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Abstract: Rapeseed oils are a valuable component of the diet. Mostly, there are refined oils deprived
of valuable nutrients in the market, hence in recent times cold-pressed and unrefined oils have been
available and popular among consumers. However, the low yield of this oil makes this product
expensive. The aim of the study was to analyse the effectiveness of phosphorus reduction in crude oils,
cold- and hot-pressed in the low-temperature bleaching process. Eight market-available bleaching
earths was compared. The effectiveness of 90% was found with 2% (m/m) of Kerolite with hydrated
magnesium silicate. An increase in the share of earths to 4% (m/m) resulted in the effectiveness of
phosphorus reduction >90% in seven out of eight analysed cases. Bentonite activated with acid with
the lowest MgO content was characterised by low efficiency <64%. The research shows that the
effectiveness of phosphorus reduction was significantly affected by the composition of earths applied
in the bleaching process at ambient temperature. The results of research confirm the high effectiveness
of the process as it is not necessary to heat up the oil before the bleaching process. This method is
recommended for existing and new industrial plant for two-stage rapeseed oil pressing.
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1. Introduction

Rapeseed oil is widely produced and consumed in Europe and is the third most important
vegetable oil after palm and soybean oils in the world [1,2]. In the market there are available pressed,
unrefined oils containing valuable nutrients. Rapeseed oil has a lower concentration of saturated fatty
acids (5—10%), higher content of monounsaturated fatty acids (44—-75%), and moderate content of
a-linolenic acid (9—13%) [3]. The production of cold-pressed oil is inefficient, while the production of
hot-pressed oil results in its dark colour and the presence of phospholipids that are harmful to health.
The solution is oil refining, as a result both phospholipids and valuable nutrients are removed.

On an industrial scale, phosphorus is removed from the oil in the degumming process.
The application of aqueous acid solutions results in removing phospholipids. The process requires
high-tech facilities. In case of the low-temperature bleaching process, no additional facilities are
needed, but only minor modifications are required. The process does not require the use of advanced
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equipment for precise separation of the fractions. The results of research can be used directly in the
oil production.

The amount of phospholipids in the oil primarily depends on the way it was obtained.
Cold-pressed rapeseed oil can contain from 14.57 ppm to as much as 186.4 ppm of phosphorus,
whereas hexane-extracted oil can have 482.1 ppm [4,5]. Crude soybean oil can contain up to 200 ppm
of phosphorus, coconut oil - up to 400—-500 ppm [6]. The amount of phospholipids in the oil depends
on the pressing temperature [7]. Research by Rotkiewicz and Konopka [8] upon rapeseed conditioning
showed that the cold-pressed rapeseed oil had 46 ppm of phosphorus and oil from seeds warmed up
to 60 °C contained 83 ppm. However, with a temperature increasing from 80 to 100 °C, the phosphorus
content in the oil increased from 125 ppm to over 300 ppm [9]. A decrease in moisture of seeds also
lead to an increase in the phosphorus content in the vegetable 0il [10,11]. The phosphorus content
in the sunflower oil pressed from seeds with a moisture of 6% equaled to 85 ppm, for seeds with a
moisture of 5%—-106 ppm and for seeds with a moisture of 2%-23 ppm [12].

The purification of crude vegetable oil from undesirable substances adversely affects the quality
and durability of fat (phospholipids, free fatty acids, sterols, waxes, oxidation products, water, aromatic
compounds, pigments) and is carried out in a refining process that involves degumming, deacidification,
bleaching and deodorization [13-16]. Crude vegetable oil comprises phospholipids in two forms:
hydratable and non-hydratable [14,17]. In the refining process, phospholipids are removed at the
degumming stage [18,19]. For example, solvent-extracted oil contains 529 ppm of phosphorus, and after
degumming this amount was reduced to 12.2 ppm [20]. The degumming process involves adding
about 2% of water at a temperature of about 80 °C to the oil and intensive stirring. This process allows
removing hydratable phospholipids from the oil in the form of gums (about 0.03—0.3%) containing
lecithin. This gum is then easily separated from the oil by centrifugation [14,21,22]. On the other
hand, non-hydratable phospholipids can be removed from the oil with the use of small amounts of
organic acids, including citric, malic or phosphoric ones [23-25]. In the oil, they produce insoluble
metals, salts and hydrated phospholipids which can be easily removed [14,22]. In the two-stage water
and phosphoric acid degumming process, the amount of phospholipids in rapeseed and sunflower
oils was reduced to 10 ppm [25]. The process that finally removes phospholipids from the oil is
bleaching. It also removes coloured compounds such as chlorophyll and carotene, soap, sulphur,
metals and oxidation products from the oil [14,26]. It improves the organoleptic properties of vegetable
oil and its durability. Bleaching is the adsorption of undesirable compounds by means of bleaching
earths or activated carbon [14]. Bleaching earths from mineral clays consisting of aluminium silicates
such as calcium montmorillonite (bentonite) [27], attapulgite, sepiolite [28,29] are most commonly
applied in the process of bleaching vegetable oils. Vegetable oils are primarily cleaned with bleaching
earths produced from bentonite due to their good discolouring and deacidifying properties and their
effectiveness in removing other impurities from the oil. Bleaching earths are physically and chemically
activated in order to increase their sorption surface [14,30]. The effectiveness of montmorillonite-based
bleaching earths (with 2% (m/m) in the oil) in the purification of filtered rapeseed oil from phosphorus
was determined to be over 60% [31]. After refining, the rapeseed oil contained between 2.5-22 ppm of
phosphorus [32].

The color of vegetable oil is essentially due to x- and (3-carotenes, which are mostly removed
by an adsorption process called bleaching [33,34]. This process also aims to remove other pigments
(e.g., Chlorophylls), metals (iron and copper), soaps and oxidation products [33]. The bleaching process
is primarily intended to reduce the amount of carotene and chlorophyll, which are responsible for the
color of the oil. It was observed that the side effect is the reduction of phosphorus correlated with the
oil color; however, the soil porosity did not affect the efficiency of adsorption [34]. Adsorbents such as
activated carbon, silica and acid activated clays are widely used in industry [35].

Phospholipids decrease oil stability against oxidation reactions, influence the organoleptic
properties, and they are harmful in technological processes especially oil hydrogenation [36]. It is
important to recognize significant amount of phosphate content delivered in food/beverages [37,38]
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and attempting to obtain food products containing the lowest possible phosphate doses. Our research
focused on the preparation of rapeseed oils containing the lowest possible phosphorus content using
bleaching earths.

The research was conducted to verify phenomenon of the adsorption of impurities and colour
compounds from vegetable oils by bleaching earths. The aim of experiment was to determine the effect
of the composition of bleaching earths in the low-temperature bleaching process on the oil quality.
The phosphorus content was the parameter classifying the oil quality. The two-stage reduction of
phosphorus in hot- and cold-pressed rapeseed oil was determined.

2. Materials and Methods

Rapeseed oil was obtained by two-stage pressing method (cold and hot) in an industrial plant,
in Poland in Kozmin Wlkp. with an annual production capacity of 30 thousand tonnes of rapeseed.
At the first stage, industrial seeds (impossible to identify variety) were pressed without preliminary
heating and then the press cake was extruded at 120 °C and then re-pressed. Oils from both pressing
plants were mixed in a buffer tank, then filtered on a pressure filter. Samples from each batch of the
filtered oil (10 kg each, in 3 replicates) were collected. For each sample, 2%, 4%, 6% (m/m) of bleaching
earth from eight different producers were added, respectively. The oil with a temperature of 28 °C
+ 3 °C was mixed with the earth for 30 min and then it was filtered with the use of a chamber filter
press with a filter area of 0.24 m? [39]. After filtration, filter cake was weighed and the loss of oil
during filtration was determined. For the oil samples collected before and after the refining process,
the analysis of phosphorus content was carried out by an accredited laboratory in accordance with
the PB-69/IPC standard, version 2, dated 18 September 2012, method of inductively coupled plasma
optical emission spectroscopy (ICP-OES). Figure 1 describes the diagram of the experimental stand.
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Figure 1. Diagram of oil production technology and experimental stand.

Various bleaching earths from Europe and the USA were applied in the oil refining process.
The parameters of bleaching earths were shown in Table 1.
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Table 1. Selected physicochemical properties of bleaching earths used in the process of oil refining.

Bleaching Earths
Parameter P1 P2 P3 P4 P5 P6 P7 P8
Moisture 105°C), % 11 19 10-12 140-175 140-175  about 15 1-6 12 14
(m/m)
. . Kerolite -
. . Sulphuric Active
Mineral Ac1d—act1\./ated acid—zf)ctivated Bentonite  carbon hydrat.e d Attapulgite
bentonite b R . magnesium
entonite bentonite o
silicate

pH value 5.0 35 35 7.0 5.0 6.0 8.0 8.5
Bulk density, g/dm3 400 500 650 650 800 550 350 450

Particle size > 75 um, %  about22  about 94 - - - 6 - -
Particle size >45 um, %  about45  about 70 74.0-80.0 80.0-86.0 70 24 35 22

Composition (%
share):

SiO; 75.6 69.6 68.5 67.5 67.0 53.5 60 65

Al,O3 114 11.8 11.0 12.5 12.0 4.0 3 6

Fe, O3 4.4 34 3.5 3.0 4.5 1.5 15 13

MgO 3.2 2.6 6.0 6.5 6.5 30.5 20 15

CaO 3.1 0.7 2.5 3.0 2.0 0.7 0.5 0.5
Na,O 0.4 0.4 0.2 0.3 0.1 0.3 0.05 0.05

The effectiveness of phosphorus reduction was calculated from the following Formula (1):

F,—Fy
S, = 22 %100 [%] 1)
FP

where:

S; = the effectiveness of phosphorus reduction of a specific bleaching earth used to bleach rapeseed
oil [%],

Fp = the amount of phosphorus in rapeseed oil before purification by bleaching [mg/kg],

Fp, = the amount of phosphorus in rapeseed oil purified by bleaching [mg/kg].

The amount of oil loss was calculated from the following Formula (2):

S =" 2100 [%] )
My

where:

St = the amount of oil in the filter cake with respect to the mass of filtered oil [%],
my, = the mass of filter cake [kg],

m, = the mass of bleaching earth used for filtration [kg],

m, = the mass of filtered oil [kg].

The results of research were subject to the statistical analysis of the correlation matrix and t tests
for dependent samples. The share of oxides, bulk density and pH of bleaching earths were considered
as independent variables, whereas the level of phosphorus reduction and the amount of oil loss were
assumed to be dependent variables.

3. Results and Discussion

The results of effectiveness of phosphorus reduction from equation No 1 in the low-temperature
bleaching process were shown in Table 2.
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Table 2. Results of effectiveness of reduction phosphorus and oil loss in the bleaching process.

Crude Oil 2% (m/m) 4% (m/m) 6% (m/m)
Bleaching Phosphorus .
Earth Share O‘hiv‘]ass S;[%]  Si[%] Sy [%l]  S¢[%l  S;[%] Sil%]
[mg/kg] 8
P1 974+97  10+002 568 1.6 913 26 98.2 42
P2 954+95  10+002 408 13 59.0 15 633 2.0
P3 1450+15 10+0.02  81.6 0.6 93.1 1.6 97.0 3.3
P4 1450+15  10+0.02 874 14 94.9 25 97.1 3.7
P5 150015  10+0.02  44.2 13 90.7 27 98.1 46
P6 1100+16  10+0.02  90.9 05 95.4 1.1 95.9 25
P7 1100+16  10+0.02  77.1 0.6 98.2 1.9 99.1 25
P8 109.0+11  10+0.02  49.2 1.1 912 14 95.9 2.0

The percentage share and type of bleaching earth significantly affected the reduction of total
phosphorus. The analysis of the results proved that the bleaching earth P2 had the lowest effectiveness
of phosphorus reduction. In other cases, as little as 4% of bleaching earth in relation to the oil mass
was characterized by effectiveness above 90%, obtaining the oil with a phosphorus content below
30 ppm. The highest effectiveness of phosphorus reduction was observed with 6% m/m of the bleaching
earth, where the phosphorus content after the bleaching process was <1 ppm. The use of earth
P6 is economically justified because of the high effectiveness of 90.9% with the share of 2% m/m.
The phosphorus content in the oil was lowered to 10 ppm.

The rapeseed oil market classifies oil into unrefined oil up to 30 ppm and refined oil up to 300 ppm
of phosphorus. The oil up to 30 ppm of phosphorus can be obtained in the low-temperature oil pressing
plant or after the oil degumming process at temperatures above 80 °C [32]. The threshold of 30 ppm of
phosphorus was adopted for the optimization analysis of the minimum application of bleaching earths.
The normal distribution of phosphorus in the tested oils was described by a polynomial function and
the minimum amount of bleaching earths application was calculated and the amount of oil loss in this
process was determined. The results of research shown in Table 3 can be used for economic analysis of
the low-temperature bleaching process in the oil production technology.

Table 3. Optimal amount of applied bleaching earths and the amount of loss in the low-temperature
bleaching process.

Bleaching The Polynomial Equation *x — Min Wherey  Oil Loss During
Earth Describing the Normal Distribution R? = 30 ppm of the Bleaching
of Measurement Points * Phosphorus Process [%] (m/m)

P1 y = 3.04x% — 34.27x + 97.67 0.99 2.56 2.05
P2 y = 2.18x% — 22.98x + 94.99 0.99 - -

P3 y = 7.15x% — 65.10x + 142.41 0.97 2.32 0.74
P4 y = 7.83x% — 68.93x + 141.51 0.96 2.14 2.05
P5 y = 3.46x% — 46.30x + 153.12 0.99 3.66 2.38
P6 y = 6.21x% — 53.36x + 105.47 0.95 1.79 0.45
P7 y = 5.24x> — 48.93x + 108.03 0.99 2.05 0.62
P8 y = 3.03x% — 36.16x + 110.65 0.99 2.98 1.64

*x —mass of bleaching earth with respect to % of the oil mass (m/m); y — share of phosphorus in the oil in ppm

Based on the results shown in Table 3, significant differences in the amount of applied bleaching
earths and the amount of loss resulting from the oil absorption were proven. The most favourable
for use were earths P6 and P7 which had the highest effectiveness and the lowest oil absorption.
For example, by using the sample P6, 17.9 kg of the bleaching earth could be used to filter 1 Mg of the
oil and the loss would be 4.5 kg of the oil. At current prices, the bleaching cost equals to 2% of the
oil price.
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The bleaching earths applied in the research were characterized by different elementary
composition and properties. The impact of particular components on the effectiveness of phosphorus
reduction were statistically analyzed (Table 4).

Table 4. Statistical analysis and the correlation of components of bleaching earths in phosphorus
reduction in the oil.

Share of Bleaching Earth pH Density  SiO; Al,O3 Fe, O3 MgO CaO Na,O

2% 0.21 0.02 -0.52 -0.34 0.17 0.52 0.17 -0.04
4% 0.54 0.04 -0.35 -0.40 0.26 0.25 0.25 -0.49
6% 0.48 0.10 -0.20 -0.28 0.24 0.34 0.34 -0.49

The significant phosphorus reduction can be observed in all cases. The impact of pH was correlated
positively, especially with a higher share of bleaching earths. Positive correlation between PH and
3-monohropropenem-1,2-dio esters and glycidyl esters, contents in palm oil and phosphorus was
significant [36]. The soil density had a significant impact. Silicon oxide, aluminium oxide and sodium
oxide had an adverse effect on the phosphorus reduction. Iron oxide, magnesium oxide and calcium
oxide had a positive effect. The earth samples (Table 1) P6 and P7 were characterised by the highest
share of magnesium oxides 30.5% and 20%, respectively. Moreover, the sample P7 had the highest
share of iron oxides (15%) in comparison with other bleaching earths.

The use of bleaching earths in oil refining was the subject of many studies and were used in the
bleaching process of vegetable oils to remove impurities, i.e., oxidants, phosphorus, trace amounts of
heavy metals and dyes. Published studies confirm the thesis that the type of used bleaching earths
had a significant impact on reducing the level of impurities in vegetable oil [40,41]. Depending on
the activation method, the bleaching earths has different properties, and thus differ in the bleaching
efficiency [42].

Refining of edible oils usually involves four stages: degumming, neutralization, bleaching and
deodorization [42]. Bleaching takes place with the help of porous materials characterized by high
adsorption, which are called bleaching earths [43]. Most of the commonly used bleaching earths can be
classified as bentonites [44] and kaolinites [45].

The technique of mechanical removal of impurities from oil with bleaching earths can be compared
to membrane techniques. Research of Sehn, Gongalves, Ming [46] have shown a high efficiency (95.5%)
of phosphorus removal from oil using polymer membranes. The use of phospholipidase C (PLC) is
also effective, resulting in a crude oil with phosphorus content 7.34 + 0.39 mg/kg [47].

Ramanaiah [48] described the possibility of using spent bleaching earths (RSBE) as an adsorbent
to remove fluoride ions from aqueous solutions and ultimately from drinking water. Spent bleaching
earths were regenerated by using acids and bases. The research was carried out in a batch system, where
the effect of added bleaching earth, pH level and contact time with the adsorbent on the concentration
of fluoride ions in the tested solutions was examined. The maximum level of absorption was obtained
at pH =7 and when the contact time with the adsorbent was 180 min. The maximum level of fluoride
ion adsorption, calculated per 1 g of regenerated bleaching earth, was 0.6 mg/g. Analysis of the kinetics
of the adsorption process allowed to determine that this process occured at a speed of 0.64 mg/g-min®?.

Plata described the usage of regenerated bleaching earth in the filtration process of biodiesel
obtained from vegetable oil. Bleaching earth was reactivated by washing with hexane and by treatment
with 0.1 M HCl at 500 °C [49].

4. Conclusions

The high effectiveness of bleaching earths can be determined when removing phosphorus from
rapeseed oil in the low-temperature bleaching process. The presence of metal oxide in bleaching
earths was significant. Bleaching earths enriched with iron and magnesium oxides had the best
absorption properties of phospholipids. In case of the two-stage pressed oil at temperatures initially
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50 °C, then 120 °C, rapeseed oil with parameters of 30 ppm of phosphorus can be achieved by using less
than 2% (m/m) of bleaching earth with respect to the oil. The low-temperature bleaching solution can be
recommended for small oil plants that are unable to invest in a professional rapeseed oil refining plant.

Author Contributions: Conceptualization, W.G. and D.M.; Data curation, B.L.-Z.; Formal analysis, D.M., G.N.
and E.W,; Funding acquisition, D.M. and G.N.; Investigation, B.L.-Z. and W.G.; Methodology, B.L.-Z., W.G. and
E.W,; Project administration, B.L.-Z. and W.G.; Resources, B.L.-Z. and W.G,; Software, D.M.; Validation, D.M., G.N.
and E.W,; Visualization, D.M. and G.N.; Writing—original draft, W.G., D.M., G.N. and E.W.; Writing—review &
editing, B.L.-Z., W.G., D.M. and G.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Xu, J.; Liu, X.; Gao, H.; Chen, C.; Deng, Q.; Huang, Q.; Ma, Z.; Huang, F. Optimized Rapeseed Oils Rich in
Endogenous Micronutrients Protect High Fat Diet Fed Rats from Hepatic Lipid Accumulation and Oxidative
Stress. Nutrients 2015, 7, 8491-8502. [CrossRef] [PubMed]

2. Paciorek-Sadowska, J.; Borowicz, M.; Isbrandt, M.; Czuprynski, B.; Apiecionek, L. The Use of Waste from
the Production of Rapeseed Oil for Obtaining of New Polyurethane Composites. Polymers 2019, 11, 1431.
[CrossRef] [PubMed]

3. Yang, R.; Deng, L.; Zhang, L.; Yue, X.; Mao, J.; Ma, E; Wang, X.; Zhang, Q.; Zhang, W.; Li, P. Comparative
Metabolomic Analysis of Rapeseeds from Three Countries. Metabolites 2019, 9, 161. [CrossRef] [PubMed]

4. Krygier, K,; Platek, T. Comparison of pressed and extracted rapeseed oils characteristics. In Proceedings of
the 10th International Rapeseed Congress, Canberra, Australia, 2629 September 1999.

5.  Podkéwka, W. Biodiesel - myths and facts. In Biofuel -Glycerin - Feed from Rapeseed; Podkéwka, W., Ed.;
Wydawnictwa Uczelniane Akademii Techniczno-Rolniczej: Bydgoszcz, Poland, 2004; pp. 17-24.

6.  Mendow, G.; Monella, F.C.; Pisarello, M.L.; Querini, C.A. Biodiesel production from non-degummed vegetable
oils: Phosphorus balance throughout the process. Fuel Process. Technol. 2011, 92, 864-870. [CrossRef]

7. Sidibé, S.S.; Blin, J.; Vaitilingom, G.; Azoumabh, Y. Use of crude filtered vegetable oil as a fuel in diesel engines
state of the art: Literature review. Renew. Sustain. Energy Rev. 2010, 14, 2748-2759. [CrossRef]

8.  Rotkiewicz, D.; Konopka, I. Effect of some technological factors on the content of phosphorus compounds in
the rapeseed oil. Oilseed Crop. 2000, XXI, 215-224.

9. Unger, E.H. Commercial Processing of Canola and Rapeseed: Crushing and Oil Extraction. In Canola and
Rapeseed: Production, Chemistry, Nutrition, and Processing Technology; Shahidi, F., Ed.; Springer Science+Business
Media: Boston, MA, USA, 1990; pp. 235-249.

10. Evangelista, R.L.; Cermak, S.C. Full-Press Oil Extraction of Cuphea (PSR23) Seeds. J. Am. Oil Chem. Soc.
2007, 84, 1169-1175. [CrossRef]

11.  Uitterhaegen, E.; Evon, P. Twin-screw extrusion technology for vegetable oil extraction: A review. J. Food Eng.
2017, 212, 190-200. [CrossRef]

12.  Dufaure, C.; Leyris, J.; Rigal, L.; Mouloungui, Z. A twin-screw extruder for oil extraction: I. Direct expression
of oleic sunflower seeds. J. Am. Oil Chem. Soc. 1999, 76, 1073-1079. [CrossRef]

13. Landucci, G.; Pannocchia, G.; Pelagagge, L.; Nicolella, C. Analysis and simulation of an industrial vegetable
oil refining process. J. Food Eng. 2013, 116, 840-851. [CrossRef]

14.  Matthaus, B. Technological Innovations in Major World Oil Crops, Volume 2; Gupta, S.K., Ed.; Springer: New York,
NY, USA, 2012; ISBN 978-1-4614-0826-0.

15. Pal, U.S,; Patra, R.K,; Sahoo, N.R; Bakhara, C.K.; Panda, M.K. Effect of refining on quality and composition
of sunflower oil. J. Food Sci. Technol. 2015, 52, 4613-4618. [CrossRef] [PubMed]

16. Verhé, R.; Verleyen, T.; Hoed, V.; De, W. Influence of refining of vegetable oils on minor components.
J. Oil Palm Res. 2006, 18, 168-179. Available online: https://www.researchgate net/publication/228689824
Influence_of_refining_of vegetable_oils_on_minor_components (accessed on 31 March 2020).

17.  Szydtowska-Czerniak, A. MIR spectroscopy and partial least-squares regression for determination of
phospholipids in rapeseed oils at various stages of technological process. Food Chem. 2007, 105, 1179-1187.
[CrossRef]


http://dx.doi.org/10.3390/nu7105407
http://www.ncbi.nlm.nih.gov/pubmed/26473919
http://dx.doi.org/10.3390/polym11091431
http://www.ncbi.nlm.nih.gov/pubmed/31480439
http://dx.doi.org/10.3390/metabo9080161
http://www.ncbi.nlm.nih.gov/pubmed/31374906
http://dx.doi.org/10.1016/j.fuproc.2010.11.029
http://dx.doi.org/10.1016/j.rser.2010.06.018
http://dx.doi.org/10.1007/s11746-007-1142-5
http://dx.doi.org/10.1016/j.jfoodeng.2017.06.006
http://dx.doi.org/10.1007/s11746-999-0206-0
http://dx.doi.org/10.1016/j.jfoodeng.2013.01.034
http://dx.doi.org/10.1007/s13197-014-1461-0
http://www.ncbi.nlm.nih.gov/pubmed/26139933
https://www.researchgate.net/publication/228689824_Influence_of_refining_of_vegetable_oils_on_minor_components
https://www.researchgate.net/publication/228689824_Influence_of_refining_of_vegetable_oils_on_minor_components
http://dx.doi.org/10.1016/j.foodchem.2007.02.038

Foods 2020, 9, 603 8of9

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lamas, D.L.; Constenla, D.T.; Raab, D. Effect of degumming process on physicochemical properties of
sunflower oil. Biocatal. Agric. Biotechnol. 2016, 6, 138-143. [CrossRef]

Pandey, R.; Sanyal, P.; Chattopadhyay, N.; Kaul, S. Treatment and reuse of wastes of a vegetable oil refinery.
Resour. Conserv. Recycl. 2003, 37, 101-117. [CrossRef]

Przybylski, R. Canola/Rapeseed Oil. In Vegetable Oils in Food Technology; Gustone, E.G., Ed.; Wiley-Blackwell:
Oxford, UK, 2011; pp. 107-136.

Pan, L.G.; Campana, A.; Toms, M.C.; N, M.C.A. A kinetic study of phospholipid extraction by degumming
process in sunflower seed oil. J. Am. Oil Chem. Soc. 2000, 77, 1273-1277. [CrossRef]

Bochenski, C.I. Biodiesel. Paliwo Rolnicze; Wydawnictwo Szkoty Gléwnej Gospodarstwa Wiejskiego:
Warszawa, Poland, 2003; ISBN 83-7244-412-9.

More, N.S.; Gogate, P.R. Ultrasound assisted enzymatic degumming of crude soybean oil. Ultrason. Sonochem.
2018, 42, 805-813. [CrossRef]

Paisan, S.; Chetpattananondh, P.; Chongkhong, S. Assessment of water degumming and acid degumming of
mixed algal oil. J. Environ. Chem. Eng. 2017, 5, 5115-5123. [CrossRef]

Zufarov, O.; Schmidt, S.; Sekretar, S. Degumming of rapeseed and sunflower oils. Acta Chim. Slovaca 2008, 1,
321-328.

Nur Sulihatimarsyila, A.W.; Lau, H.L.N.; Nabilah, K.M.; Nur Azreena, I. Refining process for production of
refined palm-pressed fibre oil. Ind. Crops Prod. 2019, 129, 488-494. [CrossRef]

Pagacz, J.; Pielichowski, K. Modyfikacja krzemianéw warstwowych do zastosowan w nanotechnologii.
Czas. Tech. Chem. 2007, 104, 133-147.

Brooks, D.D.; Berbesi, R.; Hodgson, A.S. Optimization of Bleaching Process. Available online: https:
//lipidlibrary.aocs.org/edible-oil-processing/optimization-of-bleaching-process. (accessed on 8 April 2020).
Sabah, E.; Majdan, M. Removal of phosphorus from vegetable oil by acid-activated sepiolite. ]. Food Eng.
2009, 91, 423-427. [CrossRef]

Silva, S.M.; Sampaio, K.A.; Ceriani, R.; Verhé, R.; Stevens, C.; De Greyt, W.; Meirelles, A.J.A. Effect of type of
bleaching earth on the final color of refined palm oil. LWT - Food Sci. Technol. 2014, 59, 1258-1264. [CrossRef]
Pasyniuk, P. Impact of Supplying the Engines with Vegetable Oil on Operational Parameters of the Agricultural
Tractors; Institute of Technology and Life Sciences: Falenty, Poland, 2013.

Konopka, I.; Rotkiewicz, D. Zwiazki fosforu w nasionach i w oleju rzepakowym. Rosliny Oleiste 1998, XIX,
61-70.

Abedi, E.; Amiri, M.].; Sahari, M.A. Kinetic, isotherm and thermodynamic investigations on adsorption
of trace elements and pigments from soybean oil using high voltage electric field-assisted bleaching:
A comparative study. Process Biochem. 2020, 91, 208-222. [CrossRef]

Hew, K.S,; Asis, A.].; Tan, T.B.; Yusoff, M.M.; Lai, O.M.; Nehdi, I.A.; Tan, C.P. Revising degumming and
bleaching processes of palm oil refining for the mitigation of 3-monochloropropane-1,2-diol esters (3-MCPDE)
and glycidyl esters (GE) contents in refined palm oil. Food Chem. 2020, 307, 125545. [CrossRef]

Pohndorf, R.S.; Cadaval, T.R.S.; Pinto, L.A.A. Kinetics and thermodynamics adsorption of carotenoids and
chlorophylls in rice bran oil bleaching. J. Food Eng. 2016, 185, 9-16. [CrossRef]

Szydtowska-Czerniak, A.; Tutodziecka, A.; Momot, M.; Stawicka, B. Physicochemical, Antioxidative, and
Sensory Properties of Refined Rapeseed Oils. JAOCS J. Am. Oil Chem. Soc. 2019, 96, 405-419. [CrossRef]
Moser, M.; White, K.; Henry, B.; Oh, S.; Miller, E.R.; Anderson, C.A.; Benjamin, ].; Charleston, J.; Appel, L.J.;
Chang, A.R. Phosphorus content of popular beverages. Am. ]. Kidney Dis. 2015, 65, 969-971. [CrossRef]
Sherman, R.A.; Mehta, O. Dietary Phosphorus Restriction in Dialysis Patients: Potential Impact of Processed
Meat, Poultry, and Fish Products as Protein Sources. Am. |. Kidney Dis. 2009, 54, 18-23. [CrossRef]
Chakawa, D.P,; Nkala, M.; Hlabangana, N.; Muzenda, E. The use of calcium sulphate dihydrate (CaSO4.2H20)
as a bleaching agent for crude soya bean vegetable oil. Procedia Manuf. 2019, 35, 802-807. [CrossRef]
Ramli, M.R.; Siew, W.L.; Ibrahim, N.A.; Hussein, R.; Kuntom, A.; Razak, R.A.A.; Nesaretnam, K. Effects
of degumming and bleaching on 3-MCPD esters formation during physical refining. JAOCS J. Am. Oil
Chem. Soc. 2011, 88, 1839-1844. [CrossRef]

Sim, B.I; Muhamad, H.; Lai, O.M.; Abas, F.; Yeoh, C.B.; Nehdji, I.A.; Khor, Y.P; Tan, C.P. New insights on
degumming and bleaching process parameters on the formation of 3-monochloropropane-1,2-diol esters and
glycidyl esters in refined, bleached, deodorized palm oil. ]. Oleo Sci. 2018, 67, 397-406. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.bcab.2016.03.007
http://dx.doi.org/10.1016/S0921-3449(02)00071-X
http://dx.doi.org/10.1007/s11746-000-0200-8
http://dx.doi.org/10.1016/j.ultsonch.2017.12.031
http://dx.doi.org/10.1016/j.jece.2017.09.045
http://dx.doi.org/10.1016/j.indcrop.2018.12.034
https://lipidlibrary.aocs.org/edible-oil-processing/optimization-of-bleaching-process.
https://lipidlibrary.aocs.org/edible-oil-processing/optimization-of-bleaching-process.
http://dx.doi.org/10.1016/j.jfoodeng.2008.09.020
http://dx.doi.org/10.1016/j.lwt.2014.05.028
http://dx.doi.org/10.1016/j.procbio.2019.12.013
http://dx.doi.org/10.1016/j.foodchem.2019.125545
http://dx.doi.org/10.1016/j.jfoodeng.2016.03.028
http://dx.doi.org/10.1002/aocs.12199
http://dx.doi.org/10.1053/j.ajkd.2015.02.330
http://dx.doi.org/10.1053/j.ajkd.2009.01.269
http://dx.doi.org/10.1016/j.promfg.2019.07.014
http://dx.doi.org/10.1007/s11746-011-1858-0
http://dx.doi.org/10.5650/jos.ess17210
http://www.ncbi.nlm.nih.gov/pubmed/29526878

Foods 2020, 9, 603 90f9

42.

43.

44.

45.

46.

47.

48.

49.

Mba, O.I; Dumont, M.]J.; Ngadi, M. Palm oil: Processing, characterization and utilization in the food
industry—A review. Food Biosci. 2015, 10, 26-41. [CrossRef]

Boukerroui, A.; Belhocine, L.; Ferroudj, S. Regeneration and reuse waste from an edible oil refinery.
Environ. Sci. Pollut. Res. 2018, 25, 18278-18285. [CrossRef]

Didi, M.; Makhoukhi, B.; Azzouz, A.; Villemin, D. Colza oil bleaching through optimized acid activation of
bentonite. A comparative study. Appl. Clay Sci. 2009, 42, 336-344. [CrossRef]

Dijkstra, A.J. Bleaching. In Edible Oil Processing from a Patent Perspective; Springer: Boston, MA, USA, 2013;
pp- 173-198. ISBN 978-1-4614-3351-4.

Sehn, G.; Gongalves, L.; Ming, C. Ultrafiltration-based degumming of crude rice bran oil using a polymer
membrane. Grasas Y Aceites 2016, 67, €120. [CrossRef]

Ye, Z.; Qiao, X.; Luo, Z.; Hu, C,; Liu, L.; He, D. Optimization and comparison of water degumming and
phospholipase C degumming for rapeseed oil. CyTA - |. Food 2016, 1-9. [CrossRef]

Ramanaiah, S.V.; Venkata Mohan, S.; Sarma, PN. Adsorptive removal of fluoride from aqueous phase
using waste fungus (Pleurotus ostreatus 1804) biosorbent: Kinetics evaluation. Ecol. Eng. 2007, 31, 47-56.
[CrossRef]

Plata, V.; Rojas, O.; Gauthier-Maradei, P. Improvement of palm oil biodiesel filterability by treatment with
reactivated spent bleaching earths. Fuel 2020, 260, 116198. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.fbio.2015.01.003
http://dx.doi.org/10.1007/s11356-017-9971-8
http://dx.doi.org/10.1016/j.clay.2008.03.014
http://dx.doi.org/10.3989/gya.0498151
http://dx.doi.org/10.1080/19476337.2016.1182218
http://dx.doi.org/10.1016/j.ecoleng.2007.05.006
http://dx.doi.org/10.1016/j.fuel.2019.116198
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Conclusions 
	References

