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THE INFLUENCE OF PRESSING CONDITIONS AND COOLING DY NAMICS
OF RAPESEED OIL AS BIOFUEL ON ITS OXIDATIVE STABILI TY

Summary

Organic products undergo biodegradation processefavourable conditions while being improperly stwr The produc-
tion of vegetable oils by means of the pressingrtelogy requires high electrical energy input whislconverted by fric-
tion forces in screw extrusion presses into hehe fieat, in turn, is conducive to the organic n@egradation processes.
The purpose of the study was to determine the itgdabe pressing temperature and the dynamicailiag processes on
the oxidative stability. The tests were carried muthe industrial environment in a production roaan oil and fat plant
producing rapeseed oil. Based on the summarisdddesits, it can be concluded that the initial mperature and the
cooling rate had a significant impact on the vat@balue. The higher the values of these parameters, the longer the
oxidative stability period was. The oxidative slifpiwas more than 60 h for the hot-pressed oil atut 10 h for the
cold-pressed oil. The oil free from solid impurtishowed resistance at a level of 18 h.
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WPLYW WARUNKOW TOCZENIA | DYNAMIKI SCHLADZANIA OLE Ju
RZEPAKOWEGO JAKO BIOPALIWA NA JEGO STABILNO SC OKSYDACYJN A

Streszczenie

Produkty organiczne ulegajprocesom biodegradacyjnym w sprzyf@jch warunkach, podczas nieidavego ich prze-
chowywania. Produkcja olejow flinnych za pomagtechnologii ttoczenia wymaga tlich nakladéw energii elektrycznej,
ktéra na skutek sit tarcia w prasaglimakowych jest przeksztalcana w ciepto. Ciept@mmaast sprzyja procesom degrada-
cyjnym masy organicznej. Celem pracy byto dkrée wpltywu temperatury tltoczenia oraz procesOwadlyicznego schia-
dzania oleju na stabilnid oksydacyjn. Badania wykonywano w warunkach przemystowych livpnadukcyjnej zaktadu
tluszczowego, zajmigego s¢ produkci; oleju rzepakowego. Na podstawie zebranych wynbea: mana stwierdz, ze
istotny wptyw na wart@ zmiennej miata temperatura patzowa oleju i tempo schtadzania. Imzsge wartéci tych pa-
rametrow, tym okres stabilia oksydacyjnej sizwikszat. Dla oleju ttoczonego na gao stabilnd¢ oksydacyjna wynosi-
ta powyej 60 h, dla ttoczonego na zimno okoto 10 h. Otglawiony zanieczyszdzstatych charakteryzowatgodporno-
sCig na poziomie 18 h.

Stowa kluczowestabilnai¢ oksydacyjna, olej rzepakowy, utlenianie olejuczknie oleju, biopaliwa

1. Introduction The oxidation changes in raw vegetable oils arerdet

mined by the composition of fatty acids, the cohtgfmat-

Until recently, vegetable oil has been exclusiwelfpod
product. As the development of the automotive sebts
been contributing to the increase of harmful gassions,
the conventional fuels have been gradually replasgd
biofuels. The current state of the art enablesgubinfuels
in the form of pure vegetable oil (e.g. the Elsleetgjine) as
well as methyl esters in the ZS engine [1, 4, 9,181. Re-
nowned manufacturers of agricultural machines dmrsi
raw rapeseed oil complying with the DIN 51 605 t® b
stand-alone biofuel [18].

ural anti-oxidants and pro-oxidants and the cooddiin
which oils are produced and stored [6]. The oxalatpro-
cesses occurring during the storage period areréieal
reactions which result in the increase of viscosityl the
acid value, change of odour and colour and theepias of
deposits [23]. Vegetable oils are being oxidisecemviun-
saturated fatty acids react with oxygen [2]. Oxiolatis a
chain reaction leading to fast qualitative changgrsler the
impact of light, high temperature or access of palyun-
saturated fatty acids may undergo polymerisatida in-
soluble particles, forming rubbers and deposits [Hje

Vegetable oil is an organic matter which cannot beregetable oil oxidation degree depends mainly enlekel

stored for a longer period of time in conditionsdacive
to degradation processes. Therefore, the essgmtblem
to be resolved is the durability of raw materiaded to pro-
duce biofuels. According to the mandatory standands
biofuels, both vegetable plants and methyl estdrigtware
made of them must be resistant to oxidation. I atses,
the minimum stability period is a standardised gaand
amounts to 6 hours [10].
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of unsaturation of fatty acids, access to oxygen,sams,
water as well as temperature, storage duratiorttangres-
ence of anti-oxidants (e.g. tocopherols, carotes)omhd
pro-oxidants (e.g. copper, iron, colourants) indhe
Proper storage limits the changes occurring irothet is

recommended to store fats in cold storage conditioith a
limited access of oxygen and light [21]. Anotherywesed to
increase the resistance of oils to oxidative chamgasists in
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the application of pro oxidants. To counteract ¢xélation
processes in vegetable oils, tocopherols, i&.: and
y-tocopherol ang-tocopherol [22], propyl gallate [3], tocotri-
enols, butylated hydroxy toluene (BHT), butylatgdiioxyan-
isole (BHA), tertiary butyl hydroquinone (TBHQ), dwced
sulphur and phosphorus compounds, aromatic andreoly
amine compounds [8, 13, 16, 20] are used. Resesash
also carried out on the impact of the oil produttinethod
on its durability [15, 20]. The research shows tihat hot-
pressed oils feature higher oxidative stabilityntiiae cold-
pressed oils. This is caused by a higher procenpdea-
ture, which makes it easier for such natural aidlant
compounds as carotenoids, tocopherols, sterolspaond-
pholipids to pass from seeds to oil [12, 17, 21].

The purpose of the study was to increase the dityabi
of rapeseed oil for the production of biofuels byeading
the oil oxidative stability. The oil degradatioropesses are
inhibited at a lowered temperature. It has beearasd that
the shortening of the period of cooling down raesfily
extracted oil will cause the oxidative stability be in-
creased.

2. Research Test Methodology

To study the phenomenon of the rapeseed oil degrada
tion rate change resulting from the shortening®tooling
period, samples were picked directly from sevezaels of
its production. The oil was produced by means d¢fva-
stage pressing technology. Rape seeds presseck dinsth
press (pre-pressing) showed a temperature of 1915%C
pomace was heated up to 120°C in an extruder assbed
again in another press. Oil samples of 200 g wérkef
directly from underneath the cold-pressing machijoésn
average temperature amounting to 39.2°C) and restsprg
machines (of an average temperature amounting .87 G}y
and a filter (of an average temperature amounting t
37.2°C). Three samples of rapeseed oil were pidkan -
each press and filter. -

The research tests of the impact of the oil coollyg -
namics on its oxidative stability were carried guta pro-
duction room of an oil and fat plant producing reged oil

at an experimental stations, which enabled to camtythe  fat oxidation by heating up a sample in a reactiessel
experiment on a laboratory scale (fig. 1). and continuously passing a jet of air of a prexs#time
The oil was being cooled down in two ways: freelythrough the sample. This process was leading totiua-
(naturally) and dynamically (forcedly). The tesatsin for  tion of fatty acids contained in the sample beinglgsed.
dynamic cooling consisted of a Lauda RE 206 cryasia-  |n the first stage, peroxides (primary product loé reac-
nected with two glass cylinders with a water jackeme-  tion) were formed and then fatty acids underwemmiete
chanical stirrer and a mercury thermometer of aication  degradation, causing the formation of the secongaog-
accuracy of 0.1°C were placed in every cylinder. ucts of oxidation reaction containing volatile lomolecular
The free cooling (SS) of the rapeseed oil samplsear-  organic acids. The secondary products of the r@astiere
ried out in glass beakers of the same shape amtheolThe transported in an air jet to a measurement veesl fith
samples were positioned on a table in a room wiereair  distilled water, where conductivity was being measuon
temperature was about 26°C. During the entire geviothe 3 continuous basis. The increase of conductivitythia
temperature drop, the oil temperature was readégnsiof an  measurement vessel resulted from absorption ofasithe
ELMETRON CP-411 electronic measurement system everyistilled water. The time which passed to the momeren
5 minutes. The oil was being cooled down untiletiehed a the secondary products of the reaction occurreefesred
temperature close to the ambient temperature. to as the induction time or the oil stability ind&he incu-
The dynamic cooling (SD) of the rapeseed oil samplepation time value demonstrates the anti-oxidat&sistance
was carried out in cylinders with a water jackeleve they  of the sample. The longer the induction time whs, rhore
were intensely stirred and cooled down to a tempeganot  stable the sample was.
much higher than that of the cooling medium. Thelicg The population of the collected results was subjbto
medium showed a fixed temperature of 5°C. Theeai-t the analysis of variance. Since the level of sigaifce has
perature was being registered every 30 seconds$ itinti peen set at 5%, the inference is then encumbertiadav%

Source: own studyZrodio: opracowanie wiasne

Fig. 1.Station for testing the free (a) and dynamic (k)lco
ing of oil

Rys. 1.Stanowisko do badachtodzenia oleju w sposob
swobodny (a) i dynamiczny (b)

The oxidative stability was determined by meanghef
accelerated oxidation test with the use of a Raat®hin-
strument in accordance with the PN-EN ISO 6886:2009
standard.

The analysis was carried out in the following ctinds:
temperature of a reaction vessel: 110°C,

volume of oxygen flowing through the sample: 10!}
sample weight: 3 g.

Determination of the oxidative stability by mearighe
Rancimat instrument consisted in accelerating tdggetable

reached about 7°C.
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error risk.
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3. Review of Research Test Results

The average initial and final temperatures of thely and
dynamically cooled oil samples are presented onZfigrhe
hot-pressed oil reached an average initial tempmerabf
51.3°C at a variability coefficient of <10%, theld&:pressed
oil: 39.2°C at a variability coefficient of <5%,etoil after fil-
tration: 37.2°C at a variability coefficient of <40

The low initial temperature of the filtered oil td®d
from the fact that it was the oil from the buffank, being a
mixture of hot-pressed and cold-pressed oil. THewais
filtered an hour after the extraction (the periddime of
filing up and emptying the oil buffer tank). Demkng on
the cooling method, the oil reached the final terapge of
about 27°C when being freely cooled (variabilityeffo
cient of <5%), while the dynamically cooled oil cbad the
final temperature of about 7.5°C (variability coeint of
<10%). In this case, the large variations of thaalality
coefficient were caused by different oil coolingndynics.
The cause is suspected to be a non-uniform amddoam
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60

50
40

30

Temperature [°C]

20

10

in the collected samples which formed while the weds
being hot-pressed.

Within the entire examined time window, the average

rate of the temperature change was 0.18°C'nfim the

freely cooled cold-pressed oil, it was 0.25°C-for the

hot-pressed oil and 0.17°C-ntirfor the oil from the filter.

On the other hand, during the dynamic cooling,aterage
rate of the temperature change was 2.4°C'nfor the

cold-pressed oil, it was 3.2°C-rfirfor the hot-pressed oil
and 2.25°C-min for the oil from the filter.

All the rapeseed oil samples collected from varistages
of the production process featured oxidative stghibnger
than 6 h, which is assumed to be a minimum valtiesmuali-
ty standard for rapeseed oil as biofuel. The élteoil oxida-
tive stability was higher than that of the coldgzed oil, which
may result from the fact that the remains of segdscolour-
ants, which accelerate oil oxidation, had been vethdon the
course of the filtration process. The hot-pressiediemon-
strated the highest oxidative stability (fig. 3).
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Source: own studyZrodio: opracowanie wiasne

Fig. 2. The initial and final temperatures of the freelg alynamically cooled oil samples:- oil after filtration; Nom 2411 to 2416 - oil
sourced straight from the pressing machine; Zd-potssed; G - hot pressed; SS - freely cooled; @Damically cooled
Rys. 2. Temperatury patkowe i kacowe oleju schtadzanego swobodnie i dynamicznieofej po filtracji; nr 2411 do 2416 — olej
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Fig. 3. Rapeseed oil oxidative stability: it after filtration; 241X - oil straight from thpressing machine; Z - cold-pressed,;

G - hot pressed; SS - freely cooled; SD - dynamjaaibled

Rys. 3. Stabiln@ oksydacyjna oleju rzepakowego: F — olej po filjra241X — olej prosto z prasy;

Z — tloczony na zimn

G — tloczony na gaco; SS — schtadzany swobodnie; SD — schtadzanyigraie
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The oxidative stability amounted on average t@Q®
+2% for the cold-pressed, freely cooled oil and95th
+2% for the dynamically cooled oil; the differendesthe
oxidative stability values are not statisticallygrsficant.
The freely cooled oil from the filter featured dboildy
amounting on average to 14.68 h +0,5%, while theadyic
cooling allowed to increase its durability on aggrato
18.38 h £13%. However, the greater oxidative sitgbdf
the dynamically cooled oil from the filter did neignifi-
cantly differ statistically from the value obtaindor the
freely cooled oil. The oxidative stability amounted
120.30 h +4% on average for the hot-pressed freedyed
oil and to 77.57 h +12% on average for the dynaltyica
cooled oil. The oxidative stability values for thet-pressed
oil significantly differed statistically from thealues ob-
tained for the cold-pressed oil and the oil frore fiiter.
Moreover, statistically significant differences wdound to
exist between the oxidative stability of the hotgwed
freely and dynamically cooled oil, however, excéptthe
freely cooled oil from the press 2416 for which theda-
tive stability value did not vary to a statistigaflignificant
degree from the oxidative stability value for thendmical-
ly cooled oil coming from the presses 2412 and 2416

A correlation coefficient was calculated for thdlect-
ed population of results. There was found to existrong
relation between the initial temperature and thalatve
stability of the oil (0.85) as well as the ratecbfinge of the
temperature during the dynamic cooling of the oidl ahe
oxidative stability which was 0.89 for the cold-gsed oil
and 0.86 for the hot-pressed oil.

4. Summary and Conclusions

Samples of raw rapeseed oil sourced from varioag- st
es of the production process were characteriseithdpxi-
dative stability longer than 6 h, which is the minim value
according to the DIN 51 605 standard referringhi quali-
ty of rapeseed oil as biofuel. The dynamic cooling
creased the oil oxidative stability after filtratioThe fil-
tered and dynamically cooled oil gained a highdueaf
the oxidative stability (above 18 h) than the fyeeboled
oil (above 14 h). However, these differences wearesta-
tistically significant. The oxidative stability dhe filtered
oil was higher than that of the cold-pressed ofltjclv may
result from the fact that the remains of seeds @oidur-
ants, which accelerate oil oxidation, had been reddn
course of the filtration process. A strong interelggence
was found to exist between the oil production méthad
the oxidative stability. The average oxidative #ighof the
cold-pressed oil amounted to about 10 h whereahohe
pressed oil showed, regardless of the applied ngatieth-
od, a very long durability time varying from 60 135 h.
The high values of the oxidative stability of thetdpressed
oil, both freely and dynamically cooled, determirgdthe
accelerated oxidation method, are highly doubtfich
durability of oil has been unprecedented in therditure.
The oil sampled immediately after hot-pressing stabwis-
ible impurities which could affect the correct merhance
of the Rancimat instrument. Despite that, multidsts of
the same samples gave similar results. To veriéy ghr-
formance of the Rancimat instrument, a cleaned kamas
measured; however, such process interfered witleaits-
position and gave different results that were cltsehe
samples free from deposits. The extended duratfotinen
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oxidative stability may be caused by the fact tiwt hot-
pressed oil includes tocopherols, carotenoids aerbls,
which pass into oil under high temperature as thwsa-
pounds have been identified as strong anti-oxidarasin-
crease the oxidative stability of raw vegetabls,dibell et
al. [14] used an addition of oil from the pldomnanthes
alba, an oil which has a very high content of tocoplero
being natural anti-oxidants and is therefore cheraed by
a very high level of oxidative stability reaching72h. Ac-
cording to Wroniak et al. [21], the period of oxida sta-
bility of the hot-pressed rapeseed oil is longe5b%6 than
that of the cold-pressed oil. The authors reachedokida-
tive stability amounting to 5 h for the cold-predssl and
about 6.7 h for the hot-pressed oil, determining tralue
for a filtered oil. Furthermore, according to Krggiand
Platek [15], the filtered hot-pressed rapeseedfestures
oxidative stability amounting to about 8 h.

Based on the performed research tests, the authore
to a conclusion that the cooling of the oil aftetracting
would have a direct effect on its durability durisgprage.
This is indicated by a strong positive correlatimetween
the cooling rate and the oil anti-oxidation resista dura-
tion.
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