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Unconventional vegetable oils as raw materials for biodiesel production

The aim of the study was to determine the possibility of using the unconventional vegetable oils for the biofuel production. The
research material were cold-pressed oils from the seeds of milk thistle, hemp and evening primrose. After conducting the initial physico-
chemical characteristics of oil samples, including the determination of sulphur content, acid number, viscosity at 40°C, density at 15°C,
oxidation stability and fatty acid composition, analysed oils have been subjected to the transesterification process. The produced methyl
esters were further characterized by the above-mentioned features. Additionally, the temperatures of cold filter plugging point, cloud
point and flash point were determined. On the basis of the conducted analyses it was demonstrated that the obtained oils, due to the high,
far in excess of acceptable, values of the viscosity and density, and too low oxidative stability could not be used as a pure fuel. A similar

conclusion was formulated in case of the produced methyl esters.
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1. Introduction

Vegetable oils are widely used in the food, cosmetic,
pharmaceutical, chemical industries, as good as in the fuel
industry [1, 2]. These products can be obtained from many
kind of plant species, however the world consumption is
dominated by the soybean, palm, rapeseed, and sunflower
oils [3]. It is believed that only the plant seeds, that occurs
abundant and are characterized by the high oil content of
appropriate quality are feasible for the biodiesel production.
One of the most important factor determining the choice of
an individual plant is its location, include climate and feed-
stock availability. The rapeseed and sunflower oils are
predominantly used in Europe, while the palm oil predomi-
nates in the tropical countries. In turn, the soybean oil and
animal fats are used in the United States [4].

On the other hand, as Chung cited by Torrey, the con-
ventional sources no longer meet the increasing demands of
the domestic and industrial sectors [5]. Therefore, the need
for searching the other raw materials is existed. The useful-
ness of vegetable oils as raw materials for the biodiesel
production is conditioned, among others, the species and
variety, yield of seed and fat, and energy efficiency indica-
tors [6-8]. Among the unconventional vegetable oils are
these pressed from the seeds of milk thistle, hemp and
evening primrose, which are widely known from their bene-
ficial health properties.

Generally, authors of the presented work found that us-
ing the raw materials, that are commonly used for the medi-
cal, pharmaceutical and nutritional purposes, should be
reduced in fuel industry. However, it should be remem-
bered that these plants may occur on a contaminated soil,
where different weed infestations and numerous pests are
observed, and therefore their usage in the mentioned sectors
would not be possible.

The milk thistle (Silybum marianum L.) is well known
medical herb that is popular in the European traditional
medicine, especially using during the treatment of different
liver diseases. One the other hand, in Maroko that plant is
considered as weed, that is abundantly available and is
suitable for the control of environment pollutants [2, 9, 10].

The average oil content in that plant seeds ranges from 20
to 35%, what is similar to many other vegetable oils [11].

The evening primrose (Oenothera biennis L.) oil (18-
25%) is one of the most important health- promoting spe-
cialty oil, and is being used in increasing amounts in the
nutritional and pharmaceutical preparations [12]. It is clas-
sified as a "dietary supplement" under the Dietary Supple-
ment Health and Education Act of 1994. As “Chemical
Information Review Document for Evening Primrose Oil
(Oenothera biennis L.)” reported nowadays it is cultivated
in over 30 countries for its oil [13].

The hemp oil is derived from the seeds of Cannabis
sativa (ranged from 25 to 35%) and contains significant
amounts of the linolenic acid and linolenic acids [14, 15].
The cultivation of that plant is legally in Canada as a
niche crop and is used mainly in the health food market
[16]. As Leizer et al. found the additional presence of
gamma-linolenic acid (GLA) in the hemp oil ultimately
makes its nutritional value superior to the most compara-
ble seed oils [17].

Taking into account the above the aim of the presented
work was to determine the possibility of use the unconve-
tional oils for the biofuels production.

2. Material and analytical methods

2.1. Material

The research material consisted of three samples of the
commercial, cold-pressed oils from hemp, milk thistle and
evening primrose seeds.

2.2. Analytical methods

The oil samples were characterized in terms of a viscos-
ity at 40°C (PN-EN ISO 3104), density at 15°C (PN-EN
ISO 12185), acid value (PN-EN14104:2004P), oxidative
stability (PN-EN ISO 6885:2016-04P) and fatty acids com-
position (PN-EN ISO 12966-4:2015-07E).

After conducting the physico-chemical characteristics of
the oils the double-base transestrification process was car-
ried out. In the first stage of reaction 200 g of oil was heat-
ed to 60°C and then a solution of potassium methoxide was
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added (by using methanol in a ratio of oil = 1: 6 (v/v) and
KOH in an amount of 1% based on the weight of oil). The
reaction was carried out in 60°C for 40 min. In the first
stage of process % of the total amount of potassium meth-
oxide was added and in second one “4. Then the reaction
mixture was subjected to the separation for 24 h. After the
complete separation, the upper ester phase was poured into
glass flasks and the second stage of reaction was conducted
in 60°C for 30 min. After the second step of the transestrifi-
cation the ester phase was isolated as described above.

The methyl esters obtained from different vegetable oils
were determined in terms of the sulphur content (as above),
acid value (ISO 14104), viscosity at 40°C (as above), the
density at 15°C (as above), oxidative stability (ISO 14112),
temperature of flash point (PN-EN ISO 3679) and tempera-
ture of cold point and the cold filter plugging point (EN
116).

3. Results and discussion

The obtained vegetable oils were characterized by the
high values of the viscosity and density, however typical
for the oils pressed from seeds of these plant species. The
oil sample obtained from milk thistle seeds was character-
ized by the highest value of mentioned parameters (respec-
tively, 59.54 mm?/s and 927 kg/m3). In turn, lower, howev-
er similar, values were noticed for the samples of evening
primrose and hemp oils. A similar tendency was observed

in case of the acid value, that determines the hydrolysis
degree (Table 1). The oil of milk thistle was the most hy-
drolysed, as indicated the increased values of acid value
(10.07 mh KOH/g) and %FFA (5.035%). The degree of
hydrolysis of other two samples were lower, however ap-
prox. 2-fold higher that the recommended value (< 3 mg
KOH/g) [18]. The stated for all samples the high hydrolysis
degree allowed to decide, which method of the transesteri-
fication (single, double) should be used. Taking into con-
sideration a weak quality of oils and an economic aspect,
authors of the presented work decided to use the double-
base transesterification.

The oxidative stability and fatty acids composition were
typical for the oils pressed from seeds of these plant species
[2, 13, 14, 19-21] (Table 1). The hemp oil, with high share
of polyunsaturated acids (especially gamma linolenic), was
characterized by the lowest resistance to the oxidation,
while significantly higher the milk thistle oil, that was char-
acterized by the highest share of saturated acids (palmitic,
stearic, arachidic and behenic acids). It should be remem-
bered that the fatty acids profile of raw materials does not
change during the transesterification process [22], there-
fore, stated for the analysed samples low oxidative stability
will be determined the low value of that discriminant for
the produced methyl ester samples.

Table 1. Characterization of the analysed oils

Discriminates Oil samples
milk thistle evening primrose hemp
Viscosity at 40 °C (mm?/s) 59.54 30.21 27.67
Density at 15 °C (kg/m®) 927 924 925
Acid value (mg KOH/g) 10.07 6.67 6.32
% FFA 5.035 3.335 3.160
Oxidative stability (h) 4.62 1.38 1.22
Fatty acids composition (%):
miristic — 0.74
palmitic 10.28 7.97 8.78
palmitoleic - 0.03 0.11
stearic 6.30 2.08 3.67
oleic 23.09 6.75 15.49
linoleic 50.72 76.08 52.90
. . 16.36 (include, 0.46 alfa-linoleic, and
linolenic 0.44 7.09 ( 15.90 gamma-linoleic)
stearidonic — - 0.34
arachidic 4.72 — 0.71
eicosenoic 1.06 - 0.40
behenic 3.09 - 0.28
erucic 0.19 - 0.22

The transestrification process of the analysed oils signif-
icantly contributed to the reduction of the viscosity (approx.
6.5-fold) and density values (Table 2), whereby two of
samples (evening primrose and hemp oils) met the require-
ments of the UE standard EN 14214. On the other hand, the
values of these parameters for the milk thistle oil signifi-
cantly exceeded the required values. That sample was also
characterized by the highest, and therefore unacceptable,
values of the temperature of cloud point and temperature of
cold filter plugging point, which could contribute to the
hindered engine work in lower temperatures. What is more,
all of the analysed ester samples were characterized by too

low oxidative stability and too high values of acid value.
The only features that fulfilled the standard requirements
were the temperature of flash point (> 101°C) and sulphur
content (< 10 ppm).

Sanford et al., analysing different unconventional
sources for the biodiesel production, among others, oils
from hemp and evening primrose seeds found similar re-
sults as these in presented work [23]. Additionally, the main
features determined for the milk thistle biodiesel were al-
most on the same level, compared to these obtained by
Ullah et al [24]. Moreover, Li et al., analysing the feasibil-
ity of converting Cannabis sativa L. oil into the biodiesel,
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also found that methyl esters of that sample were character-
ized by the suitable values of the viscosity, density, sulphur
content and flash point [25]. However, as it was also stated,
values of the cloud point and temperature of cold filter
plugging were too high. What is more, in Alcheikh work, it
is presented, that the biodiesel produced from hemp oil was
also characterized by the poor oxidative stability [26].

Table 2. Characteristics of the prepared methyl esters

Methyl esters obtained from

Discriminants different oils

milk evening hemp

thistle primrose
Viscosity at 40°C [mm?s] 8.87 4.67 3.92
Density at 15°C [kg/m®] 898 888 884
Flash point [°C] > 160 > 160 > 160
Cloud point [°C] -5 -4 -6
Cold filter plugging point [°C] -6 =5 =7
Acid value [mg KOH/g] 0.32 0.66 1.11
Sulphur content [ppm] 1.96 2.23 2.54
Oxidative stability [h] 4.78 1.44 1.32

Rizwanul Fattah et al. found, that mentioned features do
not disqualify analysed oils as a raw material for the fuel
purposes, because these discriminants may be easily im-
proved with the chemical additives, such as antioxidants,

that are commonly used to inhibit the oxidative degradation
of biodiesel [27].

What is more, as Nwadike et al. found increased viscos-
ity of biodiesel (in case of milk thistle biofuel) may be
decrease by either blending with a conventional diesel oil or
other biodiesel characterized by the lower share of saturated
methyl esters [28].

Conclusions

Commonly used for the medical, pharmaceutical and
nutritional purposes the hemp, milk thistle and evening
primrose oils should not be generally used in the fuel indus-
try, due to their beneficial health properties. One the other
hand, in case of the possible deficiency of widely used oleic
raw materials, such as rapeseed, sunflower and soybean,
seeds of that plant species could be used to the methyl es-
ters production. However, it should be remembered that an
addition of different compounds, such as antioxidants,
would be needed, due to the low oxidative stability of these
oils, and therefore the produced methyl esters. What is
more, in case of the milk thistle oil it would be necessary to
prepare a blend with lees viscous diesel oil, because as a
pure fuel characterized by too high viscosity it would not be
suitable for the Diesel engines.
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