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 The minimal refining method described in this study made it possible to neutralize crude 

canola oil using some weaker alkali such as Ca(OH)2, MgO and Na2siO3 as an alternative for 

NaOH. After citric acid degumming, more than 98% of phosphorous content was removed from 

crude oil. The free fatty acid content after minimal neutralization with calcium hydroxide 

decreased from 0.50 to 0.03%. Other quality parameters such as peroxide value, anisidine value 

and chlorophyll content were within commercially acceptable levels. 

 The use of Trisyl silica and Magnesol R60 made it possible to remove the hot water 

washing step and to decrease the amount of remaining soap to less than 10 ppm. There was no 

significant change in chemical characteristics of canola oil after wet and dry bleaching. During 

traditional neutralization, total tocopherol loss was 19.6% while minimal refining with Ca(OH)2, 

MgO and Na2siO3 resulted in 7.0, 2.6 and 0.9 % reduction in total tocopherols. 

  Traditional refining removed 23.6% of total free sterols, although after minimal refining 

free sterols content did not change significantly (p<0.05). Both traditional and minimal refining 

resulted in almost complete removal of polyphenols from canola oil. Total phytosterols and 

tocopherols in two cold press canola oils were 7700, 8400 mg/kg and 370, 350 mg/kg, 

respectively.



 

  Total phytosterols and tocopherols contents in solvent extracted canola oil were 9500, 

500 mg/kg, respectively. The minimal refining method described in this study was a new 

practical approach to remove undesirable components from crude canola oil confirmed with 

commercial refining standards as well as preserving more healthy minor components. 
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1.0 Introduction 

 
 Canola oil is the third most important vegetable oil in the world in terms of the amount 

produced annually, after soybean and palm oils [Source: www.fas.usda.gov/psdonline]. 

Compared to other common vegetable oils, canola oil contains the lowest concentration of 

saturated fatty acids, is a good source of omega-3 fatty acids (α-linolenic acid), and, after olive 

oil, has the highest amount of monounsaturated fatty acids (oleic acid). Moreover, there are some 

important minor nutrients in canola oil, including phytosterols, tocopherols, and phenolic 

components. 

Crude canola oil also contain undesirable impurities such as free fatty acids, 

phosphatides, oxidized products, trace metals and chlorophyll that must be removed from the oil 

to yield a high quality, safe and stable refined oil. Crude canola oil is generally refined by 

chemical refining that contains four stages of degumming, neutralization, bleaching and 

deodorization. The purpose of refining is to remove undesirable components from crude oil with 

minimal damage to desirable components and minimal oil loss. However, during conventional 

refining some part of healthy minor components and also neutral oil are lost because of 

chemicals that used for refining (sodium hydroxide and activated bleaching clays) or the extreme 

physical conditions (high temperature and low pressure). For example, neutralization with 

sodium hydroxide not only remove some part of phytosterols, tocopherols and most part of 

polyphenols, but also attacks neutral oil by saponification reaction and leading to neutral oil loss. 

 Also, during deodorization stage, removing some part of  micronutrients (phytosterols 

and tocopherols) and natural oil (oil loss) and also some physical and chemical changes such as 

formation of trans fatty acids, polymerization, oxidation of triacylglycerols and formation of 3-

chloro-1,2-propanediol fatty acid esters occurs in the oil.                                                                                             
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From another point of view, during traditional refining, a lot of waste water produced during 

neutralization that has a big environment impact and needs of investment for waste water 

treatment.                                                                                                                                                                    

 In the present study, Minimal Refining for Health (MRH) will be examined as new oil 

refining steps that can be optimized to improve on micronutrient retention in oil while still 

reducing the level of undesirable components to acceptable levels and minimizing oil loss. 

The main objective of this thesis is to investigate a new method of crude canola oil 

refining with the priority of keeping nutrients (Phytosterols, tocopherols and polyphenols) while 

decreasing environmental impact, saving more energy according to industrial standards. 

Minimally refined canola oil will have higher nutritional properties compared to fully refined 

canola oil with good stability and moderate natural flavour. 

For the purpose of this thesis we are going to test minimal refining as a substitute for 

traditional refining so, my hypotheses would be:                                                                                                                           

1) Using three weaker alkalis (calcium hydroxide (Ca(OH)2) powder, magnesium oxide (MgO) 

powder, and sodium silicate (Na2SiO3) aqueous  solution) as an alternative to sodium hydroxide 

during the neutralization step                                                                                                            

2) Using silicate and magnesium silicate mixture for the removal of the soapstock instead of the 

traditional hot-water washing                                                                                                          

3) Using wet bleaching at milder conditions as a substitute to conventional dry bleaching                                       

4) Omitting deodorization step that helps to retain micronutrients and natural flavours in the oil 

with nutritional and sensory benefits 
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2.0 Health-promoting Minor Components in Canola Oil and Effects 

of Refining Stages on These Constituents: A review. 
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2.1 Abstract 

 Crude canola oil is composed mainly of triacylglycerols but also contains considerable 

amounts of minor components that may have valuable health effects. Crude canola oil is refined 

in order to remove undesirable components that can lead to refined oil to be used in food 

applications.  However, refining can also cause the removal of health-promoting minor 

components from the oil. The first section of this review describes the chemical composition of 

canola oil, followed by a brief introduction on the effects of minor components on canola oil 

quality and stability.  Following a review of traditional and unconventional vegetable oil refining 

methods, the effects of individual refining stages on the removal of both desirable and 

undesirable components from canola oil are presented and contrasted with other common 

vegetable oils. 

 

 

 

 

 

 

 

 

 

 

Keywords: Canola oil, refining, minor constituents, phytosterols, tocopherols, squalene, 
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2.2 Introduction 

 Vegetable oils and fats are the raw materials in shortenings, margarines, frying oils, and 

other edible products, used both by the food manufacturing industry and at home. Vegetable oils 

can also could be used to formulate specialty lipids for example, human milk fat substitutes for 

infant formula, low calorie fats and oils, edible oils enriched with essential or long chain omega-

3 fatty acids, and medium-chain fatty acids for specific nutritional or medical functions. They 

also have applications in the oleochemical, leather, paint, rubber, textile and pharmaceutical 

industries. Vegetable oils and fats contain the highest source of energy per unit mass than any 

other nutrient and are carriers of fat soluble vitamins. They also provide essential fatty acids, 

only available through dietary sources.   

 The main part of crude vegetable oils and fats are triacylglycerols (TAG) along with 

some other components such as free fatty acids (FFA), monoacylglycerols, diacylglycerols, 

phospholipids, free and esterified phytosterols, triterpene alcohols, tocopherols and tocotrienols, 

carotenes, chlorophylls, hydrocarbons (e.g. squalene), traces of metals (e.g. iron and copper), 

oxidation products, and flavours [1]. 

In 1974, canola oil was first produced in Canada by cross-breeding Brassica napus and Brassica 

rapa. The seeds produced from this cross are specifically low in erucic acid and glucosinolates 

(less than 2% erucic acid in canola oil and less than 30 µM/g glucosinolates in the meal). The 

reduction of erucic acid in the rapeseed oil causes a dramatic increase in oleic acid content in 

canola oil.  Different types of modified canola oils have been developed by plant breeders (high 

oleic, stearic or lauric acids and low linolenic acid canola oils). The modified canola oils can be 

used in different formulations. For example, high lauric canola oil can be used in confectionery 
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coatings, coffee whiteners, whipped toppings, and center filling fats and high stearic acid canola 

oil can be applied in baked products as a substitute for hydrogenated oils [2].  

 

2.3 CANOLA OIL CHEMICAL COMPOSITION 

2.3.1 Fatty Acid Composition 

  

 Canola oil contains about 10% α-linolenic acid, an essential fatty acid that cannot be 

synthesized by the human body.  Alpha linolenic acid has many health benefits such as the 

inhibition of eicosanoid production, alteration in the production of several prostanoids, reduction 

of blood pressure, lowering TAG and cholesterol levels and retarding tumor growth [3]. Canola 

oil contains the fewer total saturated fatty acids (<7%) compared to soybean and sunflower oils 

(Table 1). Saturated fatty acid consumption is associated with an increase in the level of low-

density lipoprotein cholesterol (LDL-C) [4]. After olive oil, canola oil has the highest amount of 

oleic acid (about 60% compared to 75% for olive oil). Research has indicated that oleic acid is 

effective in lowering total serum cholesterol and LDL-C levels.  LDL cholesterol was found to 

be more stable to oxidation when subjects were fed diets rich in oleic acid than when they were 

fed linoleic acid enriched diets [5]. 
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     Table1- Fatty Acid Composition of Canola, Soybean and Sunflower Oils (%) 

Fatty acid Canola Soybean Sunflower 

C14:0 trace 0.1 0.1 

C16:0 4.5 10.3 5.9 

C18:0 2.4 3.5 2.3 

C20:0 0.8 0.3 0 

C22:0 0.1 0 0 

Total Saturated 7.8 14.2 8.3 

C16:1 0.2 0.1 0.1 

C18:1 64.5 21.3 37 

C20:1 0.6 0.1 0 

C22:1 0.5 0 0 

Total Monounsaturated 65.8 21.5 37.1 

C18:2  17.7 55.2 54.3 

C18:3  8.6 9.4 0.3 

Total Polyunsaturated 26.3 64.6 54.6 

                (Adapted from Gordon and Miller, 1997) 

 

2.3.2 Non-glyceride Components of Canola Oil  

 In vegetable oils, three nutritionally important constituents of the unsaponifiable fraction 

are tocopherols, phytosterols and squalene.  

 

2.3.2.1 Tocopherols: Tocopherols are recognized as natural antioxidants. The content of 

tocopherols in crude oils is related to the content of unsaturated fatty acids. Canola oil contains 

relatively high amount of tocopherols (60-70 mg/100g). In food systems, tocopherol homologues 

have different antioxidant activity as, γ > δ > β > α [6]. In canola oil, alpha and gamma 
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tocopherols are present in a 1:2 ratio [1]. From a nutritional point of view, α–tocopherol shows 

the maximum vitamin E activity and is the most effective antioxidant in vivo compared to the 

other isomers and the recommended daily intake of α-tocopherol is 5-9 mg [7]. Comparing the 

effect of canola oil extraction method on tocopherol content, the solvent-extracted oil contains a 

higher amount of tocopherol than the cold-pressed oil [8]. 

 Canola oil contains a higher amount of α-tocopherol than soybean oil, which is the only 

structural form of tocopherol with vitamin E activity in humans. Tocopherols are sensitive to 

light, heat, alkali, and trace metals and are therefore easily oxidized to tocoquinones, which no 

longer have antioxidant properties in oils. Tocopherols contents in soybean, sunflower and 

canola oils are presented in Table 2. 

Table 2- Tocopherol Contents in Canola, Soybean and Sunflower Oils (mg/kg) 

 
α- 

Tocopherol 

β- 

Tocopherol 

γ- 

Tocopherol 

δ- 

Tocopherol 

Total 

Tocopherols 

 Canola 197 - 369 - 566 

Soybean 179.3 - 636.8 330.3 1146.4 

Sunflower 206.5 - 23.9 19.4 898.8 

       (Adapted from Normand et al., 2001, Verleyen et al., 2002, Ortega-Garcia et al., 2006) 

  

2.3.2.2 Phytosterols: Phytosterols are one of the main components of unsaponifiable matter in 

crude oils. They can be found in different forms, free or esterified with other molecules such as 

fatty acids, ferulic acid, or glucosides. 
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In canola oil, sterols are present as free sterols and esterified sterols, in about 1:1 ratios. The total 

amount of sterols in canola oil range from 0.7% to 1.0% . This amount is about twice that of 

sterols in soybean and sunflower oils [9]. 

The main phytosterols in canola oil are β-sitosterol (50%), campesterol (35%), and brassicasterol 

(14%). Brassicasterol can mainly be found in canola oil. Table 3 presents a comparison between 

different types of sterols in some vegetable oils [10]. 

 

                Table 3 Phytosterol Composition (%) and Contents (mg/kg) in Canola, Soybean and                  

Sunflower oils     

 

                 (Adapted from Gordon and Miller, 1997) 

 

In the past, researchers believed that sterols did not play a functional role in oils, but they have 

been reported to have anti-polymerization activity in heated oils [11]. 

Phytosterol Canola Soybean Sunflower 

Brassicasterol 14.3 trace trace 

Campesterol 27.6 25.9 6.5 

Stigmasterol 0 16.8 7.8 

Β-Sitosterol 52.3 44.8 56.1 


5
-Avenasterol 2.5 6.5 14.8 


7
-Avenasterol 0.9 2.8 5.9 


7
-Stigmasterol 2.3 1.4 7.1 

Total Phytosterol (mg/kg) 6900 4600 4100 

Esterified sterols (mg/kg) 4231 576 2069 
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 More importantly, sterols can reduce the serum LDL-C in individuals with 

hypercholesterolemia [12]. Studies have shown that a daily intake of 2 g phytosterols cause 40-

50% reduction in the dietary cholesterol absorption, 6-10% reduction in total serum cholesterol 

and 8-14% reduction of LDL cholesterol [13].  It has been shown that phytosterols from rapeseed 

cause a great improvement in the oxidative stability of refined canola oil at high temperatures 

[14]. During edible oil refining, the amount of sterols decrease, mainly in the neutralization and 

deodorization stages. The decrease is due to the strong base conditions during neutralization and 

the high temperature conditions during deodorization. Hence, some good sources of sterols are 

deodorizer distillate and soap stocks as the by-products of vegetable oils refining [15]. 

Phytosterols have also other applications, especially in the cosmetic industry as emulsifiers and 

precursors to hormonal sterols.  

 

2.3.2.3 Squalene: Squalene is a naturally occuring isoprenoid hydrocarbon found in vegetable 

oils (mainly olive, palm, rice bran and wheat germ oils). This compound has many applications 

in the pharmaceutical and cosmetic industries [16]. It has been reported that squalene has 

antitumor, antibacterial and anticarcinoma properties. However, the mechanism of 

anticarcinogenic properties still remain unknown [17]. In the United States, the daily intake of 

squalene is about 30 mg/day but it can be as high as 200 mg/day, if olive oil be a major source of 

dietary fat [18]. Among different edible oil processing steps, only deodorization has the main 

effect on reduction of total squalene content due to its volatility. Total squalene content 

decreased from 143 ppm to 89 ppm (37.8% reduction) after deodorization of soybean oil [19].  
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2.4 THE EFFECTS MINOR COMPONENTS ON OIL QUALITY AND 

STABILITY  

1.4.1 Chlorophyll: Crude canola oil is unique compared to the major vegetable oils for its high 

chlorophyll content (5-25 ppm). Photo-oxidation is a common phenomenon in oils rich in 

chlorophyll and other photosynthesizers. The chlorophyll content in canola oil is reduced to 0.1 

ppm after refining. It has been shown that chlorophyll and its derivatives (especially pheophytin 

and pheophorbide) are powerful pro-oxidants when exposed to light (photo-oxidation) in canola 

oil.  However, in darkness, chlorophyll has an antioxidant effect. The stability of canola oil 

decreases with an increase in chlorophyll content [20].  

 

2.4.2 Beta-Carotene: β-carotene provides vitamin A activity and with other carotenoids act as a 

quencher for excited chlorophyll and singlet oxygen through scavenging proxy and other reactive 

free radicals [21]. In the presence of light, β -carotenes are strong peroxidation inhibitors but 

with increasing temperature this function is reduced due to heat-induced degradation [22]. -

carotene and α-tocopherol together have a synergistic antioxidant effect [23]. The amounts of 

carotenoids in crude canola oil are present at about 130 ppm that are primarily xanthophylls 

(90%) and carotenes (10%) [1].  

 

2.4.3 Free Fatty Acids: Free fatty acids in vegetable oils can act as proxidants. The carboxylic 

group accelerate the rate of hydroperoxide decomposition [24]. There is a relationship between 

the smoke point and FFA content in oils and because free fatty acids have a lower vapour 

pressure compared to the TAG. In virgin oils, when free fatty acids are at a high concentration, 

they may also cause an undesirable taste and flavour [25]. However, a high FFA concentration 
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has harmful effects on pancreatic β-cells [90] and leads to (FFA)-mediated hepatic lipotoxicity 

[91]. 

2.4.4 Tocopherols: Tocopherols and tocotrienols have a strong lipid oxidation inhibitory effect 

in food and biological systems. In food systems, the most powerful natural antioxidant in canola 

oil is γ tocopherol (canola oil may contains up to 510 ppm γ tocopherol) [6]. Regarding the 

antioxidant activity, tocopherols are 250 times more effective than butylated hydroxyl toluene 

(BHT). One molecule of tocopherol can protect 10
3
-10

6
 molecules of PUFA in the oil [1].  

Tocopherols can be regenerated by reduction reactions with ascorbic acid or glutathione [26]. 

They are also effective as singlet oxygen quenchers but are less potent than the carotenoids. This 

means that, tocopherols are potentially natural antioxidants in vegetable oils that can delay the 

onset of rancidity in oils during storage and increasing shelf life [27].   

 

2.4.5 Trace Metals: Vegetable oils contain some trace elements such as iron, copper, zinc and 

lead. These elements can act as pro-oxidants and should be minimized in the refined oil. Canola 

oil contains sulphur in the form of organic components. Crude canola oil contains 15-35 ppm 

sulphur but after fully refining this amount is reduced to about 9 ppm [28]. Sulphur components 

are responsible for the special odour of heated canola oil. It has been shown that during 

hydrogenation, these sulphur components poison nickel catalysts. In some studies they have also 

been found to act as antioxidants and improve oxidative stability. The sulphur components react 

with hydroperoxy radicals and convert them to stable components. Another positive action of 

sulphur containing components is inactivation of some metals and other components that act as 

catalysts in oxidative processes [29].      
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2.5 VEGETABLE OIL REFINING METHODS 

 Mechanical or solvent extracted canola oil, mainly contains TAG and different amounts 

of non-triglyceride components such as fatty acids, mono and diglycerides, phosphatides, 

phytosterols, tocopherols, hydrocarbons, pigments, vitamins (carotene), sterol glycosides, 

glycolipids, protein fragments, traces of pesticides, and trace amounts of metals, as well as 

resinous and mucilaginous materials. The aim of the refining is to remove undesirable non-

triglycerides from crude oils with minimal damage to desirable components in oil. The 

undesirable components interfere with further processing and may cause the oil to be darkened, 

foamed, smoked, precipitated, develop off-flavours, decrease thermal and oxidative stability, and 

increase oil loss [30].  

Canola oil refining, like the other vegetable oils, consists of several stages such as degumming, 

neutralization, bleaching, and deodorization.  

Table 4 shows the main composition of crude and refined, bleached, and deodorized (RBD) 

canola oil. 
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                Table 4 Typical Chemical Characteristics of Crude and RBD Canola Oil 

Parameter Crude Canola RBD Canola 

Free fatty acids (%) 0.3-1.2 0.03 

Phosphorus (mg/kg) 300-500 <2 

Chlorophyll (mg/kg) 4-30 <0.025 

Sulphur (mg/kg) 2-15 <1 

Iron (mg/kg) 0.5-1.5 <0.2 

Copper (mg/kg) <0.2 <0.02 

Nickel (mg/kg) - <0.3 

Peroxide value (meq/kg) 0.5-3.0 0 (freshly deodorized) 

Anisidine value 1-3 <2 

Color, Lovibond - <1.5 Red/10 Yellow 

Moisture (%) <0.3 - 

Flavour - bland 

                (Adapted from Przybylski, et al. 2005) 

2.5.1 Degumming 

2.5.1.1 Traditional Degumming Methods  

 Degumming is the first stage in edible oil refining to remove phospholipids, trace metals 

and mucilaginous materials. Phospholipids are triglycerides formed with two fatty acids and one 

side chain with a phosphate ester. They are oil-soluble ingredients and are mainly insoluble in 

oils after hydration, namely hydratable phospholipids. Canola oil contains up to 2.5% 

phospholipids and two main phosphatides in canola oil are lecithin (phosphatidylcholine) and 

cephalins (phosphatidylethanolamine) that are hydratable and can be removed by water 
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degumming process. The other kinds of phospholipids are non-hydratable phospholipids such as 

calcium or magnesium salts of phosphatidic acid and phosphatidylethanolamine that require acid 

degumming treatment to be removed from the oil [31]. 

 Although, some kinds of phosphatides such as phosphatidylcholine have several health 

benefits, they should inevitably be removed during refining [32]. Phospholipids should be 

removed from crude oils because they settle during crude oil storage and make an emulsion 

during processing and lead to increases in refining losses. Soluble phospholipids also cause crude 

oils to darken during storage and if they have not been removed from oils before deodorization, 

can lead to dark colour formation in deodorized oils and tend to enhance the formation of off-

flavours [33]. Two traditional methods of degumming are water degumming and acid 

degumming (i.e. super degumming). These procedures are used for minimizing phosphatide 

levels in crude oils. During water degumming, 2% water addition with 15-30 minute agitation 

leads to the conversion of hydratable phospholipids to hydrated gums, which are insoluble in oil 

and can be separated by centrifugation [34]. Acid degumming is a combination of water and acid 

treatment (predominantly phosphoric or citric acid).  In this process, non-hydratable 

phospholipids can be removed by adding about 0.1% phosphoric acid (75% phosphoric acid) and 

mixed with the oil for approximately 20 minutes [35]. ]. Figure 1 shows a flow diagram for 

degumming the crude oils. 
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Figure 1- Super degumming process flow diagram  

(Adapted from Andrew Logan, 2005) TIC, temperature indicator control; FIC, flow indicator control; LC, 

level control  
 

2.5.1.2 Other Degumming Methods 

 There are other kinds of degumming methods such as enzymatic degumming, membrane 

degumming [36], soft degumming (using a chelating agent such as ethylenediaminetetraacetic 

acid, EDTA, and an emulsifying agent), TOP degumming (TOP is a Dutch acronym derived 

from “Totaal Ontslijmings Process” that means total degumming process) [33], and dry 

degumming. During dry degumming, first, crude oil is mixed with phosphoric or citric acid to 

decompose the metal ion/phosphatide complexes and then mixed with bleaching earth. After 

filtration, spent bleaching clay contains phosphatides, pigments, and other impurities. Dry 

degumming is useful in low phosphatide content oils such as palm and coconut oils [37]. 

 In the enzymatic degumming process, phospholipase A1 is used for splitting 

phosphatides. This enzyme converts phospholipids to lysophospholipids and FFA. During TOP 

degumming, the crude oil is water degummed and hydratable phospholipids are removed.  

Thereafter, acid degumming separates calcium or magnesium salts of phosphatidic acid.  Finally, 
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a dilute base such as NaOH, sodium carbonate or sodium silicate is used to neutralize 

phosphatidic acid.  

 Phospholipase A1 (Lecitase Ultra) was quite effective in removing phospholipids from rapeseed 

oil and the phosphorous content in degummed oil was 6.97 ppm. After degumming, residual 

phosphatide contents were 5–50 ppm. The reduction amount depends on the process type and the 

content of nonhydratable phosphatides in the crude canola oil [38]. In consideration of the final 

quality of degummed canola oil, 0.25% citric acid was optimal for degumming canola oil and the 

residual phosphorous level in the degummed oil was about 50 ppm [39]. Membrane degumming 

is especially useful for miscella (mixture of crude oil and hexane)degumming. Up to 90% of total 

phospholipids in soybean miscella can be removed by ultrafiltration [40]. In this study the 

phosphorous content of degummed oil was 20-58 ppm.  

The amount of phosphorous in canola oil after water degumming decreased to 70.4 ppm while, 

after acid degumming the amount of phosphorous reduced to 21.4 ppm. However, TOP 

degumming reduced the amount of phosphorous to 15.1 ppm [31]. 

 Although other degumming methods are studied may have great potential applications in 

industry, their development is at the pilot plant scale trial. Some of most important methods are 

supercritical CO2 degumming, ultrasonic degumming and two-solvent- phase extraction [41]. 

 

2.5.2 Chemical Neutralization Methods 

  Caustic refining is the best known and most widely used chemical refining 

method to neutralize canola oil. Alkali refining by caustic soda was introduced in Europe around 

1840 [42]. In first stage of conventional neutralization, 0.02 to 0.5% concentrated phosphoric or 

citric acids are added to the crude or degummed oils (soybean and rapeseed oils), and after 
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mixing at 60-90 C for 15-20 min, hydrated phospholipids are precipitated out and trace 

elements such as iron and copper are removed [43]. Addition of the appropriate amount of NaOH 

to crude oils based on the amount of free fatty acids, and some excess percentages, leads to the 

formation of sodium soaps in oil [15]. Other physical reactions, for example, absorption and 

coagulation of phosphatides by alkali, partially degradation and adsorption of coloring agents 

(chlorophyll and carotenoids), binding of carbohydrates and metal ions to hydrated 

phospholipids also take place during this stage. Converted free fatty acids to soapstocks are 

separated by centrifugation after heating the oil to 75 C in long-mix or short-mix continuous 

neutralization systems or by precipitation in batch kettles. In the second stage of neutralization, 

heated neutralized oil (85-90 C) is washed with 10-20% hot and soft water (90-95 C) to 

remove the rest of soaps in the oil. The effluent water is separated by the second centrifuges and 

the washed oil is sent to the vacuum dryer to eliminate traces of moisture under vacuum (70-75 

mm Hg). After drying, neutralized oil is cooled to 50-55 C before storage in tanks. 

 During neutralization, caustic soda, heat treatments, contact time and separation 

efficiency all may cause some changes, not only in the amount of triglycerides due to the 

conversion of neutral oil to soap (oil loss), but also in the amount of minor components such as 

phytosterols and tocopherols. In the past, in order to decrease the amount of neutralization loss, 

weaker alkaline solutions such as sodium carbonate and ammonia hydroxide have been used.  

Results, however, were not satisfactory because of poor decolourization and additional capital 

investment for new equipment in the process line. However, these processes do have some 

advantages such as less saponification of neutral oil and less oil absorption/entrainment.  Lower 

total oil losses have therefore been claimed [44]. 
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Figure 2 A continuous neutralization plant flow diagram 

 
(Copied from Johnson, 2008) 

  

2.5.3 Physical deacidification  

 In physical refining, deacidification takes place at high temperatures (220-240 C) and 

low pressure (0.4-0.6 kPa) during 3-5 hours. The procedure is recommended for crude oils with a 

maximum of 1% FFA.  In this method, in order to preserve the quality of refined oils, crude oils 

should be first super degummed and phosphatides and iron sufficiently removed. Physical 

refining is not the best method of refining canola oil because of the high amount of linolenic acid 

in this oil. Linolenic acid has lower oxidative stability compared to the other fatty acids. During 

canola oil deacidification at 240 C, about 1% trans isomers and 0.3-1.0% polymers were 

formed, moreover up to 27.5% of total tocopherols were lost [54]. 
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2.5.4 Unconventional Neutralization Methods  

2.5.4.1 Neutralization by Silicate Solution  

 In [45], the authors developed a process whereby a non-caustic neutralization agent was 

applied to remove free fatty acids after converting to soap without the hot water washing step. 

They used 40% (w/w) sodium silicate instead of sodium hydroxide, to neutralize crude oils. 

After the reaction of sodium silicate with free fatty acids and hydrogel formation, soaps can only 

be removed by filtration instead of separation by centrifugation. The use of diatomaceous earth 

or other filter aids enhanced the separation and removal of residual soaps in the oil. For 

improved filtration however, phosphatides should be removed because gums easily adsorb onto 

sodium silicate. 

 

2.5.4.2 Neutralization by Calcium Hydroxide  

 Calcium hydroxide and magnesium oxide are used for neutralization of FFA in crude 

oils. This method has some benefits. Calcium oxide is cheaper and weaker than sodium 

hydroxide so, it is more economical to use and the refining loss is lower (compared to the sodium 

soap that can hold up to 50% of its weight of natural oil). In an older method, crude oil is first 

heated to about 90 C and calcium hydroxide powder is added to the hot oil and mixed at a 

moderate speed of 40 rpm for 60 minutes. After reaction of calcium hydroxide with FFA and 

creation of granular calcium soap, the oil is heated to 110 C and pumped to a vacuum dryer, 

where, after drying, dry calcium soap is separate from the oil. The mixture is then sent to a filter 

press for separation of soap from the oil [46].  One of the benefits of using this method is the 

valuable by-product (calcium soap) that can be used directly as animal feed without any 

additional processing. In a modified method, crude oil was mixed for about 1 minute with a 



 
 

21 
 

small amount of 25% (w/w) sodium hydroxide, followed by addition of a specific amount of 

calcium hydroxide for neutralization and mixing for about 5 minutes. The mixture was then 

filtered to obtain clear oil [47]. In [48], the authors compared the effects of neutralization of 

acidified olive oil by sodium hydroxide and calcium hydroxide on the losses of natural 

antioxidants. For neutralization of acidified olive oil, oil was first mixed with a specific amount 

of 69% (w/w) calcium hydroxide and at ambient temperature.  Thereafter, 2.5% water is added to 

ensure ionization of the alkali in the oil. After neutralization by this method, the total amount of 

FFA in the neutralized oil was decreased to about 0.04%. These researchers found that very 

limited TAG hydrolysis occurred during refining by lime (lower oil loss) compared to 

neutralization by soda. The separation of lime soap can be improved by using mixture of lime 

and salt.   

 Yuki [49] studied the effects of different alkali solutions on free fatty acid removal from 

frying oils. They used calcium silicate, magnesium silicate, calcium hydroxide, magnesium 

hydroxide, magnesium oxide and aluminum hydroxide gel for neutralization of frying oil. They 

stated that magnesium oxide was excellent to remove FFA but, because of the high solubility of 

the soap in oil, soapstocks cannot be easily removed from the oil. In other research, Yuki and 

Hirose found that aluminum hydroxide gel was the most appropriate material for FFA adsorption 

and that after filtration only about 1.5 ppm Al(OH)3 remained in the oil [50].  

  

2.5.4.3 Biological Neutralization 

 Biological deacidification refers to the addition of either a whole-cell microorganism that 

can selectively remove FFA and use it for their growth, or the addition of a microbial lipase that 

esterifies FFA into triglycerides. In the first method, Pseudomonas strain (BG1) can use some 
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types of free fatty acids in the oil without splitting triglycerides (zero loss) [51]. The best result 

(zero free fatty acid content) was achieved at pH 5.0 to 7.0. After cultivation of Pseudomonas 

strain (BG1) in a fermenter at 30 C for 48 hours, the bacteria used free lauric, myristic, palmitic, 

stearic and oleic acids as the carbon source for the growth, while low molecular weight fatty 

acids such as butyric, valeric, caproic, caprylic and capric were not used because of the toxicity 

of these low molecular weight fatty acids on the bacterium.  Surprisingly, linoleic acid also 

remained in the oil. Cultivation of (BG1) in a mixture of triolein and oleic acid lead to the 

removal of all the oleic acid without any loss of triolein.  

 In the second method, microbial lipase was used for esterification of FFA with added 

glycerol or monoglyceride to synthesize TAG. Since this process has many parameters to be 

controlled such as lipase concentration, reaction temperature and time, glycerol concentration, 

moisture amount and the high cost of lipase, industrial scale refining using this method is not 

feasible. This process is more suitable for high FFA content oils, and the best results are obtained 

in combination with the alkali refining method.  Bhattacharyya and Bhattacharyya [52], used 

Mucor meiehei lipase (1,3-specific) to decrease the amount of FFA in rice bran oil through re-

esterification. At the optimum reaction condition (70 C, lipase content of 10% (w/w) of oil, 10 

mm Hg and 10% (w/w) water), FFA in rice bran oil decreased from 30% to 3.6% after 7 hours of 

reaction time. In other research [53] Mucor meiehei lipase was used to esterify FFA with 

monoglyceride. They showed that FFA content can be brought down from 8.6-16.9% to 2-4% 

based on the amount of monoglyceride used. The main advantage of this method was an increase 

in the amount of neutral oil instead of loss.  
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2.5.4.4 Deacidification by Membrane 

 This process is simple and has many advantages such as low-energy consumption, high 

efficiency of nutrient retention, room temperature processing and no requirements for the 

addition of chemicals for neutralization.  However, there also are some challenges [55].  For 

example, due to the separation limitation that is related to a small difference between molecular 

weight of triglycerides and fatty acids only partial neutralization occurs [56]. Kumar and 

Bhowmick [57] studied a nanofiltration method for separation of fatty acids and TAG. They 

found that by using solvent resistant membranes (cellulose acetate membrane), this method is 

technically feasible. Pioch et al. [58] studied the effect of using cross-flow micro filtration for 

removing phospholipids and FFA (as soap) from vegetable oils. They found that by using this 

method they can meet the quality standards for refined vegetable oils also by using cross-flow 

filtration method, they solved the very low flow rate problem as a result of rapid fouling of 

membrane.  

 

2.5.4.5 Deacidification by Solvents 

 In this technique, FFA and TAG are separated based on their difference in solubility in 

various solvents (e.g. methanol, ethanol or acetone). The advantage of this method is the 

separation at room temperature and pressure, so the effects of refining on valuable minor 

components are minimal. Solvent removal then takes place by distillation at relatively low 

temperatures (<80 C) under atmospheric pressure or at about 50 C under moderate vacuum 

[59].  Although this method has some advantages such as nutrient retention, it also has some 

limitations. For example, the solubility of TAG in the mentioned solvents is low and is related to 

the amount of FFA in the oil. It is also impossible to attain a complete separation (there is always 
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neutral oil losses in the solvent phase). Bhosle and Subramanian [56] recommended that this 

method should be followed by regular neutralization with alkali in order to increase 

deacidification efficiency. Because of the higher capital and energy costs required for this 

process, the industry is not very interested in using this method yet.  Turkay and Civelekoglu 

[60] showed that use of 30% ethanol solutions was enough for liquid-liquid extraction of FFA 

from sulphur olive oil with minor losses of neutral oil.    

 

2.5.4.6 Neutralization by an Alkali Attachment to the Absorbent 

 In this method, alkaline solutions are added to adsorbent particles, such as diatomaceous 

earth, in order to increase the efficiency of the alkali during the neutralization step. 

Neutralization of soybean oil at ambient temperature by addition of sodium hydroxide to neutral 

absorbent particles (diatomaceous earth, Bentonite, Kieselguhr and Celite) was investigated by 

Kulesan and Tekin [61]. They found that sodium hydroxide attachment to clay particles resulted 

in hydrogel formation, caused an increase in the efficiency of FFA removal from crude soybean 

oil and also soapstocks after neutralization. However, addition of 9.5% sodium hydroxide 

solution to Kieselguhr clay in a 60 minute reaction time was enough to decrease the acidity of 

crude soybean oil from 0.56% to 0.14% and the residual amount of soap in the oil after filtration 

was 34 ppm. The mixture dispersed more readily in the oil emulsion, and, because of the high 

surface area of these adsorbents, soaps and other components such as color bodies, trace metals, 

phosphatides, oxidation products and polyaromatics were efficiently removed from the oil. In 

this method, the washing and vacuum drying steps were eliminated. The problem of wastewater 

treatment (economical and environmental aspects) in the neutralization step was therefore 



 
 

25 
 

solved. Kulesan and Tekin [63] concluded that neutralization with modified adsorbents is a new 

approach and has some benefits such as lower energy costs and reduced wastewater.  

  

2.5.4.7 Silica as an Alternative for Soap Removal  

 In the silica treatment method, instead of water washing, a silicate adsorbent is used to 

remove polar components such as soaps, phospholipids, sulphur compounds, trace metals, and 

oxidized products from oils. They can also be used in the adsorptive removal of residual nickel 

after hydrogenation of edible oils [64]. In practice, 0.05-0.4 wt.% silicate preferably separately at 

lower temperature (around 70 C) or along with bleaching earth, are usually added to the oil and 

mixed at 85-95C.  Silicate causes a 40-80% reduction in the amount of bleaching earth usage 

and a significant reduction in oil loss. Siew et al. [63] reported that addition of 0.12% silica 

(Trisyl 


) to 0.4% bleaching clay decreased the amount of red colour and phosphorous in palm 

oil to 1.7 Red Lovibond units, and 18.4 ppm respectively. Synthetic silica can also be used 

before physical refining to remove phosphatides and trace metals in oils [64]. Silica has high 

soap, secondary oxidation products and phospholipid adsorption capacity because of its high 

surface area, 800 m
2
/g compared to 300 m

2
/g for activated bleaching earth [65] , high pore 

volume and high moisture content (60-67%wt).  Thus, it can be used as the water-washing step 

during neutralization to remove phospholipids and soaps. The residual amount of soaps and 

phospholipids after silica treatment are normally less 50 and 3ppm, respectively. This method 

solves the effluent water disposal problem [66]. 

 Synthetic silica does not remove chlorophyll and carotenoids very efficiently, but 

removal of impurities such as soaps and phospholipids can improve the bleaching process and 

also reduce the necessary amount of activated bleaching clays for removing these components 
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[67]. The mechanism of soap removal by synthetic silica has been proposed to be the dissolution 

of soap in water trapped in silica hydrogels [42].  

 

2.5.5 Bleaching of Vegetable Oils 

 Bleaching refers to the process of removing color bodies (mainly chlorophyll, gossypol 

and carotenoids) from neutralized oils by using bleaching clays (activated or natural).  

Also, the bleaching stage is necessary for the removal of the other impurities, such as traces of 

soaps, phospholipids, metals (notably, iron and copper) by adsorption, and peroxides via 

catalytic decomposition.  These components cause a decrease in the filtration speed, poison 

hydrogenation catalysts, darken the oils, and affect the finished product flavour and quality [1]. 

  Acid-activated clays are highly adsorptive and more chemically active than natural 

bleaching clays. They are especially suitable for bleaching canola oil with high chlorophyll 

content. Because of their higher activity, they can be used at relatively lower dosages, so less 

filter cake is produced, which also means lower oil losses. Generally, batch and continuous dry 

bleaching use 0.5-3.0% activated bleaching clays for 15-20 min bleaching time at 100-110 C 

under vacuum (<50 mmHg) [68], while in wet bleaching, 0.5-1% water are added to the oil 

before addition of 1-3% bleaching clay, and heating the mixture to 80-90 C for 20-30 minutes 

mixing under vacuum (about 50 mmHg).  Filter aids are added to the bleached oil, which is then 

passed through pre-coated filters for the better removal of spent clays and bleached oil stored 

after cooling to 50-55 C.  Activated bleaching clays in the presence of water (wet bleaching 

method) act like phosphoric or citric acid for the removal of trace metals and hydrolyze residual 

calcium and magnesium salts of phosphatidic acid that they can be removed from the oil by 
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converting them to hydratable phospholipids or adsorption onto the clay [69]. In Figure 3, a flow 

diagram of a continuous bleaching process is shown.  

 

      Figure 3- A countinous vacuum bleaching plant flow diagram  

 
      (Adapted from Erickson, 1995) 

  

The acidic properties of activated bleaching clays are related to the protons and hydrated 

aluminum ions which balance the negative charge of acid-activated montmorillonite and the 

silanol groups of the silicic acid on the edges of activated montmorillonite [69]. 

 

2.5.6 Deodorization of Vegetable Oils  

 Deodorization is the final stage of refining edible oils. The main purpose of deodorization 

is the removal of flavour and odour components from the oils and shelf-life extension. 

Deodorization is a steam distillation process, and apart from the undesirable malodours, volatiles 

such as fatty acids, oxidation products (aldehydes and ketones), sterols, tocopherols, polycyclic 
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aromatic hydrocarbons and pesticides are stripped from the oil based on their vapour pressure 

and volatility [33]. In Figure 4, the relationship between vapour pressure and temperature for 

different components in vegetable oils is shown. 

 Figure 4- Comparing molecular weight and relative volatility of oil components 

 
(Adapted from Greyt and Kellens, 2005)  

 

 Some parameters that influence deodorization efficiency include temperature, pressure, 

deodorization time, and the amount of stripping steam [70]. These parameters affect minor 

components and the final quality of deodorized oils. For example, although at higher 

temperature, fatty acids can be removed more efficiently, trans fatty acid formation and 

carotenoids and tocopherols destruction will be increased too. After deodorization, all peroxides 

are broken down, and most of the carotenoids are decomposed (heat bleaching). Currently, most 

deodorizers operate at a temperature between 23 to 260C, with operation pressures of 2-4 

mmHg, and stripping steam levels of about 5 to 15 wt% of the oil for batch systems, and 0.5 to 
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2% for continuous and semi-continuous deodorizers [71].  At the final stage, the deodorized oil 

is cooled and passed through polishing filters and after addition of citric acid, kept in storage 

tanks. 

 

Figure 5- Flow sheet of a continuous deodorization plant 

 
  (Adapted from Zehnder, 1995)  

 

2.6 THE EFFECTS OF REFINING STAGES ON MINOR COMPONENTS  

 As previously mentioned, the refining process is a necessary step to remove undesirable 

components such as FFA, phosphatides, oxidized products, trace elements and pesticide residues. 

Nevertheless, during refining, the amount of some nutrients such as tocopherols and phytosterols 
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inevitably decrease. These changes in the nutrients not only affect the nutritional value of refined 

oils but also lead to a decrease in the product quality and shelf life by losing natural antioxidants. 

Furthermore, a number of potentially detrimental components such as trans fatty acids, polar 

components, polymers, cyclic fatty acids and fatty acid esters of 3-monochloro-1,2-propanediol 

(3-MCPD-esters) may be produced during refining stages [72]. The effects of different refining 

steps on nutritionally relevant molecules in oils are discussed below. 

 

2.6.1 Effects of Degumming:  

 Studies have shown that the degumming process leads to a limited reduction of total 

sterols and tocopherols in oils. Ferrari et al. [73] reported that the total sterol contents in crude 

canola oil decreased from 820 to 772 mg/100g after degumming (5.8% reduction). They also 

reported that after degumming, about 0.5-1.0% of total tocopherols were lost. In a similar 

research [74] about 6% of total tocopherols were lost after degumming sunflower oil. Verleyen 

et al. [75] reported that after degumming soybean and corn oil, total tocopherol reduction was 

5% and 3.58%, respectively. 

Garcia et al. [76] studied the effects of different refining stages on the sterol and tocopherol 

contents in high oleic safflower oil. They found that after degumming, the amount of free 

phytosterols increased while in that time the amount of esterified sterols decreased. They 

explained that during acid degumming, phosphoric acid acts as a catalyst for the hydrolysis of 

esterified sterols. Moreover they found that acid degumming caused a 5.7% reduction in the total 

tocopherol content in safflower oil. After degumming of the soybean oil, only 1.4% reduction in 

total tocopherol content was observed, while the total sterol reduction was about 3.6% [19]. 
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2.6.2 Effects of Neutralization:  

 The importance of removing free fatty acids due to their adverse effects on final oil 

quality and stability was discussed earlier. It has been shown that after neutralization of soybean 

oil, a relatively large proportion of sterols and tocopherols were lost (the amount of phytosterols 

and tocopherols decreased from 1132 to 997 µg/g and from 3870 to 3010 µg/g, respectively).  

Moreover, tocopherols may be oxidized under alkaline conditions during neutralization. 

However, a significant change in squalene content of soybean oil after degumming and 

neutralization was not detected [19]. In other research, Tasan and Demirci [74] showed that 

during chemical neutralization of sunflower oil, approximately 14.7% of the total tocopherols 

were lost. In contrast, Ferrari et al. [73] reported that only 2.7% of total sterols and 5.5% of total 

tocopherols were lost after neutralization of canola oil. The main reason for sterol reduction 

during neutralization may be the adsorption of free sterols to the soapstocks [7]. Bartov, [77] 

found that the unsaponifiable matter in soapstocks contained 70 % phytosterols. 

Neutralized corn oil had 19.2% and 10.9% less tocopherols and sterols, respectively, than crude 

oil [7].  Verhe et al. [78] reported that the total amount of esterified sterols was constant upon 

neutralization, and they concluded that no caustic catalyzed hydrolysis of esterified sterols had 

taken place. This may be related to the steric hindrance of sterol rings that causes the ester bonds 

to be less accessible by the lye for saponification. 

The total tocopherol content in sunflower oil decreased from 1095 to 917 ppm after 

neutralization, about 16.5% loss. The maximum reduction was observed in α-tocopherol (17.4% 

reduction). This reduction may be due to its instability in the presence of oxygen and strong 

alkali solution (sodium hydroxide solution) for long contact time [79]. 
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Van Hoed et al. [80] studied the influence of chemical refining on the minor components of rice 

bran oil. Neutralization with sodium hydroxide lead to about 26.7% reduction in total 

phytosterols. Essid et al. [48] compared the effects of neutralization with sodium hydroxide and 

calcium hydroxide on the preservation of phytosterols and tocopherols in olive oil. They found 

that total tocopherol loss was significantly higher after neutralization with sodium hydroxide 

compared to calcium hydroxide (about 48% and 7.5% of total tocopherols were lost, 

respectively). They also showed that neutralization with calcium hydroxide did not have any 

effect on the amount of β-sitosterol (most abundant phytosterol in olive oil).  

 

2.6.3 Effects of Bleaching:  

 As mentioned earlier, the main purpose of bleaching is improving color and oxidative 

stability of oils through lowering the amounts of color bodies, trace of soap and oxidized 

components usually by using activated bleaching clays.  The effects of different types of 

bleaching earth (activated or natural) and synthetic silicate on palm oil tocopherols were studied 

by Rossi et al. [64]. During palm oil bleaching using 1.0% activated bleaching earth; the amounts 

of total tocols were increased from 773 to 834 ppm. This increase may be due to the formation of 

free tocopherols from dimeric or esterified forms during bleaching with acid activated bleaching 

clays. These results were compatible with the result of research on the effects of rice bran oil on 

tocopherol content [80]. They also found that after bleaching with activated clay, the amount of 

α-tocopherols increased, while γ and δ tocopherols decreased.  

 In contrast, Ferrari et al. [73] found that the total amount of tocopherols after bleaching of 

corn and soybean oils increased while under the same conditions, this amount was decreased for 

bleached rapeseed oil. They realized that some part of tocopherols were adsorbed to the clay or 
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oxidized during the bleaching process. Bleaching also caused a reduction in the total sterol 

content of corn and soybean oils. This may be related to the hydrolysis of sterol esters by 

activated bleaching earth [75], or the formation of unsaturated hydrocarbons, steradienes, and 

disteryl esters [78]. Ferrari et al. [73] showed that after bleaching rapeseed oil, the amount of 

steradienes increased from 0.6 ppm to 225 ppm. Bleaching high oleic sunflower oil with 

activated bleaching earth caused 12% reduction in total esterified sterols and 8.7% increase in 

free sterols [76]. 

 The reduction in the esterified sterols was correlated with the effect of the activated bleaching 

earth as a catalyst for the hydrolysis of steryl esters.    

 

2.6.4 Effects of Deodorization:  

 Deodorization may lead to complex chemical and physical changes of fatty acids, 

triacylglycerols and minor components in oils. Examples of deodorization effects include the 

formation of trans fatty acids, polymerization and oxidation of triacylglycerols, decomposition 

of carotenoids, dehydration and re-esterification of phytosterols. Some researchers have 

indicated that these components may be detrimental to health [72, 81]. Wolff [82] indicated that 

residence time and deodorization temperature had the most important effect on the extent of 

trans fatty acid formation in canola oil. In other research, Ferrari et al. [73] reported that after 

commercial deodorization of soybean and canola oils, total trans fatty acid formation was 4.6% 

and 2.4%, respectively, mainly of trans isomers of linolenic acid. 

Currently, much research is focused on the formation of 3-chloro-1,2-propanediol fatty acid 

esters (3-MCPD-esters) during deodorization of vegetable oils. Free 3-MCPD exhibit genotoxic 

and carcinogenic effects and the daily tolerable intake of the 3-MCPD-esters is 2.0 ppb per kg of 
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body weight [84]. During lab scale deodorization of rapeseed oil contains 2.03 g/100 g 

diglycerides, and an acid value of 0.17 mg KOH/g at 240 C and 1 mbar pressure for 20 min, 

about 1.07 ppm 3-MCPD-esters were created in the oil [84].  

 During deodorization some healthy minor components are also lost.  Naz et al. [79] 

studied the changes of the total tocopherols during processing of sunflower oil. About 38% of 

total tocopherols were lost after deodorization. This result was compatible with the results 

reported by Ferrari et al. [73] that after commercial deodorization of rapeseed oil, about 36% of 

total tocopherols were lost.  

In other research [76], authors reported that only 28.5% of total tocopherols were lost at different 

stages of high oleic safflower oil commercial refining (from 249.8 to 178.7 ppm). They reported 

that tocopherols are mainly lost as deodorizer distillates.  In [54], the authors studied the 

influence of deodorization temperature (220-270 C) on tocopherol content during the physical 

refining of canola oil. They described that there is a correlation between increasing deodorization 

temperature and tocopherol loss caused by steam distillation, and that the tocopherol content in 

canola oil was decreased from 91.5% at 220 C to 54.7% at 270 C.  

 During deodorization, phytosterols also chemically change either through esterification of 

free sterols with free fatty acids and formation of sterol esters at high temperature or by 

dehydration of phytosterols and formation of steradienes. Wang et al. [85] studied the influence 

of minimum refining (water degumming, deacidification by magnesol
 

adsorption and 

deodorization at 150 C for 1 hour by purging N2 instead of water steam) of normal and high 

oleic soybean oils on tocopherols and oil stability. The minimally refined high oleic soybean oil 

had better oxidative stability and higher tocopherol content compared to regular RBD soybean 

oil. During commercial deodorization of high oleic safflower oil, a 24.5% reduction in total free 
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sterols and a 52% increase in esterified sterols were observed [76]. A similar result was reported 

[75] on the effects of deodorization on esterified and free sterol content in soybean oil.  After 

deodorization, the amount of esterified sterols increased from 59.5 to 96.7 mg/100g (62.5% 

increases), and the total amount of free sterols decreased from 267.0 to 204.3 mg/100g (23.6% 

reduction).   This might have been due to the re-esterification of free sterols at high temperatures. 

Commercial deodorization also leads to the almost quantitative destruction of carotenoids in 

vegetable oils [86]. Warner et al. [87] showed that the amount of carotenoids in soybean, 

sunflower and canola oils after deodorization decreased to less than 1ppm. Squalene volatility 

also lead to a drastic reduction of this component during deodorization; about 38% of the 

squalene was lost after deodorization of soybean oil [19].  

 

2.7 Conclusion: 

 Refining is a necessary process used to remove undesirable components in crude fats and 

oils.  However, conventional chemical and physical refining using strong alkali solutions during 

neutralization, activated clays during bleaching and high temperature and low pressure 

conditions during deodorization, can lead to the removal or degradation of health-promoting  

minor components such as phytosterols, tocopherols, squalene and carotenoids.  Unconventional 

neutralization methods such as neutralization with weaker alkali solutions such as calcium 

hydroxide in combination with synthetic silica adsorbents not only mitigates minor component 

losses, but also has added benefits such as lower costs, lower refining losses, and decreased 

creation of effluents.  Thus, refining using milder conditions, or using a minimal refining 

method, is more attractive not only for its simplicity, lower capital costs and decreased 
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environmental impact, but also for the high retention of minor, but potentially health-promoting, 

oil components. 
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3.1 ABSTRACT 

  The minimal refining method described in the present study made it possible to 

neutralize crude canola oil with Ca(OH)2, MgO, and Na2SiO3 as alternatives for NaOH. After 

citric acid degumming, about 98% of the phosphorous content was removed from crude oil. The 

free fatty acid content after minimal neutralization with Ca(OH)2 decreased from 0.50 to 0.03%. 

Other quality parameters, such as peroxide value, anisidine value, and chlorophyll content, after 

traditional and minimal neutralization were within industrial acceptable levels. The use of Trisyl 

silica and Magnesol R60 made it feasible to remove the hot-water washing step and decreased 

the amount of residual soap to < 10 mg/kg oil. There were no significant change in chemical 

characteristics of canola oil after using wet and dry bleaching methods. During traditional 

neutralization, total tocopherol loss was 19.6%, while minimal refining with Ca(OH)2, MgO, and 

Na2SiO3 resulted in 7.0, 2.6, and 0.9% reduction in total tocopherols. Traditional refining 

removed 23.6% of total free sterols, while after minimal refining free sterols content did not 

change significantly. Both traditional and minimal refining resulted in almost complete removal 

of polyphenols from canola oil. Total phytosterols and tocopherols in two cold-press canola oils 

were 7741 and 8356 mg/kg, and 366 and 354 mg/kg, respectively. The minimal refining method 

described in the present study was a new practical approach to remove undesirable components 

from crude canola oil meeting commercial refining standards while preserving more healthy 

minor components. 

 

 

 

 KEYWORDS: Minimal refining, canola oil, phytosterols, tocopherols, polyphenols, gas 

chromatography 
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3.2 INTRODUCTION 

 Fats and oils are essential nutrients. Among their many functions, oils and fats serve as a 

dense energy source, carry fat-soluble vitamins, and contribute essential fatty acids that are of 

great significance in many biochemical processes [1]. From a functional perspective, vegetable 

oils and fats have also been used as food ingredients in foodstuffs such as margarine spreads and 

bakery and confectionery products. Vegetable oils are also used as heat-transfer media and 

flavoring agents in the case of frying and cooking oils. 

Canola oil is the third most important vegetable oil in the world in terms of the amount 

produced annually. Its fatty acid profile is particularly healthful as it is an excellent source of α-

linolenic (6-14%) and oleic acids (50-66%). Relative to other vegetable oils, it contains a low 

amount of saturated fatty acids (<8%) in addition to being a significant source of tocopherols, 

phytosterols, and polyphenols. 

 In addition to the aforementioned desirable minor components, crude canola oil contains 

some undesirable minor components such as free fatty acids (FFA), phospholipids, chlorophyll, 

traces metals (e.g. iron, sulphur and copper), pesticide residues, gums, waxes, and oxidation 

products [2]. These components may decrease the quality and processability of the canola oil by 

causing darkening, foaming, smoking, precipitation, development of off-flavors, and decreasing 

thermal and oxidative stability [3].  

 Tocopherols are naturally-occurring fat-soluble compounds with antioxidant properties in 

both food and biological systems. They are found in oilseeds in four isomeric forms. The isomers 

arise as a result of the variation in the number and position of the methyl groups on the chromane 

ring. There are four main tocopherol isomers, namely α-, β-, γ-, and δ-tocopherols [4]. From a 
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nutritional point of view, tocopherols exhibit vitamin E activity. Of the four tocopherol isomers, 

α-tocopherol has the highest in vivo antioxidant activity. In food systems, the antioxidant activity 

of tocopherol isomers decrease in the order of γ > δ > β > α [5].  Biologically, tocopherols play 

an important role in preventing diseases such as Parkinson’s disease, ataxia, and some forms of 

cancer. Tocopherols can strengthen the human immune system as well as prevent premature 

cellular aging [2]. Tocopherols are sensitive to alkali, light, heat, and trace elements. The 

tocopherol content is usually decreases during the refining of an oil [4]. 

Phytosterols constitute the main fraction of the unsaponifiable material in vegetable oils. 

They can be found in different forms as either free sterols or sterol esters. Sterol esters are 

usually esterified to a variety of molecules such as fatty acids, ferulic acid, or glucosides [6]. The 

sterol profile can be used as an indicator in the detection of oil adulteration and can also be used 

to identify the oils and fats in a mixture [7]. Compared to common vegetable oils, canola oil is 

considered to be a good source of free and esterified phytosterols. Brassicasterol is the main 

phytosterol in canola oil. The other major phytosterols include β-sitosterol and campesterol. A 

comprehensive meta-analysis indicated that the daily intake of 2 g of phytosterols can lead to 

10% reduction in serum LDL levels [8]. Some plant sterols, such as Δ5-avenasterol, protect 

frying oils from oxidative degradation, darkening, and polymerization [9, 10]. The various 

refining stages have also been found to affect the quality and the quantity of sterols remaining in 

refined oil. Sterols are generally washed out with the soapstock that is formed after alkali 

neutralization. Bleaching with activated clays can also lead to partial dehydration of free sterols 

and limited hydrolysis of sterol esters. The high temperatures and low pressures encountered 

during deodorization can also cause a considerable loss of sterols due to dehydration, distillation, 

and esterification [11].  
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Compared to other oilseeds, rapeseed has a high amount of polyphenols. These 

compounds exhibit antioxidant and antimicrobial properties [12]. Vinylsyringol, sinapic acid, 

and sinapine are the main phenolic compounds in canola oil. Vinylsyringol exhibits 

antimutagenic and antioxidative properties [13]. Polyphenols are completely removed during 

alkali neutralization [14].  

 Crude canola oil is generally refined in the following order: degumming, alkali 

neutralization, bleaching, and deodorization. Refining is traditionally conducted in a manner that 

emphasizes maximum removal of undesirable components. While minimizing the loss of 

desirable components and oil is also a priority, it is not generally considered as important as total 

removal of undesirable components. However, the actual process of crude oil refining is usually 

dictated by other considerations such as consumer preferences in oil flavour, taste, and color, 

stability characteristics of special oils, the addition of a conversion process, and the end-use of 

the oils, i.e. cooking oils, shortenings, and margarines [17]. 

 During refining, the oil usually undergoes a number of chemical changes as a result of the 

use of chemicals such as phosphoric or citric acids, sodium hydroxide, and activated bleaching 

clays. As well, some chemical changes can be initiated as a result of the extreme physical 

conditions (high temperature, low pressure, and use of live steam) encountered during 

deodorization [15, 16]. Potentially detrimental products may form as a result of these chemical 

changes. For example, some undesirable chemical products that form from the degradation of 

phytosterols during bleaching include unsaturated hydrocarbons, steradienes, and disteryl ethers. 

Other undesirable chemical products that may form include trans fatty acids, 3-chloro-1,2 

propanediol (3-MCPD) fatty acid esters, fatty acid polymers, fatty acid oxidation products, 

carotenoid decomposition products, and dehydrated and re-esterified phytosterols [18-20]. 
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 In the present study, a special type of refining process, Minimal Refining for Health 

(MRH), was examined. MRH is a refining process that prioritizes retaining nutrients, such as 

phytosterols and tocopherols, while still reducing the level of undesirable components to 

acceptable levels. The process involves the following: (1) using three weaker alkalis (Ca(OH)2 

powder, MgO powder, and Na2SiO3 aqueous solution (38% W/V)) as an alternative to sodium 

hydroxide during the neutralization step, (2) using a silicate and magnesium silicate mixture for 

the removal of the soapstock instead of the traditional hot-water washing, and (3) using wet 

bleaching at milder conditions as a substitute to conventional dry bleaching. In MRH, 

deodorization is omitted and may therefore result in an oil with higher pesticide concentrations 

than deodorized oil. As a substitute to deodorization, the use of β-cyclodextrin to bind and 

remove organochlorine and organophosphorus pesticides from the oil was examined. Omitting 

deodorization helps to retain micronutrients (phytosterols and tocopherols) and natural flavours 

in the oil with nutritional and sensory benefits. As well, the undesirable chemical changes due to 

the extreme conditions encountered during deodorization are avoided. 

 

3.3 EXPERIMENTAL PROCEDURES 

3.3.1 Commercial Canola Oils 

 Refined, bleached, and deodorized (RBD) canola oil was obtained from Selection Metro 

(Toronto, Canada) and two cold pressed canola oils were obtained from Highwood Crossing 

Foods Ltd. (Virgin HC), (Aldersyde, Canada) and Mighty Trio Organics (Virgin MT), 

(Redwater, Canada). 

 

 

http://www.google.ca/search?hl=en&biw=1280&bih=697&sa=X&ei=qFgwT8ubNsiK0QGgvNDxCg&ved=0CBgQBSgA&q=organochlorine&spell=1
http://www.google.ca/search?hl=en&sa=X&ei=0lgwT8WgMuHf0QHcnrDBCg&ved=0CBkQvwUoAQ&q=organophosphorus&spell=1&biw=1280&bih=697
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3.3.2 Analysis  

3.3.2.1 Determination of Fatty Acid Composition 

  The fatty acid composition of canola oil was determined by using gas chromatography. 

The canola oil was made to undergo a transmethylation procedure in accordance with Christie 

[21]. Fatty acid methyl esters (FAME) were analyzed by using a capillary GC equipped with a 

BPX70 column, 60 m x 0.22 mm internal diameter with 0.25 μm film thickness (SGE Inc., 

Austin, TX, USA). Agilent 6890 series Gas Chromatograph (Agilent Technologies, Inc., 

Wilmington, DE, USA) with 7683 series autosampler was used. The oven temperature was 

programmed to increase from 110 to 230 °C at a rate of 4 °C/min. The temperature was held at 

230 °C for 10 min. The injector and detector temperature were 240 and 280 °C, respectively. 

Hydrogen was used as the carrier gas at an average velocity of 25 cm/sec. Peaks were identified 

via comparison to FAME standards. 

 

3.3.2.2 Determination of Tocopherols and Free Sterols 

 The determination of tocopherol and free sterol levels was based on the method 

introduced by Lechner et al. [22], with some modifications. Analytical-grade reference 

substances 5,7-dimethyltocol (approx. 98%) was obtained from Matreya LLC (Pleasant Gap, PA, 

USA). Tocopherol standards (α, β, γ, and δ tocopherols) were obtained from Calibiochem (San 

Diego, CA, USA). Betulin (>98%), stigmasterol (approx. 95%), β-sitosterol (>97%) were 

obtained from Sigma-Aldrich Canada Ltd (Oakville, Ontario, Canada). Campesterol (>94%) and 

brassicasterol (approx. 99%) were obtained from Steraloids, Inc. (Newport, RI, USA).  

For preparing samples, 20-30 mg canola oil and 40 µg of 5,7-dimethyltocol and 40 µg 

betulin stock solutions (as internal standards) were added to 100 µl pyridine and 80 µl MSTFA 
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(N-methyl-N-trimethylsilyltrifluoroacetamide) inside a 10-ml screw-cap vial. The solutions were 

heated to 70 °C and kept at this temperature for 30 min. The solutions were then diluted with n-

hexane-methyl tert-butyl ether (99:1, v/v) to increase the volume to 0.5 ml. 

For solid-phase extraction (SPE) of tocopherols and free sterols from the oil, 6 ml 

Bakerbond SPE columns packed with 1000 mg activated silica from Agilent Technologies (Santa 

Clara, CA, USA) were utilized. The silica gel SPEs were first conditioned with 3 ml n-hexane-

methyl tert-butyl ether (99:1, v/v), followed by introducing the samples and eluting the analytes 

with 4 x 4.5 mL n-hexane-methyl tert-butyl ether (99:1, v/v). After evaporating the solvents via 

sparging with N2 gas and adding 0.5 ml n-hexane, 2 µl of this solution was injected into the GC. 

GC analysis of sample solutions were carried out on a 30 m x 0.32mm ID, df = 0.15µm fused-

silica wall-coated capillary column DB 17HT from Agilent J&W. The oven temperature was 

programmed to increase from 200 to 230 °C at a rate of 15 °C/min. The temperature was then 

increased to 250 °C at a rate of 5 °C/min and increased once again to 350 °C at a rate of 15 

°C/min. The GC was held at 250 °C for 10 min prior to injection of the sample into an Agilent 

6890 series Gas Chromatograph fitted with an FID detector. Hydrogen was used as the carrier 

gas at 8.43 PSI pressure and 2 ml/min flow rate. Injector and detector temperatures were 325 and 

360 °C, respectively. Tocopherols and free phytosterols were quantified by using a response 

factor calculation for stigmasterol and α, β, γ, and δ tocopherols versus 5,7 dimethyltocol and 

betulin as the internal standards, respectively.                                                       

                                                                                                                                                                                                                                                                                                                                                                                                                                   

3.3.2.3 Determination of Steryl Esters                                                                         

Saponification for the purpose of determining the total sterol content was performed according to 
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the method described by Azadmard-Damirchi et al. [23]. 500 µg of 5,7-dimethyltocol was added 

to 50-ml ground-glass stoppered tubes. After evaporating the solvent under N2, approximately 

0.2 g of the oil sample was weighed into the tubes. 20 ml of 2 M KOH in 95% ethanol was then 

added to the tubes and mixed thoroughly with the oil sample. The samples were saponified by 

holding the samples in a water bath set at 60 °C for 45 min. The vials were shaken every 5 min to 

ensure complete mixing. After cooling the samples with running cold water, 20 ml of a 20% 

NaCl solution and 20 ml of diethyl ether were added to the samples. The ether and aqueous 

phases were separated by using a separatory funnel and the ether phase was extracted two times 

using 20 ml of diethyl ether. The combined ether phases were washed with 5 ml of 0.5 M KOH 

in water and washed twice with a 20% NaCl solution. The ether phase was further washed with 

water until the pH of the ether phase was about 7, after which the aqueous phase was removed. 

The ether phase was passed through anhydrous sodium sulfate to remove trace moisture and the 

solvents were evaporated at 30 °C under N2. The ether phase was transferred to a 15-ml tube, 

dried under N2 and derivatized to trimethylsilyl (TMS) esters for subsequent analyses by GC as 

described before. Steryl esters were calculated after subtracting the amount of free phytosterols 

from the total phytosterols for each sterol type.  

   

3.3.2.4 Analytical Parameters 

 The limits of detection (LOD) and quantification (LOQ) were calculated from repeated 

analyses of phytosterols and tocopherols at low concentrations. The lowest measurable 

concentration with 99% confidence (three times the standard deviation of the noise) was reported 

as the LOD. The lowest amount measured at ten times the standard deviation of noise was 

calculated as the LOQ [28]. Recovery calculations were used to evaluate the accuracy of the 
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method. For the calculation, canola oil was spiked with a known amount of stigmasterol and α-, 

β-, γ-, and δ tocopherols at different concentrations with the addition of a constant amount of 

internal standard. Recovery was calculated as: [(mg analyte in spiked aliquots – mg analyte in 

non-spiked aliquots) x 100] / mg spiked analyte] and expressed as mean ± SD. 

       

3.3.2.5 Determination of Polyphenols 

 Total polyphenols were determined according to the method described by Farhoosh et al. 

[24]. Gallic acid was obtained from Sigma-Aldrich Canada Ltd. (Oakville, Ontario, Canada). A 

calibration curve for gallic acid in the concentration range of 0.05-0.25 mg/ml was constructed. 

Standards of gallic acid in methanol were prepared to make a calibration curve over the 

concentration range 0.05-0.40 mg/ml. The spectrophotometric analysis was performed as 

follows: 2.5 g of canola oil was diluted with 5 ml of n-hexane and mixed for 1 min in a vortex 

shaker. The mixture was extracted by centrifuging (4000 g for 10 min) with 5 ml of an 80:20 v/v 

mixture of methanol:water. The extract was added to 2.5 ml of Folin-Ciocalteau’s phenol reagent 

(Sigma-Aldrich Ltd., Oakville, Ontario, Canada). After incubating the solutions for 3 minutes, 10 

ml of a 20% Na2CO3 was added and the final volume was topped off at 50 ml in a volumetric 

flask. The volumetric flasks were kept for 1 h in darkness and then transferred to Falcon tubes 

for centrifuging. The absorbance of the supernatant was measured at 765 nm (Beckman DU 

7400, UV-Vis spectrophotometer, Fullerton, CA, USA). 

  

3.3.2.6 Pesticide Determination 

 Pesticides in crude canola oil were measured by the AINIA Lab (Valencia, Spain). A GC 

system equipped with an autosampler was coupled to an ion-trap mass spectrometer 
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(VarianSaturn, 4000, Varian Inc., Cary, NC, USA), operating in electron impact (EI) and in 

chemical ionization (CI) modes. A VF-5MS capillary column (30 m x 0.25 mm i.d.) with 0.25 

µm film thickness was used. Pesticides were extracted twice by homogenizing approximately 5 g 

of sample with a solvent mix. After filtration, the extract was pre-concentrated under an N2 

stream at 40 ºC. The final residue was adjusted to 2 mL using acetonitrile saturated with 

petroleum ether. Matrix Solid Phase Dispersion (MSPD) was used to clean up the sample. The 

whole extract was mixed with 40-µm particles of aminopropyl phase. The mixture was passed 

through a 2-g Florisil cartridge and then eluted. The eluent was spiked with the surrogate 

solution, concentrated and re-dissolved in 1 ml of ethyl acetate/Cyclohexane (1:9). The final 

extract was injected directly into the GC system working in EI-MS/MS or CI-MS/MS mode. 

Samples were quantified by using calibration curves prepared with standards in matrix using the 

response relative to the surrogate. 

                                                                                                                                                       

3.3.2.7 Oil Quality Analysis 

 The canola oils were analyzed according to the Official Methods of Analysis of the 

AOCS [25] for free fatty acids (FFA, AOCS Ca 5a-40), peroxide value (PV, AOCS Cd 8b-90), 

p-anisidine value (p-AV, AOCS Cd 18-90), phosphorus content (AOCS Ca 12-55), oxidative 

stability index (OSI, AOCS Cd 12b-92), chlorophyll pigments (AOCS Cc 13d-55), carotenoids 

(MPOB test method, 2005a), soap in oil titrimetric method (AOCS Cc 17-95), and color (AOCS 

Cc 13b-45). All analyses were done in triplicate. 
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3.3.3 Processing 

3.3.3.1 Traditional Refining 

 Crude solvent-extracted canola oil was donated by Richardson Oilseed Limited 

(Lethbridge, Alberta, Canada), and kept in a refrigerator (approx 9 °C) to allow meal particles 

and hydrated gums to settle as well as to prevent oxidation. The crude oil was degummed 

according to the method described by Diosady [26]. Crude canola oil was heated to 70 °C while 

agitating at 250 rpm. A 64% aqueous citric acid solution was added to the oil at 0.7% levels 

(w/w). After 30 min of mixing at 250 rpm, distilled water was added to the oil (2% of sample 

mass) and allowed to mix for 30 mi. The gums were removed via centrifugation at 4000 rpm for 

10 min. Degummed canola oil was divided into two lots, one lot for conventional refining and 

another lot for minimal refining.  

For neutralizing degummed oil in the conventional refining method, the oil was first 

heated to 40 °C and agitated at 250 rpm. A determined amount of 16 Baume (11.06%) sodium 

hydroxide (Fisher Scientific Co., Ottawa, Ontario, Canada) solution was added to the oil and 

mixed for 15 min. The amount of this solution added depended on the amount of FFA. A slight 

excess (0.2%) of the solution was added. The mixture was heated to 70 °C and centrifuged at 

5200 g for 10 min. Residual soap was removed after heating the oil to 85 °C and using 15% 

deionized water at 90-95 °C to wash the oil. The washing procedure was repeated three times. 

The washed oil was centrifuged and dried under vacuum. Conventional bleaching was carried 

out by stirring and heating neutralized oil to 100 °C at 350 rpm under vacuum. 1% activated 

Bentonite (BASF Catalyst LLC, Iselin, NJ, USA) Grade F-105SF was then added and the 

mixture was agitated vigorously for 20 min. The bleached oil was then filtered. 
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3.3.3.2 Minimal Refining 

 Degummed canola oil was neutralized separately by three different alkali materials: 

calcium hydroxide powder (Fisher Scientific Co., Ottawa, Ontario, Canada), magnesium oxide 

powder (Fisher Scientific Co., Fair Lawn, NJ, USA), and sodium silicate solution 38% 

(OxyChem Silicate, Occidental Chemical Co., Dallas, TX, USA). The degummed oil was heated 

to 55 °C. 2.5% distilled water was then added and mixed at 600 rpm for 3 min. The mixture was 

then homogenized at 20,000 rpm for 30 sec and divided into three lots. One lot was mixed with 

0.15% calcium hydroxide, and the other two lots were treated with 0.5% magnesium oxide and 

0.5% sodium silicate. Enough was added to neutralize the free fatty acids to a level less than 

0.1%. The neutralized oils were then homogenized at 20,000 rpm for 1 min and mixed 

vigorously at 600 rpm for 20 min. The oils were then heated rapidly to 60 °C and centrifuged at 

5200 g for 10 min. The clear oil was heated to 80 °C and mixed for 20 min with 1% Trysil silica 

(W.R.Grace Co., Colombia, MD, USA) and 1% Magnesol R60 (Dallas Group of America, 

Jeffersonville, IN, USA). The oil was then centrifuged as described previously. In minimal 

refining, wet bleaching was carried out according to the method described by Zschau [27]. The 

neutralized oil was mixed with 0.6% deionized water at room temperature and heated to 55 °C. 

0.5% Bentonite bleaching clay was then added and the mixture was agitated for 20 min at 90 °C 

with careful control of the operating vacuum at ~30 mm Hg. The mixture was then filtered to 

give the bleached oil. 

 

3.3.4 Statistical Analysis                                                                                                                          

All analyses were run in triplicate and all results were reported as mean values ± standard 

deviation. The statistical analysis was performed using GraphPad’s Prism software (La Jolla, 
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CA, USA), version 5.0, one-way analysis of variance (ANOVA) and Tukey’s test at p <0.05 [2]. 

Regression analyses were used to construct standard curves which were used to evaluate the 

phosphorous and total polyphenol contents. 

 

 3.4 RESULTS AND DISCUSSION                                                                                                        

3.4.1 Evaluation of Refining Steps 

 A schematic detailing the steps in the traditional and minimal refining of crude canola oil 

is given in Figure 1. The absence of a deodorization step is the main difference between 

traditional refining and minimal refining. Deodorization was omitted in order to preserve the 

phytosterols, tocopherols and natural canola oil flavours as well as avoid the formation of 

undesirable chemicals during deodorization such as trans fatty acids, 3-MCPD esters, 

polymerized and oxidized triacylglycerols [18- 20]. The quality characteristics of canola oil 

before and after the different refining processes are shown in Table 1. Previous studies [26, 29] 

have shown that hydratable phosphatides (phosphatidyl choline and phosphatidyl inositol) and 

nonhydratable phosphatides (phosphatidic acid divalent cation salts) have to be removed from 

canola oil because they increase neutralization loss and cause problems during the storage and 

processing of crude canola oil [29]. 
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Figure 1Flow sheet of crude canola oil refining by traditional and minimal refining methods 

 

 

 

                                                 

   

    

    

 

  

    

  

 

 

             

             

             

             

             

             

             

             

             

             

              

 

          

 

 

Crude Canola Oil 

Acid Degummed Oil 

Caustic 

Neutralized Oil 

Lime   

Neutralized Oil 

Magnesia 

Neutralized Oil 

 

Sodium Silicate 

Neutralized Oil 

 

Centrifuged  Centrifuged Centrifuged  Filtered  

Dry Bleached Oil Wet Bleached Oil  

il 

Wet Bleached Oil 

 

Wet Bleached Oil 

 

2.5% Water   

0.15% Ca(OH)2   

20 min, 55-60 °C       

 

2.5% Water 

0.5% MgO      

20 min, 55-60 °C       

 

2.5% Water       

0.5% Na2SiO3      

20 min, 55-60 °C       

 

10-15% Soft water 

90-95 °C, 3x             

10 mm Hg  

 

0.7% Citric acid solution            

2% Distilled water, 30 min, 70 °C 

1% Trisyl silica                

1% Magnesol R60    

20 min 80 °C 

 

1% Trisyl silica                

1% Magnesol R60 

20 min 80 °C 

 

1% Trisyl silica                

1% Magnesol R60 

20 min, 80 °C 

 

0.6% Water, 0.5% 

Bentonite, 20 min, 

100 °C, 30 mm Hg 

 

0.6% Water, 0.5% 

Bentonite, 20 min,    

100 °C, 30 mm Hg 

 

 0.6% Water, 0.5% 

Bentonite, 20 min,   
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1% Bentonite,       

20 min, 100 °C,     

30 mm Hg 

222222222 

NaOH (16°Bé),                                              

0.2% excess,      

15 min, 40 °C 
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Table 1 Chemical characteristic of commercial and refined canola oils 

 

*
Neut, Neutralized; DB, Dry Bleached; WB, Wet Bleached; RBD, Refined Bleached Deodorized 

Different superscript letters within each column indicate significant differences (p<0.05) 

between each oil. 
**

n.d., not detected 

  

Diosady et al [26] tested 54 reagents for the degumming of canola oil and they reported that 

citric and malic acid resulted in lower residual phosphorus levels in oil and improved the quality 

of the degummed canola oil in terms of color, flavor, and stability. After citric acid degumming 

followed by a centrifugal separation, the phosphorous content was reduced from 544 ppm to 12.3 

ppm, which translates to 97.7% removal of phosphorus. The FFA content of crude canola oil 

increased from 0.50 to 0.55%. This is most likely due to trace amounts of citric acid remaining in 

Refining step
*
 

FFA            

[% oleic 

acid] 

Peroxide 

Value 

[meq/kg] 

p-

Anisidine  

Value 

Phos-

phorous 

[mg/kg]  

OSI     

110° C 

[h] 

Chlorophyll       

[mg/kg      

pheophytin a] 

              

Crude  0.50 ± 0.06
a
 6.8 ± 0.7

a
 2.8 ± 0.2

a
 

544.0 ± 

71.2 6.2 44.4 ± 0.8
a
 

          

Degummed 0.55 ± 0.03
a
 6.4 ± 0.1

a
 3.2 ± 0.1

a
 12.3 ± 1.0 - 44.9 ± 0.8

a
 

          

Neut. (NaOH) 0.02 ± 0.01
b
 14.8 ± 0.3

b
 2.4 ± 0.3

a
   n.d.

**
 - 26.6 ± 0.5

b
 

Neut. (Ca(OH)2) 0.03 ± 0.01
b
 7.2 ± 0.2

a
 0.2 ± 0.1

b
 n.d. - 26.9 ± 0.5

b
 

Neut. (MgO) 0.08 ± 0.01
b
 8.0 ± 0.4

abc
 0.0 ± 0.0

b
 n.d. - 31.8 ± 0.5

bc
 

Neut. (Na2SiO3) 0.07 ± 0.02
b
 9.1 ± 0.5

bc
 0.0 ± 0.0

b
 n.d. - 27.0 ± 0.5

b
 

          

DB (NaOH) 0.05 ± 0.01
b
 4.3 ± 0.1

bcd
 3.3 ± 0.8

a
 n.d. 5.8 8.6 ± 0.0

bcd
 

WB (Ca(OH)2)  0.05 ± 0.01
b
 4.6 ± 0.1

bcd
 2.8 ± 0.6

a
 n.d. 6.1 5.9 ± 0.1

bcde
 

WB (MgO) 0.10 ± 0.01
bc

 4.5 ±0.1
bcd

 3.4 ± 0.1
ac

 n.d. 6.3 9.3 ± 0.2
bcd

 

WB (Na2SiO3) 0.05 ± 0.01
b
 4.6 ± 0.1

bcd
 3.7 ± 0.3

ac
 n.d. 6.3 6.9 ± 0.1

bcde
 

          

RBD Commer. 0.04 ± 0.00
b
 1.4 ± 0.1

bcde
 2.4 ± 0.1

a
 n.d. - 0.7±0.0

bcdef
 

Virgin-MT 0.13 ± 0.01
bc

 3.1 ± 0.1
bcdef

 1.3 ± 0.2
bd

 n.d. - 3.2 ± 0.1
bcdefg

 

Virgin-HC 0.32 ± 0.01
bcd

 3.2 ± 0.1
bcdef

 1.2 ± 0.3
bd

 n.d. - 4.6 ± 0.0
bcdefgh
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the oil after acid degumming. There was no difference in PV and p-AV between crude and 

degummed canola oils. Also, citric acid degumming was not effective in removing chlorophyll. 

Ohlson and Svensson [30] demonstrated that acid degumming can also be used to remove 

chlorophyll with phosphoric acid being the best at removing chlorophyll. Citric acid was the 

least efficacious in removing chlorophyll. 

The effects of using different alkali for deacidifying crude canola oil are presented in Table 1. 

Neutralization by sodium hydroxide followed by centrifugation is the traditional method for the 

deacidifying FFA and removing soaps in the oil. The FFA content of degummed oil decreased 

from 0.55 to 0.02% after neutralization.  

 The maximum commercially acceptable level for free fatty acid content after 

neutralization was considered 0.1% so, different concentration of calcium hydroxide, magnesium 

oxide and sodium silicate were evaluated to decrease the FFA content to less than 0.1%. The data 

in Table 2 show that calcium hydroxide has the highest alkalinity thereinafter sodium silicate and 

magnesium oxide that means lower amount of calcium hydroxide provides sufficient 

neutralization of degummed oil.  

 This means that a lower amount of calcium hydroxide provides sufficient neutralization 

of the degummed oil. The FFA content of degummed oil after neutralization with 0.15% 

Ca(OH)2, 0.5% Na2SiO3,and 0.5% MgO were 0.03, 0.07, and 0.08%, respectively.  

 

 

 

 

 



 
 

63 
 

Table 2 Physical properties of materials used for refining 

Material 

PH  

(10% solution in water) 

at 25 °C 

Bulk 

Density 

(g/l) 

Surface Area  

(reported by supplier) 

(m
2
/g) 

Magnesol R60 8.7 453 619 

Trisyl Silicate 4.1 609 499 

Bentonite 3.5 989 810 

Oxychem sodium silicate 11.2 1402 - 

MgO 10.2 1040 - 

NaOH 12.1 1107 - 

Ca(OH)2 12.7 640 - 

    

Neutralization with calcium hydroxide removed most of the free fatty acids in degummed 

canola oil. This is supported by other research that shows the FFA content in artificially-acidified 

olive oil and olive-residue oil decreasing to 0.08 and 0.2%, respectively, after neutralization [31]. 

Myers [32] reported that, in general, calcium oxide can reduce the FFA level to only about 0.2%, 

although the addition of a small quantity of sodium hydroxide as catalyst (dry refining process) 

further reduces the FFA content to 0.03%. The soap concentration in caustic, deacidified, and the 

3X-washed canola oil was < 50 ppm. In minimally refined oils, the washing step was eliminated 

with the use of 1% Trisyl silica and 1% Magnesol R60. This further reduced the soap 

concentration to < 10 ppm. Sodium silicate soap formed a hydrogel that could not be easily 

separated via centrifugation, so filtration was used to remove the silica soap hydrogel [33]. The 

calcium and magnesium soaps were separated via centrifugation at 3000 g for 10 min in the same 

manner as traditionally neutralized canola oil. 

 The PVs and p-AVs after each treatment are shown in Table 1. In traditional 

neutralization of canola oil with sodium hydroxide, the PV was increased from 6.4 to 14.8 
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meq/kg, while after neutralization by calcium hydroxide, the PV did not change. A similar 

increase was observed for magnesium oxide and sodium silicate neutralized oils (from 6.4 to 8.0 

and 9.1 meq/kg, respectively). Zacchi and Eggers [14] showed that the PV in traditionally 

neutralized canola oils was increased. Essid et al [31] reported that the PV of artificially acidified 

olive oil after neutralization with lime was increased from 11.0 to19.0 meq/kg and stated that 

metallic cations probably acted as oxidation catalysts during the neutralization step. Table 1 

show that neutralizing canola oil with sodium hydroxide did not considerably change the p-AV. 

The p-AV dramatically decreased from 2.8 to 0.2, 0.0, and 0.0 after neutralizing with calcium 

hydroxide, magnesium oxide, and sodium silicate, respectively. It is well known from previous 

studies that hydroperoxide decomposition products, such as aldehydes and ketones, are polar and 

can be absorbed by the active sites of silica absorbents such as Trisyl silica [35]. Using Trisyl 

silica and Magnesol R60 not only removed most of the soaps after neutralization, but also 

aldehydes and ketones. 

Although chlorophyll is an antioxidant in the dark, the presence of chlorophyll pigments 

in canola oil is highly undesirable. Chlorophylls promote photo-oxidation in the presence of light 

and as well as poison hydrogenation catalysts [36]. The amounts of chlorophyll after traditional 

and minimal neutralization were significantly reduced. Chlorophyll reduction when using  

sodium hydroxide, calcium hydroxide, magnesium oxide, and sodium silicate to neutralize 

canola oils were 41, 40, 29 and 40%, respectively. Using Trisyl silica and Magnesol R60 did not 

significantly reduce the amount of chlorophyll pigments compared to traditional hot water 

washing. Usuki et al [37] reported that after traditional neutralization of solvent-extracted 

rapeseed oil, the total chlorophyll content decreased from 46.1 to 39.1 ppm (about 15% 

reduction). 
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The bleaching step is intended to remove color bodies (mainly chlorophyll, gossypol, and 

carotenoids) from neutralized oils through the use of bleaching clays (activated or natural) at 

temperatures of 80-120 °C for 15-30 min under vacuum [38]. Other impurities in oils, such as 

soaps, phospholipids, and metals, adsorb to clays during bleaching. Table 1 shows that after dry 

and wet bleaching, the FFA content did not change significantly. However, Mag [34] observed 

that increased FFA levels after bleaching were related to bleaching temperatures rather than to 

acidity and moisture levels of activated bleaching clays. Table 1 shows that PV (which increased 

after neutralization) significantly decreased to 4.0 meq/kg after the bleaching treatment, 

regardless of bleaching method (wet or dry) while p-AVs (previously minimal) increased to 3.3 

after both dry and wet bleaching. Mag [34] reported that during bleaching, clays can absorb both 

peroxides and catalyze hydroperoxide degradation to form aldehydes and ketones. Also, 

bleaching clays can absorb secondary oxidation products depending on the clay concentration. 

Our results in the present study show that the peroxide degradation that was catalyzed by the 

Bentonite clay surpassed the clay adsorption capacity for secondary oxidation products 

(aldehydes and ketones). This caused the PV to decrease while causing the p-AVs to increase. 

The levels of chlorophyll present in the canola oils after bleaching is shown in Table 1.           

The levels of chlorophyll present in the canola oils after bleaching is shown in Table 1. The total 

chlorophyll content of neutralized canola oils after dry and wet bleaching were significantly 

decreased. Although the bleaching clay dosage in the wet method was only one-half  that in the 

dry method, the chlorophyll removal efficiency was the same as in the dry method. This may be 

due to the use of silica before wet bleaching to absorb soap and phosphatide residues. However, 

after the wet bleaching treatments, the total chlorophyll content was between 5.9 to 9.3 ppm, 

higher than found in previous studies. Przybylski et al [5] reported that after bleaching canola oil, 
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the total chlorophyll content decreased from 26.2 to 1.3 ppm. However, Essid et al [31] reported 

that the chlorophyll concentration in oil should be < 20 ppm (international standard) because 

chromophoric pigments promote photo-oxidation at higher concentrations. Another reference 

[38] suggested level of chlorophyll after bleaching was 50 ppb.  

A comparison between color of canola oil samples during traditional and minimal refining 

methods is shown in Figure 2. The carotenoids content after minimal refining with calcium 

hydroxide was 7.02 ± 0.44 ppm, while in RBD commercial sample it was 2.39 ± 0.48 ppm that 

means the carotenoids better preserved during minimal refining compared to commercial fully 

refined canola oil.  

 

Figure 2 Color variation during traditional and minimal refining compare to cold press and RBD 

canola oils 

 

 

 

 

 

 

 Crude canola oil has excellent oxidative stability because of the presence of natural 

antioxidants and polyphenols. However, this stability is threatened by the existence of a 
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considerable amount of polyunsaturated fatty acids (around 10% linolenic acid) and chlorophyll 

pigments in crude oil. The stability of canola oil after minimal and traditional refining was 

compared via the oil stability index (OSI) test at 110 °C. The oxidative stability of vegetable oils 

is related to many factors such as the fatty acid profile and presence of natural antioxidants and 

phenolic compounds in oils [23]. As Table 1 shows, the OSI of crude canola oil was 6.2 h. After 

dry bleaching, this decreased to 5.8 hours. The OSIs for wet bleached oils were between 6.1 to 

6.3. Farhoosh et al [24] found that crude canola oil showed an OSI stability of 6.9 h, decreasing 

to 4.8 h after dry bleaching. They concluded that during neutralization, polyphenol compounds 

were completely removed from the oil, which negatively influenced the stability of the canola 

oil.                                                                                                                                                       

3.4.2 Commercial Canola Oils  

 The fatty acid compositions of crude, RBD, and the two cold-pressed canola oils studied 

are shown in Table 3. Canadian canola oil is extracted from the seeds of Brassica napus L. and 

Brassica rapa L. The fatty acid profiles of the oils extracted from these two species are very 

different, with B. napus having higher levels of saturated fatty acids and monounsaturated fatty 

acids and lower levels of polyunsaturated fatty acids than B. rapa [39]. 
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 Table 3  

Fatty acid 

composition of 

crude, cold 

press and 

commercial 

RBD canola 

oils  

 

 

 

 

 

 

 

 

 

 The total amount of saturated fatty acids in cold-pressed oil was lower while the total 

polyunsaturated fatty acids in the cold-pressed oil was higher than either crude and RBD canola 

oils. This suggests better nutritional quality and lower oxidative stability. Although the extraction 

method (cold press vs. solvent extraction) had some effect on the fatty acid profile of canola oil, 

rapeseed variety and environmental conditions during growth had much greater influence on 

fatty acid composition [40]. Of all the oils, commercial RBD canola oil had the lowest amounts 

of linoleic and linolenic acids. This may be due to fatty acid isomerization or polymerization 

during deodorization. Wolff [41] reported that the residence time and the deodorization 

Fatty Acid 

Composition (wt%) 

Solvent 

Extracted 

Cold Press 

MT 
Cold Press  

HC 
Commercial 

RBD 

C16:0 4.2 3.2 3.2 4.0 

C16:1 0.2 0.2 0.1 0.2 

C18:0 1.8 1.5 1.5 1.9 

C18:1 62.2 58.7 59.2 63.3 

C18:2 19.5 21.6 21.1 19.0 

C18:3 9.4 12.6 12.7 9.0 

C20:0 0.6 0.5 0.5 0.6 

C20:1 1.1 0.9 0.9 1.2 

C20:2 0.1 0.1 0.1 0.1 

C22:1 0.0 0.1 0.2 0.0 

Others 0.9 0.6 0.5 0.7 

∑ Saturated 6.6 5.2 5.2 6.5 

∑ Monounsaturated 63.5 59.9 60.4 64.7 

∑ Polyunsaturated 29.0 34.3 33.9 28.1 
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temperature significantly affected the extent of trans fatty acid formation and isomerization of 

polyunsaturated fatty acids during the deodorization of canola oil. Previous research has shown 

that cold-pressed canola oil has lower levels of non-triglyceride materials than solvent-extracted 

canola oil [42].  

 The oil quality of the cold pressed canola oil as measured by the FFA, PV, p-AV, 

phosphatides, and chlorophyll suggested that the two virgin canola oils had excellent qualities 

comparable to those found in the literature. The amounts of FFA in the virgin oils MT and HC 

were 0.13 and 0.32%, respectively. This suggests that hydrolysis during the storage and 

extraction steps was low. The cold-pressed oils were free of phosphatides and were quite fresh as 

the PV and p-AV levels were about 3 meq/kg and 1.2, respectively. The chlorophyll content of 

the cold-pressed canola oil was 10X lower than that of the solvent-extracted oil. These results 

were consistent with those found in the literature [14, 42]. The quality specifications for 

commercial RBD canola oil (Table 1) were within the industrial standards for fully refined 

canola oil. 

 

3.4.3 Effects of refining methods on minor components. 

3.4.3.1 Tocopherols  

The concentration of stock solutions in pyridine and the retention times of standards are shown 

in Table 4.  Four tocopherol homologues were identified by comparing their retention times with 

those of the standards. The LOD and LOQ showed that the analysis method is suitable for 

detecting the amount of tocopherols in the canola oil (Table 4). 
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Table 4 

Tocopherols and phytosterols analytical parameter results   

Analyte 
Retention 

Time (min) 

Concentration of 

Stock Solutions 

(mg/ml) 

LOD 

 (µg) 

LOQ 

(µg) 

Recovery
*
 

(% mean ± SD) 

δ-tocopherol 6.4 1.9 - - 91.9±3.1 

β-tocopherol 7.1 2.1 - - 95.5±3.2 

γ-tocopherol 7.1 2.0 0.4 1.3 92.2±4.8 

5,7-Dimthyltocol 7.8 5.0 - - - 

α-tocopherol 8.1 2.2 0.3 0.9 98.6±5.1 

Brassicasterol 8.3 2.0 3.0 10.0 - 

Campesterol 8.6 2.0 0.3 9.9 - 

Stigmasterol 8.8 2.3 0.7 2.4 91.1±5.6 

β-sitosterol  9.0 1.0 1.0 3.3 - 

Betulin 9.9 5.1 - - - 

* 
Recovery obtained after using SPE without saponification, percentage of recovery for                                                           

stigmasterol after saponification reaction was 95.8±2.9 

 

Accuracy of the method was determined by calculating the recovery, expressed as the average ± 

standard deviation for the three replicates. As shown in Table 4, recoveries for α, β, γ, and δ 

tocopherols were 98.6, 95.6, 92.2, and 91.9%, respectively. Tocpherol recoveries were excellent 

and similar to the tocopherol recoveries reported by Lechner et al [22], which ranged from 93 to 

111%. A typical gas chromatogram of canola oil spiked with betulin and 5,7-dimethyltocol as 

internal standards is shown in Figure 3. All analytes were baseline separated and detected 

according to their retention times within 10 min (Table 4). 
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Figure 3 

GC-FID chromatogram of injected experimental parameters. The following peak assignment 

were identified: (1) squalene, (2) δ-tocopherol, (3) β-tocopherol, (4) γ-tocopherol, (5) 5,7-

dimthyltocol, (6) α-tocopherol, (7) Brassicasterol, (8) Campesterol, (9) Stigmasterol, (10) β-

sitosterol (11) Betulin 

 

The total and individual tocopherol contents of vegetable oils are dependent on climate 

conditions, genotype, concentration of polyunsaturated fatty acids in oil, and processing/storage 
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conditions [16]. The effects of traditional and minimal refining on the tocopherol content are 

reported under experimental conditions used in this study (Table 5). The tocopherol contents 

were also compared to those of commercial virgin and RBD canola oils. 

Table 5 

Alpha, gamma, and total tocopherols in commercial, traditionally and minimally refined canola 

oils   

Canola oil
*
 

Alpha-

Tocopherol 

[mg/kg] 

Gama- 

Tocopherol 

[mg/kg] 

Total 

Tocopherols 

[mg/kg] 

     

Crude  154.1 ± 17.5
a
 338.4 ± 20.9

a
 492.5 

Degummed 135.0 ± 13.7
a
 302.1 ± 25.8

a
 437.1 

     

Neut. (NaOH) 107.3 ± 6.8
b
 244.1 ± 15.0

b
 351.3 

Neut. (Ca(OH)2) 120.5 ± 5.3
ab

 285.8 ± 16.8
bc

 406.3 

Neut. (MgO) 124.5 ± 3.4
ab

 301.4 ± 8.8
ac

 425.9 

Neut. (Na2SiO3) 124.9 ± 3.4
ab

 308.5 ± 3.4
ac

 433.4 

     

DB (NaOH)  92.3 ± 0.5
bc

 223.5 ± 1.1
b
 315.7 

WB (Ca(OH)2)  100.5 ± 6.4
bc

 293.5 ± 25.7
abc

 394.1 

WB (MgO) 103.1 ± 4.2
b
 287.5 ± 12.7

abc
 390.6 

WB (Na2SiO3) 101.7 ± 18.6
bc

 294.3 ± 20.0
abc

 396.0 

     

RBD Commercial 93.0 ± 4.3
bc

 233.8 ± 11.4
b
 326.8 

Virgin-MT 101.6 ± 1.9
bc

 264.3 ± 4.5
ab

 365.9 

Virgin-HC 96.0 ± 4.4
bc

 258.0 ± 8.9
b
 354.1 

    

Each data is an average of triplicate analysis, mean ± SD                                                                                                                   

Values within each column with different letters differ are significant different (P<0.05) 

 

 Canola oil contains mainly α- and γ- tocopherols in a 1:2 ratio. The amounts of detected 

α- and γ-tocopherols in the samples were similar to those reported in the literature for rapeseed 

oil [22, 40]. In the present study, no β- and δ-tocopherols were detected. In previous studies, high 
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variability was observed in the determination of tocopherols in canola oil. Although in some 

studies [23, 40, 43] only α- and γ-tocopherols were detected; other papers [22, 42, 44] reported 

the detection of α-, γ- and δ-tocopherols. This may be due to different rapeseed varieties being 

used in the studies [45] as well as variations in the environmental conditions. Table 5 shows no 

significant change in the α- and γ- tocopherol contents after acid degumming. The total 

tocopherol amount in degummed canola oil was 437 ppm. After neutralization with sodium 

hydroxide, this was decreased to 351 ppm (19.6% loss). In minimally neutralized canola oils, 

treatment with Ca(OH)2, MgO, and Na2SiO3 reduced the total tocopherol content to 406, 426 and 

433 ppm (7.1, 2.6 and 0.9% loss), respectively. The relative compositions of α- and γ-

tocopherols during degumming and neutralization were relatively constant (about 1:2.3). The 

loss of tocopherols due to traditional neutralization was 19.6% compared to 7.1, 2.6, and 1% for 

Ca(OH)2, MgO, and Na2SiO3 neutralized oils. This means neutralization with sodium silicate has 

the least effect on the total tocopherol content of canola oil. In fact, a higher PV (14.8 meq/kg), 

the use of stronger alkali treatment and more exposure to air and heat during hot-water washing 

in traditional neutralization may be the cause of greater tocopherol loss. Ferrari et al [16] 

reported that exposure of oil to oxygen or high temperatures decreased the amount of 

tocopherols. In other research, the total tocopherol content of rapeseed oil decreased from 685 to 

522 ppm (23.8% loss) after neutralization [43]. Essid et al [31] showed that tocopherol loss in 

artificially acidified olive oil after neutralization with Ca(OH)2 was 7.46%. Neutralization with 

soda caused a 48.4% decrease. Tocopherols are absorbed and oxidized by bleaching clays [2, 4]. 

However, Rossia et al [46] found a significant, linear, and positive correlation (r = 0.999; P < 

0.001) between bleaching earth concentration and total tocopherols. Total tocopherols increased 

after bleaching and they ascribed the trend to regeneration of the free tocopherols from dimers or 
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other esterified compounds. In the present study, significant differences in the total tocopherol 

content were observed between the dry and wet bleaching methods. Following dry bleaching, the 

relative ratio of α- and γ-tocopherols was constant but after wet bleaching this ratio increased to 

1:2.9, which suggests higher α-tocopherol loss and higher γ-tocopherol retention. 

No explanation for this homologue-dependent loss is readily available but Prior et al [42] 

explained that α-tocopherol is more sensitive to oxidation and heat during oil processing 

compared to γ-tocopherol. There was also selective adsorption of α-tocopherol to bleaching 

earths. The total tocopherol loss after dry bleaching was 10.1% while the tocopherol loss was 

between 2.9 to 8.6% for wet-bleached canola oils. Table 5 shows that the total tocopherol content 

after wet bleaching was higher than that of the dry bleaching method. This may be due to the 

lower amounts of bleaching earth used for wet bleaching which may mean less tocopherols were 

absorbed by the clay. 

 Table 5 shows that the tocopherol levels after wet bleaching were quite high and would 

have exhibited significant antioxidant and vitamin E activity. In general, cold-pressed oils have 

better oil quality, i.e. lower amount of non-triglyceride materials, such as phosphatides, free fatty 

acids, and chlorophylls than solvent-extracted oils [42], while the amounts of total tocopherol in 

cold-pressed canola oils are usually lower than those of solvent-extracted oils [23]. In our study, 

the total tocopherol content in the two cold-pressed canola oils (virgin-MT and virgin-HC) were 

366 and 354 ppm compared to 493 ppm found in solvent-extracted canola oil (Table 5). There 

was no significant difference in the α- and γ-tocopherol contents between commercial RBD and 

cold-pressed canola oils. Gliszczyńska-Świgło [47] found that the concentrations of total 

tocopherols in cold-pressed canola oils were similar to that found in refined oil. 
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3.4.3.2 Phytosterols 

 To correct for the erroneous quantification of phytosterols because of adsorption onto the 

SPE silica or destruction during saponification, stigmasterol recovery after SPE and 

saponification was investigated (Table 4). A typical gas chromatogram of canola oil spiked with 

betulin as internal standard to detect phytosterols is shown in Figure 3. The effects of traditional 

and minimal refining on the free, esterified, and total phytosterols in canola oil were studied in 

detail (Tables 6, 7).  

Under the GC conditions used in this study, qualitative and quantitative information about free 

sterols were obtained while the sterol esters were almost completely decomposed [22]. The sterol 

ester fraction was quantified through a mass balance: Sterol esters = Total sterols – Free sterols. 

The amounts of free and esterified sterols in rapeseed oil can vary widely. In our study, 

the amounts of free and total (free and esterified) sterols in solvent-extracted canola oil were 

1780 and 9410 mg/kg, respectively. The amount of esterified sterol was calculated to be 7623 

mg/kg. Gordon and Miller [48] showed that the amount of sterol esters in rapeseed oils from 

different cultivars was within the range of 6540 to 8550 mg/kg. Abidi et al [45] stated that the 

phytosterol content of crude canola oil was considerably influenced by genetic modifications to 

the rapeseed cultivar. In their study, the total phytosterol content of different canola oil varieties 

was between 7660 to 17180 mg/kg oil. Degumming slightly affected the total phytosterol content 

while there was a significant difference in the phytosterol content between traditional and 

minimal neutralization. 
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Table 6  

Content and composition of free sterols in canola oil   

n.d. Not detected.                                                                                                                        

Each data is an average of triplicate analysis, mean ± SD                                                      

Values within each column with different letters differ are significant different (P<0.05) 

 

 

 

 

 

 

 

 

 

 

Canola Oil 
Brassicasterol 

[mg/kg] 

Campesterol 

[mg/kg] 

Stigmasterol 

[mg/kg] 

β-Sitosterol 

[mg/kg] 

Total 

Free 

 Sterols 

[mg/kg]  

      

Crude  325.0 ± 12.7
a
 536.8 ± 19.7

a
 12.6 ± 0.3

a
  909.5 ± 35.5

a
 1783.9 

Degummed 351.9 ± 18.6
a
 577.5 ± 33.7

a
 13.92 ± 0.5

a
 976.8 ± 54.3

a
 1920.1 

       

Neut. (NaOH) 255.8 ± 16.7
b
 415.7 ± 23.8

b
 9.8 ± 0.5

b
  711.6 ± 39.3

b
 1392.9 

Neut. (Ca(OH)2) 318.9 ± 11.8
a
 533.5 ± 18.2

a
 12.7 ± 1.0

a
 904.0 ± 31.5

a
 1769.1 

Neut. (MgO) 322.4 ± 9.5
a
 536.3 ± 14.0

a
 12.6 ± 0.5

a
 908.1 ± 24.4

a
 1779.4 

Neut. (Na2SiO3) 329.6 ± 10.8
a
 550.7 ± 19.8

a
 12.7 ± 1.5

a
 927.2 ± 32.1

a
 1820.2 

       

DB (NaOH) 253.6 ± 1.4
b
 406.5 ± 2.3

b
 9.0 ± 0.9

b
 693.1 ± 3.1

b
 1362.2 

WB (Ca(OH)2)  351.0 ± 4.9
a
 585.4 ± 18.9

a
 13.8 ± 0.7

a
 988.7 ± 12.5

a
 1938.9 

WB (MgO) 307.9 ± 15.1
a,b

  510.0 ± 19.6
a
 12.5 ± 0.5

a
 864.4 ± 35.4

a
 1694.8 

WB (Na2SiO3) 288.0 ± 47.3
a,b

 468.0 ± 79.0
a,b

 11.2 ± 2.2
a,b

 804.3 ± 136.7
a,b

 1571.5 

       

RBD Commercial 240.9 ± 5.9
b
 358.7 ± 12.1

b,c
 8.5 ± 0.4

b
 677.2 ± 20.1

b
 1285.3 

Virgin-MT 307.5 ± 6.4
a,b,c

 442.7 ± 7.7
a,b

 n.d. 830.0 ± 14.0
a,b,c

 1580.2 

Virgin-HC 291.8 ± 18.8
a,b,c

 494.1 ± 22.8
a,b,d

 n.d. 793.2 ± 34.9
a,b

 1579.1 
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Table 7                                                                                                                                        

Content and composition of total sterols in canola oil   

Each data is an average of triplicate analysis, mean ± SD                                                      

Values within each column with different letters differ are significant different (P<0.05) 

 Traditional neutralization with sodium hydroxide reduced the total phytosterols in oil 

from 9400 ppm in degummed canola oil to 8490 ppm (10% loss). Table 8 shows that the total 

sterol reduction was mainly due to the loss of free sterol (from 1920 to 1390 ppm). These results 

are in agreement with a previous study [23, 48]. Verleyen et al [49] suggested that free sterols 

and soap formed micelles that were removed into soapstock during neutralization. They also 

mentioned that sterol esters were not saponified due to steric hindrance. 

After neutralizing with Ca(OH)2, MgO, and Na2SiO3, there was no significant decrease in the 

phytosterol content except for stigmasterol (Tables 6, 7). Essid et al [31] found that the sterol 

Canola Oil 
Brassicasterol 

[mg/kg] 

Campesterol 

[mg/kg] 

Stigmasterol 

[mg/kg] 

β-Sitosterol 

[mg/kg] 

Total 

Sterols 

[mg/kg]  

      

Crude  1138.9 ± 43.2
a
 3243.7 ± 114.7

a
 105.7 ± 30.2

a
 4918.5 ± 157.4

a
 9406.8 

Degummed 1130.3 ± 37.7
a
 3271.8 ± 105.4

a
 121.4 ± 7.3

a
 4879.5 ± 116.6

a
 9403.0 

       

Neut. (NaOH) 964.8 ± 1.5
b
 3017.7 ± 11.8

a
 58.0 ± 3.9

b
 4453.4 ± 14.1

a,b
 8493.9 

Neut. (Ca(OH)2) 1078.4 ± 4.4
a,b

 3173.4 ± 3.7
a
 67.7 ± 1.9

b
 4760.2 ± 9.8

a
 9079.7 

Neut. (MgO) 1067.4 ± 78.3
a,b

 3193.1 ± 218.1
a
 64.1 ± 0.6

b
 4753.9 ± 321.5

a
 9078.5 

Neut. (Na2SiO3) 1094.3 ± 4.2
a,c

 3275.8 ± 7.3
a
 63.0 ± 0.5

b
 4874.6 ± 13.8

a
 9307.8 

       

DB (NaOH) 1034.9 ± 10.0
a,b

 3173.4 ± 22.5
a
 54.9 ± 2.2

b
 4715.1 ± 19.5

a
 8978.3 

WB (Ca(OH)2)  1089.0 ± 41.9
a
 3205.9 ± 89.1

a
 59.9 ± 1.6

b
 4793.3 ± 125.2

a
 9148.2 

WB (MgO) 1062.1 ± 12.3
a,b

 3161.6 ± 31.1
a
 63.5 ± 3.1

b
 4717.4 ± 25.0

a
 9004.6 

WB (Na2SiO3) 1047.5 ± 7.0
a,b

 3126.0 ± 28.2
a
 61.1 ± 0.1

b
 4674.5 ± 34.9

a
 8909.1 

       

RBD Commercial 955.5 ± 3.4
b,c

 2749.6 ± 12.8
a,b

 32.0 ± 1.3
b,c

 4398.3 ± 17.2
a,b

 8135.4 

Virgin-MT 1069.2 ± 3.5
a,b

 2787.3 ± 0.7
a,b

 51.1 ± 0.3
b
 4450.9 ± 0.9

a,b
 8358.6 

Virgin-HC 957.1 ± 6.0
b,c

 2786.4 ± 17.3
a,b

 45.6 ± 1.4
b
 3951.7 ± 27.4

b,c
 7740.7 
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content of olive oil was not affected by neutralization with calcium hydroxide. Neutralization 

with sodium silicate led to the lowest decrease in the total and free sterols in canola oil. It had 

almost no impact on the sterol ester content (Table 8) 

Table 8 

Effect of traditional and minimal refining on phytosterol composition in canola oil 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Canola Oil 

Total 

Sterols 

[mg/kg] 

Free 

Sterols 

[mg/kg] 

Calculated 

Esterified 

Sterols 

[mg/kg] 

    

Crude 9406.8 1783.9 7622.9 

Degummed 9403.0 1920.1 7482.9 

Neut. (NaOH) 8493.9 1392.9 7101.0 

Dry Bleached  8978.3 1362.2 7616.1 

    

Crude  9406.8 1783.9 7622.9 

Degummed 9403.0 1920.1 7482.9 

Neut. (Ca(OH)2) 9079.7 1769.1 7310.6 

Wet Bleached   9148.2 1938.9 7209.3 

    

Crude  9406.8 1783.9 7622.9 

Degummed 9403.0 1920.1 7482.9 

Neut. (MgO) 9078.5 1779.4 7299.1 

Wet Bleached  9004.6 1694.8 7309.8 

    

Crude  9406.8 1783.9 7622.9 

Degummed 9403.0 1920.1 7482.9 

Neut. (Na2SiO3) 9307.8 1820.2 7487.6 

Wet Bleached  8909.1 1571.5 7337.6 

    

RBD Commercial 8135.4 1285.3 6850.1 

Virgin-MT 8358.6 1580.2 6778.4 

Virgin-HC 7740.7 1579.1 6161.6 
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The relative ratio of individual sterols after degumming and neutralization was constant. 

However, there was a clear difference in the composition of free and total brassicasterol and 

campesterol in the canola oils (Table 9). The relative ratio of individual sterols after degumming 

and neutralization was constant. However, there was a clear difference in the composition of free 

and total brassicasterol and campesterol in the canola oils (Table 9). 

Table 9                                                                                                                                   

Composition (%) of free and total sterols in crude, virgin, and processed canola oils  

     a
 Bras, Brassicasterol; Camp, Campesterol; Stigm, Stigmasterol; β-Sito, β-Sitosterol                    

 

 Although there was no significant difference between the content of total phytosterols in oils 

after dry and wet bleaching, the amount of free sterols after dry bleaching was significantly 

Canola oil 

Free Sterols
a
 

Total  sterols                           

(Free + Esterified)  

Bras Camp Stigm β-Sito Bras Camp Stigm β-Sito 

         

Crude  18.2 30.1 0.7 51.0 12.1 34.5 1.1 52.3 

Degummed 18.3 30.1 0.7 50.9 12.0 34.8 1.3 51.9 

          

Neut. (NaOH) 18.3 29.8 0.7 51.1 11.4 35.5 0.7 52.4 

Neut. (Ca(OH)2) 18.0 30.2 0.7 51.1 11.9 35.0 0.7 52.4 

Neut. (MgO) 18.1 30.1 0.7 51.0 11.8 35.2 0.7 52.4 

Neut. (Na2SiO3) 18.1 30.3 0.7 50.9 11.8 35.2 0.7 52.4 

          

DB (NaOH) 18.6 29.8 0.7 50.9 11.5 35.3 0.6 52.5 

WB (Ca(OH)2)  18.1 30.2 0.7 51.0 11.9 35.0 0.7 52.4 

WB (MgO) 18.2 30.1 0.7 51.0 11.8 35.1 0.7 52.4 

WB (Na2SiO3) 18.3 29.8 0.7 51.2 11.8 35.1 0.7 52.5 

          

RBD Commercial 18.7 27.9 0.7 52.7 11.7 33.8 0.4 54.1 

Virgin-MT 19.4 28.0 n.d. 52.5 12.8 33.3 0.6 53.2 

Virgin-HC 18.5 31.3 n.d. 50.2 12.4 36.0 0.6 51.1 
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lower than that found in wet bleaching. The amount of phytosterols slightly changed after 

bleaching, which may have been due to decomposition of phytosterols to unsaturated 

hydrocarbons and steradienes as a result of heating or acid-catalyzed hydrolysis of sterol esters in 

the presence of activated bleaching earth [15, 16, 49]. Commercial RBD canola oil had the 

lowest amount of free phytosterols (1290 mg/kg) compared to other samples. The total (free and 

esterified) amount of phytosterols in this sample was 8140 mg/kg. Schwartz et al [44] reported 

that the phytosterol contents in three commercial RBD canola oils varied between 7830 to 8590 

mg/kg. Deodorization had the most significant impact in the removal of free phytosterols. The 

removal of phytosterols is heavily influenced by the oil temperature. Free phytosterols may be 

lost via distillation into the deodorizer distillate [49] or degradation into steradienes [18]. The 

phytosterol levels in the two different cold pressed canola oils (MT and HC) were different. The 

phytosterol levels in both oils were lower than that found in solvent-extracted crude oil (Table 8). 

Compared to solvent extraction, cold pressing produces canola oil with a lower amount of non-

triglyceride components (e.g. tocopherols and phytosterols) [40, 42]. The extraction yield is also 

lower [50]. Azadmard-Damirchi et al [50] reported that the amount of total phytosterols in cold-

pressed rapeseed oil (6600 mg/kg) was significantly lower than that found in solvent-extracted 

rapeseed oil (8120 mg/kg). 

 

 

 

 

 

 



 
 

81 
 

3.4.3.3 Total Polyphenols 

Compared to other oilseeds, rapeseed contains the highest amount of phenolic compounds [14]. 

These phenolic compounds are mainly in the form of sinapic acid and its derivatives, other 

phenolic acids and tannins [13]. Vinylsyringol, a decarboxylation product of sinapic acid, has 

strong antimutagenic and antioxidant properties [14]. Table 9 shows the total polyphenol 

contents of the canola oil samples. In the present study, crude canola oil contained 113 mg gallic 

acid/kg oil that is similar to the 124 mg gallic acid/kg oil reported by Farnoosh et al [24]. 

After degumming and traditional neutralization, the amount of polyphenolic compounds 

dramatically decreased from 113 to 2.1 mg gallic acid/kg oil (Table 10). Similar results were 

obtained after neutralizing with calcium hydroxide (98% loss), sodium silicate (97.5% loss), and 

magnesium oxide (93%loss). 

Zacchi and Eggers [14] also found only 15 mg of sinapic acid per kg oil in pressed canola oil. 

Interestingly, the polyphenols in cold-pressed canola oils (MT and HC) were only present at 

about 3 mg/kg oil. It is obvious that cold pressing was much less efficient than solvent extraction 

of polyphenols. Gutfinger [51] stated that solvent-extracted olive oils were richer in polyphenols 

and thus more stable than cold pressed olive oils. 
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Table 10 

Effects of traditional and minimal refining on polyphenols in canola oils 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Canola oil 
Total Polyphenols 

[mg/kg Gallic acid] 

  

Crude 112.9 ± 0.4 

 

Degummed 

 

38.4 ± 1.1 

 

Neut. (NaOH) 

 

2.1 ± 0.4 

Neut. (Ca(OH)2) 2.0 ± 0.5 

Neut. (MgO) 7.9 ± 1.8 

Neut. (Na2SiO3) 2.2 ± 0.2 

 

DB (NaOH) 

WB (Ca(OH)2)  

WB (MgO) 

 

1.3 ± 0.5 

1.8 ± 0.0 

4.0 ± 0.6 

WB (Na2SiO3) 1.6 ± 0.0 

  

RBD Commercial 1.4 ± 0.1 

Virgin-MT 2.9 ± 0.7 

Virgin-HC 3.0 ± 0.2 
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3.4.3.4 Pesticide Residue in Crude Canola Oil  

 Oil- or hexane-soluble pesticides, such as Endosulphan, after solvent extraction may be 

concentrated in crude oils. As shown in Table 11, the amounts of organochlorine and 

organophosphorous pesticides in crude canola oil sample were below the level of determination 

(LOD). This may be because of low dosage application of pre-harvest pesticides or crude canola 

oil was extracted from organic rapeseeds or preserving crude oil in the refrigerator for a 

relatively long time (about 9 mo) before determining pesticide may affect pesticide loss. Duijn 

[52] stated that pesticides in crude oils may be removed during refining stages, for example they 

may be absorbed to soap during neutralization, to the bleaching clays during bleaching, or 

stripped to deodorizer distillate during deodorization. 
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Table 11 

Detected pesticide residues in crude canola oil 

Pesticides, Concentration Pesticides, Concentration 

Aclonifen <0.01 mg/Kg 

Acrinathrin <0.01 mg/Kg 

Aldrin <0.01 mg/Kg 

Aldrin and Dieldrin sum 1 <0.01 mg/Kg 

Azaconazole <0.01 mg/Kg 

Benfluralin <0.01 mg/Kg 

Bifenox <0.01 mg/Kg 

Bifenthrin <0.01 mg/Kg 

Boscalid <0.01 mg/Kg 

Bromocyclen <0.01 mg/Kg 

Bromophos-ethyl <0.01 mg/Kg 

Bromophos-methyl <0.01 mg/Kg 

Bromopropylate <0.01 mg/Kg 

Bupirimate <0.01 mg/Kg 

Buprofezin <0.01 mg/Kg 

Butafenacil <0.01 mg/Kg 

Carbophenothion <0.01 mg/Kg 

Carbofuran <0.01 mg/Kg 

Cyanazine <0.01 mg/Kg 

Cyanofenphos <0.01 mg/Kg 

Cyanophos <0.01 mg/Kg 

Cyfluthrin <0.01 mg/Kg 

Cyhalothrin-lambda <0.01 mg/Kg 

Cipermethrin <0.01 mg/Kg 

Ciproconazole <0.01 mg/Kg 

Cyprodinil <0.01 mg/Kg 

Chlorfenapyr <0.01 mg/Kg 

Chlorfenson <0.01 mg/Kg 

Chlorfenvinphos <0.01 mg/Kg 

Chloroneb <0.01 mg/Kg 

Chlorothalonil <0.01 mg/Kg 

Chlorpyrifos-ethyl 0.02 mg/Kg 

Chlorpyrifos-methyl <0.01 mg/Kg 

Chlorpropham <0.01 mg/Kg 

Chlorthal-dimethyl <0.01 mg/Kg 

Chlortion <0.01 mg/Kg 

Clozolinate <0.01 mg/Kg 

Kresoxim-methyl <0.01 mg/Kg 

Crimidine <0.01 mg/Kg 

Coumaphos <0.01 mg/Kg 

Deltamethrin <0.05 mg/Kg 

Diazinon <0.01 mg/Kg  

Dichlobenil <0.02 mg/Kg 

Dichlofenthion <0.01 mg/Kg 

Dicloran <0.01 mg/Kg  

Dieldrin <0.01 mg/Kg 

Diethofencarb <0.01 mg/Kg 

Diphenamid <0.01 mg/Kg 

Diphenylamine <0.01 mg/Kg 

Difenoconazole <0.01 mg/Kg 

Diflufenican <0.01 mg/Kg 

Dimethenamid <0.01 mg/Kg 

Endosulfan sum 2 <0.03 mg/Kg 

Endosulfan-alpha <0.01 mg/Kg 

Endosulfan-beta <0.01 mg/Kg 

Endosulfan-sulphate <0.01 mg/Kg 

Endrin <0.01 mg/Kg 

Etaconazole <0.01 mg/Kg 

Ethion <0.01 mg/Kg 

Etofenprox <0.01 mg/Kg 

Etoxazole <0.01 mg/Kg 

Ethoxyquin <0.05 mg/Kg 

Fenamidone <0.01 mg/Kg 

Fenamiphos <0.01 mg/Kg 

Fenarimol <0.01 mg/Kg 

Fenchlorphos <0.01 mg/Kg 

Fenitrothion <0.01 mg/Kg 

Fenpropathrin <0.01 mg/Kg 

Fenson <0.01 mg/Kg 

Fenthion <0.01 mg/Kg 

Phentoate <0.01 mg/Kg 

Fenvalerate and Esfenvalerate (RR/SS) <0.01 mg/Kg 

Fenvalerate and Esfenvalerate (RS/SR) <0.01 mg/Kg 

Flucythrinate <0.01 mg/Kg 

Fluotrimazole <0.01 mg/Kg 

Flusilazole <0.01 mg/Kg  

Fluvalinate-tau <0.01 mg/Kg 

Fonofos <0.01 mg/Kg 

Phosalone <0.01 mg/Kg 

Phosmet <0.05 mg/Kg 

Heptachlor <0.01 mg/Kg  

Hexachlorobenzene <0.01 mg/Kg 
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Continue Table 11 Pesticide residues detected in crude canola oil 

Pesticide name, Concentration Pesticides, Concentration 

Iprobenfos <0.01 mg/Kg 

Iprodione <0.01 mg/Kg  

Isocarbophos <0.01 mg/Kg 

Isofenphos-ethyl <0.01 mg/Kg 

Isofenphos-methyl <0.01 mg/Kg 

Leptophos <0.01 mg/Kg 

Lindane <0.01 mg/Kg 

Malathion <0.01 mg/Kg 

Mecarbam <0.02 mg/Kg 

Mepronil <0.02 mg/Kg 

Metalaxyl <0.01 mg/Kg 

Methidathion <0.01 mg/Kg 

Methoprotryne <0.01 mg/Kg 

Methoxychlor <0.01 mg/Kg  

Metribuzin <0.01 mg/Kg 

Myclobutanil <0.01 mg/Kg 

Nitrofen <0.01 mg/Kg 

Nuarimol <0.01 mg/Kg 

Ofurace <0.01 mg/Kg 

Oxadiazon <0.01 mg/Kg 

Oxadixyl <0.01 mg/Kg 

Oxyfluorfen <0.01 mg/Kg 

Parathion-ethyl <0.01 mg/Kg 

Parathion-methyl <0.01 mg/Kg 

Penconazole <0.01 mg/Kg 

Pendimethalin <0.01 mg/Kg 

Permethrin <0.01 mg/Kg 

Piperonyl butoxide <0.01 mg/Kg 

Pyrazophos <0.01 mg/Kg 

Pyridaben <0.01 mg/Kg 

Pyridaphenthion <0.01 mg/Kg 

Pirimiphos-ethyl <0.01 mg/Kg 

Pirimiphos-methyl <0.01 mg/Kg 

Pyriproxifen <0.02 mg/Kg 

Procymidone <0.01 mg/Kg 

Propham <0.01 mg/Kg 

Profenofos <0.01 mg/Kg 

Profluralin <0.01 mg/Kg 

Propachlor <0.02 mg/Kg 

Propetamphos <0.01 mg/Kg 

Propiconazole <0.01 mg/Kg 

Prothiofos <0.01 mg/Kg 

Quinalphos <0.01 mg/Kg 

Quinoxyfen <0.01 mg/Kg 

Quintozene <0.01 mg/Kg 

Tebufenpyrad <0.01 mg/Kg 

Tefluthrin <0.01 mg/Kg 

Terbacil <0.01 mg/Kg 

Terbuthylazine <0.01 mg/Kg 

Tetrachlorvinphos <0.01 mg/Kg 

Tetraconazole <0.01 mg/Kg 

Tetradifon <0.01 mg/Kg 

Tetramethrin <0.01 mg/Kg 

Transfluthrin <0.01 mg/Kg 

Triazophos <0.01 mg/Kg 

Trifluralin <0.01 mg/Kg 

Vinclozolin <0.01 mg/Kg 
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3.5 CONCLUSION 

 The minimal refining method was efficient in removing undesirable components from 

crude canola oil (FFA, hydroperoxides, phosphatides and chlorophyll). Minimal refining was 

also able to meet the minimum standards set for these undesirable components. The amounts of 

desirable minor components (phytosterols and tocopherols) present in crude canola oil were 

significantly higher when minimal refining was used. Traditional refining did not exhibit the 

same degree of retention. Both traditional and minimal neutralization resulted in completely 

removing polyphenols from oil. Considering the preference of the consumer for canola oil 

(particularly virgin canola oil) due to its nutritional quality (low saturated, high mono and 

moderate polyunsaturated fatty acids, high level of phytosterols and tocopherols), minimum 

refining is much more attractive than traditional refining. This is not only for its efficiency in 

removing undesirable components from crude canola oil with minimal environmental impact, but 

also for its high retention of healthy minor components compared to conventional refining 

methods. 

 

3.6 ACKNOWLEDGMENTS 

 This research project is supported by National Services and Engineering Research 

Council of Canada (NSERC). The authors would like to thank Zvonko (Bill) Zubrinic (QA 

Manager, Bunge Canada) for color analysis and Jared Nieboer (Research Co-ordinator, 

Richardson Oilseed Limited) for supplying crude canola oil. Also, we thank the Canola Council 

of Canada for providing the cold pressed canola oils. Guadalupe García-Llatas would like to 

thank University of Valencia regarding the grant for her stage.     

                 



 
 

87 
 

3.7 REFERENCES 

1. Hunter JE (1981) Nutritional Consequences of Processing Soybean Oil. J Am Oil Chem 

Soc 58:283-287. 

2. Naz S, Sherazi STH, Talpur FN (2011) Changes of Total Tocopherol and Tocopherol 

Species During Sunflower Oil Processing. J Am Oil Chem Soc 88:127-132.  

3. Shahidi F, Wanasundara PKJPD, Wanasundara UN (1997) Changes in Edible Fats and 

Oils during Processing. J Food Lipids 4:199-231. 

4. Tasan M, Demirci M (2005) Total and Individual Tocopherol Contents of Sunflower Oil 

at Different Steps of Refining. Eur. Food Res. Technol. 220:251-254. 

5. Przybylski R, Mag T, Eskin NAM, Mc Donald BE (2005) Canola Oil. In: Shahidi F (ed) 

Bailey’s Industrial Oil and Fat Products. 6th edn. Wiley-Interscience, Hoboken, New 

Jersey, pp 61-122. 

6. Dunford NT (2004) Oil- and Oilseed-Based Bioactive Compounds and Their Health 

Effects. In: Dunford NT, Dunford HB (eds) Nutritionally Enhanced Edible Oil and 

Oilseed Processing. AOCS Press, Champaign, Illinois, pp 1-24.   

7. Gordon MH, Miller LAD (1997) Development of Steryl Ester Analysis for the Detection 

of Admixtures of Vegetable Oils. J Am Oil Chem Soc 74, 505-510. 

8. Kritchevsky D, Chen SC (2005) Phytosterols- Health Benefits and Potential Concerns- a 

Review. Nutr Res 25:413-428. 

9. Johanson A, Appelqvist L (1978) The Content and Composition of Sterols and Sterol 

Esters in Low Erucic Acid Rapeseed (Brassica napus). Lipids 13, 658-665. 

10. Winkler JK, Warner K (2008) Effect of Phytosterol Structure on Thermal Polymerization 

of Heated Soybean Oil. Eur J Lipid Sci Technol 110, 1068–1077. 



 
 

88 
 

11. Kamal-Eldin A (2006) Minor Components of Fats and Oils. In: Shahidi F (ed) Bailey’s 

Industrial Oil and Fat Products. 6th edn. Wiley-Interscience, Hoboken, New Jersey, pp 

319-359. 

12.  Nowak H, Kujawa K (1992) Antioxidative and Bactericidal Properties of Phenolic 

Compounds in Rapeseeds. Fat Sci Technol 71, 149-152. 

13.  Koski A, Pekkarinen S, Hopia A, Wahala K, Heinonen M (2003) Processing of 

Rapeseed Oil: Effects on Sinapic Acid Derivative Content and Oxidative Stability. Eur 

Food Res Technol 217, 110-114. 

14. Zacchi P, Eggers R (2008) High-temperature Pre-conditioning of Rapeseed: A 

Polyphynol-enriched Oil and the Effect of Refining. Eur J Lipid Sci Technol 110, 111-

119. 

15. Ortega-Garcia J, Gamez-Meza N, Noriega-Rodriguez JA, Dennis-Quinonez O, Garcia-

Galindo HS, Angulo-Guerrero JO, Medina-Juarez LA (2006) Refining of High Oleic 

Safflower Oil: Effect on the Sterols and Tocopherols Content. Eur Food Res Technol 

223:775-779.  

16. Ferrari RAp, Schulte E, Esteves W, Bruhl L, Mukherjee KD (1996) Minor Constituents 

of Vegetable Oils During Industrial Processing. J Am Oil Chem Soc 73:587-592  

17.  Mounts TL (1981) Chemical and Physical Effects of Processing Fats and Oils. J Am Oil 

Chem Soc 58, 51A-54A. 

18.  Verhe R, Verleyen T, Van Hoed V, DE Greyt W (2006) Influence of Refining of 

Vegetable Oils on Minor Components. Journal of Oil Palm Research 4:168-179.  



 
 

89 
 

19. Lambelet P, Grandgirard A, Gregoire S, Juaned P, Sebedio J, Bertoli C (2003) Formation 

of Modified Fatty Acids and Oxyphytosterols During Refining of Low Erucic Acid 

Rapeseed Oil. J Agric Food Chem 16:4284-4290. 

20. Čmolik J, Pokorny J,Dolezalb M, Svobodac Z (2007) Geometrical Isomerization of 

Polyunsaturated Fatty Acids in Physically Refined Rapeseed Oil During Plant-scale 

Deodorization. Eur J Lipid Sci Technol. 109:656–662. 

21. Christie WW (1982) A simple Procedure for Rapid Transmethylation of Glycerolipids 

and Cholesteryl Esters. Journal of Lipid Research 23, 1072-1075. 

22. Lechner M, Reiter B, Lorbeer E (1999) Determination of Tocopherols and Sterols in 

Vegetable Oils by Solid-phase Extraction and Subsequent Capillary Gas 

Chromatographic Analysis. Journal of Chromatography A, 857, 231-238. 

23. Azadmard-Damirchi S, Savage GP, Dutta PC (2005) Sterol Fractions in Hazelnut and 

Virgin Olive Oils and 4, 4′-Dimethylsterols as Possible Markers for Detection of 

Adulteration of Virgin Olive Oil. J Am Oil Chem Soc 82, 717-725. 

24. Farhoosh R, Einafshar S, Sharayei P (2009) The Effect of Commercial Refining Steps on 

the Rancidity of Soybean and Canola Oils. Food Chemistry 115, 933-938. 

25. Official Methods and Recommended Practices of the American Oil Chemists’ Society, 

6th edn., AOCS Press, Champaign, 2009. 

26. Diosady LL, Sleggs P, Kaji  (1982) Chemical Degumming of Canola Oils. J Am Oil 

Chem Soc 59, 313-316. 

27. Zschau W (2000) Bleaching. In: O'Brien RD, Farr WE, Wan PJ, (eds) Introduction to 

Fats and Oils Technology. 2nd edn. AOCS Press, Champaign, Illinois, pp 158-178. 

28. Gonzalez-Larena M, García-Llatas G, Vidal MC, Sanchez-Siles LM, Reyes Barbera R, 

http://www.springerlink.com/index/9545112175862877.pdf
http://www.springerlink.com/index/9545112175862877.pdf
http://www.springerlink.com/index/9545112175862877.pdf
http://www.springerlink.com/content/?Author=P.+Sleggs
http://www.springerlink.com/content/?Author=T.+Kaji


 
 

90 
 

Lagarda MJ (2011) Stability of Plant Sterols in Ingredients Used in Functional Foods. J 

Agric Food Chem 59, 3624-3631.  

29. Zufarov O, Schmidt Š, Sekretár S (2008) Degumming of Rapeseed and Sunflower Oils. 

Acta Chimica Slovaca, 1, 321-328. 

30. Ohlson R, Svensson (1976) Comparison of Oxalic Acid and Phosphoric Acid as           

Degumming Agents for Vegetable Oils J Am Oil Chem Soc 53, 8-11.  

31. Essid K, Trabelsi M, Frikha MH (2006) Effects of Neutralization with Lime on the 

Quality of Acid Olive Oil. J Am Oil Chem Soc 83:879-884. 

32. Myers H (2000) Method of refining oils and fats. U.S. Patent 6,111,120. 

33. Hernandez E, Rathbone SJ (2002) Refining of Glyceride Oils by Treatment with Silicate 

Solutions and Filtration. US Patent 6,448,423 B1. 

34. Mag TK (1990) Bleaching Theory and Practice. In: Erickson DR (ed) Edible Fats and 

Oils Processing: Basic Principles and Modern Practices. AOCS Press, Champaign, pp 

107-116. 

35. O’Brien RD, (2009) Fats and Oils Processing. In: Fats and Oils Formulation and 

Processing for Applications, 3rd Edition, CRC Press, Florida, pp 73-196. 

36.  Endo Y, Thorsteinson CT, Daun JK (1992) Characterization of Chlorophyll Pigments 

Present in Canola Seed, Meal and Oil. J Am Oil Chem Soc 69, 564-568. 

37. Usuki R, Suzuki T, Endo Y, Kaneda T (1984) Residual Amounts of Chlorophylls and 

Pheophytins in Refined Edible Oils. J Am Oil Chem Soc 61, 785-788. 

38. Cooperative work of the German Society for Fat Science (2001) Bleaching of Edible Fats 

and Oils. Eur. J. Lipid Sci. Technol. 103, 505-550. 

39. Daun JK, DeClercq DR (1998) Saturated Fatty Acids in Canadian Canola. Bull. GCIRC 



 
 

91 
 

15, 27-30. 

40. Liu C, Yang M, Huang F (2012) Influence of Extraction Processing on Rheological 

Properties of Rapeseed Oils. J Am Oil Chem Soc 89, 73-78.  

41. Wolff, RL (1992) Trans-Polyunsaturated Fatty Acids in French Edible Rapeseed and 

Soybean Oils. J Am Oil Chem Soc 69,106–110.  

42.  Prior EM, Vadke VS, Sosulski FW (1991) Effect of Heat Treatment on Canola Press 

Oils. Non-Triglyceride Components. J Am Oil Chem Soc 68, 401-406. 

43. Čmolik J, Schwarz W, Svoboda Z, Pokorny J, Reblova Z, Dolezal M, Valentova H 

(2000) Effects of Plant-scale Alkali Refining and Physical Refining on the Quality of 

Rapeseed Oil. Eur. J. Lipid Sci. Technol. 102, 15-22. 

44.   Schwartz H, Ollilainen V, Piironen V, Lampi AM (2008) Tocopherol, Tocotrienol and 

Plant Sterol Contents of Vegetable Oils and Industrial Fats. Journal of Food Composition 

and Analysis 21, 152-161. 

45. Abidi SL, List GR, Rennick KA (1999) Effect of Genetic Modification on the 

Distribution of Minor Constituents in Canola Oil. J Am Oil Chem Soc 76, 463-467. 

46.  Rossia M, Gianazzaa M, Alampresea C, Stangab F (2001) The Effect of Bleaching and 

Physical Refining on Color and Minor Components of Palm Oil. J Am Oil Chem Soc 78, 

1051-1055. 

47.  Gliszczyńska-Świgło A, Sikorska1 E, Khmelinskii I, Sikorski M (2007) Tocopherol 

Content in Edible Plant Oils. Pol. J. Food Nut. Sci. 57, 157-161. 

48. Gordon MH, Miller LAD (1997) Development of Steryl Ester Analysis for the Detection 

of Admixtures of Vegetable Oils. J Am Oil Chem Soc 74, 505-510. 

49. Verleyen T, Sosinska U, Ioannidou S, Verhe R, Dewettinck K, Huyghebaert A, De Greyt 



 
 

92 
 

W (2002) Influence of the Vegetable Oil Refining Process on Free and Esterified Sterols. 

J Am Oil Chem Soc79, 947-953. 

50. Azadmard-Damirchi S, Habibi-Nodeh F, Hesari J, Nemati M, Fathi Achachlouei B 

(2010) Effect of Pretreatment with Mirowave on Oxidative Stability and Nutraceuticals 

Content of Oil from Rapeseed. Food Chemistry 121, 1211-1215. 

51. Gutfinger T (1981) Polyphenols in Olive Oils. J Am Oil Chem Soc 11, 966-968. 

52. Duijn GV (2008) Industrial Experiences with Pesticide Removal During Edible Oil 

Refining. Eur. J. Lipid Sci. Technol. 110, 982-989.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

93 
 

3.8 Appendices 
 

3.8.1 Appendix 1 Standard curve of gallic acid  

 

 

 

3.8.2 Appendix 2 Standard curve of potassium dihydrogen phosphate   
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4.0 Conclusion 

 

 To conclude, data showed that minimally refined canola oil had acceptable chemical 

quality parameters such as PV, p-AV, FFA, chlorophyll and phosphatides with natural color and 

flavour. Also, concentration of micronutrients for instance phytosterols and tocopherols were 

significantly higher than traditionally refined canola oil. To sum up, with the consideration of the 

raw material costs, availability, the quantity of alkali used for minimal refining (Ca(OH)2, MgO, 

Na2SiO3) and oil loss, minimal refining with Ca(OH)2 can be successfully used to remove free 

fatty acids from crude oils at lower temperature.  

 Minimally refined canola oil with calcium hydroxide had the highest amount of free 

phytosterols (about 42.3% higher preservation) and 24.8% higher total tocopherol contents 

compared to traditionally refined canola oil. In addition, calcium soap (by-product of 

neutralization process) can be use directly as a valuable feed. 

 Nowadays, there is an increasing demand for cold pressed canola oil and avoid using heat 

treatment and solvent extraction which may destroy some micronutrients in oils. This study 

showed that cold pressed canola oil had lower amount of nutritive components such as 

phytosterols, tocopherols and polyphenols compared to solvent extracted canola oil. However, it 

should be kept in mind that, cold pressing not only leads to lower recovery of oil from oilseed, 

but also cause lower nutrient extraction. Therefore, minimal refining can produce canola oil with 

higher stability and enhanced nutritional value than cold pressed canola oil. 

Minimal refining also has a smaller environmental impact compared to conventional 

refining methods because the hot water washing step that produces waste water during 
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conventional refining is replaced by synthetic silica and magnesium silica that absorb the soap 

and other impurities more efficiently. As a result, no energy is required to heat water and no 

wastewater is produced. More importantly, the large amount of energy that is required to heat oil 

for deodorization stage would be saved.  

                                                                                                                                                                                                                                                                                                               

5.0 Future work                                                                                                            

 Based on this study, it is clear that minimal refining can successfully be used as an 

alternative for fully refining canola oil. However, more research needs to be done in order to 

evaluate the sensory characteristics of minimally refined oils compare to fully refined and virgin 

oils. In addition, more in-depth economic, environmental, marketing and industrial scale studies 

should be conducted to better clarify the advantages of this method for oils and fats processing 

industry.    

 

   

 

 


