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ABSTRACT

Tobacco seed oil (TSO) was extracted. refined and modified via epoxidation and hydroxylation. The physico-
chemical properties of the unmodificd oil samples and modified oil samples were carried out using standard
mcthods. They were further characterized by infra-red (IR) spectroscopy and gas chromatography (GC). The gas
chromatogram of the unmodified and modified oil samples showed a high content of polyunsaturated fatty acids.
The IR spectrum of the modified products showed the presence of epoxy ring in the epoxidized oil with stretching
_ vibration at 1239.83cm’ and the opening of the oxirane in the hydroxylated oil was also confirmed by IR
spectroscopy with the introduction of OH stretching signal at 3466.21 cm’'. The percentage oxirane, which is a
measure of the degree of epoxidation, confirmed the success of the modification via epoxidation reaction. The
epoxidized tobacco seed oil (ETSO) can be used as plasticizers-stabilizers, adhesives, ingredients for coating
formulations, industrial toolings and composites. The hydroxylated tobacco seed oil (HTSO) can be used to
produce polyhydroxyl compounds which are useful raw materials for polyurethane production.
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INTRODUCTION

The application of modified natural fats and oils in the chemical industries is becoming more and more
interesting because of their availability from renewable resources [Ikhuoria & Dadson, 2007]. Epoxidation is one
of the chemical methods of transforming natural fats and oils which are also known as 'plants oils' into
polymerizable monomers [lkhuoria & Dadson, 2007]. Many plants oils such as soybean oil, rubber seed oil.
Karanja seed oil. linseed oil, castor seed oil, African oil bean seed oil etc [Ikhuoria & Dadson, 2007; Okieimen ef
al..2005; Vaibhav et al., 2007; Akpan et al, 2006] have been modified in various forms to improve their industrial
potentials. Epoxidation is the formation of an oxirane group (epoxides) by the reaction of peroxyacids (peracids)
and olefinic and aromatic double bonds [Okiecimen et al., 2002]. Epoxides are of extreme commercial value.
Epoxidiscd vegetable oils and csters derived from long chain olefins have found important applications as
plasticizers and additives for polyvinyl chloride (PVC) [Gan et al., 1995]. The plasticizers are used for polyvinyl
chloride resins to improve its quality in terms of flexibility, elasticity and toughness and to impart stability to the
polymer towards heat and UV radiation [Vaibhav et al., 2007]. Due to the high reactivity of the oxirane ring.
epoxides can also be used as starting materials for a variety of chemicals such as alcohols, glycols, alkanol-
amines, carbonyl compounds, olefinic compounds and polymers like polyesters, polyurethanes and epoxy resins
[Carlson & Chang. 1985]. Today. one of the most important epoxidized vegetable oils is epoxidized soybean oil
(ESO) and its worldwide production is about 200,000 tonnes/ year [Ruscheral.. 1999].

Tobacco plant from which the 01l (TSO) 1s extracted belongs to the night shade family or solanaceae {Sheen
& Calvert, 1969]. The plant is an annual and a potential woody plant. The leaves are usually used after aging and
processed in various ways for smoking. chewing and snuffing [Sheen & Calvert, 1969]. The mair food reserve of
the seed is oil. while starch is negligible or absent. The composition of the fatty acids contained in oils generally
(fatty acid spectrum) determines the use to which the oil is put [Hill. 2000]. Tobacco seed oil (TSO) contains
linoleic acid [Bekele. 2000] as the main fatty acid and it is classified as a linoleic acid. which falls in the category
of'semi-drying oil and has a high degree of unsaturation. The properties of TSO suggest the potential use of the o1l
in food and coating industries [Mukhtar e «/., 2007]. Although, the refined oil of a certain tobacco varicty has
been reported to be edible [Talaquani et al., 1986], tobacco seed 01l (TSO) is not commonly used as an edible oil in
most parts of Africa. This is because the tobacco plant is cultivated mainly for its leaves. TSO has been used for the
production of soap, shoe polish and varnishes [Purseglove, 1991] and it has also been explored as an alternative to
diesel fuel [Giannelos ef «/., 2002]. There is a need to focus on the seeds of tobacco plant rather than the leaves
since a lot of campaign is going on to reduce the number oftobacco smokers worldwide and the economic value of
the leaves may likely decline with the continued campaign. Finding use for the seeds therefore will increase the
utilization of the TSO and add economic value to the tobacco plantations [Ogunniyi & Odetoye, 2008]. Therefore,
the aim of this article is to report the modification of TSO via epoxidation and hydroxylation, and to analyze the
different oil samples for their physico-chemical properties and characterize them by infra-red (IR) spectroscopy
and gas chromatography (GC). '

MATERIALAND METHODS
The tobacco seed that had been dehulled and dried was obtained from a local farmer in lorin, Kwara State,
Nigeria. The oil was extracted from the grinded seed by solvent extraction using n-hexane. Analytical grade
reagents (BDH Ltd, Poole, England) were used inall cases.
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Refining of extracted oil

The methods described by Haas and Mittelbach [Haas & Mittalbach, 2000] were adopted for the
refining of tobacco sced oil (RTSO). The exiracted tobacco sced oil was degummed at 80°C with
orthophosphoric acid while the degummed oil was neutralized with NaOH at 70°C. The neutralized tobacco seed
oil was finally bleached with activated charcoal at 80°C to complete the refining process. .

Modification of Tobacco sced oil
Epoxidation

Epoxidation of TSO was carried out at 70°C using peroxyacctic acid prepared in-situ by reacting
hydrogen peroxide with acctic acid in the presence of small quantity of concentrated sulphuric acid [Okicimen ef
af,2002]. Aknown amount of TSO was placed ina 250m! flask containing the required amount of acetic acid and
sulphuric acid, condenser, thermometer and stirrer, The flask was allowed o attain the reaction temperature in a
thermostated bath (controtled to better than + 2 C) and the hydrogen peroxide previously equiliberated at the
reaction temperature was added dropwise with continuous stirring for about 1 hr. The stirring was controlied to
ensurce that the oil in the mixture was tinely dispersed. Aliquot of the reaction mixture was withdrawn into a large
excess of cold water in a scparating funnel. The aqucous layer was drawn off and the oil layer was washed
successively with warm water until it was acid free. The resulting epoxidized TSO (ETSO) was characterized
using [UPAC standard methods [Paquot, 1979].

Hydroxylation

The hydroxylation reaction was carricd out as described for epoxidation, with a small modification. At
the end of the epoxidation reaction, the temperature of the reaction was raised to 80 C and the mixture held at this
temperature for another 14 h, At the end of the reaction, the modified product (HTSO) was characterized using
TUPAC standard methods [Paquot, 1979].

Characterization
Physico-chemical propertics

The physical and chemical propertics of the crude oil, refined and modified oil samples: density.
specific gravity, refractive-index, iodine value.(1V), acid value (AV), peroxide value (P.V), saponification value
(SV), ester value (E.V.) and the oxirane content of the modified products were determined according to standard
mecthods [Paquot, 1979].

Gas Chromatography

The fatty acid composition of RTSO and modified products (ETSO and HTSO) was determined using
its methyl esters on a gas chromatograph (Hewlett Packard 6890 Powered with HP Chemstation Rev. A 09.01
[1206]) with a 30m long HP-INNowax (cross-linked PEG) type column while a flame ionization detector was
used. The injection and detection temperatures were 230 and 275°C, respectively. Nitrogen was used as the carrier
gas. The inside diameter of the column was 0.32mm and film thickness was 0.50pm.

Infrared spectroscopy
Infrared spectraof RTSO, ETSO and HTSO were recorded using a Model M 500 IR spectrophotometer.
The samples were spread over NaCl eells. IR spectra were recorded in the range of 4000-500c¢m”

.RESULTS AND DISCUSSION

Physico-chemical properties of tobacco seed oil and modified products
The physical and chemical properties of the tobacco seed oil and modified products (ETSO, HTSO) are
presented in Table 1. The values obtained for the four oil samples are close to and compare favorably well with
those of conventional oils such as African oil bean seed oil[lkhuoria & Dadson, 2007] . rubber seed oil
“[Okieimen eral, 2002], linsced oil, soybean oil and used in epoxidation studies and other industrial applications.
The saponification values of ETSO and HTSO are higher than crude tobacco seed oil (CTSO) and
refined tobacco sced oil (RTSO) . This increase is attributed to the introduction of oxygen and hydroxyl groups
during the epoxidation and hydroxylation reactions respectively [Ikhuoria & Dadson, 2007]. The CTSO and
RTSO have high LV because of the high degree of unsaturation of the oils. As the oil was being modificd via
cpoxidation and hydroxylation. however, the degree of unsaturation reduces, which theretore led to the decrease
in the 1V of ETSO and HTSO repectively. This decrcase in the iodine valuc is one of the indications of the
successful modification of TSO. The percentage oxirane, which is a measure of the degree of epoxidation. also
confirmed the success of the epoxidation reaction. ETSO has an oxirane content of 4.00% which reduced 1o
1.56% alter hydroxylation. This is similar to observations from previous studies with other oils [Ikhuoria &
Dadson. 2007; Okicimen eral. 2005].
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Table I: Physico-chemical propertics of CTSO. RTSO, ETSO. and HTSO

PROPERTIES - CTSO RTSO ETSO . HTSO
Density (g/cm’) 0.897 . 0.906 0.911 0.917
Speciﬁcémvity (30°C) 0.897 0.906 | 0911 0917
Refractive index 1.445 1.443 1446 1451
Todine value'(gl_/l()Og) ‘ 156.69 179.2 60.41 39.47
Acidvalue (mgKOH/g) 26.07 13.04 14.07 12.06
Saponificationvalue (mgKOH/g) 2122 2122 2154 2347
Peroxide value (ug/y 5.0 10.0 0.3 4.0
Estervalue .(mgKOH/g) 186.13 199.16 201.33 222.64

Oxirane % NR NR 4.00 1.56

NR=Notrecorded

Mechanism of Modification (epoxidation and hydroxylation) of tobacco seed oil
The chemistry of the epoxidation and hydroxylation may be explained in terms of the following reaction

processes [Okicimén ef af, 2002].

Formation of Peracetic acid /peroxyacid

[H']
CHsCOOH + H202 CHsCOOOH + H0
) (Peracetic acid) (1)
Epoxidation
-CH -CH- + CHsCOOOH ——— CH—CH + CH3COOH
No/
Unsaturated oil Epoxidizedoil (2)
Hydroxylation
| [H']
—CH —CH-= - —CH—CH—
No/ ..
: ' OH OH

Epoxidized oil Hydroxylated oil = (3)
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The formation of peracetic (peroxyacetic) acid from acetic acid and hydrogen peroxide is a
reversible reaction (Equation 1). The peracetic acid generated in-siau in the aqueous phase is transferred and used
up in the oil phase during epoxidation (Equation 2). The epoxidized tobacco seed was obtained at a reaction
temperature of 70°C. At a slightly higher temperature of 80°C, the epoxy rings open up to yield hydroxyl
compound (Equation 3). Thus, the epoxidized and the hydroxylated oil are the desired modified products which
are also indications of the success of the modification processes.

IR analysis of the tobacco seed 0il (CTSO, RTSO,ETSO and HTSQ)

IR spectra of CTSO, RTSO, ETSO and HTSO are presented in Fig. 2 while the characteristic
wavenumbers (1) of the observed bands are recorded in Table 2. All the spectra have similar characteristic feature
except the spectra for ETSO and HTSO .The spectra obtained for the two modified products are similar to CTSO
and RTSO. except for the absorption due to the epoxy and hydroxyl group in ETSO and HTSO, respectively.
Spectraof ETSO in Fig. 2C showed a characteristic oxirane ring band at about 1239.83 cm' which is attributed
to the presence of an cpoxide and also the confirmation of the Lpoxidialion reaction. This band is completely
absent in the IR spectrum of HTSO; this must have been due to cpoxy ring opening to form hydroxylated
products. Consequently, an O-H stretching signal at about 3466.21 ecm”™ was obtained in the lR spectrum of
hydroxylated oil in Fig. 2D. Also, the absence of the oxirane stretching signal atabout 1239.83 cm’™ was probable
due to the reduction in the oxirane content and the oxirane ring opcning of HTSO in Fig. 2D. Again, the
disappearance of the C=C bandatabout 1651.15cm” in Fig. 2C and 2D, which is present in CTSO spectra (Fig.
2A) clearly shows that C=C in the starting material has reduced considerably. All olhu predominant bands in
all the spectra showcd characteristic -CH, bending atarange of 1377.68 1377.62 cm’™ ,-Cl1, bending at a range of
l464 1463 em' There was also a characteristic C=0 snuLhmg band for all the spectra at a range of 1746- 1744
cm’.

Table 2: The main IR peaks and their assigned functional groups of CTSO, RTSO, ETSO and HTSO

- CTSO TS0 RTSO RTSO ETSO ETSO EHSO HTSO
FREQUEN ASSIGNED  FREQUE ASSIGNED = FREQUEN  ASSIGNED FREQUEN ASSIGNED
CY(CM ) FUNCTION NCY(CM}) FUNCTION CcyY(cMm) FUNCTION  CY(CM') FUNCTION

AL GROUP . AL GROUP AL GROUP -AL GROUP
3008.96  CH strctcﬁing 3008.70 CH stretching  3008.80 CH stretching 3466.21 -OH
stretching
2926.64  Olefinic 2926.26 Olefinic 2926.20 Olefinic 1746.70 C=0
C-H C-H C-H
2854.51 Olefinic 2854.59 Olefinic 2854.68 Olefinic 1463.83 CH2
C-H C-H C-H bending
1746.68 (=0 1746.51 =0 1744.37 =0 1377.632  CH
bending
l6stis  C=C 1463.97 CH2bending  1464.04 CH»> - -
Bending
1464.01 CH, 1377.68 CH3bending  1377.66 CHj - -
bending bending
— C,,_, C —
1377.67  CH, 1164.84 C-O 1239.83 o - -
. . oxirane
Bending stretching e
116430 C-O - - - C-0 - -
stretehing : stretching
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Fig. 11 IR spectra of CTSO (a), RTSO (b), ETSO (¢) and HTSO (d)
Table 3: Fatty acid composition of CTSO, RTSO, ETSO and HTSO

OILSAMPLE  FATTYACID  STRUCTURE (WT%)

CTSO Linoleic Cl18:2 60.51

Olcic Cl18:1 . 1233

Stearic Cl18:0 15.36

Palmitic Ci6:0 11.68

RTSO " Linoleic Cl18:2 65.26
Oleic Cl18:1 10.85 .

Stearic C18:0 14.03

- Palmitic Cl6:0 9.82

ETSO Linolcic C18:2 15.40

Oleic - Cl18:1 7.92

Stearic C1i8:0 64.36

Palmitic C16:0 11.99

HTSO Linoleic Cl18:2 12.80

Olcic Cl18:1 11.67

Stearic C18:0 63.61

" Palmitic Cl16:0 10.92

2172

9

b
R}



Characterization of Tobacco Seed Nig. J. Pure & Appl. Sci. Vol 23

Fatty acid composition of CTSO, RTSO, ETSO and HTSO

- The main saturated and unsaturated fatty acids in CTSO were found to be 27.04% and 72.84%
respectively. The unsaturated fatty acids were linoleic acid [C18:2] and oleic acid [C18:1]. Linoleic acid was the
most abundat unsaturated fatty acid followed by oleic acid, with values as follows, CTSO (60.51% and
12.33%), RTSO (65.26% and 10.85%) whrtle for HTSO (12.80% and [1.67%) respectively in each case.
Palmitic acid and stearic acid were the saturated fatty acids (Table 3). However, the value of linoleic acid
reduced (15.40%) for ETSO and HTSO (12.80%) which is due to the cpoxidation reaction while the stearic acid
[C18:0] which is a saturated fatty acid increased ETSO (64.36%) and HTSO (63.61%). This means that the
degree of unsaturation was reduced as arcsult of cpoxidation.

Mukhtar e al., 2007 reported the total saturated and unsaturated fatty acids in crude tobacco sced oil to
be 12.64% and 87.36% respectively which is closcly related to the RTSO of this study. Linoleic acid (71.63%)
and oleic acid (13.46%) were the most abundant among the unsaturated fatty acids while palmitic acid (8.72%)
was the most abundant among the saturated fatty acids.

However, the results reported in this present work for CTSO and RTSO are close to those reported by
Mukhtar et al., 2007. The difference in the amounts of the different fatty acids may be due to crude nature of the
oil and possibility of deterioration by peroxidation besides the different species of tobacco seed used in the
present study or duc to the different environmental or geographical conditions.

Itis a general agreement that only acids with even number of carbons occur naturally, but it was found
that tobacco sced oil contained little amounts of heptadecanoic acid and heptadecenoic acid containing odd
number {17) of carbon atoms [Mukhtar et af., 2007].

, CONCLUSION

ETSO and HTSO were obtained from tobacco seed oil using peroxyacetic acid prepared in-situ by
reacting hydrogen peroxide with acetic acid in the presence of small quantities of concentrated sulphuric acid.
The CTSO and RTSO have high 1V because of the high degree ol unsaturation of the oils but as the oil was being
cpoxidizied and hydroxylated the degree of unsaturation reduces, which therefore led to the deerease in the LV
of ETSO and HTSO respectively. The decrease in the iodine value is onc of the indications that epoxidation and
hydroxylatior actually took place with TSO. The high oxiranc content of ETSO indicates that it can be used as
plasticizer-stabilizers for PVC, adhesives, in coating formulations, industrial toolings and compositces ctc. Also
the epoxidized oil can be hydroxylated; therefore hydroxylated product can produce polyhydroxyl compounds
which may be uscful as raw materials for urethane-type reactions.
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