.823). Factor 2 was mainly correlated with peroxide value (r = 0.880) and negatively correlated with peroxidase activity (r = −0.854). The data shown in the score plot divided samples of oil into two groups. On the left side of the Y axis, there are oil samples obtained from rape seeds. On the right side of the axis, there are oil samples obtained from mustard seeds. Additionally, the observed distances between individual samples presented in the score plot are bigger in the case of rapeseed oil. This is especially true for the oil obtained from seeds after the 1st and 3rd day of germination. In the score plot, the samples of oil from non-sprouted seeds (R0, M0) are above the x-axis, but in two different quarters of the diagram. This is mainly due to differences in the total content of phytosterols, tocopherols, and PC-8 as well as the peroxide and acid numbers. Rapeseed oil was characterized by a lower content of sterols and PC-8 and a higher content of tocochromanols compared to mustard oil. In rapeseed oil, the highest peroxide value and the lowest acid value were observed. The germination process changed the composition of the obtained oil and the seeds used. The shape of the surface area of all samples is similar in both cases (rape and mustard seeds). However, the distance between the non-germinated sample and after three days of germination is shorter for the mustard seed and its oil (Figure 9). After three days of germination, the mustard seeds were characterized by lower peroxidase activity (0.162 and 0.213 ΔOD/min/μg protein for mustard and rapeseed oil, respectively) and protein content (8.40% and 9.36% for mustard and rapeseed oil, respectively). The mustard seed oil was characterized by higher sterols and PC-8 content, higher level of peroxide value, and lower acid value, compared to rapeseed oil.





4. Conclusions


In summary, our research shows that sprouting of rapeseeds and mustard seeds is an effective method of reducing peroxide levels in oil, but not reducing the oil’s bioactive components (such as polyunsaturated fatty acids, tocopherols, and sterols). The oils obtained from the second day of seed germination are characterized by the lowest acid value and peroxide value and can be used as a good quality oil for consumption. Sprouting can be used to lower the peroxide value of oils without changing the amount of bioactive ingredients in the oil. In mustard oil, we can see slight increase in polyunsaturated fatty acids and tocopherols and percentage of oil in the seeds, which has a positive effect on the value of mustard sprouts as a source of polyunsaturated fatty acids. However, in the case of rapeseed oil, a decrease in the percentage of oil was observed, but the amount of sterols increased. The obtained results regarding the reduction of the peroxide value of oil from germinating seeds can be tested in the case of other oils that are characterized by a high value of primary oxidation compounds.
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Figure 1. Fatty acid composition [%] of rapeseed oil on days 1, 2, and 3 of germination. 16:0—palmitic acid; 16:1—palmitoleic acid; 18:0—stearic acid; 18:1—oleic acid; 18:2—linoleic acid; 20:0—arachidic acid; 20:1—eicosenoic acid; 18:3 n-3—linolenic acid; 22:0—behenic acid (values are means ± SD from three experiments. Values with different letters are significantly different (p < 0.05)). 
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Figure 2. Fatty acid composition [%] of mustard oil on days 1, 2 and 3 of germination. 16:0—palmitic acid; 16:1—palmitoleic acid; 18:0—stearic acid; 18:1—oleic acid; 18:2—linoleic acid; 20:0—arachidic acid; 20:1—eicosenoic acid; 18:3 n-3—linolenic acid; 22:1—erucic acid (values are means ± SD from three experiments. Values with different letters are significantly different (p < 0.05)). 
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Figure 3. The level of individual phytosterols [mg/g oil] in rapeseed oils at different stages of germination (days 0, 1, 2, 3) (values are means ± SD from three experiments. Values with different letters are significantly different (p < 0.05)). 
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Figure 4. Levels of individual phytosterols [mg/g oil] in mustard oils at different stages of germination (days 0, 1, 2, 3) (values are means ± SD from three experiments. Values with different letters are significantly different (p < 0.05)). 
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Figure 5. Level of tocochromanols [mg/100 g oil] during mustard seed germination (days 0, 1, 2, 3) PC-8—plastochromanol-8 (values are means ± SD from three experiments. Values with different letters are significantly different (p < 0.05)). 
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Figure 6. Levels of tocochromanols [mg/100 g oil] during rapeseed germination (days 0, 1, 2, 3) PC-8—plastochromanol-8 (values are means ± SD from three experiments. Values with different letters are significantly different (p < 0.05)). 
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Figure 7. Protein content [%] in rapeseeds and mustard seeds during germination (days 0, 1, 2, 3). 
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Figure 8. Peroxidase activity [ΔOD/min/µg proteins] in rapeseeds and mustard seeds during germination (days 0, 1, 2, 3) (values are means ± SD from three experiments.). 
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Figure 9. Principal component analysis (PCA) of the loading plot (A) and the score plot (B) of data from SFA, MUFA, PUFA, total sterols and tocopherols content, plastochromanol-8 (PC-8), peroxide value, acid value in rapeseed and mustard seed oils, and proteins content and peroxidase activity in rape and mustard seeds. M—mustard samples, R—rape samples, 1, 2, 3—days of germination of seeds. 
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Table 1. Lipid content (%) and standard deviation of rapeseeds (R) and mustard seeds (M) during 3 days of germination. Values with different letters are significantly different (p < 0.05).
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	Lipid Content [%]





	R0
	41.5 d ± 0.2



	R1
	32.0 c ± 0.2



	R2
	20.7 a ± 0.1



	R3
	22.1 b ± 0.2



	M0
	26.0 a ± 0.2



	M1
	27.1 b ± 0.2



	M2
	27.1 b ± 0.1



	M3
	27.0 b ± 0.0
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Table 2. Acid [mg KOH/g] and peroxide values [meq O2/kg] of rapeseed and mustard oils.
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Peroxide Value [meq O2/kg]

	
Acid Value [mg KOH/g]




	

	
Rapeseed Oil

	
Mustard Oil

	
Rapeseed Oil

	
Mustard Oil






	
Day 0

	
11.53

	
7.47

	
0.67

	
5.61




	
Day 1

	
1.56

	
4.54

	
0.99

	
3.80




	
Day 2

	
1.58

	
2.18

	
2.24

	
4.13




	
Day 3

	
1.58

	
2.14

	
10.31

	
5.61
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