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Introduction

In recent years, consumer interest in non-refined virgin oils has
been increased in the whole world.

Basic studies are on:
 the positive  health effects of  the minor bioactive

components of oils and fats
 the  frying oil chemistry
 the formations of new contaminants during high

temperature processing of oil,  etc.

“ Less processed foods  are more healtier”



 Triglycerides, 95-98 %

 Desirable minor components:  Unsaponifiable fraction
(tocopherols, phytosterols , polyphenols, carotenoids )

 Undesirable  minor components:  FFA, DAG, MAG,
phospholipids, chlorophyll, traces metals, pesticide residues,
gums, waxes, oxidation products

Crude Vegetable Oils



Tocopherols:
naturally occuring fat-soluble compounds with antioxidant properties in
both food and biological systems
sensitive to alkali, light, heat, and trace elements
alkali neutralization and deodorization cause to lost most of the
tocopherols in oils.
Phytosterols (free sterols and sterol esters):
can lead to a 10 % reduction in serum LDL levels
considerably improve the oxidative stability of oils at high temperature
During alkali neutralization and deodorization most of the sterols are
removed from the oil.

Desirable minor components



Polyphenols:
have antioxidant and antimicrobial properties
are completely removed during alkali neutralization.

β-Carotene:
exhibits vitamine A activity.
β-carotene and α- tocopherol have a synergistic antioxidant effect.

Bleaching and deodorization lead to the total removal of carotenoids

Desirable minor components



They may decrease the quality and processability of oils by causing
darkening, foaming, smoking, precipitation, development of off-
flavors, and decreasing thermal and oxidative stability.

Refining steps:  Degumming
                            Neutralization: Chemical neutralization, Physical

refining
                            Bleaching
                            Deodorization

Undesirable minor components

Refining is a necessary process to make a solvent extracted
crude vegetable oil suitable for human consumption.



The oil usually undergoes a number of chemical changes as a result of:
using chemicals (phosphoric or citric acids, sodium hydroxide, and
activated bleaching clays)
the extreme physical  conditions (high temperature, live stream)
encountered during deodorization.
Examples:
unsaturated hydrocarbons, steradienes, and disteryl ethers form from
the degradation of phytosterols during bleaching.
Trans fatty acids, 3-chloro-1,2 propandiol (3-MCPD) fatty acid esters,
fatty acid poymers, fatty acid oxidation products, carotenoid
decomposition products are the detrimental compounds occured during
deodorization.

New undesirable compounds may occur  during refining !



″Minimizing the loss of desirable components″ is not
generally  considered as important as the total removal of
undesirable components.

Conventional Refining is focused on maximum
removal of undesirable components.

Conventional Refining



  Minimal Refining for Health ( MRH)

A special type of refining process (MRH) was developed by Food Science
Department of Guelph University, Canada, that focused on  nutrient
retention, such as phytosterols and tocopherols, while stil reducing the
level  of the undesirable  components to acceptable levels.
The process involves the following:
1.Using weaker alkali, such as calcium hydroxide powder as an
alternative to sodium hydroxide during the neutralization step
2.Using Trysil silica and magnesium silicate mixture for removal  of
the soap-stock instead of the traditional hot-water washing
3.Using wet bleaching at milder conditions  as a substitute to
conventional dry bleaching
 4.   Deodorization is omitted.



  Minimal Refining for Health ( MRH)

An  example* : Crude Canola
Acid Degummed Oil

Traditional refining MRH refining
Caustic Neutralized Oil                         Lime  Neutralized Oil
Centrifuged                                            Centrifuged

 Dry Bleached Oil  (1% Bentonite) Wet Bleached Oil (0.6
% water, 0.5 % Bentonite)

*Ghazani, S.M. , G. Garcia-Llatas, A.G. Marangoni, JAOCS, 90:743-756, 2013



  Minimal Refining for Health ( MRH)

FFA Peroxide v. p-Anisidine v. P (ppm) Chlorophyll
Crude  oil 0.50 6.8 2.8 544 44.4
Trad. refined oil 0.05 4.3 3.3 n.d.    8.6
MRH  refined   oil 0.05 4.6 2.8 n.d.     5.9
RBD commercial 0.04 1.4 2.4 n.d.     0.7
Virgin commercial 0.32 3.2 1.2 n.d.      4.6

Table 1. Chemical characteristics of traditional and MRH refined canola oils



  Minimal Refining for Health ( MRH)

Total
tocopherol

(mg/kg)

Free sterols

(mg/kg)

Total sterols

(mg/kg)

Polyphenols

(mg/kg)
Crude  oil 492.5 187.4 940.7 112.9
Trad. refined oil 315.7 136.2 897.8 1.3
MRH  refined   oil 394.1 193.9 914.8 1.8
RBD commercial 326.8 128.5 685 1.4
Virgin commercial 354.1 157.9 616.2 30

Table 2. Effects of Refining methods on Minor Components of Oils



Minimal Refining for Health ( MRH)

Conclusions:
 The MRH method was efficient in removing undesirable

components (FFA, hydroperoxide, phosphatides and chlorophyll)
 The amount of desirable minor components (phytosterols and

tocopherols) present in crude canola oil were significantly higher
when MRH was used.

 Omitting deodorization helps to retain micronutrients (phytosterols
and tocopherols) and natural flavors in the oil. In addition,
undesirable changes due to the extreme conditions encountered
during deodorization are avoided.

 Both traditional and minimal neutralization resulted in completely
removing polyphenols from the oil.



Virgin   Oils  as  Commodity Oils

 Vegetable oils which contain much more  minor bioactive
components, especially polyphenols, should not be refined.

                                            Virgin Oils

Virgin oils are edible vegetable oils obtained by mechanical
procedures, such as expelling or pressing from oil seeds
without altering the chemical composition of oil.



Virgin   Oils  as  Commodity Oils

 Nowadays,  virgin oils are considered as specialty oils, because
only  small and medium sized plants produce them in small
amounts  with low oil yield and high price for gourmet and
health market.

 Bulk production of virgin oils from commodity oil seeds,
such as rapeseeds or sunflower seeds, with high oil yield  and
reasonable price  are needed to meet consumer demand.



Two  Challenges:

Production of high  quality of oil  seeds

 harvesting of high quality seeds,
 proper drying of seeds,
 maintaining this quality during storage

Virgin   Oils  as  Commodity Oils



2. Production of virgin oil  with higher oil yield

 Heat pretreatment of seeds –cooking (75-100°C), roasting
(160-200°C), conditioning with moisture (60-110 °C)

 cracking of cell membranes, which increases oil extractability
 protein coagulation, which breaks the intercellular emulsion
 decrease in viscosity, which makes the oil more fluid
 enzyme inactivation, which causes low  FFA content of oil
 sterilization of seeds, which causes  to decrease of

microorganisms population
 formation of new  products, which may affect  oxidation stability

and/or aroma, and/or taste of oil

Virgin   Oils  as  Commodity Oils



 Microwave pretreatment of seeds  (a specific application of
heat treatment)

 Enzymatic  pretreatment of seeds (Partial  hydrolysis of
the cell walls by means of appropriate enzymes, such as
cellulase, hemicellulase, pectinase)

 Ultrasound-assisted alcoholic treatment of seeds
(Cracking of cell membranes of seeds in ethanol by
ultrasonic sounds )

Virgin   Oils  as  Commodity Oils



 The main objective was to increase of oil yield using
ultrasonication

  Whole  seed- ethanol- ultrasonication

 Cracking of cell membranes via ultrasonication  higher oil
yield

 Enzyme inactivation via ultrasonication and ethanol
denaturation  low FFA content of oil

 Sterilization of seeds via ethanol treatment  low
microorganisms population  improving oil quality

Ultrasound-assisted alcoholic treatment of seeds



Ultrasound-assisted alcoholic treatment of seeds

Parameters
investigated:

EtOH concentration:
96, 80 and 70 %
Pretreatment  time
Seeds/EtOH (w/v) ratio
Repeated uses of EtOH



Ultrasound-assisted alcoholic treatment of seeds

Black cumin-1 Rapeseed-1
WPT Ultrasound* WPT Ultrasound*

Oil yield **, % 21.5 45.0 44.0 73.5
AV, mg KOH/g 10.26 5.64 1.60 1.04
IP, h, 80° C 27.81 63.10 18.35 55.40
* 60 min, Seed/EtOH 96 %:1/1
** Unground seed
WPT: Without pretreatment; IP:Induction Period (Rancimat); AV:Acid Value

Table 3. Effect of pretreatment on oil yield and quality



  * Black  cumin-1                                             * *Without Pretreatment

Seed */EtOH : 1/2
1 h  ultrasonication

EtOH
96%

EtOH
80%

EtOH
70%

WPT**

Ethanol soluble,
% of seeds

0.51 0.71 0.95 --

AV , mg KOH/g 5.64 5.32 5.66 10.26
IP, 80 °C, h 63.10 53.40 31.08 27.81

Ultrasound-assisted alcoholic treatment of seeds

Table 4. Effects of ethanol concentration



 Effect of pretreatment time: 30, 60 and 90 minutes
Result: The time affects only FFA content of pressed oil

                  The longer time the smaller FFA content of oil

 Effect of seed/ethanol  ratio:   1/1 , 1/2, 1/3 (w/v)
Result: Seed/ EtOH  ratio does not affect the process

 Repeated uses of ethanol phase:  4 times
  Result: Ethanol phases can be used several times unless the

water  content  does not change

Ultrasound-assisted alcoholic treatment of seeds



Ultrasound-assisted alcoholic treatment of seeds

Table 5. Ultrasound –assisted alcoholic pretreatments of various seeds

 WPT Ultrasound
AV,

mg KOH/g
IP, h
80 °C

AV,
mg KOH/g

IP, h
80 °C

Black cumin-2 6.44 26.69 3.76 51.87
Rapeseed -2 2.77 33.75 2.18 52.78
Sesame seed 2.74 98.88 2.25 106.29
Linseed 1.39 18.49 1.06 18.45



TLC of Rapeseed Oils

I. Standard
II. Cold-pressed oil (NT)
III. Cake oil (NT)
IV. Cold-pressed oil (HT)
V. Cake oil (HT)
VI. EtOH Soluble Fraction (UT)
VII. Cold-pressed oil (UT)
VIII.Cake oil (UT)



Conclusion

It was concluded that:
virgin  oil yield can be increased,
FFA of virgin  oil can be reduced,
oxidation stability of virgin  oil can be increased,
     by ultrasonication of seeds in ethanol before pressing.

Ultrasound-assisted alcoholic pretreatment of oil seeds can be  a
good alternative to the other pretreatment methods for the
increase of pressed oil yield and oil quality.
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