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This paper reports results obtained in an oil factory during a survey
of the refining process of vegetable oils. The aim of our investigations
was to study the effect of the main technological steps on the dissolved
oxygen content of sunflower and rapeseed oils, which is of great im-
portance regarding storability.

Improvement of the oxidative stability of edible fats and oils also
in preserved foods is a growing concern of the food industry. The pro-
tection of lipids against oxidation is not merely an economic problem.
Apart from the loss caused by rancidification, the nutritional value of
the products also decreases as a result of the destruction of essential
fatty acids and vitamins.

In the vegetable oil industry, the up-to-date study of oil-processing
and complete quality control include also the measurement of the dissol-
ved oxygen content of intermediate and final products. A simple, fast
and reliable direct method is provided by the use of membrane-covered
polarographic sensors. This type of oxygen sensors was developed by
Clark and coworkers in the early fifties [4-6], their various modifica-
tions have since widely spread, mainly used for water quality control
and the determination of oxygen in aqueous media. Their successiul ap-
plication in fat chemistry and also in the vegetable oil industry has been
reported since the mid-sixties [1—3, 7—10, 12, 13].

Tn our investigation, the technological steps of the refin‘ng process



152 J. HOLLO ET AL.

of sunflower and rapeseed oils were studied by measuring the amount
of physically dissolved oxygen in different intermediate and final pro-
ducts. The effect of neutralization, bleaching, deodorization, winteriza-
tion was studied and the bottled products were examined.
Measurements were carried out by means of a Radelkis dissolved
oxygen meter, type OH-501. The scheme of the measuring cell is shown
in Fig. 1. The cell consists of a silver cathode and a zinc anode. The
electrodes and the supporting electrolyte — KCI1 gel — are protected
by a teflon membrane. The selectively permeable membrane permits
oxygen and other gases to pass through, but excludes the oil, consequen-
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Fig. 1. Line diagram of the Radelskis oxygen sensor: 1 — silver cathode, 2 — zinc
anode, 3 — electrolyte gel (KCL), 4 — silver contact of the anode, 5 — teflon
membrane, 6 — gel holder, 7 — O — ring, 8 — electric terminal, 9 — thermistor

tly, no chemically bound oxygen can be detected. Oxygen reduction pro-
duces a current directly proportional to the partial pressure of oxygen
in the sample [11]. The electrons needed in the process are provided
by the electrolytic solution of the anode. Thus, the sensor works with-
out any external source of current. The instrument has automatic
temperature compensation, the cell can be used for measurement in
solutions up to 50°C. The response time of the sensor is about 1 min,
reproducibility of the measurements is * 1%o.

Figures 2 and 3 show the summarized results of our survey carried
out in a three-week period under regular technological conditions. At
all sampling places two parallel samples were drawn 10—15 times both
from sunflower and rapeseed oils. Dissolved oxygen content of the
samples was calculated as per cent air saturation.

Figure 2 shows a simplified scheme of the raffination process of
sunflower oil. The dissolved oxygen content of the intermediate and
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Fig. 2. Sunflower oil. Effect of technological steps of the refining process on
dissolved oxygen content (summarized results of 3 weeks)
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final products are average values of the results obtained, in the period
examined. The standard deviations, including also sampling errors, in-
dicate that the dissolved oxygen content of the same products was
fairly constant within a longer period.

As can be seen, the dissolved oxygen content of crude oil was re-
latively low, while that of the individual intermediate products varied
It increased considerably during deacidification, the reason of
which may be clarified by further study of the system. Although, on
deodorization, the dissolved oxygen content was reduced to a negligi-
ble amount, both winterized and bottled products were found to be sa-
turated with air. Zone samples from the receiver tank of the deodo-
rized oil and from the supply tank of the filters showed that the dis-
solution of oxygen from air starts immediately after deodorization and
the high amount of dissolved oxygen in winterized oils is not due to
filtration but to storage and handling procedures preceding winteriza-
tion. The samples drawn from the different zones showed the same
oxygen content.

Figure 3 gives the scheme of the refining process of rapeseed oil
with results of the period studied. According to these data, the same
changes occurred during deacidification and deodorization. Rapeseed oil
was bleached in a batch- type system. No great amount of oxygen was
dissolved during bleaching and subsequent filtration. In spite of the
fact that rapeseed oil was not winterized, the dissolved oxygen of bot-
tled products was high, presumably due to handling and storing ope-
rations.

The table summarizes the changes in air saturation, occurring du-

Table

Dissolved oxygen content of intermediate and final products of oil raffination (average values
obtained during 3 weeks)

Sunflower oil Rapeseed oil
air saturation % deviations % air saturation % deviations %
one day 3 weeks one day 3 weeks
Deacidification before 9.8 (25—30°C) +1.6 +3.7 18.7 25—30 °C +3.3
after 79.5 (25—30°C) +7.5 4+10.2 83.5 25—30°C +4.8
before 2.9 25—30°C +0.9
Bleaching na bleaching
after 17.6 25—30°C +3.6
Deodorization before 12.3 (23—27°C) +0.4 +£0.8 8.8 23—27 °C +4.5
after 1.7 (25—30°C) =+0.4 +0.2 1.8 25—30 °C +0.3

Winterized, filtered oil 942 (20—22°C) +2.6 +1.9 no winterization s
Bottled oils 96.8 (20—22°C) +0.4 +23 87.7 20—22°C  +2.7 +3.
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Fig. 3. Rapeseed oil. Effect of technological steps of the refining process on dissol-
ved oxygen content (summarized results of 3 weeks)

ring the main technological operations in the raffination process of
both kinds of oils. The deviations for one day were calculated from 5

measurements made at different times.

According to our results, it can be stated that:
1) under constant technological conditions, the dissolved oxygen

content of the intermediate and final products is constant during one
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Fig. 4. Oxygen consumption of bottled oils held in darkness at room temperature

day as well as) over a longer period, as shown by the values of stan-
dard deviations;

2) except for deodorization, the dissolved oxygen content of the
oils increases during each raffination step, the greatest change occurs,
however, during relatively short handling and storage.

We also studied the oxygen consumption of bottled products held
in the dark at room temperature during longer storage (Fig. 4). Sun-
flower oil, which is less resistant to oxidation due to its fatty acid
composition, consumed physically dissolved oxygen faster than rape-
seed oil. 100%0 air saturation is about 40 ppm oxygen [3, 14], which
is equivalent to approx. 5 POV. The change in the peroxide values of
both, kinds of oils proves that in the initial stage of autoxidation, the
chemically bound oxygen arises from physically dissolved oxygen and
the oxygen in the headspace gas as well as that possibly diffusing
through the plastic bottle is presumably of less importance.

REFERENCES

Aho L., Wahlroos O. J.: Amer. Oil Chem. Soc., 1967, 44, 65.

Becker E., Niederstebruch A.: Fette, Seifen, Anstrichmitteln, 1966, 68, 135.
Becker E. Niederstebruch A.: Fette, Seifen, Anstrichmitteln, 1966, 68, 182.
Clark L. C.: J. Appl. Physiol., 1953, 6, 189.

Clark L. C., Wold R., Granger D., Taylor Z.: J. Appl. Physiol., 1933, 6, 186.
Clark L. C.: Trans. Am. Soc. Artificial Internal Organs, 1956, 2, 41.
Heide-Jensen J.: Fat Oil Chem. Scand. Symp. 4th, 1965, 131.

Heide-Jensen J.: Radiometer News, 1967, No 8, 3.

N N N



EFFECT OF REFINING PROCESSES... 157

9. Heide-Jensen J.: Metal Catl. Lipid Oxid. SIK Symp. Pap. Discuss. 1967; 1968,
75.

10. Ke P. J., Ackman R. G.: Amer. Qil Chem. Soc., 1973, 50, 429.

11. Mancy K. N., Westgarth W. C.: J. Water Poll. Control Fed., 1962, 34, 1037.

12. Ohlson R.: Fat Oil Chem. Scand. Symp. 4th, 1965, 121.

13. Ohlson R.: Zesz. probl. Post. Nauk rol. 1970, 91, 279.

14. Taufel K., Linow F.: Nahrung, 1963, 7, 4].

J. Hollé, I. Buzds, E. Kurucz, J. Polya

WPLYW PROCESU RAFINACJI OLEJOW ROSLINNYCH NA ZAWARTOSC
ROZPUSZCZONEGO W NICH TLENU

Postep procesu rafinacji oleju slonecznikowego i rzepakowego $ledzono przez
pomiar fizycznie rozpuszczonego tlenu w poszczegblnych produktach przejéciowych,
jak i w produktach koncowych. Prébki pobierano podczas neutralizacji, bielenia,
dezodoryzacji, winteryzacji i z oleju butelkowanego. Pomiary przeprowadzano za
pomocg polarograficznego czujnika tlenu Radelkisa, wyposazonego w katode ze
srebra i cynkowg anode pokrytg membrang teflonowa w celu odizolowania elektro-
litu do préby. Czujnik ten pozwala na szybki i bezposredni odczyt ci$nienia par-
cjalnego tlenu. Stwarza to mozliwo§é zastosowania g0 W przemyslowych laborato-
riach kontroli jakoéci.

Wyniki pracy wykazuja, ze ilosé rozpuszczonego tlenu jest rézna w r6znych
prébach, nieznaczna po dezodoryzaciji, wzrastajgca podczas przechowywania i naj-
wigksza w oleju butelkowanym. Zbadano réwniez zuzycie tlenu przez olej butel-
kowany.

A. Xoano, M. Byzac, 3. Kypyu, A. Hoaus

BJIVAHUE ITPOIIECCA PADPUHAUUU PACTEJBHBIX MACEJ
HA COAEPXKAHUE PACTBOPEHHOI'O B HUX KUCJOPOLA

Pe3zwwMme

IIpoxBuxenue mnpouecca paduHaAUMM IOACOJIHEYHMKOBOTO M PaIlCOBOTO MacJja
caeauiy NyTeM WM3MEPEeHMs (PU3MYeCKM PpacTBOPEHHOTO KMUCJI0POJa B OTAEJbHBIX
IIePOXOAHbIX M B KOHEYHBIX IpoaykTax. O6pasusl orbupasimu BO BpeMs HeINTPaIm-
3auun, orbesnky, pesojopaumyy M BuHTepu3auuu. Orbupanan Takxke obpasusl maciaa
pazauroro B OyThINKM. VI3MepeHUSA NPOBOAMIUCL C IIOMOIULIO IOJSpPOrpaduyecKkoro
JaTyMka Kucjopoza PazenbKuca, OCHAIllEeHHOTO cepebpAHHOM KaTONOM M IMHKOBOI
AHOZIOM IIOKPBITOM TedJIOHOBOM MeMOpaHO} € LUeJbl0 M30JIMPOBAHUA 9JIEKTPOJMTA
or obpa3na. YKazaHHbIA JAaTYMK II03BOJAET OBICTPO M HENOCPEINCTBEHHO OTCYUTHI-
BaTh JaBJleHye IapuualIbHOTO KMcjaopoza. OTO naejaeT BO3MOXKHBIM €ro MCIOJIb30-
BaHye B IIPOMBIIIJIEHHbIe JlabopaTOpMaX KOHTPOJIA KaudecTsa.

ITony4yenHble pe3yJabTaTbl NOKA3bIBAIOT, YTO KOJMUYECTBO PACTBOPEHHOTO KMUCJO-
pona sBiadeTcA Pa3JUMUYHBIM B pPas3HbIX obpaspax — Ha3HAYUTEJIbHOE IIOCjie Je30-
Iopalp1, NOBBILIGHHOE BO BPEMA XPaHeHMUs UM caMOe BBICOKOEe B Macje pPas3IUTOM
B b6yTeinku. MccnemoBaay TakzKe mnoTpebaenye Kuciopona pas3siMTbIM B 6yTBIIKU

MacJoM.



