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Chapter 4 

Stripping of Vegetable Oils by Direct Mixing with Adsorbent 
Materials 

Claire C. Berton-Carabin, Lucie Ribourg-Birault, 
and Thais Cristina Benatti Gallo 

Abstract 

It is often useful to conduct experiments with triacylglycerol oils, such as vegetable oils, that have been 
stripped from surface-active impurities and/or endogenous antioxidants. This chapter describes a rapid, 
simple, and solvent-free procedure to achieve such purification by the direct mixing of oil with an adsorbent 
powdered material (magnesium silicate or aluminum oxide), followed by gravitational separation. In 
particular, we give a step-by-step description of the method, as well as practical tips, and provide experi-
mental data regarding the properties of a comprehensive set of oils obtained via this procedure. 

Key words Vegetable oil, Stripping, Purification, Triacylglycerol oil, Adsorbent materials, Alumina, 
Silica, Surface-active impurities, Tocopherols 

1 Introduction 

Edible oils such as vegetable oils are mostly composed of triacylgly-
cerols (TAGs), yet often still contain minor components that can 
have a noticeable effect on their stability and functional properties. 
Two major examples in that respect relate to (1) the presence of 
endogenous lipophilic antioxidants, such as tocopherols; and 
(2) the presence of surface-active impurities (such as free fatty 
acids, mono- and diacylglycerols, phospholipids, or lipid oxidation 
products) which, even in trace amounts, can largely alter the prop-
erties of adsorbed layers formed at the oil–water interface [1, 2]. 

It can therefore be relevant to strip vegetable oils from such 
components when conducting studies that pertain to the oxidative 
stability of the oil-based systems [3, 4], and/or to the characteriza-
tion of structures and phenomena occurring at the oil–water inter-
face [5]. For this, selected adsorbent materials have proven useful; 
they may be used either as chromatographic columns [6, 7], which 
implies first diluting the oil in an organic solvent, which shall then
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be removed after elution, or by direct mixing with the oil followed 
by gravimetric separation [8, 9], which is a solvent-free procedure. 
The choice of the adsorbent material is of high importance depend-
ing on the targeted components to remove. For instance, magne-
sium silicate may be used to remove surface-active polar 
contaminants [10, 11] and alumina to remove not only such com-
ponents but also lipophilic antioxidants such as tocopherols [9]. In 
addition, lipophilic pigments such as carotenoids and chlorophylls 
can be eliminated by activated charcoal [12]. Another protocol 
elaborated for the purification of mineral oils/nonpolar phases 
has also been proposed, which requires the consecutive treatment 
with iron (III) chloride for the reduction of peroxides, potassium 
hydroxide for the extraction of alcohols, silica gel for the adsorption 
of polar contaminants, and finally, sodium sulfate for the removal of 
water [13].

38 Claire C. Berton-Carabin et al.

This chapter focuses on a solvent-free procedure for stripping 
vegetable oils, either using magnesium silicate (removal of surface-
active impurities) or using aluminum oxide (removal of surface-
active impurities + tocopherols and tocotrienols). We strongly rec-
ommend that the stripped oils obtained with this procedure are 
checked for interfacial tension against water (e.g., using an auto-
mated drop tensiometer; see for instance, ref. [11]) and, when 
antioxidant stripping is targeted, for residual tocopherol/tocotrie-
nol content (see Chapter 10). A comprehensive series of examples 
of such properties for various reference lipids/oils and stripped oils 
is given later (Subheading 4 See Note 1, Table 1). 

2 Material 

2.1 Equipment 1. 50-mL conical centrifuge tubes (polypropylene). 

2. Rotative tube agitator equipped with a 50-mL tube carousel. 

3. Or glass beaker and magnetic bar/stirrer. 

4. Centrifuge with swing rotor adapted for 50-mL conical tubes. 

5. Plastic or glass transfer pipettes. 

2.2 Chemicals 1. Magnesium silicate powder (also referred to as silica; CAS: 
1343-88-0; example of commercial sample: Florisil®, 
100–200 mesh, Supelco). 

2. Or aluminum oxide powder (also referred to as alumina; CAS: 
1344-28-1; an example of commercial sample: MP Alumina 
N—Super I, MP Biomedical). 

NB: Magnesium silicate powder (silica) should be used when 
the stripping procedure aims at removing surface-active impurities, 
but not endogenous tocopherols. Conversely, stripping with alu-
minum oxide (alumina) should be selected when both surface-
active impurities and endogenous tocopherols/tocotrienols shall
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be removed. After opening, it should be noted that the quality of 
adsorbent materials may decrease after a given storage period, 
which can decrease the stripping efficiency (see Subheading 4, see 
Note 2). Recommendations regarding handling of those materials 
are given in Subheading 4 (see Note 3).
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3 Methods 

3.1 Recommended 

Procedure: Agitation 

Using a Rotative 

Agitator 

1. Fill in 50-mL conical centrifuge tubes with approximately 
1 volume (15 mL) of adsorbent powder (silica or alumina) 
and 2 volumes (30 mL) of oil. 

2. Mix cautiously the content of each tube with a spatula to 
disperse the adsorbent powder in the oil, and put immediately 
on rotative agitation at 15 rpm (be careful not to let the tubes 
stand still for too long before starting the agitation, as the 
adsorbent powder tends to sediment within minutes). 

3. Incubate the tubes under rotative agitation at 15 rpm in the 
dark for at least a few hours (recommended: overnight, i.e., 
10–12 h minimum). For oils that do not crystallize in refriger-
ated conditions (e.g., rapeseed oil), it is recommended to 
conduct the agitation at 4 °C. For oils with a higher melting 
point, a higher incubation temperature may be chosen (it is 
important that lipids are completely melted upon the stripping 
procedure). 

4. At the end of the agitation period, pick the tubes and centrifuge 
them (centrifuge equipped with a swing rotor, 2000 × g, 
20 min, 20 °C). 

5. Collect the supernatant (oil layer) with a transfer pipette (stop 
collecting when reaching about 0.5 cm above the bottom 
adsorbent layer), and transfer it to a new 50-mL conical 
centrifuge tube. 

6. Perform a second centrifugation in the same conditions as 
previously. 

7. Collect the stripped oil with a transfer pipette (stop collecting 
when reaching about 1 cm above the bottom of the tube, i.e., 
the conical part. Generally, residual adsorbent particles are 
hardly visible for the second centrifugation). It is recom-
mended to store the stripped oil in clean, glass tubes, under a 
nitrogen blanket and away from light, ideally at -20 °C o  
below, until further use. 

3.2 Alternative 

Procedure: Agitation 

Using a Magnetic 

Stirrer 

When a rotative agitator is not available, the aforementioned pro-
cedure can be modified to perform the mixing between oil and the 
adsorbent material directly in a beaker. The following steps should 
then be taken:
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1. In a glass beaker of appropriate volume, put 1 volume of the 
adsorbent powder (silica or alumina) and 2 volumes of oil. 

2. Mix cautiously with a spatula to disperse the adsorbent powder 
in the oil, and put immediately on magnetic stirring using a 
large enough magnetic bar. The stirring intensity should be 
high enough to keep the mixture well dispersed and avoid the 
formation of an oil layer depleted from the adsorbent material 
on top. It should be noted that the mixture is quite viscous, 
which may (1) cause the magnetic bar to slow down/stop at 
some point and/or (2) induce an increase in the temperature of 
the magnetic stirrer, which then heats the mixture. This may, in 
practice, not be resolved by putting the stirrer + mixture system 
in a refrigerated room because this would typically increase the 
viscosity of the mixture, resulting in stopping the magnetic bar 
from spinning. 

3. Incubate the beaker under magnetic stirring at appropriate 
speed (see comment in the previous point), protecting it from 
light for at least a few hours (recommended: overnight, i.e., 
10–12 h minimum) at room temperature. 

4. At the end of the agitation period, rapidly transfer the content 
of the beaker into 50-mL conical centrifuge tubes. 

5. Follow then steps 4–7 as described in Subheading 3.1. 

4 Notes 

1. Examples of typical properties of various reference lipids/oils and 
of stripped oils: Table 1 summarizes typical interfacial tension 
values and tocopherol contents for different lipid phases, with 
an emphasis on vegetable oils. 

2. Useful remarks: as can be seen from the last two lines of Table 1, 
the quality of adsorbent materials can decrease after a given 
storage period. In fact, it can be noticed that alumina loses its 
adsorbing properties toward tocopherols (only ~80% of toco-
pherols removed for an alumina bottle opened for >1 year, 
versus almost full removal for a freshly opened bottle). This can 
be solved by regenerating alumina, which can be done by 
heating (see conditions advised by the manufacturer). Never-
theless, this points out the importance of checking the quality 
of the stripped oil with regard to the important features tar-
geted (interfacial tension and/or the removal of tocopherols or 
of other lipophilic components) for every batch. 

3. Safety: Although the adsorbent materials used for the present 
procedure are not classified for specific hazards, please note that 
because of the very fine size of the powder particles and their 
use in a dry state, they may easily be suspended in the air. We
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thus recommend that steps 1 and 2 are conducted under a 
fume hood. 
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