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Abstract: Production of vegetable edible oils produces high quantities of a by-product known as deodorizer
distillate. This by-product is produced during the refining steps. The deodorizer distillate is composed of high
aggregated compounds, such as tocopherols (vitamin E), sterols, squalene and fatty acids. The tocopherols
are concentrated in the deodorizer distillate. They are used as antioxidants and additives in the food industry.
The sterols, present in the deodorizer distillate in lower concentration, are very important raw materials in the
production of hormones and in the preparation of vitamins. The squalene is a hydrocarbon mostly used in
cosmetic preparations and in the biosynthesis of cholesterol. The fatty acids, making up 70% of the deodorizer
distillate, have low quality because of the processing steps and have limited uses that do not involve food.
Evaluation of tocopherols, whole sterols, sterol lipids as well as triacylglycerols and fatty acids in two
deodorizer distillate samples were carried out. The two by-products were supplied from the refineries of a local
oil company which apply chemical refining technology. Pre-treatment of the by-products was carried out before
analysis followed by preparative thin layer chromatography to isolate the different minor components. The
minor components namely, free and acylated sterols (after derivatization to 9-anthroylnitrile), tocopherols and
triacylglycerols were determined by HPLC, whereas whole sterols and fatty acids (as methyl esters)
compositions were determined by GLC.

Key words: Deodorizer Distillate  Tocopherols  Free and Acylated Sterols  Triacylglycerols  Whole
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INTRODUCTION free fatty acids, mono-, di- and tri-glycerides,

Vegetable oils are subjected to industrial processing distilled during the deodorization process. Deodorizer
before being consumed for edible purposes. Industrial distillate obtained as a by-product from refining processes
processing such as neutralization, bleaching and of vegetable edible oils (e.g., soybean, rapeseed,
deodorization produces significant amounts of by- sunflower, or linseed) had tocopherols (Vit. E) in high
products such  as  soap  stocks, spent bleaching clays proportions (1-20 wt %), phytosterols (5-30 wt %) [2, 6].
and deodorizer distillate [1]. These side streams often Depending  on   the  refining  conditions,  tocopherols
contaminate the environment. Furthermore, valuable and phytosterol concentrations in the  deodorizer
components present in the by-products are lost. The distillate may vary from 2-20% [2, 7, 8]. 
deodorizer distillate obtained from deodorization process Tocopherols are natural antioxidants originating from
of edible vegetable oils is a complex product. Its seed oils and contribute significantly to their oxidation
composition and  characteristics  depend  on  a  number stability. Beside its nutritional benefits, they posses
of  factors, including the type of oil being processed, vitamin E activity. Vitamin E is generally a mixture of four
mode of refining (Chemical or physical) and operating isomers ( , ,  and ) tocopherols, that are widely used
conditions during the refining process. The deodorizer as additives to different foods, pharmatheuticals and in
distillate mainly consists of volatile components (sterols, cosmetics [9]. Moreover, tocopherols exert several
steryl esters, sterol hydrocarbons, tocopherols, esters, beneficial activities, such as protective role of vitamin A,

hydrocarbons, aldehydes and ketones) [2-5] that are
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-caroten and essential fatty acids [10]. Concerning Pretreatment of the Deodorizer Distillate: Sample of DD
tocopherols therapeutic effects they prevent diseases like was firstly dried over anhydrous sodium sulphate after
cancer [11], cardiovascular and cataracts [12-14]. The that it was extracted twice with n-hexane. The hexane layer
most common phytosterols are -sitosterol, campesterol was titrated while stirring with dilute alcoholic KOH
and stigmasterol. They play most important roles in (0.25N) using an external indicator, until neutral, to remove
several areas such as in pharmaceutical application for the most of free acidity. The organic phase was separated by
synthesis of therapeutic steroids, used as an additive in centrifugation then dried over anhydrous sodium
functional foods and in cosmetics. Phytosterols have anti- sulphate and the solvent was distilled off to give a residue
cancer properties [15] and function as a cholesterol which contained a mixture of acylated (AS) and free
lowering effect by preventing intestinal absorption of sterols (FS), glycerides (tri-, di- and mono-) and
cholesterol [16]. Both free and acylated plant sterols tocopherols. To separate the acylated, free sterols and
reduce -carotene and -tocopherol bioavailability and TAG, a portion of the residue was subjected to
cholesterol absorption in normocholesterolemic men. preparative TLC on silica gel plates (0.5 mm thickness)
However, plant sterol esters reduce the bioavailability of using hexane/diethyl ether/acetic acid (70/30/1, by

-carotene and -tocopherol more than did free sterols volume) as a developing solvent. The AS and FS were
[17]. located with the help of cholesteryl oleate (as AS, Rf 0.63)

The content of phytosterols and tocopherols make and cholesterol (as FS, Rf 0.16) applied alongside the
up the economic value of the deodorizer distillate and sample. The zones were lightly stained with iodine vapor
therefore increase its commercial value [18]. Accordingly, to locate the FS and AS, triglycerides (TAG) and
the assessment of the quantity of each class of tocopherols [22]. The zones of FS and AS as well as the
components present in the deodorizer distillate is an zone of the TAG were scraped off the plate and
important factor for a good estimation of value added separately, extracted with chloroform/ methanol (1/1, by
compounds [19, 20]. volume), centrifuged and after that, the supernatant

In continuation to our previous publication on solution was removed by nitrogen stream.
evaluation of by-products resulting from edible oil
processing [21], the aim of this work was to evaluate two HPLC Analysis
other deodorizer distillates from other refineries. Bioactive Tochopherols Pattern: Direct determination of
compounds (Namely, Fatty acids, Triacylglycerols tocopherols (T) in the residue (after removal of free acidity
molecular species, whole sterols, Free and acylated sterols from the distillate) was carried out. A sample of the
as well as tocopherols) of two deodorizer distillates were standard tocopherols mixture ( , ,  and , with known
investigated. weight of each individual) was also determined. Toyo-

Soda-CCPM HPLC instrument was used. Ten µL of 10%
MATERIALS AND METHODS solution in hexane of the above residue as will as the

Materials:  Two  deodorizer   distillate   samples   (DD1 silica column (YMC-A-012, 6.0mm x 150 mm). Isocratic
and  DD2)  were  supplied  by Cairo Oil Company elution was conducted using n-hexane: isopropyl alcohol
refineries, Cairo, Egypt. The by-products did not arise (100:0.5 by volume) as a mobile phase, at a flow rate of 2
from one oil type but were mixtures arising from the ml/min. Hitachi-650-10S fluorescence detector was used.
processing   of   at   least   two oils.   Authentic   sample Spectral absorption was set at excitation and emission
of  mixed  fatty  acids  methyl  esters  (C14-C24  saturated wave lengths of 295 and 325 nm respectively. The
and  unsaturated) was purchased from Sigma Chemical conditions were optimized to elute -T after 10 minutes.
Co. 9-Anthroyl nitrile and the catalyst (used in the The results were automatically recorded as peak area
preparation  of  the  9-anthroyl nitrile derivatives of percentage. From the peak area and corresponding weight
sterols)  were  kindly supplied by Tateo Murui, Nisshen of each individual T in the standard mixture and the
Oil Mills, Japan. Sterols (cholesteryl oleate, cholesterol, sample, the total content of tocopherols in the sample as
brassica-, campa-, 5-stigma-, -sito-, isofuco-and avena- well as the percentage composition was calculated [23].
sterols) were purchased from Alderich Chemical Co.
Standard tocopherols (alpha-, beta-, gamma-and delta- Free and Acylated Sterol Pattern (FS and AS): The AS
tocopherols) were obtained from Sigma Chemical fraction isolated by TLC (after pre-treatment of DD and
Company. preparative TLC) was deacylated via mild alkaline

standard mixture in hexane separately injected onto the
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hydrolysis (0.5N KOH in isopropyl alcohol) to obtain FS. mixture (containing Known weights of standard sterols)
The obtained FS as well as the FS separated before by
TLC were separately changed into their 9-anthroylnitrile
derivatives [25]. 

HPLC analysis was conducted under the following
conditions: reversed phase column, ODS -1250Y, Senshu
Pak (4.6mmx250 mm); detector, fluorescence; excitation
and emission wave lengths set at 360 and 460 nm and
isocratic elution using acetonitrile/ dichloromethane (75/
25, v/v) at a flow rate of 1 ml/ min. The isolation of the FS
and AS, their derivatization into 9-anthroylnitrile
derivatives  and  HPLC  determination  were  carried  out
[23-25].

Triacylglycerol Profile (TAG): HPLC instrument (Toyo-
Soda-CCPM) was employed for the determination of TAG
(separated from the residue by preparative TLC) profile. A
10 µL solution of the separated TAG in chloroform (300mg
ml ) was injected onto the column, ODS capsel Pak, C18-1

(4.4mm x10cm). Gradient elution with acetonitrile:
dichloromethane (starting from 90:10 to 35:65 v/v) in 150
minutes was conducted. FID detector (with moving band,
Tracor 945) was attached to the instrument.

The carbon number assignment for the separated
peaks was determined using HPLC chromatogram of
soybean oil (SBO) taken as reference containing 29 TAG
starting with trilinolenin (LnLnLn) and terminating with
tristearin (SSS)[23, 24]. The eluted TAG's were separated
according to their equivalent carbon number (ECN) or
critical pairs. The elution sequence was the same as
reported by El-Hamdy and Perkins [26]. The following
coding for fatty acyls was used: Ln=linolenic, L= linoleic,
O= oleic, S= stearic and P=palmetic acid.

Gas Liquid Chromatographic Analysis
Whole Sterols Pattern: The unsaponifiable fraction of a
sample of the residue was prepared[27] and subjected to
preparative TLC on silica gel G plates (0.5 mm thickness)
using chloroform/diethyl ether/acetic acid (95/4/1 by
volume) as a developing solvent. The sterol zone was
located with the help of standard -sitosterol (Rf =0.16)
applied alongside the sample prior to development. The
sterol zone was scraped off the plate and thoroughly
extracted with moistened diethyl ether and the solvent
was distilled off. 

Hewlett Packard-HP 5890A gas chromatograph was
employed for analysis using the following conditions:
column, DB-17 (0.32mm x 15m, 0.25µm coating) at 250°C;
detector, FID at 260°c; injection, at 250°c; carrier gas,
Helium (8.6ml/ min) and split ratio, 35:1.  Standard  sterols

was used for identification and quantification of sterols in
the residue.

Fatty Acid Profile of Triglycerides: A sample of the
separated trigacylglycerols (separated from the residue by
preparative TLC) was converted to methyl esters by
transesterification with 5% methanolic hydrogen chloride
[28]. Transesterification was monitored with the help of
TLC using silica gel G plates and n-hexane/diethyl ether/
acetic acid (80/20/1, by volume) as a developing solvent.

Hewlett Packard-HP 5890A gas chromatograph was
employed for analysis of the triacylglycerol methyl esters
under the following operating conditions: column, DB-23
(0.32mmx30m); temperature programming, 150-230ºC,
3ºC/min; injector, 230ºC; detector, FID at 240 ºC; carrier
gas, Helium at flow rate of 1.3 mL/min and split ratio of
100:1. Calibration was made using standard fatty acids
methyl esters.

Statistical Analysis: All results were evaluated
statistically using analysis of variance as reported by PC-
STAT, 1985 Version IA copyright, University of Georgia,
U.S.A.

RESULTS

HPLC Analysis
Tocopherols Pattern: The total tocopherols contents of
the DD samples under investigation were found to be 5.8
and 2.9 g/100g in DD1 and DD2 respectively (Table 1).
DD1was characterized by having T and T at
concentrations of 53.0 and 47.0% respectively where as
DD2 was rich in T (80.0%) followed by T (11.55%). On
the other hand T and T were found in small amounts
(3.3 and 5.15% respectively) in DD2. 

Free and Acylated Sterols Pattern: The total contents of
FS and AS as well as the composition per cent in both
DD1 and DD2 were presented in table 2. DD2 had the
highest total content (1590 mg/100gm) in comparison with
DD1 (1060mg/100gm). The sterol patterns of DD1 and
DD2 showed the presence of avena sterol, isofuco sterol,
campe+ stigma sterol (Mixture) and  sitosterol. -
Sitosterol in its two forms (FS and AS) was the major
component in both samples followed by campe +stigma
sterol mixture and isofuco sterol whereas avena sterol was
present in small quantities. Both DD1 and DD2 had high
contents of FS than AS. The campe+ stigma sterol
(Inseparable pair) was present in appreciable amounts in
both DD1 and DD2 in the FS and AS fractions. 
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Table 1: HPLC tocopherols profiles

Tocopherol %

----------------------------------------------------------------------------------------------------------------------------------

Sample Content g/100g Mean±SD -T Mean±SD -T Mean±SD -T Mean±SD -T Mean±SD

D.D1 5.8±0.5a 53±2.0a 47.0±2.0b

D.D2 2.9±0.5b 11.55±0.45 3.3±0.2 5.15±0.15b 80.0±0.5a

Each value is the mean±SD of three triplicate determinations.

(a-b) Results in a column not sharing a common letter are significantly different (p < 0.05).

Table 2: Composition of free and acylated sterols as 9-AN-derivatives

Free and acylated sterol composition (%)

To ta l Content -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

mg/100g State of Sterol Mean±SD

Mean±SD -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------- Avena Sterol Isofuco sterol Brassica sterol Campe+Stigma sterol -sito Sterol

Mean±SD State of Sterol Mean±SD Mean±SD Mean±SD UK Mean±SD Mean±SD Mean±SD

----------------------- -------------------------------- ---------------------------- ------------------------- -------------------------- ---------------------------- ---------------------------------

Sample FS AS Total FS AS Total FS AS Total FS AS Total FS AS Total FS AS Total FS AS Total

DD1 805 255 1060 2.85 2.25 4.25 3.1 5.25 7.75 14.5 19.75 34.45 79.55 72.75 153.05

±5 ±5 ± 0.5 ±0.55 ±0.25 ±0.05 ±0.4b ±0.25a ±0.05 ---- --- ---- ---- ---- ---- ±0.5b ±0.25a ±0.05b ±0.45a ±0.75b ±0.45

DD2 825 765 1590 3.95 4.35 7.55 0.85 1.2 1.85 21.7 15.5 37.35 73.5 78.95 152.75

±5 ±5 ±0.5 ±0.25a ±0.35b ±0.15 ---- ---- ---- ±0.05 ±0.1 ±0.15 ±0.3a ±0.5b ±0.05a ±0.5b ±0.05a ±0.15

Results are referenced to Samples and expressed as mean±SD of experiments analyzed in triplicate. 

(a-b) Results in a column not sharing a common letter are significantly different (p < 0.05). 

AN: Anthroylnitrile; FS: Free sterol and AS: Acylated sterol 

Table 3: HPLC analysis of triacylglycerols molecular species

Triacylglycerols %

-------------------------------------------------------------------------------------------------------

TAG ECN D.D1 D.D2

LnLL 40 0.35±0.05 0.25±0.05

LLL 42 9.5±1.0 9.6±0.5

LnLP 42 0.55±0.05a 0.35±0.05b

LLO 44 10.5±1.0 9.7±1.0

LLP 44 15.5±0.5b 20.3±0.5a

LnOP 44 5.5±0.5a 1.5±0.5b

LOO 46 7.5±0.5a 5.1±0.5b

LOP 46 15.55±0.45b 19.2±0.5a

LPP 46 14.65±0.55a 12.5±1.0b

OOO 48 3.5±0.5 2.5±0.5

LOS 48 1.5±0.5 2.1±0.5

OOP 48 0.45±0.05b 4.1±1.0a

LSP 48 6.75±0.35a 2.6±0.5b

POP 48 4.6±0.6 5,6±0.5

PPP 48 - 0.55±0.05

OOS 50 0.55±0.05 0.65±0.05

LSS 50 0.55±0.05 0.65±0.05

POS 50 2.5±0.5 1.65±0.55

SPP 50 - 0.25±0.05

SOS 50 - 0.85±0.05

Results are referenced to samples and expressed as mean±SD of experiments analyzed in triplicate. (a-b) Results in a raw not sharing a common letter are

significantly different (p < 0.05). 
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Table 4: GLC of whole sterol profiles as Silyl derivatives

Whole Sterol Composition %

----------------------------------------------------------------------------------------------------------------------------------------------------------

Cholesterol Campe sterol 5-Stigma -sito sterol Isofuco sterol Avena Sterol

Sample Content % Mean±SD Mean±SD Mean±SD sterol Mean±SD Mean±SD Mean±SD Mean±SD

DD1 1.25±0.05b - 15.5±0.5a 10.8±0.2a 69.85±0.35b 1.75±0.25b 2.1±0.4

DD2 1.85±0.05a 0.85±0.05 12.25±0.45b 6.8±0.4b 77.75±0.25a 2.35±0.15a -

Each value is the mean±SD of three triplicate determinations.

(a-b) Results in a column not sharing a common letter are significantly different (p < 0.05).

Table 5: GLC fatty acid composition

Fatty Acid Composition %

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

18:1Mean±SD

---------------------------

sample 14:0Mean ±SD 16:0Mean±SD 16:1Mean±SD 18:0Mean±SD n-9 n-7 18:2Mean ±SD 18:3Mean ±SD 20:0Mean±SD 22:1Mean ±SD

DD1 0.45±0.05b 24.6±0.5 0.45±0.05b 2.75±0.45 21.5±0.5a 0.35±0.05b 49.6±0.4 0.3±0.1 - -

DD2 0.85±0.05a 25.35±0.45 0.85±0.05a 3.3±0.6 18.8±0.4b 0.65±0.05a 49.6±0.5 - 0.35±0.05 0.25±0.05

Each value is the mean±SD of three triplicate determinations.

(a-b) Results in a column not sharing a common letter are significantly different (p < 0.05)

Triacylglycerol Profile: HPLC Analysis of TAG Fatty Acids Profile: The triglycerides content of the
molecular species of deodorizer distillates DD1and DD2 deodorizer distillates determined by preparative TLC were
(Table 3) showed the presence of twenty TAG`s found to be 60.5 and 81.9% in DD1 and DD2 respectively.
containing palmetic, stearic, oleic, linoleic and linolenic The fatty acid composition of the triglycerides of DD1 and
acyl groups designated as P, S, O, L and Ln respectively. DD2 determined by GLC were presented in table 5. It
TAG`s with lower ECN eluted ahead of those with higher could be seen that C16:0 was the main saturated fatty acid
ECN and the elution sequence within each TAG category in both DD1 and DD2 (24.6 and 25.35% respectively).
having the same ECN (Critical pairs) started with the Where as C18:2 was the major unsaturated component in
highest number of double bonds and terminated with the both samples (49.6%) followed by C18:1 (n-9) amounting
lowest unsaturation [16]. Designations of TAG`s do not to 21.5 and 18.8 in DD1 and DD2 respectively. 
imply the positional acyl distribution in the TAG`s
molecules, but a mixture of TAG isomers. It can be noticed DISCUSSION
that in both DD1 and DD2 major TAG`s were those
contain three, two or one linolyl acyls, namely LLL, LLO, In continuation of our studies on bioactive
LOP, LPP  constituted  about 52%  of  the  total  TAG`s. components present in deodorizer distillates as by-
Where as LOO, OOO, LSP and POP were found in products of vegetable edible oil processing, two
appreciable amounts. Other TAG`s were also detected but deodorizer distillate samples from different refineries were
in small quantities. evaluated. HPLC was used directly to evaluate the

GLC Analysis species. While components namely, free and acylated
Whole Sterols Profile: Table (4) shows the sterol sterols were determined by HPLC after derivatization to 9-
contents of both DD1 and DD2. It was found that the anthroylnitrile derivatives. In addition, fatty acids (as
sterols contents were 1.25 and 1.85 % (from the total methyl esters) and whole sterols were determined by
unsaponifiable matter) for DD1 and DD2 respectively. - programmed GLC. The used methods can be safely used
sitosterol was found as major sterol followed by for the identification and quantitification of the bioactive
campesterol and 5-stigma sterol in both DD1 and DD2 components of the deodorizer distillate and were
where as isofuco sterol was found in small amounts in characterized with high accuracy. The studied
both samples. Avena sterol was detected in DD1 only components can be benefited in food industries,
amounting to 2.1%. pharmaceutical  and  other purposes [9, 12-17]. As a result

isolated tocopherols and triacylglycerol molecular
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of our study in searching for promising deodorizer which is physiologically active as vitamin E and a major
distillate enriched in tocopherols as well as sterols, it is natural antioxidant, is an especially important player in
planned to utilize it in a pilot scale to be used in human and animal nutrition.
substituting artificial ingredients in food, pharmaceutical Thus the high contents of tocopherols in the two
and other industries. deodorizer distillate samples are considered as a good

It is well known that tocopherols, which are economical source for Vit. E production.
substances physiologically active as Vit E, are potential
natural antioxidants and find extensive applications in ACKNOWLEDGEMENT
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