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AGRICULTURAL BY-PRODUCT RECYCLING IN THE
PRODUCTION OF OILS AND BIODIESEL

Omar FANDOUGOUMA!, Slimane KALLOUM?, Lyés BRADAI®, Dario
COMPAGNONE*

Four cultivars of Phoenix dactylifera L. from south-west of Algeria are
exploited for the first time in the production of biodiesel. Physicochemical
characteristics and fatty acid composition of these oils have been determined. The
biodiesel is obtained by using acid transesterification of oils extracted from seeds of
the fourth cultivars. Analysis by FT-IR spectroscopy confirmed the synthesis of
biodiesels. GC-FID analysis has shown that the extracted oils can be classified as
oleic-lauric oils, very rich in oleic acid C18:1 (44.74-47.99%) and lauric acid
C12:0 (15.29-19.80%). In this study, we have valorized date seeds generally
considered as waste. This valorization led to finished products: oil and biodiesel.
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1. Introduction

Date palms allow a sustainable life in desert regions. Their fruits are
excellent for health, and their marketing provides income for the owners [1,2].
Algeria has a favorable climate for development of date palms and fruits,
particularly in the regions of Ouargla (Oued-Righ), Oued-Souf, Biskra (Zibans),
Adrar (Touat, Gourara and Tidikelt) [2]. The propagation of date palm in Algeria,
has marked an important progress in cultivars, which have reached 18 million
palm trees, covering more than 350 000 ha, of which 11 million are productive
[3,4]. Algeria is ranked 6th in the world, with an average annual production
estimated at more than 492 000 tons of dates, which 70% consists of Deglet-Nour,
Ghars, Degla-Beida and Mech-Degla varieties. It is ranked 5th for its exports and
1st for the quality of its exported Deglet-Nour fruit [5]. Adrar (South-west of
Algeria) represented by three regions: Touat, Tidikelt and Gourara, is rich in 2.8
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million palm trees, which produce more than 91 360 tons of dates. Most of this
production is exported to neighbor countries as barter; the rest is either consumed
locally or used as livestock feed [4]. Contrary to palm groves of southeastern
Algeria (Biskra, EI-Oued and Ouargla), where there is a significant potential of
very good quality cultivars (Deglet-Nour, Ghars, etc.). The phoenicultural
patrimony of Adrar region is essentially made up of cultivars called "Khalts”
(non-pure) strains such as H'mira, Tinaceur, Takerbouchet, Deglet-Talmine, etc.

[6].

Cultivars are differentiated by the morphology of their main components:
pericarps and seeds (stones). These represent 10-15% of date weight, depending
on the variety and quality. According to FAO (2010), approximately 825 000 tons
of date seeds are produced annually [7]. Hamada et al. 2002 have shown the
composition of several date seeds as moisture, proteins, fats, acid detergent fibers,
neutral detergent fibers and ash [8]. This composition opens up a spectrum of
possibilities for the valorization of these seeds, including the extraction of oils and
their transformation into biofuels [9]. Transesterification, which is a catalytic
method, is the most suitable for converting oil into biodiesel. This product is a
renewable biofuel that can be used in mixture with engine diesels [10]. According
to the Organization for Economic Co-operation and Development (OECD) Food
and Nations, the world production of biodiesel was about 36 billion liters in 2017.
The European Union (EU) is still the largest producer with 13.5 billion liters,
followed by the United States (6.9 billion liters) and Malaysia (490 million liters).
The most widely used sources of production are palm, soybean and rapeseed oils
[11]. The exploitation of date seeds will enable us to satisfy two objectives: one
indirect of an environmental nature and the other direct, is about to obtain oils and
biofuel. The environmental side will contribute to waste reduction. For this
purpose, we report the exploitation of H'mira, Takerbouchet, Tegazza and
Tinaceur as source of date seeds.

2. Materials and Methods

2.1. Chemicals

All the solvent were of reagent grade. n-hexane, Methanol, Potassium
iodide, Potassium hydroxide and Sodium thiosulfate were purchased from
BioChem. Starch, Sodium methanolate, Hydrochloric acid, Gallic acid and DPPH
(2,2-Diphenyl-1-picrylhydrazyl) were obtained from Sigma Aldrich. Ethanol and
Wijs reagent were purchased from Honewell and Fulka, respectively.

2.2. Sampling

Dates used in this work for the extraction of oil and biodiesel production
were collected from the palm groves from: Zaouiet Kounta,
27°52°00”N,0°17°00”E  (H’mira, (Hm)); Bouda, 28°00°51”N,0°30°09”E
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(Takerbouchet, (Tk)) and from Reggane, 26°43°12”N,0°10°16”E (Tegazza, (Tg)
and Tinaceur, (Tn)) (Fig. 1).
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Fig. 1 Geographical location of Adrar region. Sampling regions: A) Zaouiet Kounta; B) Bouda; C)
Reggane.

2.3. Date seeds preparation

Before using date seeds in the oil extraction process, they were left in
boiling water with vigorous stirring for 3 hours to remove dust and residues.
Subsequently, the separated seeds were washed several times with water, in order
to remove stuck impurities, followed by drying at 105°C for 24 hours in an oven
(Memmert type). The obtained seeds were crushed to 250 um (Waring type).

2.4. Oil extraction

In a Soxhlet apparatus, 100 g of date seed powder from each cultivar are
introduced and the extraction is carried out with 250 mL of n-Hexane for 4 hours.
The extract is filtered to remove suspended particles. The bio-oil is then separated
from the solvent by a rotary evaporator (Nahita type). The experiments were
carried out in triplicate, and the oil content of each extraction was calculated as
follows:

. oil brained
0il content; ¥ = ———°2 FEINES % 100 1)

Mass of date seed

The obtained bio-oils were, labelled and stored in brown bottles at 4°C for
further use.

2.5. Biodiesel production
A quantity of 20 g of the oil was heated in a round bottom tri-neck flask
fitted with a reflux condenser and a thermometer. After 30 minutes of heating, an
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amount of 0.1 g of potassium hydroxide KOH (used as catalyst) dissolved in 60 g
of methanol was added to the flask. The reaction took place for 90 minutes at the
specified reaction temperature (55 5°C) under reflux while the mixture was
stirred simultaneously at 600 rpm. At the end of the reaction, Fatty Acids Methyl
Esters (FAME) synthesized, were separated using a separating funnel. The methyl
ester layer was freed of excess methanol by the rotary evaporator, followed by
washing with lukewarm water (3x20 mL). The washed FAMEs are then dried by
passage over sodium sulphate (Na>SOs), and biodiesel production yields were
calculated as follows:

Mass of produced biodiesel

YI'EEC{; % = Masz of used oil x 100 (2)

Biodiesels obtained were, labelled and stored in brown bottles at 4°C for
analysis.

2.6. Physicochemical characterization

The key parameters to evaluate the properties and quality of oils or
biodiesels are Saponification Value (SV), Acid Value (AV), lodine Value (1V),
Density (d), High Heating Value (HHV) and Cetane Index (CI). These parameters
are widely used to determine purity (With SV), number of unsaturated compounds
(With 1V) and the content of Free Fatty Acids FFA (acidity%). Acid value (AV)
indicates the corrosiveness of oil or biodiesel, while iodine value (V) refers to the
Degree of Unsaturation (DU). Similarly, gravity and specific density give the
energy efficiency of a biofuel [12].

In this work, the density of the samples was measured at 20°C using a
Pycnometer of 10 mL. The refractive index values were determined using a
Refractometer (Abbe type). The chemical properties of our extracted oils and its
biodiesels have been measured according to different official methods: lodine
value by the Wijs method (AOCS Tg-1a-64); Saponification value by (ASTM
D5558-95), Acid value and free acidity (FFA %) by (ASTM D664-18e2).

Equation (3) described by Krisnangkura, 1986 [13], was used to calculate
the cetane index (CI).

CI = 46.3 + 5458/(5V) — 0.225(1IV) (3)

HHYV values were calculated using the empirical equation (4) suggested by
Demirabs, 2008 [14].

HHV = 49.43 — [0.041(5V) + 0.015(1V)] (4)

As previously mentioned, IV is the value that indicates the number of
double bonds in oils. Therefore, it is also related to the Degree of Unsaturation
DU of biodiesel [15].

DU =} [Monounsaturated FA+ 2 X (Polyunsaturated FA)](5)

According to Mofijur et al. 2017, when DU increases, IV also increases,
indicating that the unsaturation in the sample will be higher. The equation (6) has
been developed to predict the IV [15].
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IV =(0.9076 x DU) — 0.0527 (6)

2.7. FT-IR Spectroscopic analysis

Analyses by FT-IR spectroscopy of extracted oils from seeds of Hm, Tk,
Tg and Tn cultivars of Adrar region, and their biodiesels, were obtained using a
Cary 660 FT-IR spectrometer (Agilent; USA) in the wave range of 4000-400 cm’
! with a resolution of 4 cm™.

2.8. GC-FID analysis

Fatty acid composition of Hm, Tk, Tg and Tn seed oils was determined by
gas chromatography (type GC TRACE 1300, Thermo Scientific, USA, equipped
with a Flame lonization Detector). One microliter of each biodiesel was injected
with a split ratio of 1:18. Temperatures of Injector and Detector were 250 and
270°C respectively. Capillary column used is a Restek Rt-2560 type [length (100
m), film thickness (0.20 m), and internal diameter (0.25 mm)]. Hydrogen was
used as carrier gas and was supplied at a rate of 1.5 mL/min. Oven temperature
was 175°C for 5 min and then 2 °C/min at 185°C for 30 min. Analysis time was
40 min, and the chromatograms have been integrated in the range from C8:0 to
C22:1 peaks. Fatty acid composition in any sample was considered as percentage
area (%A) of peak.

3. Results and Discussion

3.1. Physicochemical properties of extracted oil

According to Table 1, the oil contents obtained (based on a dry weight),
for all cultivars Hm, Tk, Tg and Tn are in 8-12% range. This is in agreement with
values of extracted oils from other cultivars; such as Irakian P. dactylifera (5 and
13%) [16] and Saudi P. Canariensis (~10.36%) [17]. On the other hand, the
majority of Saudi cultivars: Barhi, Khalas, Manifi, Ruzaiz, Sala and Soukari have
oil contents lower than 8% [17,18]. Results given by Laghouiter et al. 2018, did
not exceed 7% (max of 6.7% of Bint gbala cultivar in Laghouat region
southeastern of Algeria) [19]. Specific density of the extracted oils in this study
varies between 0.9117 and 0.9176 g/mL, which places them in same range of
density values of vegetable oils, such as Sunflower (0.916 g/mL), Rapeseed
(0.912 g/mL) and Soya (0.914 g/mL) [20]. The results related to the determination
of IV showed values between 53.19 and 57.79 g 1./100 g of oil. These values are
much lower than those mentioned in other works such as Soya (134.9 g 12/1009)
[21], Moringa (79.23 g 12/100g) [22] and Pumpkin seeds (113.2 g 12/100g) [23].
This difference is an indicator of the texture of oils, which is similar to that of
butter. Furthermore, and compared to the value cited by Fadhil et al. 2017 [16],
which concerned the extraction of oil from seeds of Iragi dates (IV= 47.66 ¢
1,/100g), the quality of oil from Algerian date seeds looks better. In addition, the
results of SV indicate that the extracted oils are of acceptable quality.



90 Omar Fandougouma, Slimane Kalloum, Lyés Bradai, Dario Compagnone

Table 1
Physicochemical properties of extracted oil
Properties Hm Tk Tg Tn

Oil content (%) 8.41+0.25 11.25+£2.39 9.49+0.89 7.97+1.09
Density at 20°C (g/mL)  0.9117+0.0032  0.9176+0.0012  0.9117+0.0105  0.9128+0.0002
Refractive index 1.4623+0.0005  1.4605+0.0003  1.4597+0.0051  1.4596+0.0003

lodine value (gl2/100 g) 53.19+1.32 57.79+2.85 55.73+2.38 56.28+2.11

Saponification value 249.69+2.8 237.53+4.3 230.10+2.9 254.83+4.5

(mg KOH/g)

Acid value (mg KOH/qg) 0.996x0.070 0.910£0.036 0.761%0.129 2.137+£0.015
Free acidity, FFA% 0.507+0,035 0.458+0.018 0.383+0,065 1.076+0,007
Cetane index® 56.191 56.275 57.481 55.055
HHV® (MJ/kg) 38.395 38.824 39.160 38.138

a Cetane Index was calculated by a formula given by Krisnangkura, 1986 [13];
® Higher Heating Value was calculated by the formula given by Demirbas, 2008 [14];

Acidity values (AV) ranging from 0.761 to 2.137 mg KOH/g (Table 1),
indicate that the triacylglycerol have not been hydrolysed. When the quality of the
oil is taken into account, the quantity of FFA proves to be a good indicator.
Indeed, oils, which have higher FFA contents, are of poor quality. FFA values,
expressed as % of oleic acid, varied between 0.383 and 1.076%, which suggested
a good quality of oils extracted from Hm, Tk and Tg cultivars, compared to oils
obtained from Rapeseed (0.3-1.2%) [24], Olive (0.66-2.17%) [25] and sunflower
oil (1.19-1.35%) [26], FFA value of oil suitable for edible purposes should not
exceed 0.4% [27]. In fact, FFA values of Hm and Tn oils are outside of the
nutritional limit (~0.4%).

3.2. Physicochemical properties of synthesized biodiesel

The production of FAME (biodiesel) from oils extracted from Hm, Tk, Tg
and Tn seeds was achieved by methyl transesterification, using KOH as a catalyst.
Table 2 gives us a general overview of different physicochemical properties of
synthesized biodiesels. Yield conversions, of obtained biodiesels are not
significantly different. It appears that biodiesel obtained from Tg oil has a high
conversion (94.17%). In contrast, oil obtained from Tk variety gives 88%
conversion. These results have been already reported in the literature (92.45%)
[28].

The density allows us to situate the synthesized biodiesels within the
required norms (NE 14214). In fact, the values of this parameter in our study vary
between 0.87 and 0.89 g/mL, which is in accordance with the NE 14214 norm,
which gives a limit value between 0.86 and 0.90 g/mL. Additionally, the density
of petroleum diesel is about 0.85 g/mL, which is about 15 to 20% higher than the
density of gasoline (0.70 to 0.75 g/mL). It is clear that the biodiesels synthesized
in this study are more compliant, which justifies the good conversion of extracted
oils, by removing the glycerol initially present. These results are confirmed by the
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lowering of the refractive index values (1.448-1.450), thus indicating the synthesis
of biodiesels. lodine Values (IV) and Acid Values (AV), according to Table 2, are
in agreement with ASTM D6751 and EN 14214 norms, which leads to say that
effectively the synthesized biodiesels are of acceptable quality. The maximal
value of 1V is 58.39 g 1,/100g (EN 14214; 120 g 12/100g), and that of AV is 0.174
mg KOH/g (ASTM D6751 and EN 14214, 0.5 mg KOH/qg).

Cetane index (CI) is one of the most important parameters to characterize
a biodiesel. Indeed, a higher cetane number means that the fuel is more rapidly
flammable [29]. We can see, from the results that the biodiesels resulting from the
oils extracted are in accordance with international norms (ASTM D6751 and EN
14214).Values of CI are between 55 and 58, which confers them a very short
ignition delay time. These same results were reported by ilkilic et al. 2015
(Pistacia Terebinthus; Cl= 55) [30] and Madiwale et Bhojwani, 2016 (Peanut;
Cl=54) [31]. Finally, the calculated HHVs were within the international norms.
The HHV calculated for biodiesel obtained from Tg cultivar is the highest (39,028
MJ/kg); which is in agreement with HHV reported in the work of Fadhile et al.
2017 (39.52 MJ/kg) [16] and Herch et al. 2014 (40.69 MJ/kg) [32]. The HHV
(37.947-39.028 MJ/kg) obtained in this study are similar to biodiesels obtained
from oil of Palm (37.20-39.91 MJ/kg), Soya (37.30-39.66 MJ/kg), Sunflower
(37.50-39.95 MJ/kg) and Rapeseed (37.30-39.90 MJ/kg) [33].

Table 2
Physicochemical properties of synthetized biodiesels
Properties Hm Tk Tg Tn

Yield (%) 91.73+1.91 88.94+3.9 94.17+1.7 92.21+0.25
Density at 20°C (g/mL)  0.8785+0.0028  0.8865+0.0004 0.8781+0.0007  0.8725+0.0061
Refractive index 1.4488+0.0001  1.4500+0.0001 1.4468+0.0002  1.4479+0.0002

lodine Value (g12/100 g) 53.54+1.85 58.39+1.69 54.27+1.07 55.48+1.21

Saponification Value 252.33+1.5 239.52+2.1 233.85+1.8 250.77+3.2

(mg KOH/g)
Acid Value (mg KOH/g) 0.081+0.042 0.075+0.091 0.061+0.084 0.174+0.142
Free Acidity, FFA (%) 0.041+0.074 0.038+0.021 0.031+0.096 0.088+0.058
Cetane Index? 55.884 55.949 57.429 54.828
HHV? (MJ/kg) 38.281 38.734 39.028 37.947

2 Cetane Index was calculated by a formula given by Krisnangkura, 1986 [13];
b Higher Heating Value was calculated by the formula given by Demirbas, 2008 [14];

3.3. FT-IR Spectra analysis
FT-IR spectra (Fig. 2) show a very intense band around 1745 and 1743 cm™.
These bands correspond to the elongation vibrations of carbonyl groups;
characteristic of extracted oils of Hm, Tk, Tg and Tn varieties. This same band is
also visible in a spectrum corresponding to synthesized biodiesels, but this one is
a characteristic of methyl esters. Bands situated around 1230-1234 cm
depending on the studied varieties, are due to the vibrations of asymmetrical
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elongation of C-O bonds of triacylglycerol in oils, the intensity of which is due to
the presence of C=0O groups. Moreover, the bands located at the same
wavelengths in case of biodiesels are less intense, which allows us to say that the
transesterification has been carried out successfully. The spectral analysis of oils
extracted from Hm, Tk, Tg and Tn date seeds showed the existence of a band at
721-723 cm?, this band is resulting from the plane rotation of methylene groups
for linear alkanes of four or more carbon atoms. This band is similar in the spectra
of biodiesels, but of less intensity. Bands at ~3005 cm™ and at 2922 /2852 cm
are assigned to the C_,=-H and C_,=-H vibrations (asymmetric and symmetric),
respectively [34].
Biodiesel
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Fig. 2 FT-IR Spectrum, A: H’mira (Hm), B: Takerbouchet (Tk), C: Tegazza (Tg) and D: Tinaceur
(Tn).

3.4. Fatty acids composition

Table 3 shows the fatty acid composition of the four cultivars Hm, Tk, Tg
and Tn, where 10 fatty acids have been identified, representing 71.43% of the
total fatty acids identified in the date seeds of cultivars cited in literature (as a
number of 14) [35]. The major fatty acids in the seeds of Hm, Tk, Tg and Tn
cultivars are Lauric acid C12:0 (15.2-19.8%), Myristic acid C14:0 (10.6-11.5%),
and Palmitic acid C16:0 (11.2-13.2%). These Saturated Fatty Acids (SFA) have
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several health effects according to various medical studies [12]. Oleic acid C18:1
(44.7-47.99%), which is an Omega 9 FA, has apparent beneficial effects on
cardiovascular risks by decreasing the rate of LDL lipoproteins (bad cholesterol),
and increasing the rate of HDL (good cholesterol) [36]. This acid is otherwise,
considered as an important source to replace animal fats, which are rich in SFA
[37]. Other acids have been identified with rates varying between 7.5 and 8.9%
attributed to the presence of Z, Z-Octadeca-9,12-dienoic (Omega 6 FA). The
presence of these acids shows the nutritional interest of oils extracted from date
seeds, which are considered as a non-recoverable waste.

In general, and in this work, it is shown that the rates of saturated fatty
acids (43.09 and 46.21%) are lower than the rates of unsaturated fatty acids
(52.41-55.58%), which gives added value to these oils extracted from H'mira,
Takerbouchet, Tegazza and Tinaceur cultivars. These results are in agreement
with DU values (60.08-67.06), as well as calculated (54.47-60.81 g 12/100g) and
measured (53.54-58.39 g 1/100g) of iodine values. The rates of unsaturated fatty
acids are similar to those of oils extracted from Deglet-nour, Allig and Bellah
cultivars, cited by Ben-youcef et al. 2017 [35]

Table 3
Fatty Acids Composition
Fatty Acid Notation Hm Tk Tg Tn PO?
Caprylic C8:0 0.287 0.136 0.212 0.230 -
Capric C10:0 0.405 0.251 0.347 0.320 0.35
Lauric C12:0 19.803 15.297  17.959 17.197 0.12
Myristic Cl14:0 11.393 11512 11.221 10.663 1.36
Palmitic C16:0 11.285 13.251  11.590 11.399 42.75
Palmitoleic Cl6:1 0.0 0.181 0.033 0.0 0.0
Stearic C18:0 3.041 3.152 3.509 3.282 4.64
Oleic C18:1 44.736 45975  45.579 47.994 39.33
Linoleic C18:2 7.676 8.955 7.881 7.585 10.37
o—Linolenic C18:3 0.0 0.0 0.0 0.0 0.41
Saturated FA 46.215 43.599  44.838 43.090 49.22
Monounsaturated FA 44,736 46.155 45.612 47.994 39.22
Polyunsaturated FA 7.674 8.955 7.881 7.585 10.78
Others 1.375 1.291 1.670 1.330 0.78
Total 100.0 100.0 100.0 100.0 100.0
DU 60.084 67.065  61.374 63.164 60.78
IV Calculated 54.473 60.815  55.650 57.275 55.11
IV Measured 53.54 58.39 54.27 55.48 -

Hm : H’mia ; Tk : Takerbouchet, Tg : Tegazza, Tn : Tinaceur, DU : Degree of Unsaturation,
IV : lodine Value.
2 Palm Oil [37].
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4. Conclusions

Oils were extracted from seeds of four cultivars of the date palm P.
dactylifera L., provided from Adrar region, and a biodiesel was synthesized from
each oil. The composition of the oils revealed the presence of unsaturated fatty
acids giving an important nutritional value, and the possibility of their valuation
as biodiesel by the transesterification process. The quality of the biodiesels
obtained, rivals the biodiesels produced by common oils (palm, soybeans, etc.),
taking into account their physicochemical properties. Finally, we can conclude
that from an environmental strategy point of view, this study is very interesting
because of the reduction in waste from date palms, which are valued as cheap
energy sources and more respectful of the environment.
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