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Fatty acid composition as a parameter of using vegetable oils for biofuel production

The aim of the study was to show the validity of determining the quality of oils intendent for the biofuels production. One of the main
discriminant that should be used to assess the suitability of oil raw materials for the fuel purposes is the composition of fatty acids. The
research was conducted on 13 different samples of vegetable oils, that were cold-pressed from the seeds of various species, including
rape, camelina, flax (light and dark), mustard, milk thistle, hemp, evening primrose oil, amaranth, sunflower, soybean, and cumin. The
analysis of the fatty acid composition showed significant differences between the analysed oil samples, both within the species and
varieties of oilseeds. The results indicate the need for continuous quality control of oils and fats led to the production of biodiesel in the
small households and large commercial enterprises, because as it was indicated by the analysis of fatty acids composition rape seeds of

different varieties are characterized by the diverse quality.
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1. Introduction

The term biodiesel is defined as the fatty acid alkyl mo-
noesters derived from the renewable sources, such as edible
and non-edible vegetable oils and animal fats [1]. The
availability of oil-based raw material is dependent on the
regional geography, native soil, climate and vegetation [2].
On the other hand, the main factors determining the bio-
diesel properties are: an oil quality [3], oil refinement (for
example pretreatment step), conditions of transesterification
and quality of phases in the purification step [4]. Among
the presented factors, the content and quality of oil inten-
dent for the biodiesel production, seems to be one of the
most important. Edible and non-edible oils are character-
ized by the different oil seed content (wt%). In case of the
first group, content of this constitute varies for the seeds of
rapeseed between 38-46 wt%, cameline approx. 32-36.0
wt%, milk thistle 20-35 wt%, evening primrose 18-25 wt%,
hemp 25-35 wt%, sunflower 25-35 wt% and soybean 15-20
wt% [5-8]. On the other hand, the value of this discrimi-
nant in the non-edible plant oils was estimated on 65 wt%
for nyamplung, between 43-59 wt% for jatropha, between
45-50 wt% for castor and between 40-60 wt% for rubber
[9]. An oil molecule is composed of a gycerin backbone of
three carbons, and each of these carbon atoms is attached to
a long chain of fatty acids. The chemistry of oleaginous raw
material is similar and is presented by the fatty acids with
carbon atoms between 12-22. Some of these compounds are
saturated and others are unsaturated. The number of the
double bounds determines the level of unsaturation (one
double bonds means mono-unsaturation, two or more poly-
unsaturation) [10]. The vegetable oils and animal fats are
differentiated by saturated, mono- and poly-unsaturated
share of these compounds. As Ramos et al. pointed the fatty
acids profile of raw materials does not change during the
transesterification process, that is way it is important to
control this parameter [4]. Mittelbach and Remschmidt
found that using biofuels characterized by the high content
of glycerides, especially triglycerides, generates the for-
mation of deposits at the injection nozzles and on the valves
[11]. The same authors pointed that to achieve the biodiesel
with a low presence of glycerides it is necessary to select

appropriate reagents and reaction conditions. Cited authors,
Pinzi et al. and Knothe and Steidley reported that the com-
position of these constitutes has an important impact during
the estimation of some biodiesel discriminants, such as rate
of FAME conversion, kinematic viscosity, stability of oxi-
dation, cetane number, iodine number, cold filter plugging
point, exhaust emission, lubricity and heat of combustion
[12, 13]. Richards et al. reported that the saturated fatty
acids, having a natural preference for the first and third
positions in the molecules of triglyceride, were transestrifi-
cated at the beginning of the process, while during the reac-
tion progression the amount of unsaturated fatty acids esters
increased [14]. Moreover, Pinzi et al., analysing the influ-
ence of vegetable oils fatty acid composition on the reaction
temperature and glycerides conversion to the biodiesel
during the transesterification, found that the conversion of
mono-glycerides in FAME took place faster in case of the
oils characterized by the higher degree of unsaturation (for
example sunflower oil), then for these the most saturated
(for example palm oil and maize oil) [15]. What is more,
the cited authors reported that the optimal reaction tempera-
ture increased with a mean chain length increase and a
number of polyunsaturated bonds decrease.

The main raw material for the biodiesel production in
the most UE countries is rapeseed. However, is worth to
mention that the seeds currently used in the oil manufactur-
ing industry are a mixture of several winter varieties which
do not guarantee a stable quality of the obtained oils, what
affects the economic aspect of production. The same situa-
tion is observed in case of the other seed species, that are
cultivated in other countries and continents. Therefore, it is
S0 important to carry out a continuous control of the oil
seeds quality. What is more, it is believed that estimating
the fatty acids profile will allow to quickly verify the suita-
bility on the individual plant oil for the biofuels production
and thus let to avoid conducting other costly and time-
consuming and chemical analysis. Taking into account the
above the aim of the study was to show the validity of de-
termining the fatty acids composition of the different oleag-
inous plant oils.
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2. Material and analytical methods

2.1. Material

The raw material was presented by the group of vegeta-
ble oils, among others, oils pressed from the seeds of spring
and winter varieties of rape, camelina, light and dark flax,
mustard, milk thistle, hemp, evening primrose oil, ama-
ranth, sunflower, soybean, and black seed.

2.2. Analytical methods

The composition of fatty acids in oils was determined
according to the Polish Standard PN-EN ISO 12966-2:2011
[16] using the methyl esters that had been previously pre-
pared as described by Zadernowski and Sosulski [17]. The
quality analysis of fatty acids was performed on a GC 8000
FISONS series gas chromatograph with a flame-ion detec-
tor and a DB-225 type column (30 m X 0.25 mm X 0.15
pm) and helium as a carrier gas. Fatty acids were identified
based on the retention times determined for fatty acid mod-
els. Obtained results of researches were presented as the
arithmetic mean (from three replicates).

3. Results and discussion

The conducted analysis of the fatty acids composition
indicated on the significant differences in the profile of
these compounds. The shares of individual fatty acids in the
samples of two rapeseed varieties and two flax samples
were diverse. Tanska et al. having analysed the fatty acids
composition of three different varieties of rapeseed (winter
hybrid variety Pomorzanin, winter pollinated variety Kana
and spring pollinated variety Bios) also found differences in

the profile of these compounds. The oil sample obtained
from seeds of spring variety of rapeseed, in comparison to
the winter varieties, was characterized by the lower share of
oleic acid, while higher linolenic acid (Table 1).

The fatty acids composition of the oils obtained from
the seeds of the different plant species was also differential.
The most noticeable differences were found in case of the
palmitic acid, oleic acid, linoleic acid, alfa-linolenic and
gamma-linolenic acids, and eicosenic acid (Table 1).

The highest share of palmitic acid was noticed in the
amaranthus oil (19.56%), while the lowest in the sample of
mustard oil (3.85%). The high concentration of that com-
pound was also found in the oil samples of soybean and
black seed, while for the other 10 samples the share of
palmitic acid did not exceed 10%. One the other hand, the
share of palmitooleic acid for the all analysed samples was
below 0.3%, while the stearic acids below 5.5%.

One of the fatty acids, that most differentiated the ana-
lysed oil samples were oleic acid. Its share ranged from
6.75% for the evening primrose oil to 65.38% for the mus-
tard oil. The rapeseed oils were also characterized by the
high concentration of that compound (> 59%). In the other
3 samples (cameline oil, dark flax oil and hemp oil) the
share of oleic acid was almost on a similar level (approx.
15-19%), while in the other 4 (light flax oil, amaranthus oil,
soybean oil and black seed oil) it was about 22%. The last 2
samples of the milk thistle and sunflower oils were charac-
terized by the, respectively, 28.42 and 31.96% share of that
fatty acid (Table 1).

Table 1. The composition of fatty acids of analyzed vegetable oil (%)
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myristic (Cia0) nd. nd nd. nd nd nd. nd. 0.74 nd. nd. 0.03 0.00 nd
palmitic (Ce:0) 422 | 4.68 5.39 745 7.05 3.85 6.83 8.78 797 | 19.56 | 9.88 | 15.02 | 16.81
palmitooleic (Cie.1) 0.18 0.14 | 0.11 nd. nd. 0.19 nd. 0.11 0.03 0.19 | 0.05 0.00 | 0.28
stearic (Cjg) 1.09 1.57 2.33 3.69 520 | 2.09 | 430 | 3.67 2.08 2.76 2.56 | 3.76 | 3.80
oleic (Cis.1) 65.28 | 59.55 | 15.79 | 22.24 | 18.63 | 65.38 | 28.42 | 1549 | 6.75 | 22.54 | 31.96 | 21.34 | 22.54
linoleic (Cis:2) 19.73 | 20.76 | 16.54 | 17.46 | 1631 | 9.85 | 55.24 | 52.90 | 76.08 | 53.61 | 47.73 | 55.26 | 52.16
o-linolenic (Clg3n-3) | 8.11 | 10.86 | 37.32 | 48.86 | 52.55 | 1547 | 0.15 046 | 0.00 | 0.64 | 027 | 4.35 0.36
linolenic (Cig.3n-6) nd. nd. 1.74 nd. nd. nd. nd. 1590 | 7.09 nd. nd. nd. nd.
stearidonic (Cg4) nd. nd. nd. nd. nd. nd. nd. 0.37 nd. nd. nd. nd. nd.
arachidic (Cao) 0.35 0.41 1.33 0.12 | 0.16 | 0.59 2.63 0.71 nd. 0.58 0.30 | 0.27 | 0.25
eicosenoic  (Cag.1) 0.76 1.83 | 1532 | 0.18 0.10 2.58 0.64 0.40 nd. 0.12 nd. nd. 0.29
eicosadienoic (Csp.n) nd. nd. 2.16 nd. nd. nd. nd. nd. nd. nd. nd. nd. 3.51
behenic (Ciy) 0.15 0.19 0.23 nd. nd. nd. 1.71 0.28 nd. nd. nd. nd. nd.
erucic (Cap) 0.13 0.01 1.74 nd. nd. nd. 0.08 0.22 nd. nd. nd. nd. nd.

nd. — not detected or present in trace amounts
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Taking into the consideration the share of main polyun-
saturated fatty acids, linoleic and alfa-linolenic, it was im-
possible to unequivocally state, which of them dominated in
the analysed oils. Among the 13 samples of oils, 9 of them
(oils of the two rapeseed varieties, milk thistle, hemp, even-
ing primrose, amaranthus, sunflower, soybean and black
seed) were characterized by the higher share of the linoleic
acid. The concentration of that compound ranged from
9.85% for the mustard oil to 76.08% for the evening prim-
rose oil. One the other hand, other 4 samples were charac-
terized by the higher share of alfa-linolenic acid, in compar-
ison to linoleic share. That group of oils was presented by
the cameline, light and dark flax and mustard oils. The
shares of that compound in the mentioned samples were
from 15.47 to 52.55%. One the other hand, the evening
primrose sample was characterized by the trace amount of
that compound, while in the other 5 samples (milk thistle
oil, hemp oil, amaranthus oil, sunflower oil and black seed
oil) the share of alfa-linolenic fatty acids did not exceed 1%
and in the next 3 ones (two sample of rapeseed oil and
soybean oil) 11%. Moreover, the oils of cameline, hemp
and evening primrose seeds were characterized by the pres-
ence of the gamma-linolenic fatty acids. The highest share
of that compound was noticed in the hemp oil, which was
also the only sample with the presence of the stearidonic
fatty acids (Table 1).

The share of arachidonic fatty acid did not exceed 1%
for 10 of the analysed samples, while the trace amount was
observed in the evening primrose oil. The oils of cameline
and milk thistle were characterized by the, respectively 1.33
and 2.63% share of that compound.

In case of the eicosenoic fatty acid, it was found that the
cameline oil was characterized by the significant higher
share of that compound (15.32%), while in the other 9 sam-
ples the concentration of that fatty acid did not exceed
2.6%, and in the last 3 samples its amount was trace.

Among the 13 oil samples only 2 of them - the
cameline oil and black seed oil, were characterized by the
presence of the eicosadienoic fatty acid, while the behenic
and erucic fatty acids were noticed in the 5 analysed oils (2
rapeseed oil samples, cameline oil, milk thistle oil and
hemp oil). The concentration of these compounds in the
other samples was trace (Table 1).

The total share of saturated fatty acids, represented by
the myristic, palmitic, stearic, arachidic and behenic fatty
acids were differentiated. The higher concentration of these
compound was observed for the amaranthus oil (22.90%),
black seed oil (20.86%) and soybean oil (19.05%), while
the lower for the both samples of rapeseed (approx. 5.8%)
and for the mustard oil (6.53%) (Table 2).

One the other hand, the total share of the palmitooleic,
oleic and erucic fatty acids, that belong to the group of
monounsaturated fatty acids, was significantly higher in the
rapeseed and mustard samples. The lowest total share of
listed fatty acids were found in the evening primrose oil,
that in turn was characterized by the highest total share of
the polyunsaturated fatty acids (83.17%). The increased
share of that fatty acids group was also noticed for the oils
of cameline (73.08%), hemp (70.03%), dark and light flax
(respectively, 66.50 and 68.96%). In turn, the samples of
rapeseed and mustard were characterized by the lower (ap-
prox. 27%) concentration of these compounds (Table 2).

Table 2. Total share of the individual groups of fatty acids (%)
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total share of monounsatu- | 5 59 | 6770 | 17.64 | 2224 | 1863 | 6557 | 2850 | 1581 | 678 | 2273 | 3201 | 2134 | 22.82

rated fatty acids
total share of polyunsaturat- | »¢ 6 | 2645 | 73.08 | 66.50 | 68.96 | 27.90 | 56.03 | 70.03 | 83.17 | 5437 | 48.00 | 59.61 | 56.32
ed fatty acids

During analysing the influence of fatty acids composi-
tion of the raw material properties for the biofuel produc-
tion, it should be remembered that there is no single fatty
acid that is responsible for any particular fuel characteris-
tics. The physico-chemical properties of the biodiesel de-
pendent on the fatty acid structural features, among other, a
chain length, degree of unsaturation and branching of the
chain [18].

High amounts mono-, di, and triglycerides in fuels cause
that these products are prone to the coking and may lead to
the formation of deposits to the injector nozzles, pistons

and valves. Share of these compounds in thetransesterified
oil — biodiesel has an important influence on its yield, or as
Vicente at al. stated on the purity of biodiesel [19]. Pinzi et
al., analysing, effect of the fatty acid composition of vege-
table oils on the biodiesel optimization found that oils with
a high unsaturated fatty acids content shown a proportional
dependence between the catalyst concentration and yield
[15]. Moreover, cited authors found that the fatty acid chain
length influences the biodiesel conversion. Oils character-
ized by the longer fatty acid chains needed half of the re-
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quested reaction time, compared to samples with the shorter
fatty acids chains.

One of the discriminant that determine the number of
double bonds (unsaturated ones) presented in the oil is an
iodine number [20]. Islam et al. reported, that the higher
share of unsaturated fatty acid in raw material, the higher
value of that discriminant [18]. Altun found that biodiesel
characterized by the lowest iodine number leads to the
highest cetane number and as a consequence, reduces nitro-
gen oxides emissions [21].

The ignition quality of biofuel is related to the cetane
number, that determines the ability of the fuel to ignite
quickly after being injected - a higher value indicates a
getter ignition quality of fuel [22]. Value of that discrimi-
nant decreases with a decreasing chain length, increasing
branching, and increased saturation in the fatty acid chain
[23]. As cited author found the higher cetane number, the
better quality of ignition whereas the saturated esters, which
are advantageous for mentioned discriminant possess poor
cold-flow properties. The biofuels produced from the raw
material characterized by the high share of the polyunsatu-
rated fatty acids let to obtain the esters improving a cold-
flow, due to their low melting point, what is considered as
desirable. However, a high amount of polyunsaturated fatty
esters contributes (undesirable for fuel) the lower cetan
number and oxidative stability. The oxidation of biodiesel
may induce the polymerisation of esters and form insoluble
gums, which contribute to clogging of the fuel filters [24].

Muniyappa et al., analysing possibility of using the soy-
bean and tallow oil for biodiesel production, found that that
methyl esters from the beef tallow oil were characterized by

the high cold point, what was involved with the high con-
centration of saturated fatty acid methyl esters [25]. Mittel-
bach and Remschmidt, Wang et al. and Chuah et al. ex-
plained that during the biodiesel cooling, the first fraction
to precipitate is the stearic and palmitic methyl esters [11,
26, 27]. What is more, these components constitute a sub-
stantial share of material that are recovered from clogged
biodiesel fuel filters. Moreover, Knothe and Steideley,
analysing the dependence of biodiesel viscosity on the
structure of fatty acid alkyl esters, found that with an in-
creasing chain length and saturation of fatty acids the vis-
cosity of obtained esters increased [13]. The cited authors
also reported that cis double bonds contribute to a reduction
of esters viscosity, while trans ones display this parameter
similar to their saturated counterparts.

4. Conclusions

During the selection of a suitable raw material for the
biofuel production, the attention should not be paid only on
the oil content, but also on its quality. One of the discrimi-
nant, which lets to quickly verify the usefulness of individ-
ual raw material is the composition of fatty acids. As as-
sessed, such oil samples as the evening primrose oil,
cameline oil, hemp oil, light and dark oils, that were charac-
terized by the increased share of the polyunsaturated fatty
acids should not be used as a self-contained fuel, due to the
low oxidative stability. On the other hand, biofuels that
would be produced from oils with a high share of saturated
fatty acids, such as amaranthus oil, black seed oil would be
characterized by high cold point.
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