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Abstract

In this study, the fuel characteristics of biodiesel produced from jojoba [Simmondsia chinensis (Link)
Schneider] oil and biodiesel obtained from the jojoba oil procured under laboratory conditions were
compared. For this purpose, jojoba seed endosperm and oil, which was attained from the jojoba
endosperm calli via soxhlet extraction, was obtained. Biodiesel was produced from this oil via the
transesterification method. It was determined that the fuel characteristics of the biodiesels produced from
the oil procured under the laboratory conditions and the oil attained from the seeds were close to each
other, and it was observed that the other features were in parallel with the standards, except for the
viscosity and freeze point. This research study offers a solution for the raw material problem, which is
one of the most important obstacles against the widespread use of biodiesel, in terms of environmental
and economic aspects.
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In Vitro Koşullarda Geliştirilen Jojoba Kallus Yağından Biyodizel Üretimi ve
Jojoba Biyodizeli ile Karşılaştırılması

Öz

Bu çalışmada doğrudan jojoba [Simmondsia chinensis (Link) Schneider] yağından ve laboratuvar
koşullarında elde edilen jojoba yağından üretilmiş olan biyodizellerin karakteristikleri karşılaştırılmıştır.
Bu amaçla sokslet yöntemi ile jojoba endosperm yağı ve jojoba endospermi kalluslarından üretilmiş yağ
ekstrakte edilmiştir. Biyodizel üretimi için transesterifikasyon yönteminden faydalanılmıştır. Doğrudan
jojoba endosperminden üretilen ve laboratuvar koşullarında geliştirilen jojoba endosperm kalluslarından
üretilen yağlardan elde edilen biyodizel örneklerinin yakıt karakteristiklerinin birbirine çok yakın olduğu,
vizkosite ve donma noktası dışında standartlara uygun olduğu görülmüştür. Bu çalışma biyodizelin geniş
kullanım alanı elde etmesindeki en önemli sorun olan ham madde sorununa, çevresel ve ekonomik
açılardan bir çözüm önerisi niteliğindedir.
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1. INTRODUCTION

With a high raw material cost, biodiesel, which is
produced from herbal, animal, and waste oil, is an
alternative fuel for diesel [1-3].

The major plants used as raw material for biodiesel
studies are jojoba, soybean, canola, castor oil, tea
seed, terebinth, sesame, bay, sunflower, safflower,
corn, loquat, poppy, walnut, hazelnut, almond,
olive, kaju, pistachio, pine nuts, peanuts, date,
garnet, black seed, nettle seed, mustard, turmeric,
cedar tree, ginger, avocado, menthol, henna,
cumin, green tea, hemp, pepper, rosemary, cotton,
coffee, peppermint, orange peel, kiwi, linen,
coconut, jathropha, soapberry, and the seeds of
various vegetables and fruits [4-11].

The seeds of jojoba plant (Simmondsia chinensis
Link), which is a member of Simmondsiaceae
family known for their precious oily seeds, contain
oil ranging from 45% to 60%. With its liquid wax
structure, which is called wax, the oil produced
from the seeds of jojoba is chemically different
from other herbal oils. Although the oils produced
from the herbal seeds are triglyceride, waxy oils
such as jojoba oil and whale oil are wax esters.
The composition of the oil changes during the
maturation of the seeds and storage. Moreover, the
oil-ester compositions of the seeds can preserve
their characteristics even after 25 years from the
harvest. Mainly used in lubrication, leather
production, cosmetics, and the drug industry,
jojoba oil is used in the production of hard white
wax, which is used in lubricants, desiccants,
emulsifiers, resins, protective coaters,
disinfectants, detergents, slip-coaters, tanning
creams, polishes for floors, shoes, and cars, as well
as in the preparation of numerous different
substances [12-14].

Since it is a sustainable and renewable energy
source, biodiesel has an important place among
various energy sources. However, due to raw
material insufficiency, it could not excel petro-
diesel concerning the price; therefore, it is not
produced and consumed at desired levels. Raw
material cost forms a major part of the biodiesel

production costs. Moreover, a remarkable part of
the raw materials used in biodiesel production is
also strategic foodstuff, which adds another
dimension to the issue. Considering that nutrition
problems come to the fore with today's rapid
population growth, it would be wise to mention
that the priority in oil consumption should be
given to the food sector.

If the desired situation is the use of biodiesel
instead of petro-diesel or a mixture of both, it is a
non-negligible fact that the raw material costs of
biodiesel should be decreased.

Within the context of this study, previous studies
were examined, which asserted that the oil
proportion increased via tissue culture under
laboratory conditions [15], and the callus culture
method was used to increase the oil proportion of
the jojoba seeds. Thus, it was aimed to obtain oil
under laboratory conditions. It was aimed to
produce biodiesel from these calli under laboratory
conditions, and to examine the fuel features of
biomass-based biodiesel.

2. MATERIAL AND METHODS

In this study, jojoba [Simmondsia chinensis (Link)
Schneider] seeds were used. Methyl-alcohol [16-
18] was used as the alcohol and sodium
hydrochloride (NaOH) [17,18] (Marchetti et al.
2007; Shah et al. 2014) as the catalyst. MS [19]
was used as the essential nutrition habitat, and 2,4
D, BAP, 2 Ip and NAA were used as the growth
improver. Sucrose was used to meet the energy
need, and agar was used for comparing the
nutrition habitats.

2.1. Obtaining Callus from Jojoba Endosperm

Jojoba seeds were sterilized for 20 minutes under
laboratory conditions within 20% sodium
hypochlorite solution. After being washed four
times under sterile purified water, they were kept
in sterile purified water for one day, thereafter
their endosperms were taken. The endosperms
were placed in a nutrition habitat involving MS+1
mg/l 2 İp+1 mg/l NAA+30 g/l sucrose+8 g/l agar.
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To provide cellular multiplication, these materials
were transferred to a conditioning chamber
(16 hours light, 8 hours darkness, and 26oC). Calli
were obtained from the endosperms placed in these
nutrition habitats. Thus, cellular multiplication was
provided.

2.2. Obtaining Methyl Ester of Both Jojoba
Endosperm and Jojoba Endosperm Callus
Oil

After the calli procured in the laboratory were
grained, they were dehumidified by being kept in
the stove for five hours at 105oC.

Transesterification method, which is one of the
biodiesel obtaining methods, was used in the study
[20]. Transesterification reaction is cheaper, its
reaction time is shorter and it has a better
production capacity. Since they take place under
lower temperatures and in a shorter time, they are
commercially the most preferred alkali (NaOH,
KOH) catalyst reactions [21,22].  To obtain methyl
ester from raw jojoba endosperm callus and jojoba
endosperm oil with the transesterification method,
methanol [16-18] as much as 20% by volume of
oil and NaOH [17,18] as much as 5% by weight of
oil were mixed in a beaker. A magnetic stirrer was
placed into the mixture, thus the NaOH was
dissolved (methoxide formation) in the methanol.
Alcohol catalyst mixture was put into the calandria
and herbal oil, which was obtained using soxhlet
extraction, was added on. To prevent alcohol
evaporation, the system was completely closed to
the atmosphere. After the saturated solution is
provided, it was heated up to 60oC and the heated
oils were mixed with sodium methoxide. This
mixture was heated for 2 hours in a heating
agitator. After the reaction was completed, for the
phase separation of the two main products,
glycerin and biodiesel, this mixture was taken
from the heater, placed into a settling container,
and kept there for 8 hours. The glycerin, which
was cumulated in the lower phase, was removed
from the setting. The alcohol, which was remained
in glycerin and biodiesel, was removed from the
setting as well. The catalyst and soap remnants
within the biodiesel, from which glycerin was
removed, were also removed.

Some characteristics of the extracted oils and
biodiesels, which were produced from these oils,
were measured such as intensity, cetane number,
kinematic viscosity, fire point, free acid content,
CFPP (Cold Filter Plugging Point), and lower
heating value.

3. RESULTS AND DISCUSSION

In the context of this study, MS+1 mg/l 2 İp+1
mg/l NAA+30 g/l sakkaroz+8 g/l agar setting was
used for the jojoba endosperm explant. The oil
ratio that was produced from the calli procured
from this setting is given in Table 1.

Table 1. Oil percentages of the materials in the
automatic soxhlet extractor

Material Oil rate
%

Average oil rate
%

Jojoba seed
endosperm

44.87
44.3643.80

44.43
Jojoba
endosperm
callus

50.27
50.9351.26

51.25

It was observed that the average of the oil content
percentage of the jojoba seed endosperms was
44.36% in Table 1. As per the endosperm calli
procured from jojoba endosperms, the average of
the oil content percentages was determined as
50.93%. In conclusion, the oil procured from the
calli produced under laboratory conditions was
6.57% higher compared to the oil procured from
the seed endosperms.

The biodiesel obtained from 275 ml oil was 265
ml, which was taken out of the oil procured from
dry jojoba endosperm callus materials. 195 ml of
the oil, which was procured from dry jojoba
endosperm callus materials, was used for biodiesel
production, and 188 ml biodiesel was obtained.

Within the scope of this research study, the fuel
features of the jojoba endosperm oil, which was
procured in the laboratory, and the oil, which was
procured from seed endosperms, are given in
Table 2.
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Table 2. Features of jojoba endosperm callus oil and jojoba endosperm oil
Properties Jojoba endosperm callus oil Jojoba endosperm oil
Density, kg/m3 970 890
Cetane number 57 53
Kinematic viscosity, mm2/s 25.6 29
Flash point, °C >120 >120
Free fatty acid (FAA) 2.9 1.4

When Table 2 is examined, it is observed that the
intensity of the callus oil is 80 kg/m3 higher
compared to endosperm oil. It is also seen that the
cetane number of the jojoba callus oil is higher
compared to the jojoba endosperm oil. It is
conspicuous that the kinematic viscosity of jojoba
callus oil is 3.4 mm2/s less compared to jojoba
endosperm oil. The fire point was over 120°C for
both. The free acid content of the jojoba callus oil
was higher compared to the jojoba endosperm oil.

The features of the jojoba callus oil and the jojoba
endosperm oil are in accord with each other except
for the abovementioned differences.

In this research study, biodiesel was obtained from
jojoba seed endosperm and jojoba endosperm calli,
and the fuel features of the biodiesel were given in
Table 3. The fuel features [23] are also given in the
table as a benchmark.

Table 3. Fuel features of the biodiesel [23], which was obtained from jojoba endosperm calli and jojoba
endosperm sample

Properties Diesel EN590
Jojoba

endosperm callus
biodiesel

Jojoba
endosperm
biodiesel

ASTM D
6751 EN 14214

Density, kg/m3 837 820−845 863 865 - 860 - 900
Cetane number 59.47 Min 51 68.5 63.2 Min 47 Min 51
CFPP (Cold filter
plugging point), °C -12 - +12 +13.7 - Summer <4.0

Winter<-1.0
Lower heating
value, kJ/kg 45856 - 43102 43871 - -

Kinematic
viscosity, mm2/s 2.76 2.0−4.5 19.2 21.3 1.9–6.0 3.5 – 5.0

Flash point, °C 79.5 Min 55 >120 >120 Min 93 Min 120
Free fatty acids
(FAA) - - 2.2 0.6 - -

Effecting fuel consumption and heat of
combustion, the intensity of the biodiesel
(860-900 kg/m3, 15°C, EN1424) is higher
compared to the fossil diesel fuel (820-845 kg/m3,
EN 590). The longer the hydrocarbon chain the
less the intensity, the more increased the double
bond the higher the intensity [24]. When the
results are examined, it is observed that there is
only a slight (0.02 kg/m3) difference between
jojoba endosperm callus biodiesel and jojoba
endosperm biodiesel. Concerning the intensity, it
was concluded that the biodiesel produced from

oil, which was procured from callus, is suitable for
the biodiesel sector. In previous studies, this value
was reported as 0.866 kg/l [25-28]. This result
proves that our research study is convenient to the
literature with regards to jojoba biodiesel intensity
value.

If the number of cetane, which determines the
ignition quality of the diesel fuels, is higher, it
decreases the ignition lag. The cetane number of
long straight-chain saturated hydrocarbons is
higher. Cetane figure increases with longer
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hydrocarbons while decreasing with increased
double bonds. Since it has a higher cetane number
compared to classical diesel fuel, biodiesel has
higher combustion efficiency [24]. There is a 5.3-
point difference between jojoba endosperm
biodiesel and the jojoba oil biodiesel procured in
the laboratory. In other words, concerning the
cetane number, jojoba endosperm callus biodiesel
has a better value compared to the jojoba
endosperm biodiesel. When the previous research
studies of the literature are compared, it is
observed that the cetane figures are 63.5 [25-28]
and 43.75 [29]. Considering that the castor oil
biodiesel has a high cetane figure, which is 80
[30], it can be mentioned that the cetane number of
the jojoba endosperm callus biodiesel (68.5) is in a
significant level regarding biodiesel quality.

Liquidity of the fuel is critical in the fuel feeding
system as the in-cylinder atomization of the fuel is
critical in fire performance. High viscosity causes
poor atomization of the fuel, bad fire, plugging in
injections, and carbon cumulation in the piston
rings. This situation decreases the spray of the
injectors, necessitating high pumping pressure.
The viscosity of the biodiesel is around
3.5-6 mm2/sec, and it increases with longer
hydrocarbon chains while decreasing with more
double bonds. Impurity of the biodiesel and
oxidation productions increases the viscosity [24].
In the study, the kinematic viscosity value was
determined as 19.2 mm2/s for the jojoba
endosperm callus biodiesel, while it was
21.3 mm2/s for jojoba endosperm biodiesel.

Öğüt and Oğuz [31] reported in their study that
flashpoint was vital in risk classification of the
fuels, that the flashpoint needed to be high for its
transportation and storage.  The flashpoint of the
diesel fuel was 74°C while it was over 300°C for
the herbal oil, and was 120-220°C for biodiesel.
Evaluating the flashpoints in this study proved that
the flashpoints of both the jojoba endosperm callus
biodiesel and the jojoba endosperm biodiesel are
over 120°C [32]. This proves that the flashpoint of
the biodiesel produced from the oil under the
laboratory conditions is available for transportation
and storage.

4. CONCLUSIONS

In this study, which was conducted aiming to
deliver a solution to the raw material problem and
to present a different untried method to the science
world, firstly, the oil was procured under the
laboratory conditions, and second, biodiesel was
obtained from this oil. The biodiesels, which were
produced from the seed oil and under laboratory
conditions, were compared. As the conclusion of
the biodiesel analyses, it was observed that both of
the diesels had similar features regarding fuel
features. It was detected that all of the features are
in accordance with the literature except for the
viscosity and freeze point. It was determined that
callus biodiesel procured under laboratory
conditions can be used at a mixed proportion, even
if not 100%.

This study presents a solution suggestion for the
raw material problem of biodiesel, which is
emphasized to be more useful concerning
environmental and economical aspects. With
further development of the methods conducted, it
seems possible to sufficiently amplify the herbal
oils, which are among the raw materials of the
biodiesel, with less material.

Production of biodiesel raw material under
laboratory conditions will be useful for cheapening
the raw material, for leading the oil production
process in the desired quality, and for reducing the
dependency on climate and terrain conditions in
raw material provision.
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