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Abstract The effect of the drying method applied and

subsequent rapeseed storage on changes in phytosterols was

determined. After harvest, rapeseeds were dried by the near-

ambient method in a thick immobile layer of 2 m and using

air heated to a temperature of 60, 80 and 100 �C. Analyses

of phytosterol contents were performed immediately after

drying and after 6 and 12 months of storage at a temperature

of 10 ± 2 �C. Results showed a significant effect of drying

conditions, cultivar-specific differences and storage time on

the contents of phytosterols. Near-ambient drying of seeds

resulted in a reduction in total sterol contents by 6–20 %,

while for drying with hot air it was by 14–40 %. The level

of sterols decreased by 13–18 % after a 1 year storage of

seeds dried by the near-ambient methods. A reduction in

12–22 % in sterols for seeds dried by high temperature

occurred after 1 year of storage.

Keywords Rapeseed � Phytosterols �
Near-ambient drying � Postharvest

Introduction

Rapeseed is one of the most important oil crops, which

seeds and fruits constitute raw material for the production

of vegetable fats. In recent years rapeseed harvests have

reached 58 million tonnes (http://www.faostat.fao.org).

Postharvest moisture content of rapeseed may be as high as

18 %. However, this level is beyond the recommended

storage moisture concentration. In Poland, it is recom-

mended to dry seeds for long-term storage to a moisture

content of 7 %; however, since 2011 in commercial turn-

over, transactions have been made on seeds with a moisture

content of 9 %. The maximum moisture at which canola

can be sold as straight grade (dry) is 10 % moisture [1–3].

A maximum moisture concentration at seed delivery of

8 % is recommended in Australia [4]. To achieve low

moisture content the seeds must be dried.

According to Pathak et al. [5], the use of temperatures

over 93 �C increases the content of free fatty acids in oil.

Investigations conducted by Rudzińska et al. [6] showed

that the higher the temperature of the drying agent, the

greater the increments are in acid number and losses of

phytosterols during hot-air drying. The application of high

temperatures during drying of rapeseed may also signifi-

cantly influence a reduction in their mechanical strength

[7]. Since technological quality of rapeseed during drying

and storage may deteriorate to a considerable degree, the

drying method proposed with an increasing frequency for

rapeseed is the energy-saving near-ambient drying in a

thick immobile layer [8]. During near-ambient drying

atmospheric air or air heated by several degrees Celsius is

blown into a thick immobile seed layer (of several dozen to

several meters in thickness). The air is heated when its

drying potential is too low. The drying potential of air is

analyzed automatically by the near-ambient drying con-

troller. Seed drying occurs in a layer called the drying zone,

which in the course of the process is shifted upwards from

the bottom. For this reason in layers above the drying zone

seeds have a moisture content similar to their initial

moisture content [8, 9]. Since the process lasts typically
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from several to around a dozen days, there is a risk of

quality deterioration and fungal growth [8, 10].

Rapeseed oil is a valuable source of biologically active

compounds such as phytosterols, tocopherols and phenolic

compounds. The concentration of phytosterols in seed oils

does not exceed 1 % of total oil [11]. Also other vegetable

oils, particularly maize oil, are very good source of phy-

tosterols [12]. The profile of phytosterols is characteristic

of the botanical species from which the oil was obtained

and can be used to detect adulteration of commercial oil

supplies [13]. An increased interest in products rich in

phytosterols, expressed by consumers, enforces the need to

minimize their losses during successive stages of posthar-

vest processing of rapeseed. The drying method applied

and the storage conditions may to a significant degree

affect the degradation of biologically active compounds

contained in rapeseed. Studies conducted by Gawrysiak-

Witulska et al. [8] showed that during near-ambient drying

losses of tocopherols amount to 6–11 %, while during

high-temperature drying they amount to 4–8 %. There is a

lack of data in available literature on the degradation of

sterols during near-ambient drying of rapeseed. Thus the

aim of these investigations was to determine the effect of

the applied drying method and further storage of rapeseed

on losses of phytosterols.

Materials and Methods

Materials

Analyses determining the effect of drying and storage

conditions were conducted on three winter rapeseed culti-

vars: Californium, Elektra and Livius. Seeds were dried by

either a near-ambient method in a 2-m immobile layer or

by the high-temperature method.

Determinations of the phytosterol contents were per-

formed directly after the completion of drying and after

6 and 12 months of seed storage at a temperature of

10 ± 2 �C. The bulk weight of stored rapeseeds was

1.5 kg. Seeds were stored in glass containers, in a room

with minimal access to light.

The control comprised seeds immediately after harvest

from the field.

Near-Ambient Drying

Seeds of cv. Californium were dried by the near-ambient

method as previously described [8, 14]. The initial seed

moisture of 16.2 % was dried to 7 % after 136 h according

to [8].

The Elektra and Livius seeds were dried under labora-

tory conditions, in a drier designed by Ryniecki et al. [15].

The near-ambient drying process was carried out following

the method of [8] until the sample reached 7 % moisture

content. Drying of seeds of Livius and Electra cv. was

completed after 126 and 120 h, respectively.

Samples for analyses were collected after the comple-

tion of near-ambient drying from layers at the levels 0.1,

1.0, 1.5 and 2.0 m.

High Temperature Drying

The seeds of the three cultivars were dried at 60, 80 and

100 �C in a thin layer of 0.005 m according to our previous

method [8]. Samples were removed from the drier once the

seed moisture content of 7 % was reached. Typical drying

times of 12–15, 15–20, and 36–42 min were observed for

temperatures of 100, 80 and 60 �C, respectively.

Determination of Seed Moisture, Oil and Sterol

Contents

The seed moisture was determined using a moisture bal-

ance following our previous method [8]. Oil extraction was

completed using the Folch method [16] on 10 g ground

rapeseed and 100 ml chloroform:methanol (2:1 v/v). The

solvent was washed with 0.25 volumes of water, vortexed

for several seconds and then centrifuged (2,000 rpm) to

separate the two phases. The lower chloroform layer was

collected and evaporated under vacuum using a Buchi R

215 rotoevaporator.

A saponification method of the AOCS [17] was used to

determine the sterol composition. The GC and GC–MS

methods of Ciftci et al. [18] were used to identify and

quantify the individual sterols. These methods use a DB-

35MS capillary column (25 m 9 0.20 mm, 0.33 lm J&W

Scientific, Folsom, CA) for a GC analysis and a DB-5

capillary column (50 m 9 9 0.2 mm, 0.32 mm; J&W) for

GC–MS. Other conditions used were as reported by Ciftci

et al. [18].

Statistical Analysis

Results are presented as means ± standard deviation from

three replicates of each experiment. A p \ 0.05 was

applied to denote significant differences between mean

values determined by the analysis of variance (ANOVA)

with the assistance of Statistica 7.0 (StatSoft, Inc., Tulsa,

OK) software.

Results and Discussion

Five main phytosterols, i.e. brassicasterol, campesterol,

stigmasterol, sitosterol and avenasterol, were identified in
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all samples. 4-monomethylsterols and 4,40-dimethylsterols

were not identified in lipid extracted from seeds.

Changes in total sterol contents during drying and

storage of rapeseeds are presented in Figs. 1, 2, 3, while

those of individual sterols are given in Tables 1, 2, 3. In

seeds harvested from the field, the total content of sterols

was 4,298, 4,379 and 4,095 lg/g d.m for cv. Californium,

Elektra and Livius, respectively. In all the tested cultivars,

b-sitosterol was the dominant sterol, accounting for

46–54 % of the total sterol contents. For rapeseed cv. Cal-

ifornium, the content of b-sitosterol was 2,156 lg/g d.m.

(50 %), for cv. Elektra 1,997 (46 %) lg/g d.m. and for cv.

Livius it was 2,194 lg/g d.m. (54 %) seeds. The campes-

terol content in the fat extracted from seeds ranged from

1,246 lg/g d.m. in cv. Livius to 1,595 lg/g d.m. in cv.

Elektra and it accounted for approx. 30–36% of the sterol

fraction. Brassicasterol constituted approx. 13–16 % of the

total sterols and its content ranged from 535 lg/g d.m. in

cv. Livius to 686 lg/g d.m. in cv. Elektra. The other sterols

were detected in much lower amounts. The content of

avenasterol was 49–72 lg/g d.m., which constituted 1–2 %

of the sterol fraction, while that of stigmasterol was

48–74 lg/g d.m. and did not exceed 2 % of their total

contents. According to Rudzińska et al. [19], the total

content of sterols in rapeseed is characterized by high

variability depending on the cultivar and may range from

4,700 to 6,300 lg/g seeds. The differences in the contents

of these compounds, apart from cultivar-specific traits, are

also influenced by the moisture content of seeds, harvest

and storage conditions [20]. According to Hamama et al.

[21], rapeseed contains mainly sitosterol (45–60 %) and

campesterol (25–39 %), as well as brassicasterol (5–13 %),

avenasterol (3–7 %) and stigmasterol (\1 %). Similar data

concerning the percentage shares of individual sterols were

reported by Vlahakis and Hazebroek [20] and Rudzińska

et al. [19].
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Fig. 1 Changes of total

phytosterol contents in analyzed

rapeseed Californium. N, seeds

dried by the near-ambient

method (layer at 0.1…2 m), H,

seeds dried by high temperature

method (temperature from 60 to

100 �C)
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Fig. 2 Changes of total

phytosterol contents in analyzed

rapeseed Elektra. N, seeds dried

by the near-ambient method

(layer at 0.1…2 m), H, seeds

dried by high temperature

method (temperature from 60 to

100 �C)
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After the completion of rapeseed near-ambient drying,

the total content of sterols in samples collected for analyses

decreased in comparison to the control samples by 7–20 %.

In fat extracted from seeds of cv. Californium, the total

content of phytosterols ranged from 3,590 to 3,909 lg/g d.m.

depending on the dried layer. For cv. Livius and Electra

their contents amounted to 3,371–3,677 lg/g d.m. and

3,795–4,055 lg/g d.m., respectively. The greatest losses of

phytosterols during near-ambient drying were recorded in

seeds dried at the level of 0.1 and 2 m, i.e. for cv. Cali-

fornium (14–16 %), Livius (16–18 %) and Elektra (13 %).

In the layers of seeds dried at the levels of 1 and 1.5 m,

losses of total sterols were lower and did not exceed 10 %.

However, statistical analysis showed that the content of

phytosterols did not differ significantly (p [ 0.05) in seeds

dried at individual levels of the near-ambient drier.

In the course of near-ambient drying the greatest deg-

radation rates were observed for stigmasterol and avenas-

terol. Their losses during drying in the layers at 0.1 and

2 m amounted to 40–48 % (stigmasterol) and 34–49 %

(avenasterol). Losses of brassicasterol during near-ambient

drying were higher than those of sitosterol and campes-

terol. In the layers at the level of 0.1 and 2 m they

amounted to 24–31 %, while in the layer at the level of 1

and 1.5 m it was 15–26 %. Stigmasterol, avenasterol and

brassicasterol have two double bonds in their molecules.

This may have a significant effect on a more rapid degra-

dation of these compounds during drying of rapeseed.

Degradation of campesterol and sitosterol was lower. The

content of campesterol during near-ambient drying of seeds

was reduced in the layers at 0.1 and 2 m by 13–17 %,

while in the other layers it was by 5–12 %. Losses of

sitosterol in the layers at the level of 0.1 and 2 m in seeds

of cv. Californium amounted to 12 %, in cv. Livius a loss

of 14–15 % was observed, while in cv. Elektra it was

5–7 %. The loss of sitosterol in seeds dried by the near-

ambient method in the layers at the level of 1 and 1.5 m,

for all the tested cultivars, did not exceed 7 %. The analysis

of losses for individual sterols also showed greatest losses

of these compounds at the level of 0.1 and 2 m. However,

these values varied between individual sterols.

Near-ambient drying lasts from several to around a dozen

days. Recorded results made it possible to present in the

graphic form the changes in seed moisture contents at

selected levels of the drier [8]. During the experiment the

drying front, characteristic of near-ambient drying, was

observed to move upwards from the bottom. This occurred

because air flowing through the bottom layers of rapeseed

collected moisture from the seeds and when reaching the

upper layer it no longer had the drying potential. Only after

drying the bottom layers the flowing air started to absorb

moisture from seeds found in the upper layers. A reduction

in moisture content in seeds from individual layers was

accompanied by an increase in temperature. In the con-

ducted evaluations seeds were dried in a layer of approx.

2 m in thickness (i.e. the layer used during rapeseed drying

on farms). Seeds of cv. Livius and Elektra at the level of

0.1 m reached the desired moisture content of 7 % after 6 h,

while at the level of 1 m it was after 40–48 h, and at 1.5 m

after 64–78 h. At the level of 2 m, seeds required 120–126 h

from the beginning of the process to reach 7 % moisture.

The longest drying process was carried out for seeds of cv.

Californium. Their initial moisture content of 16.2 %

extended the duration of the experiment to 163 h. Drying

curves for seeds of rape cv. Californium were similar to

those for seeds of cv. Livius and Elektra due to identical

layer thicknesses (2 m) and a similar character of changes in

drying air parameters in the course of the experiments. Thus

seeds dried in a BIN silo and in the laboratory drier were

equally exposed to the risk of oxidation changes.
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Fig. 3 Changes of total

phytosterol contents in analyzed

rapeseed Livius. N, seeds dried

by the near-ambient method

(layer at 0.1…2 m), H, seeds

dried by the high temperature

method (temperature from 60 to
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From the time when the drying front reached the 0.1 m

layer to the completion of the process (more than 110 h)

the temperature of the seed mass was identical to that of the

drying air (28–35 �C) [8]. Such a situation probably caused

an increased degradation of sterols in the layers at the

0.1-m level. An additional adverse factor during near-

ambient drying is connected with the possible overdrying

of seeds in the bottom layers, if during the process atmo-

spheric air has a very low relative humidity and a high

temperature. In the discussed experiments, due to the

atmospheric conditions found, seeds in the lower layers

were overdried, as after the completion of drying their

moisture content was 5.5 % [8]. Overdried seeds have a

considerably reduced mechanical strength, which increases

their susceptibility to damage during transport [22].

An increased risk of adverse biochemical changes dur-

ing near-ambient drying is also observed in the upper

layers. The higher the rapeseed layer, the longer the

duration of the process and the longer the seeds have a high

moisture content. The analysis of total sterol contents

showed that losses of these compounds in the layer at the

level of 2 m were comparable to those at the level of

0.1 m. In studies concerning the degradation of tocopherols

during near-ambient drying different dependencies were

obtained. The higher a given layer was located, the greater

were the losses of these compounds [8].

Drying of rapeseed using hot air also caused degradation

of these compounds. For cv. Californium and Livius these

losses were proportional to the applied drying temperature

and amounted to 21–40 % and 14–25 %, respectively

(Figs. 1, 3). Total sterol losses during high-temperature

drying of seeds of the Elektra cv. were similar (Fig. 2) and

independent of the applied drying temperature. In all the

samples analyzed during high-temperature drying, losses of

total sterols were greater than during near-ambient drying.

In seeds of cv. Californium and Livius during high-tem-

perature drying (similar to during near-ambient drying) the

highest degradation rates were observed for stigmasterol

(37–66 %) and avenasterol (37–51 %). In seeds of cv.

Elektra, dried using the high-temperature method, losses of

stigmasterol, avenasterol, brassicasterol and campesterol

were similar and amounted to 43–54 %. Losses of sitos-

terol in those seeds were lower (31–35 %).

The contents of phytosterols decreased in rapeseed dried

using both methods and stored for 1 year. In seeds dried

using the near-ambient method after 12 months of storage

13–18 % phytosterols were degraded, while in seeds dried

using the high-temperature method it was 12–22 %. The

greatest degradation rate was found for stigmasterol. It

could no longer be detected after as little as 6 months of

storage. According to Rudzińska et al. [6], losses of total

sterols during 12 months of storage of dried seeds may

reach 13 %, with stigmasterol and avenasterol undergoing

the fastest degradation. Both storage time and temperature

have a significant effect on the degradation of sterols [23].

Oxidized derivatives of sterols may be formed during

degradation, which are considered to have a negative effect

on the human organism [11].

Conclusions

Rapeseed contains compounds of great value from the

point of view of nutrition, i.e. phytosterols. In order to

produce high quality oil from rapeseed it is necessary to

minimize losses of these compounds during successive

stages of postharvest processing. Drying costs have a sig-

nificant share in the total outlays on rapeseed production,

thus near-ambient drying in a thick immobile bed is being

recommended with increasing frequency. Conducted

analyses showed that, during near-ambient drying of

rapeseed, losses of phytosterols may be smaller or similar

to losses of these compounds occurring during high tem-

perature drying of rapeseed. This makes it possible to

recommend the near-ambient drying method as being

advantageous in the process of postharvest processing.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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