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ABSTRACT

Background. The quality of rapeseed oil depends to a considerable degree on raw material quality. Negli-
gence in maintaining the appropriate conditions during long-term rapeseed storage (excessively high humid-
ity and temperature) may contribute to a deterioration of seed quality, as a result of microbial growth and 
changes in native antioxidant contents. The aim of this study was to investigate the effect of inappropriate 
storage conditions on changes in sinapic acid derivative content, which is the main phenolic compound in 
rapeseeds.
Material and methods. The material used for tests was canola cv. PR 46 W14. Seeds with a 13.5% moisture 
content were stored for 21 days in a thermo-hygrostat chamber, ensuring rapeseed storage under constant 
humidity and temperature conditions. In this study, the level of mould fungi was analysed using the plate 
method, while those of sinapic acid derivatives were determined using the HPLC-DAD method. 
Results. Intensive growth of mould fungi in the rapeseeds was observed after 6 days of storage. Changes 
were recorded in sinapic acid derivative contents, which are the main phenolic compounds in rapeseed. The 
level of phenolic compounds found in the bound form (sinapin; sinapic acid methyl ester; 1,2-disinapoyl-
dihexoside; 1,2-disinapoyl-hexoside and 1,2,2’-trisinapoyl-dihexoside) decreased. At the same time, an in-
crease was recorded in trans-sinapic acid content (by 63%).
Conclusion. Both qualitative and quantitative changes in phenolic compounds may be connected with the 
development of fungal microflora in stored rapeseeds. Only adequate storage conditions for the oil raw mate-
rial, such as rapeseeds, may ensure good quality in the final product, in this case, rapeseed oil.
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INTRODUCTION

Rapeseed oil is one of the three most commonly 
produced and consumed oils worldwide, ranking 
third immediately after palm oil and soybean oil. To 
a considerable extent its quality is determined by the 
raw material from which it is produced. The chemi-
cal composition of rapeseeds (nutrient and bioactive 

compound contents) determines their technological 
and nutritional quality. Due to their morphological 
and anatomical structure, rapeseeds are very sensitive 
material, reacting with a decrease in quality to both 
inappropriate harvesting methods and the technology 
and conditions of postharvest processing (Tys and 
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Rybacki, 2001). The stages of rapeseed postharvest 
processing include purification, drying and storage 
(Janowicz, 2005; Tańska and Rotkiewicz, 2003). The 
scope of adverse chemical and biochemical changes 
occurring during rapeseed storage is determined first 
of all by their excessive moisture content. Increased 
seed moisture content significantly reduces safe stor-
age time, causing the risk of mould development 
(Pronyk et al., 2006; Wawrzyniak et al., 2018a) and 
rapeseed contamination with secondary metabolites 
of these microorganisms, i.e. mycotoxins, exhibiting 
toxicity in relation to humans and animals (Hussein 
and Brasel, 2001). Depending on the conditions (tem-
perature, humidity as well as the degree of damage and 
contamination), during rapeseed storage the techno-
logical quality of seeds frequently deteriorates, while 
changes take place in the contents of bioactive com-
pounds. An increase in storage temperature to 30°C 
contributes to an increase in the level of hydrolysis 
and lipid oxidation products in rapeseeds and influenc-
es their fatty acid profile (Krasucki et al., 2002). These 
processes also cause changes in the level of biological-
ly active compounds. Literature sources present data 
concerning the effect of postharvest processing (near 
ambient and high temperature drying) and inappropri-
ate rapeseed storage conditions on tocochromanols or 
phytosterols. Studies conducted by Gawrysiak-Witul-
ska et al. (2012) showed a significant effect of dry-
ing conditions and storage time on contents of plant 
sterols in rapeseeds. The authors showed a decrease in 
total sterol content by 6–20% in the case of near ambi-
ent drying and by 14–40% for drying with heated air 
in a temperature range of 60–120°C (the higher the 
drying temperature, the greater the decrease). In stud-
ies concerning tocopherols the authors showed losses 
of these compounds during near-ambient-temperature 
drying amounting to 6–11%, while for high-temper-
ature drying they amounted to 4–8% (Gawrysiak- 
-Witulska et al., 2009; 2015).

A unique characteristic of rapeseeds is connected 
with their 10-fold greater phenolic content in com-
parison to seeds of other oil crops. These compounds 
are primarily sinapic acid derivatives. Sinapic acid 
is the main phenolic compound in rapeseeds, ac-
counting for over 70% of total content of free phe-
nolic acids, along with its derivatives, e.g. sinapin, 
amounting to 1–2% (w/w) seed weight (Bell, 1993; 

Kozlowska et al., 1983). Free phenolic acids consti-
tute only approx. 10% of the total phenolic content of 
rapeseeds. Other phenolic compounds that are deriva-
tives of sinapic acid identified in rapeseeds include 
1-O-b-D-glucopyranosyl sinapate with strong anti-
oxidative properties (Wanasundara et al., 1994); 3-O- 
-hexoside-kaempferol, 3-dihexoside-7-sinapoyl-hex-
oside kaempferol and 3-hexoside-7-sinapoyl hexo-
side kaempferol (Siger et al., 2013); and sinapic acid 
methyl ester (Thiyam et al., 2009). In turn, Baumert 
et al. (2005) in Brassica napus seeds recorded the 
presence of one of the glucose esters (1,6-di-O-sina-
poylglucose), two gentiobiose esters (1-O-caffeoyl-
gentiobiose and 1,2,6’-tri-O-sinapoylgentiobiose) 
as well as two kaempferol conjugates [4’-(6-O- 
-sinapoylglucoside)-3,7-di-O-glucoside and 3-O-so-
phoroside-7-O-(2-O-sinapoylglucoside)]. Koski et al. 
(2003) identified vinylsyringol (canolol), a compound 
formed under the influence of elevated pressure and 
temperature in the course of oil extraction. These 
compounds are ascribed high antioxidant and free 
radical scavenging activity, with some of them exhib-
iting bactericidal properties; additionally, they protect 
DNA, as well as fats and proteins against oxidation 
(Engels et al., 2012; Kuwahara et al., 2004; Mariod 
et al., 2015; Siger and Józefiak 2016; Siger et al., 
2015; 2016; Rękas et al., 2017). In earlier studies 
conducted to determine changes in the technological 
and microbiological quality of rapeseeds during self-
heating, the authors of this paper observed significant 
changes in the levels of phenolic compounds. How-
ever, those analyses only concerned free phenolic 
acid content (Gawrysiak-Witulska et al., 2018). Ac-
cording to the authors, it is advisable to investigate 
the effect of adverse storage conditions of rapeseeds 
on the levels of the main phenolic acids, particularly 
derivatives of sinapic acid. 

MATERIALS AND METHODS

Chemicals
Phenolic acid standards and methanol (HPLC-grade) 
were purchased from Sigma (St. Louis, MO). Ace-
tonitrile and orthophosphoric acid (both HPLC-grade) 
were obtained from Merck (Darmstadt, Germany). 
All other solvents and chemicals used in this study 
were of analytical grade. Deionized water was used  
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in resin-based column chromatography, while ul-
trapure water purified via the Milli-Q system (Milli-
pore, Bedford, USA) was used during HPLC analyses.

Materials
The testing material was canola cv. PR 46 W14 ob-
tained directly after harvest from the Złotniki Experi-
mental Station belonging to the Poznań University of 
Life Sciences, Poland. Prior to the experiments, rape-
seeds were wetted to achieve 13.5% moisture content. 
Seeds prepared in this way were stored at 25°C in 
a thermo-hygrostat chamber providing constant hu-
midity and temperature. During storage, seed samples 
were collected for analyses after 6, 14 and 21 days. 
The control comprised harvested seeds with a 7% 
moisture content.

Humidity and temperature conditions for seed stor-
age were selected based on previous studies on the ki-
netics of mould growth in rapeseed ecosystems and 
changes in the technological quality of seeds stored 
under various temperature and humidity conditions 
(Wawrzyniak et al., 2018a). According to the studies 
cited, the seed storage conditions applied in this ex-
periment promote activation of fungal microflora and 
cause an increase in free fatty acid content; neverthe-
less, after 21 days of storage seeds still retain adequate 
technological quality. 

Determination of seed moisture content
The seed moisture content was determined using an 
electronic moisture analyser (MA150 Sartorius Me-
chatronics, Poland). The moisture analyser used a ref-
erence standard prepared by drying a 5-g sample to 
a constant mass at a temperature of 115°C. The meas-
uring accuracy of the analyser was 0.05% w.b. (wet 
basis). The apparatus was calibrated using the oven 
method according to the AOCS Official Method Ba 
2a-38 with the prepared reference as stated above. 

Methanol extracts of phenolic compounds
All samples were defatted using an automatic Soxhlet 
Büchi Extraction System B-811 (Büchi Labortech-
nik AG, Flawil, Switzerland). The extraction with  
n-hexane was run for four hours. To obtain rapeseed 
phenols, each sample was extracted three times with 
80% methanol. In brief, 5 g of the sample was ex-
tracted with 50 ml 80% methanol in three separate 

stages for a total of 30 minutes at 50°C. After cen-
trifugation (10 min at 5000 g) (model 6K15, Sigma, 
Osterode am Harz, Germany), the precipitate was re-
extracted twice following the same steps. The three 
supernatants were combined and evaporated under 
reduced pressure using an R-215 Rotavapor (Büchi 
Labortechnik AG, Flawil, Switzerland) to a volume 
of 50 ml.

HPLC quantification of phenolic compounds
Phenolic compounds were identified and quantified 
using analytical reversed-phase high performance liq-
uid chromatography (HPLC – Waters, Milford, MA) 
on an XBridgeTM C18 reversed-phase column (4.6 × 
100 mm; 3.5 μm) (Waters, Milford, MA). A gradient 
program was used, combining solvent A (acetonitrile: 
water 50:50 v/v) and solvent B (water adjusted to pH 
2.7 with orthophosphoric acid) as follows: 0–50% 
A (60 min) and 50–0% A (9 min). The flow rate was 
1.0 ml/min. The injection volume was 10 mL, while 
the column temperature was maintained at 20°C. The 
signal was monitored at 200–600 nm with a diode ar-
ray detector (DAD) (UV-VIS Waters, Milford, MA). 
Qualitative identification and quantitative determina-
tion of phenolic acids were carried out by comparing 
retention times and diode array spectral characteristics 
with the corresponding standards. The phenolic com-
pound content (sinapic acid derivatives) in all samples 
was calculated on the basis of calibration curve made 
for sinapic acid standard. Results were expressed as 
mg sinapic acid per 100 g of the sample. The com-
pounds were also identified using HPLC/ESI/MSn fol-
lowing the methodology described in earlier studies 
(Siger et al., 2013).

Mould growth assessment
The number of colony-forming units (CFU) of moulds 
per 1 g of seeds was counted according to the PN- 
-ISO 21527-2:2008 standard. During microbiological 
analysis, serial dilutions were prepared following the 
PN-EN-ISO 6887-1:2000 standard. Samples of 1 ml 
were spread onto duplicate sterilised plates and cov-
ered with YGC Agar containing glucose, agar, yeast 
extract and chloramphenicol (100 μg l−1). After 3 days 
of incubation, the CFUs of moulds were evaluated us-
ing a colony counter. All treatments were replicated 
three times.
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Statistical analysis
The results are presented as means ±standard devia-
tion from three replicates of each experiment. A P-va-
lue <0.05 was used to denote significant differences 
between mean values determined by the analysis of 
variance (ANOVA) with the assistance of the Statis-
tica 13.0 software (StatSoft, Inc., Tulsa, OK).

RESULTS AND DISCUSSION

The primary quality attribute of rapeseed for process-
ing is expressed as an acid number, which should not 
exceed 3 mg KOH/g fat (PN-R-66151:1990). In our 
earlier studies on the storage of seeds with a 15% mois-
ture content at 25°C, we showed a high increase in free 
fatty acid content. Under these conditions, the threshold 
acid number value (3 mg KOH/g) was already exceeded 
after approx. 10 days of storage. After 6 days of seed 
storage, the level of this indicator was 2.4 mg KOH/g, 
while after 18 days of storage it was 6.4 mg KOH/g 
(Gawrysiak-Witulska et al., 2011). Adequate rapeseed 
storage conditions, particularly a seed moisture content 
of max. 7%, result in a slower increase in free fatty 
acid content and a considerably extended storage time. 
In turn, seeds with a moisture content of 9–10% may 
be stored for 3 months (Salunkhe et al., 1992). Results 
reported by Flakelar et al. (2018) indicate that the ac-
cumulation of free fatty acids will remain within the 
admissible limits for 10 months on condition the seed 
moisture content, oil exposure to light and exposure to 
extreme temperatures are limited to the minimum. Ac-
cording to Matthäus (2013), seeds with a 7% moisture 
content are stable during 9-month storage. A higher 
seed moisture content significantly reduces the time 
of their safe storage, providing an environment pro-
moting growth of mould fungi and rapeseed contami-
nation with mycotoxins. The changes in the CFU of 
moulds in rapeseed with a moisture content of 13.5% 
w.b. stored at 25°C are presented in Figure 1. There 
are three characteristic stages in the curve of mould 
growth, i.e. the lag phase, exponential growth and the 
stationary phase. A similar pattern of mould develop-
ment was observed in barley grain and rapeseed eco-
systems by Wawrzyniak et al. (2013; 2018a; 2018b). 
The decrease in CFU of moulds in the initial period of 
seed storage (in the lag phase of mould growth) was 
associated with the fungi’s adaptation to environmental 

conditions. After 6 days of storage, the fungal metabolic 
apparatus was fully activated and the fungi developed 
at a maximum rate. As a result, the size of the fungal 
population increased rapidly. After 15 days of storage, 
the rate of fungal growth decreased and mould growth 
reached the stationary phase of fungal development. 
The results obtained are in agreement with the findings 
from the previous study. While investigating the rape-
seed ecosystem with a moisture content of 13.1% w.b. 
stored at 24°C, Wawrzyniak et al. (2018a) also observed 
the beginning of fungal activity after 6 days of storage, 
whilst the stationary phase of the mould development 
began after 18 days.

A high seed moisture content and an elevated stor-
age temperature result in an intensification of adverse 
chemical and biochemical changes. Enhanced hydro-
lytic processes or growth of mould fungi also cause 
changes in the levels of native bioactive compounds. 
In our earlier studies, we showed that adverse storage 
conditions (10–15% moisture content and temperature 
of 25–30°C) produce a statistically significant reduc-
tion in the level of lipophilic compounds such as to-
cochromanols and phytosterols (Gawrysiak-Witulska 
et al., 2012; 2015). Flakelar et al. (2018) also observed 
losses of phytosterols; however, they showed no sta-
tistically significant changes in the levels of individual 
phytosterols or their total contents in the function of 
temperature. They also showed that phytosterol losses 
were similar, irrespective of the fact whether their con-
tent was analysed in the samples stored as seeds or 
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Fig. 1. Changes in fungal contamination of rapeseeds with 
13.5% moisture content stored at 25°C for 21 days
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oil. Moreover, they found that the rate of phytosterol 
degradation may be dependent on the composition 
of the oil being analysed. In the case of tocopherols, 
the authors showed that they were more stable than 
phytosterols in stored oil. The method of oil extrac-
tion was also crucial for tocopherol stability, with 
greater losses observed in the case of oil obtained by 
solvent extraction in comparison to pressing (Flakelar 
et al., 2018). Literature sources present scarce data on 
changes in the phenolic content of rapeseeds during 
storage. In our earlier studies, concerning the process 
of rapeseed self-heating in silos we analysed changes 
in free phenolic content (Gawrysiak-Witulska et al., 
2018). In turn, this experiment was focused on the 
main group of phenolic compounds found in the seeds 
of cruciferous plant species, i.e. sinapic acid deriva-
tives. In rapeseeds we identified such compounds as 
sinapin; 3-dihexoside-7-sinapoyl-hexoside kaemp-
ferol; trans-sinapic acid; cis-sinapic acid; sinapic acid 
methyl ester; 1,2-disinapoyl-dihexoside; 1,2-disina-
poyl-hexoside and 1,2,2’-trisinapoyl-dihexoside. One 
compound (with the retention time of 22.007 minutes) 
was not identified. The results are presented in Ta-
ble 1, while an example chromatogram showing the 
separation of phenolics is shown in Figure 3. It was 

found that in the control sinapin (at 932.5 mg/100 g 
d.m.) and trans-sinapic acid (163.6 mg/100 g d.m.) 
were the most abundant compounds. The levels of the 
other sinapic acid derivatives ranged from 7.6 to 67.9 
mg/100 g d.m. for 1,2,2’-trisinapoyl-dihexoside and 
1,2-disinapoyl-dihexoside, respectively. Total phenol-
ic compound content in rapeseeds amounted to 1433.1 
mg/100 g d.m. (Fig. 2). Storage of seeds with a 13.5% 

Table 1. Contents of phenolic compounds (derivatives of sinapic acid) in rapeseeds differing in their fungal contamination 
levels

Compounds Retention time
min

Sinapic acid derivative content in the seeds of Brassica napus L. 
mg/100 g d.m.*

0 day after 6 days after 14 days after 21 days

Sinapin 14.856 932.5 ±2.1c 930.2 ±3.6c 917.5 ±1.9b 839.0 ±2.8a

Unidentified compound 22.007 71.2 ±0.7d 38.8 ±0.2c 28.5 ±0.5b 21.5 ±0.6a

3-dihexoside-7-sinapoyl-hexoside kaempferol 27.141 57.5 ±0.5a 56.8 ±0.4a 57.9 ±0.6a 55.3 ±0.2a

trans-sinapic acid 30.361 163.6 ±0.2a 207.4 ±0.6b 252.1 ±0.2c 266.5 ±0.7d

cis-sinapic acid 34.493 57.4 ±0.9a 57.9 ±0.5a 58.9 ±0.4a 57.4 ±0.8a

Sinapic acid methyl ester 44.182 50.9 ±0.6b 49.6 ±0.2b 50.0 ±0.2b 46.8 ±0.1a

1,2-disinapoyl-dihexoside 47.687 67.9 ±0.4d 49.8 ±0.8c 40.7 ±0.2b 31.3 ±0.3a

1,2-disinapoyl-hexoside 50.164 24.5 ±0.5b 23.4 ±0.5b 24.2 ±0.2b 21.7 ±0.5a

1,2,2’-trisinapoyl-dihexoside 52.483 7.6 ±0.2c 6.4 ±0.5b 5.8 ±0.6a 5.0 ±0.1a

*Contents are expressed as a sinapic acid equivalent.
Values (means ±SD) with different index letters are statistically significantly different (P < 0.05).

Fig. 2. Total phenolic content in seeds of Brassica napus L. 
during adverse storage conditions
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moisture content at 25°C also resulted in quantitative 
changes in individual sinapic acid derivatives (Ta-
ble 1, Fig. 3). As early as after 6 days of storage statis-
tically significant changes were recorded in the levels 
of trans-sinapic acid; 1,2-disinapoyl-dihexoside and 
1,2,2’-trisinapoyl-dihexoside. The levels of the two 
latter compounds decreased by 27% and 16%, respec-
tively. In turn, the trans-sinapic acid content increased 
by 27%. Prolonged storage under adverse conditions 
caused a further decrease in 1,2-disinapoyl-dihexoside 
and 1,2,2’-trisinapoyl-dihexoside content by another 
18% and 9%, respectively. Moreover, a statistical re-
duction was recorded in the level of sinapin to 917.5 
mg/100 g d.m. After 21 days of storage the level of 
sinapin decreased by 10% in relation to the control. 
A considerable drop was recorded for 1,2-disinapoyl-
dihexoside (by 54%) in relation to the control. In the 
case of trans-sinapic acid, its level increased through-
out the experiment (Fig. 3). After 21 days trans-sinapic 
acid content was 266.5 mg/100 g d.m. (an increase of 
63%) in relation to the control (Table 1). When analys-
ing total sinapic acid derivative content its statistically 
lower level was recorded as late as after 21 days of 
storage. The value was 13 485 mg/100 g d.m., which 
is equivalent to a 6% decrease in relation to the con-
trol (Fig. 2). When investigating the results of earlier 

studies concerning changes in free phenolic acid con-
tent at self-heating of rapeseed, we also showed  
an increase in trans-sinapic acid levels from 366.1  
mg/kg in the control to 1552.3 mg/kg in the sample 
collected from the geometrical centre of the silo (the 
location with the greatest risk of spoilage). The levels 
of protocatechuic, caffeic, p-coumaric and ferulic ac-
ids decreased in this experiment. Moreover, we also 
observed a more than 4-fold increase in p-hydroxy-
benzoic acid content (Gawrysiak-Witulska et al., 
2018). Changes in the levels of native antioxidants in 
rapeseeds are caused to a considerable extent by au-
to-oxidation of lipids, whose level in rapeseeds may 
reach 50%. However, in the case of seeds with a mois-
ture content exceeding 6%, the activity of hydrolytic 
and oxidative enzymes, such as lipoxygenases, starts 
to play a considerable role. Lipoxygenases belong to 
the subclass of dioxygenases containing iron; they cat-
alyse oxidation of free or esterified polyenic fatty ac-
ids to hydroperoxides. Initial products of lipoxygenase 
activity may be degraded to various compounds, in-
cluding aldehydes, ketones (characteristic aroma com-
pounds) and alcohols. Intermediate products formed 
as a result of lipoxygenase activity may undergo cy-
clisation triggered by allenyl cyclooxygenase and this 
pathway leads to the formation of jasmonic acid and 

 

 

 

 
Figure 3. A chromatogram of phenolic compounds in rapeseed for the control and after 6, 14 and 21 days of storage. 
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its derivatives, serving the role of phytohormones. 
Another group of enzymes comprises lipases, which 
catalyse hydrolysis of water insoluble triacylglycerols. 
This reaction takes place in the water interphase and 
leads to the formation of fatty acids, diacylglycerols, 
monoacylglycerols and glycerol. Lipases also cata-
lyse hydrolysis of water soluble, short-chain esters of 
carboxylic acids, which nevertheless progresses very 
slowly (Loiseau et al., 2001; Sembdner and Parthier, 
1993). Thiyam et al. (2006) showed that the addition 
of sinapic acid supplements the antioxidant action 
of lower concentrations of endogenous tocopherols 
found in oils. Secondary metabolites, which include 
phenolic compounds, play important roles either as lo-
cal or systemic resistance factors in protecting plants 
against various pathogens (Mandal et al., 2010). Lit-
erature sources include several studies concerning the 
antimicrobial properties of sinapic acid. Maddox et al. 
(2010) showed the antibacterial action of sinapic acid 
in studies concerning both plant and human patho-
gens. Those authors presented the inhibitory action of 
sinapic acid in relation to Xylella fastidiosa, a patho-
genic bacterium responsible for considerable losses 
due to diseases in many crop plants. Sinapic acid 
inhibits the growth of Erwinia carotovora (bacterial 
soft rot disease). These pathogens produce enzymes 
causing hydrolysis of pectins binding plant cells. This 
causes separation of cells, which in turn results in 
their death, manifested in plant rot (Lyon and McGill, 
1988). Sinapic acid also inhibits the growth of such 
bacterial strains as Escherichia coli, Enterobacter ae-
rogens, Pseudomonas flouorescens, Bacillus subtilis, 
Bacillus cereus, Streptococcus lactis and Streptococ-
cus cremoris (Nowak et al., 1992). The same authors 
reported that sinapin has no effect on the growth of the 
bacterial strains being investigated, which may suggest 
that a decrease in the level of sinapic acid derivatives 
(being in a bound form) and a simultaneous increase 
in sinapic acid content in the free form in rapeseeds 
infested with mould fungi is a defence mechanism of 
seeds against pathogens. 

CONCLUSION

The studies concerned rapeseeds stored under adverse 
conditions (13.5% moisture content, temperature 
25°C), which resulted in the growth of mould fungi. 

Intensive growth of moulds was observed after 6 days 
of storage. Changes were found in the levels of sinapic 
acid derivatives, i.e. the primary phenolic compounds 
in rapeseeds. Both qualitative and quantitative changes 
in these compounds may be a response to the activity 
of fungal microflora developing in the mass of stored 
seeds. A decrease was observed in the levels of phe-
nolic compounds found in the bound form (sinapin; 
sinapic acid methyl ester; 1,2-disinapoyl-dihexoside; 
1,2-disinapoyl-hexoside and 1,2,2’-trisinapoyl-dihex-
oside). At the same time, an increase (by 63%) was 
recorded in the contents of trans-sinapic acid, a com-
pound with documented antimicrobial properties. This 
shows that appropriate storage conditions of oil raw 
material, such as rapeseeds, guarantees good quality 
in the final product, i.e. rapeseed oil.
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