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Abstract

Olive oil deodorized distillates are rich in 3-5% tocopherol and 8-10% squalene. This
study used the saponification technique, one of the pre-separation techniques, to purify
tocopherol and squalene, which are found in high amounts in deodorized distillates.
The saponification process removed 70% of free fatty acids, and 9-10% tocopherol and
17-18% squalene were purified. Tocopherol and squalene obtained after the
saponification process were enriched using semi-preparative chromatography. 6
different fractions were obtained. While the second fraction contained high amounts of
tocopherol and squalene, it was seen that the third fraction contained squalene and other
compounds separated from tocopherols. As a result, 31-32% tocopherol and 36-37%
squalene were obtained.
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1. Introduction

Olive oil is a highly valuable product due to its organoleptic properties and known benefits to
human health. The size of the olive oil industry is of great importance for Tiirkiye, which is among
the leading countries in olive oil production, both economically and socially. Millions of tons of
olive oil, unsuitable for direct use in our country, are made suitable for consumption through
physical or chemical refining methods. During these processes, important by-products are formed
at various stages. Therefore, technological advancements are needed to re-evaluate these by-
products obtained during refining [1].

Due to the high temperatures reached during the deodorisation stage of the refining process for
olive oil, deodorised distillates containing rich by-products are separated from the oil. These
products contain valuable bioactive compounds such as tocopherol derivatives, sterol derivatives,
and squalene, which are widely used in the food, cosmetic, and health industries. These important
bioactive components are significant for their ease of identification regarding type and quantity
within the distillate and for improving recycling methods and converting them into high-value-
added products [1-4].

The most important bioactive compounds with high antioxidant capacity in olive oil deodorized
distillate are tocopherols. Tocopherols protect cell membranes, provide vessel fluidity, and help
prevent atherosclerosis. The tocopherol content consists of two main groups: the chromanol ring
and the hydrophobic side chain. Tocopherol has a saturated isoprenoid side chain, while tocotrienol
contains isoprenyl side chains with three double bonds. Each group has structures (a-, -, y-, and
0-) which differ in the number and position of methyl substituents in the chromanol ring. a-
Tocopherol is the first homolog exhibiting biological activity, in contrast to the other homologs (J,
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Y, 0), which show reduced activity. y-Tocopherol has only 10% of the activity of a-tocopherol and
1% of the activity of a-tocopherol. Due to having more hydroxyl groups in its structure than other
tocopherols, a-tocopherol is extremely sensitive to various oxidative effects and is reported to be
superior to other derivatives regarding antioxidant activity [5-8].

With these antioxidant properties, tocopherols are an important preventative measure against some
chronic diseases, such as cardiovascular diseases and cancer. In a clinical study, it was found that
a high dose (<67 mg of a-tocopherol) of vitamin E, used continuously for at least two years,
reduced the risk of coronary heart disease by approximately 31-65% [9].

In a study aimed at determining the amount of tocopherol in olive oil deodorized distillate, the total
tocopherol content was identified as 32,000 ppm (3.2%), with the quantity of alpha-tocopherol
measured at 15,000 ppm (1.5%) [10].

The most important hydrocarbon derivatives found in olive oil are squalene and p-carotene.
Squalene is the main component of the unsaponifiable part of olive oil and accounts for more than
90% of the total hydrocarbon content. During the refining of olive oil, squalene is primarily
removed from the oil, especially during the deodorization stage, and ends up in the deodorised
distillate (DD). Squalene, which is an important element of the immune system, is used as an
immune booster in vaccines. Its commercial production is primarily derived from shark liver, a
valuable resource [1, 2].

The presence of squalene in olive oil significantly contributes to its health effects. Studies have
indicated that olive oil consumption reduces the risk of pancreatic cancer and lowers the risk of
developing breast cancer in women who consume olive oil. Research suggests that the protective
effects of extra virgin olive oil are due to its high squalene content, supported by numerous animal
studies. The most comprehensive among these studies investigated the effects of squalene on skin,
colon, and lung cancer in mice. Considering all this, the daily intake of squalene has a distinctly
anti-carcinogenic effect. In addition to its anti-carcinogenic properties, squalene has been found to
offer other health benefits [11, 12]. In another study, the squalene levels in olive oil deodorized
distillate were reported as 85,000 ppm (8.5%) [10].

One study involving saponification reported that the unsaponifiable substances contained high
amounts of tocopherols (19,600 ppm), phytosterols (5,500 ppm), and squalene (323,000 ppm) [17].
The preparative chromatography technique, which is widely used in many sectors, particularly in
the food, cosmetics, and pharmaceutical industries, is frequently employed in recovery studies to
separate and purify materials with high economic value. In one study, tocopherols and tocotrienols
were separated from deodorized distillate using a semi-preparative HPLC technique. From the
results obtained from the experiments, fractions a-tocopherol and a-tocotrienol were successfully
purified without saponification in the examination made in corn oil deodorized distillate [24].

As a result, a new technique has been developed for purifying valuable bioactive compounds,
specifically tocopherols and squalene, in deodorized distillates. The saponification method
separated squalene and tocopherols in DD from free fatty acids. The extract obtained was processed
using the semi-preparative chromatography technique to achieve a high-purity product.
Additionally, bioavailability studies will be conducted to convert the purified bioactive compounds
into commercial products, resulting in a high-added-value final product.

2. Materials and Methods
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This study used deodorized distillates obtained from the chemical refining of olive oils by
Agricultural Credit Oil Industry and Trade.

2.1. Determination of Type of Glyceride

The International Union of Pure and Applied Chemistry (IUPAC) technical report was used to
determine the type of glyceride in deodorised distillate. 1 g of sample was dissolved by adding 10
mL of tetrahydrofuran (THF), passed through a 25 mm PTFE syringe filter, filled into capped glass
vials with a volume of 1.5 mL and made ready for analysis [1].

Table 1. Chromatographic conditions for the determination of polar and non-polar substances.

Stationary Phase (Column) One guard column and two serially connected
30x7.7 mm gel columns: 500A-100A
Mobile Phase THF
Mobile Phase Flow Rate (mL/min) 10
Detection RID 35°C

Analysis Time (min) 20
Injection Amount (uL) 20
Column Oven Temperature (°C) 30

2.2. Determination of Free Fatty Acids Composition

In determining deodorized distillate fatty acid compositions, fatty acids found in the triglyceride
structure and not volatile were subjected to esterification pretreatment according to EC method
14105 to be analyzed by GC technique. According to the relevant method, approximately 0.1 g of
the sample to be analysed was weighed into a suitable and clean tube and 0.1 mL of 2 M methanolic
KOH solution was added. In this way, KOH decomposed TGs into fatty acids. Fatty acids that
became potassium salts combined with methanol and formed methyl esters. 10 mL of hexane was
added, shaken for 30 minutes, passed through a 25 mm polytetrafluoroethylene (PTFE) syringe
filter, and filled into capped glass vials with a volume of 1.5 mL and made ready for analysis. Fatty
acid composition analyses of samples converted to methyl ester derivatives were performed on the
Agilent 7890 GC device, which can perform automatic analysis and has an FID detector [1].
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Table 2. Chromatographic conditions for the determination of FAME (Kara 2008).

Stationary Phase (Column) Agilent HP-88 (100m, 0.25mm, 0.25 pm)
Mobile Phase He
Mobile Phase Flow Rate (mL/min) 13
FID
Temperature: 250 °C,
Detection Dry air: 300 mL/min,
Hydrogen: 30 mL/min,
Make up (He): 10 mL/min
Analysis Time (min) 59.50
Split Splitless
Injection Amount (nL) 1
°C/min °C min
Column Oven Temperature 50 2
4 240 10

2.3. Determination of Tocopherol and Tocotrienol

The analysis was performed to determine the amounts of a, 3, v, and 6 tocopherol and tocotrienol
(tocopherols) in the deodorized distillate including the determination of 1 g of oil sample dissolved
in 10 mL of hexane by HPLC technique. Tocopherol-tocotrienol analyses were performed on the
diol column in the Agilent 1200 HPLC device using crude pomegranate seed oil dissolved in
hexane. In chromatographic separations, - and y tocopherol separations, which were very close to
each other, were particularly considered [1].

Table 3. Chromatographic conditions for the determination of tocopherol and tocotrienol.

Stationary Phase (Column)

Lichrospher 100 5um 25x0.4

Mobile Phase %99 Hekzan-%1 izopropil alkol
Mobile Phase Flow Rate (mL/min) 1.0
Detection FLD 30°C
Analysis Time (min) 30
Injection Amount (uL) 20
Column Oven Temperature 30

2.4. Determination of Volatile Components

Improvements were made to the method by considering the methods in the literature to determine
volatile components with GC-MS. According to the relevant process, 100 mg of the sample was
taken and dissolved in 2 mL of acetone. The prepared solutions were mixed with a vortex for 1
min, passed through a 0.45 pm PTFE syringe filter, filled into capped glass vials with a volume of
1.5 mL, and made ready for analysis [27].
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Table 4. Gas Chromatography Mass Spectrometry (GC-MS) Volatile Component Method Conditions

Injector Carrier Gas Column Oven MS Temperature
Mod Temperature Type Flow Rate °C/min °C min Source Quadropole
1pL 50 2
Pulsed Split 180 °C He 0.7 mL/min 10 200 10 230 °C 150 °C
(50:1) 20 280 2
Stationary Phase (Column) HP-5 MS (5%-Phenyl methylpolysiloxan)

2.5. Saponification

DD samples (100 g) were saponified with 50 mL of ethanol and excess NaOH and calculated
according to the saponification number. The solution was heated at 80 °C for 60 min. After
saponification, the samples were allowed to cool to room temperature and transferred to a
separatory funnel. The unsaponifiable fraction was collected by adding 100 mL of distilled water
and 200 mL of n-hexane [1, 25-28].

2.6. Purification of Squalene and Alpha Tocopherol by Semi-Preparative Chromatography

A semi-preparative chromatographic system separated valuable bioactive compounds in the
deodorised distillate. In line with the optimum method determined by the chemometric design for
analytical HPLC analyses, some optimisation experiments were performed on the deodorised
distillate sample to find the new optimum parameter for scaling to the semi-preparative HPLC
system. The parameters used in the experiments are given in Table 5 [24].

Table 5. Optimization parameters for the Semi-Preparative column

Stationary Phase (Column) . Semi-Preparative column

Silicycle CN 120A 10 pm (250x10)

Mobile Phase %99.18 Hekzan-%0.82 izopropil alkol
Mobile Phase Flow Rate (mL/min) 15

Detection FLD 30°C

Analysis Time (min) 30
Injection Amount (uL) 100
Column Oven Temperature 15

3. Results

Free fatty acids were removed using saponification, and the product was extracted with an
extraction system. The obtained extract was separated and recovered from tocopherol and squalene
in deodorized distillates using a semi-preparative HPLC technique.

3.1. Determination of Type of Glyceride

Within the scope of the study, triglyceride analyses of deodorised distillate sample (blue line),
stearic acid (red line) and sunflower oil samples (green line) for comparison were performed using
a standard liquid chromatography method. In the triglyceride analyses performed, it was observed
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that there was a small amount of triglyceride in the deodorized distillate sample. A small amount
of triglyceride is expected to be carried into the distillates as a requirement of the deodorisation
process. Monoglyceride and diglyceride structures were not encountered in the analysis.
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Figure 2. Comparison chromatograms of polar and non-polar substance analysis of deodorized distillate.

3.2 Determination of Free Fatty Acids Composition

The fatty acid composition analyses of the deodoriser distillate samples were examined according
to the Kara.M method, and the chromatogram of the fatty acid composition was given.

Figure 3. Fatty acid composition analysis comparison chromatography
3.3 Determination of Tocopherol and Tocotrienol

The standard liquid chromatography method was used in the studies conducted to determine the
amount of tocopherol-tocotrienol in deodorised distillate samples. Deodorised distillates of edible
oils containing high tocopherol content are especially rich in tocopherol. The total tocopherol
amount of deodorized distillate samples used in the study was 32,306 mg/kg. The highest value
was from a-tocopherol, known for its vitamin E activity at 15,328 mg/kg and B+y-tocopherol at
16,733 mg/Kkg.
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Figure 4. Chromatography analysis of tocopherol and tocotrienol of deodorized distillate.
3.4. Determination of Volatile Components

Valuable bioactive compounds such as squalene also pass into the deodorized distillate. The
squalene content was determined by GC-MS.

3.5. Saponification

DD samples (100 g) were saponified, and the amount of free fatty acids in the distillate was found
to be approximately 65%. The saponification process removed more than 70% of the free fatty
acids.

3.6. Purification of Squalene and Alpha-Tocopherol by Semi-Preparative Chromatography

A semi-preparative chromatography system separated valuable bioactive compounds in the
deodorised distillate. 6 different fractions were collected and analysed. Tocopherol and squalene
were found to be relatively pure in the second fraction. High levels of squalene were detected in
the third fraction.
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Figure 5. Fraction chromatogram of deodorized distillate
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4. Discussion

The most important and completely unpreventable losses in the vegetable oil sector are the
bioactive components that occur during the deodorization process. Unfortunately, it is impossible
to completely prevent these losses, which can be reduced to some extent by improving the
deodorization process. For this reason, deodorized distillates, which are considered by-products of
the deodorization step, must be evaluated effectively. Tocopherols and squalene are valuable
natural antioxidants. Natural vitamin E is a structure consisting of a, B, y, and 6 tocopherols and
their tocotrienols. Each of these eight vitamin E and squalene components has different antioxidant
and biological activities.

Before saponification, olive oil DD samples were analyzed for glycerides, FAME, tocopherol, and
squalene content. Afterwards, saponification was performed to remove free fatty acids (FFA),
resulting in a product rich in squalene and tocopherol. The final product was obtained through
semi-preparative chromatography to recover squalene and tocopherol at high purity, which can be
utilised in the cosmetics, food, and pharmaceutical industries (see Table 6). In a study aimed at
determining the amount of OODD tocopherol, the total content was 3.2%, with alpha-tocopherol
measured at 1.5%. The amounts detected before the saponification process were found to be
similar. Additionally, the squalene content was 8.5% [10].

Among tocopherols, the maximum concentration of alpha-tocopherol (1.7-3.9%) was found in all
analysed DD samples in the results obtained after the saponification process. The results obtained
for tocopherols (8.5-8.9%) [14, 16] and squalene (15.2-15.7%) [16, 28] were quite similar to the
literature data.

Table 6. Comparison of bioactive species of the OODD sample (%)

O0oDD After the saponification After semi-preparative
process chromatography
Tocopherols 3-4% 9-10% 31-32%
Squalen 8-9% 17-18% 36-37%

Conclusions

As can be understood from these results, tocopherols types and squalene, which have a high market
share and can be used as natural antioxidants and vitamins in the cosmetics, pharmaceutical, and
food sectors, can be extracted from deodorized distillates, which are refining wastes, by enriching
them with saponification process and by supercritical fluid extraction system. Their recovery can
be achieved in larger amounts by semi-preparative HPLC.



H. Kara/ ISITES2025 Diyarbakir - Turkey

References

[1]
[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Tarhan 1. Zeytinyag: distilatindaki biyoaktif bilesenlerin monolitik kolonlarla incelenmesi.
Ph.D. Selcuk Universitesi Konya, Turkiye 2019.

Asl PJ, Niazmand R, Jahani M. Theoretical and experimental assessment of supercritical CO2
in extracting phytosterols from rapeseed oil deodorizer distillates. Journal of Food
Engineering. 2020;269:109748.

Mendes M, Pessoa F, Coelho G, Uller A. Recovery of the highly aggregated compounds
present in the deodoriser distillate of the vegetable oils using supercritical fluids. The Journal
of Supercritical Fluids. 2005;34(2):157-162.

Eitenmiller RR. Vitamin E content of fats and oils: nutritional implications. Food technology
(Chicago). 1997;51(5):78-81.

Mendes M, Pessoa F, Uller A. An economic evaluation based on an experimental study of
the vitamin E concentration present in deodoriser distillate of soybean oil using supercritical
CO2. The Journal of Supercritical Fluids. 2002;23(3):257-265.

Speek A, Schrijver J, Schreurs W. Vitamin E composition of some seed oils as determined
by high-performance liquid chromatography with fluorometric detection. Journal of Food
Science. 1985;50(1):121-124.

Wyatt CJ, Carballido SP, Mendez R. a-and y-Tocopherol content of selected foods in the
Mexican diet: effect of cooking losses. Journal of Agricultural and Food Chemistry.
1998;46(11):4657-4661.

Bakir DS. Tiirkiye’de yetisen Kapari (Capparis ovata L.) Bitki Tohumundaki Tokoferollerin
Ve Tokotrienollerin Izolasyonu ve Kromatografik yontemle Tayini. Marmara Universitesi
(Turkey); 2019.

Tarhan I, Kara H. A new HPLC method for simultaneous analysis of sterols, tocopherols,
tocotrienols, and squalene in olive oil deodorizer distillates using a monolithic column with
chemometric techniques. Analytical Methods. 2019;11(36):4681-4692.

Konuskan DB, Altan A. Zeytin ve zeytinyaginda dogal olarak bulunan biyoaktif bilesikler ve
fizyolojik etkileri. Gida. 2008;33(6):297-302.

Trichopoulou A, Katsouyanni K, Stuver S, et al. Consumption of olive oil and specific food
groups and breast cancer risk in Greece. JNCI: Journal of the National Cancer Institute.
1995;87(2):110-116.

Hoe BC, Chan ES, Nagasundara Ramanan R, Ooi CW. Recent development and challenges
in extraction of phytonutrients from palm oil. Comprehensive reviews in food science and
food safety. 2020;19(6):4031-4061.

He H-P, Corke H, Cai J-G. Supercritical carbon dioxide extraction of oil and squalene from
Amaranthus grain. Journal of Agricultural and Food Chemistry. 2003;51(27):7921-7925.
Akgiin NA. Separation of squalene from olive oil deodorizer distillate using supercritical
fluids. European journal of lipid science and technology. 2011;113(12):1558-1565.



[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

H. Kara/ ISITES2025 Diyarbakir - Turkey

Bhattacharjee P, Chatterjee D, Singhal RS. Supercritical carbon dioxide extraction of
squalene from Amaranthus paniculatus: experiments and process characterization. Food and
Bioprocess Technology. 2012;5(6):2506-2521.

Ahmadi K, Wulansari A, Subroto Y, Estiasih T. Protective effect of food products enriched
with unsaponifiable matter from palm fatty acid distillate on the aorta of
hypercholesterolemic rats. Journal of Applied Pharmaceutical Science. 2017;7(12):090-096.
Carvalho PJ, Coutinho JA. On the nonideality of CO2 solutions in ionic liquids and other low
volatile solvents. The Journal of Physical Chemistry Letters. 2010;1(4):774-780.

Ni X, Xing H, Yang Q, et al. Selective liquid-liquid extraction of natural phenolic compounds
using amino acid ionic liquids: a case of a-tocopherol and methyl linoleate separation.
Industrial & engineering chemistry research. 2012;51(18):6480-6488.

Qin L, Zhang J, Cheng H, Chen L, Qi Z, Yuan W. Selection of imidazolium-based ionic
liquids for vitamin E extraction from deodorizer distillate. ACS Sustainable Chemistry &
Engineering. 2016;4(2):583-590.

Ratti R. lonic liquids: synthesis and applications in catalysis. Adv Chem. 2014;2014(3):1-16.
Yang Q, Xing H, Cao Y, Su B, Yang Y, Ren Q. Selective separation of tocopherol
homologues by liquid— liquid extraction using ionic liquids. Industrial & Engineering
Chemistry Research. 2009;48(13):6417-6422.

Martins P, Ito V, Batistella C, Maciel MW. Free fatty acid separation from vegetable oil
deodorizer distillate using molecular distillation process. Separation and Purification
Technology. 2006;48(1):78-84.

Yemiscioglu F, Ozdikicierler O, Giimiiskesen AS, Soénmez AE. BITKISEL YAG
RAFINASYON ARTIKLARININ DEGERLENDIRILMESI. GIDA/The Journal of FOOD.
2013;38(6)

Cakir Tas H. Bitkisel yag deodorize distilatindaki E vitamininin karakterizasyonu ve yari-
preparatif HPLC ile geri kazanimi. Fen Bilimleri Enstitiisi;

Bondioli P, Mariani C, Lanzani A, Fedeli E, Muller A. Squalene recovery from olive oil
deodorizer distillates. Journal of the American Oil Chemists' Society. 1993;70(8):763-766.
Vachiraanan K, Rattanapisit J, Sridang P. Hybrid Processes for Extractiona€“separation of
Tocopherols from Crude Palm Oil. Journal of Applied Membrane Science & Technology.
2008;8(1)

Naz S, Sherazi S, Talpur FN, Talpur MY, Kara H. Determination of unsaponifiable
constituents of deodorizer distillates by GC-MS. Journal of the American Oil Chemists'
Society. 2012;89:973-977.

Naz S, Sherazi STH, Talpur FN, Mahesar SA, Kara H. Rapid determination of free fatty acid
content in waste deodorizer distillates using single bounce-attenuated total reflectance-FTIR
spectroscopy. Journal of AOAC International. 2012;95(6):1570-1573.



