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Plant oils including Jatropha oil are considered one of the best candidates for production of fuels 
alternative to diesel fuel derived from petroleum. The objective of this work was to compare the 
suitability of two different locations in Egypt for planting Jatropha tree in view of net oil yield per feddan 
as well as the quality of the oil as feed stock for biodiesel production. The two planting locations selected 
for this study were Suez and South of Sinai Governorates. The regional climate in the investigated 
locations is hot with temperature values up to 30 ºC most of the year with high relative humidity and the 
soil is sandy loamy in texture. Jatropha trees in Sinai were irrigated with saline fresh water while trees in 
Suez were irrigated with semi treated sewage water. The results have revealed that the oil extracted 
from seeds in Suez location was richer in di-unsaturated fatty acid; linoleic acid, compared to that of the 
oil obtained from Sinai location being 55.45 and 39.88 % respectively. The phenolic content of the oil 
extracted from Jatropha seed in Suez was higher than that of the oil extracted from the seeds in Sinai 
indicating higher oxidative stability of the former. In addition, the estimated net oil yield per each feddan 
was higher in Suez governorate. The specifications of biodiesel of Jatropha oil from both locations agree 
well with the Egyptian standard specifications of regular diesel fuel. On the basis of the previous results, 
it can be suggested that Suez governorate is preferred to Sinai governorate for extensive cultivation of 
Jatropha tree for the purpose of biodiesel production using its oil especially that the irrigation in Suez 
can be made using semi treated sewage water rather than fresh water. 
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INTRODUCTION 

No doubt that there is a rapid increase in the 
consumption rate of energy in the world due to 
increase in world population as well as the 
increase in the energy consumption rate per 
capita. In addition, there is also a rapid decrease 
in the natural resources of petroleum with 
expectation of its depletion in the very near future. 
This makes the researches being oriented to find 
fuels alternative to those derived from petroleum 

which can be renewable and sustainable. Plant 
oils are considered one of the best candidates for 
production of fuels alternative to diesel fuel 
derived from petroleum that is used in most 
vehicles as it is renewable and sustainable 
(Speirs et al., 2015).  
Moreover, the use of fuels derived from plant oils 
will definitely reduce the net emission of carbon 
dioxide in the environment. This is because the 
trees producing oilseed absorb most of carbon 
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dioxide emitted by fuel burning during the process 
of photo-synthesis. This adds another advantage 
as it will reduce the problem of global warming 
due to excessive emission of carbon dioxide by 
combustion of fossil fuels. Oil that can be 
extracted from Jatropha fruit has been proved to 
be a suitable feed stock for production of a fuel 
alternative to diesel fuel derived from petroleum 
(Zaher and El-Kinawy, 2012; Zaher et al., 2012). 
The production process involves the trans-
esterification of the oil with short chain alcohol 
such as methyl alcohol and the product is called 
biodiesel. 

Jatropha tree has been successfully cultivated 
in Egypt and it can survive for several years even 
under poor conditions. However, the best location 
for extensive cultivation of this tree in Egypt has 
not been yet identified. It is well known that the oil 
characteristics, seed size, seed weight and oil 
content appear to be influenced by environment 
and genetic interaction (Raina and Gaikwad, 
1987; Achten et al., 2008). 

High variation in environmental factors such 
as temperature, rainfall and others get affect to 
crop growth negatively and certain crops get 
positively affected due to change in these 
environmental factors. Thus, change in climatic 
variables may have positive and negative impact 
on agricultural productivity (Sharma, 2013 and 
2015). Also, Thobei et al., (2014) found that data 
on climatic parameters especially rainfall and 
temperature affecting crop production, and seed 
quality improvement. Subsequent to these 
findings, it is suggested that crop intensification, 
irrigation, and development of climate change 
policy are suitable adaptation strategies that will 
help farmers to improve crop yields. 
Kumar et al., (2011) stated that climate variability 
witnessed in recent years is not new. It has been, 
and continues to be, the principal source of 
fluctuation in global Agriculture production, 
particularly in the semi-arid countries. Moreover, 
the severity of the socio-economic impacts of 
climate related stress varies significantly from one 
region to another; the impacts are generally more 
severe in many developing countries (Soliman 
and He, 2015). 
This paper purposed to compare the suitability of 
two suggested locations in Egypt for cultivation of 
Jatropha tree and to assess the oil yield as well as 
the oil quality as a feed stock for biodiesel 
production. 

 
MATERIALS AND METHODS 

 Plant material 
This study was carried out during two 

successive seasons of 2016 and 2017 of Jatropha 
curcas trees (4 years old) grown in two locations 
namely: a) Suez Government conditions which 
irrigated with semi-treated sewage water. b) South 
Sinai Government which irrigated with saline fresh 
water. The selected Jatropha trees were uniform 
in vigor and size, planted at 2×4 m apart. All trees 
received the same horticultural practices. 

Meteorological parameters 
Metrological data for the Suez and Sinai sites 

were obtained from the Egyptian Environmental 
Affairs Agency "EEAA", (2014). 

Irrigation 
Jatropha trees were irrigated by a drip 

irrigation system. Plot consisted of 14 lateral lines 
(35 m long) and two drippers for each (16 L h G1). 
Irrigation process was carried out three times per 
week (32-40 L day G1 tree G1). Experimental 
plots in Sinai area was irrigated by saline fresh 
water, while semi-treated sewage water was 
applied in Suez location. Some chemical 
characteristics of semi treated sewage water in 
Suez location were characterized in pH (7.5), 
electrical conductivity (4.37 dSm-1), which 
consider saline, sodium adsorption ratio (7.4) and 
mineral contents were 0.006, 0.004, 0.284 and 
0.127 mg/L in cobalt, cadmium, lead and iron, 
respectively. Meanwhile, zinc, nickel and arsenic 
were not detected.  

Soil physico-chemical characteristics 
Soil sample was taken from surface layer (0-

30 cm) and analyzed for main hydro physical and 
chemical properties. The determined soil 
properties were summarized as shown in Table 
(1). Fertilizer program was followed as NPK 
before flowering and after flower setting and 
phosphoric acid was injected at 1L weekly. Soil 
water constants have been measured (Klute, 
1986), and the soil has been also analyzed 
(Rebecca, 2004). 

Jatropha fruit productivity 
At the maturity stage of the two seasons, fruits 

of each tree were separately harvested, then 
weighed and the yield as kilogram per tree was 
estimated and calculated as yield per feddan. The 
fruit, seed and hull weight for each location (Suez 
and Sinai) per tree and feddan and their 
percentages were also calculated. 
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Jatropha oil content and its physic-chemical 
properties of extracted oils 

The fruits have been dehulled and ground and 
were then subjected to complete extraction in 
Soxhlet extractor using n-hexane as a solvent. 
The solvent was then distilled off and the weight 
of oil obtained has been determined. The 
percentage oil content in the fruits from each 
location was then estimated as a percentage of 
the ground seed used.  
The obtained oil from each location has been 
tested for its specific gravity, iodine value and 
saponification number according to the official and 
tentative methods of analysis (AOAC, 1995). 
 
Fatty acid composition 

The fatty acid methyl esters of Jatropha oil 
were prepared with BF3 in methanol as the 
methylating agent (Aniołowska et al., 2016). The 
obtained methyl esters of fatty acids were 
separated with a PU 4410 gas chromatograph 
(Philips, UK), using a capillary column RTX-2330 
(Restek, USA), 105 m length, diameter 0.25 mm 
i.d. and film thickness 0.2 µm. Detector (FID) and 
injection temperature was 260°C. Column 
temperature was 160°C (30 min.) to 180°C (17 
min.) at 3°C/min. and to 220°C (15 min.) at 
5°C/min. The carrier gas was helium. For data 
handling system the Star Chromatography 
Workstation (version 6.6) was used, with software 
from Varian. The fatty acid composition was 
expressed as percentage of total fatty acids. 

Total phenolic content 
Phenolic compounds of Jatropha oil were 
extracted by methanol-water solution and 
determined by Folin-Ciocalteu method described 
by Liu et al., (2012) with some modifications. 2.5 g 
of extracted oil was dissolved in 5 ml hexane and 
extraction was carried out by methanol-water 
solution (80:20 %v/v) and sonicated for 20 min. 
The aqueous phase was collected by 
centrifugation at 3500 rpm for 5 min, followed by 
vacuum drying at room temperature. Dried sample 
was dehydrated in 5 ml of methanol solution and 
was mixed with 2.5 mL of Folin reagent and 10 
mL of sodium carbonate solution in 50 ml 
volumetric flask and was adjusted to volume with 
deionized water. The absorbance was evaluated 
at 765 nm after 30 min. Gallic acid was used for 
calibration and the results were expressed as mg 
gallic acid equivalent per 100 g of oil samples. 
Triplicate test were performed for each sample. 

Preparation of biodiesel using each of the two 
oils 

Trans-esterification of each of the two oils was 
performed using methanol in presence of sulfuric 
acid as a catalyst at a percentage of three percent 
of the mixture weight. About six moles of alcohol 
were used for each mole of oil. The reaction 
progress was followed during the reaction using 
thin layer chromatography until completed 
(Megahed, 1996). 

Evaluation of the fuel properties of the 
biodiesel produced 

The two biodiesel products were then 
evaluated for their fuel properties as compared to 
regular diesel fuel using ASTM methods. They 
have been determined in the central analytical lab 
at the Egyptian Petroleum Research Institute, 
EPRI, Nasr City, Cairo following the standard 
methods of analysis (ASTM, 1996). These include 
the calorific value (ASTM D-224), flash point 
(ASTM D-93), carbon residue (ASTM D-189), ash 
% (ASTM D-482), cetane index (ASTMD-976), 
pour point (ASTM D-9) and kinematic viscosity 
(ASTM D-445). 

Statistical analysis 
Proximate analysis and crude oil properties were 
expressed as mean of three replicates ± standard 
deviation according to the method described by 
Steel et al., (1980). 
 
RESULTS AND DISCUSSION   

Metrological analysis 
It is clear that there is no obvious variation 

between maximum temperatures in both locations 
where the highest temperature degree were 
attained at May to September.  The matching 
between two locations in monthly total rainfall 
(mm), where the total amount in Sinai location (34 
mm/year) is higher than Suez location (20 
mm/year) was shown in Fig.(1).  Also, the data 
shows that Suez location is drier than Sinai. 

 A comparison between the daily 
evapotranspiration (ET) in the investigated two 
locations (Suez and Sinai) was shown in Fig. (2). 
It can be noticed that values of the daily ET in 
Suez are higher than that of Sinai which is 
attributed mainly to the difference in climate 
conditions.  

The regional climate in the studied area was 
shown in Fig. 1 and 2 which is very hot in summer 
with highly relative humidity most of the year (47 
to 86 %).  
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Figure 1: Relation between total monthly rainfalls in the two studied locations 

 
Figure 2: Relation between daily evapotranspiration in the two studied locations 

 
The rainy period which normally occurs 

between January to May is characterized by a 
mean rate of rainfall which exceeds 34 mm and 
maximum temperature values ranged between 
20.5 to 34.4oC. The lowest temperature values 
ranged between 8.9 to 24.3oC. On the other hand, 
the dry period which occurs between May and 
October presents higher insolation and 
evaporation rates.  

According to the evapotranspiration (ET in 
mm/day), the highest value was scored at June 
(5.5 mm/day), while the lowest one was recorded 
at January and December (1.73 mm/day). This 
was affected mainly by sunshine (hr. /day), where 
the lowest and highest values were scored at 
January (10.2) and June (14.1 hr. /day) according 
to the reported data of Egyptian Environmental 
Affairs Agency (EEAA, 2014).  The wind also has 
a seasonal pattern, with the strongest winds 
occurring during the dry season, while the 
moderate winds occurring during the summer 
season. 

Soil analysis 
From the mentioned data in Table (1), it can 

be noticed that the soil is coarse textured soil, so 
it suffers from ability to retain the water, the range 

of the available water is very narrow, and the 
water content at field capacity is moderately but 
the high content of the salt has a negative effect 
which play an important role in osmotic pressure. 
Consequently, a lot of irrigation water is needed 
as a leaching requirement to dilute the salt effect 
on root distribution.  
Table 1: Some soil physical and chemical 
characteristics in two locations 

Parameters Suez Sinai 

Physical characteristics   

Soil depth (cm) 0-30 0-30 

Particle size distribution 
(%) 

- Sand 
- Silt 

- Clay 

 
65 
28 
7 

 
69 
27 
5 

SP (%) 23.0 21.5 

FC (%) 15.6 14.8 

WP (%) 6.4 6.2 

AW (%) 9.2 8.6 

HC (cm/h) 12.8 8.3 

Chemical characteristics   

pH (1-2.5) 7.7 8.3 

EC (dS/m 1:5) 2.79 4.87 

OM (%) 0.35 0.56 

CaCO3 (%) 8.7 12.5 
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These results were confirmed by David and 
Thomas, (2016). 

Also, the soil contains much salt regarding to 
the dilution of the soil solution (1:5), so the soil is 
hard to supply plant either nutrients or irrigation 
water. Mostly this medium is relatively suitable for 
halophyte plants such as Jatropha.  

Jatropha fruit Productivity 
As shown in Table (2), Jatropha productivity 

showed higher fruit weight in Sinai than Suez 
locations (477.17 and 464.00 Kg/feddan) 
respectively. Although, the seed yield production 
was recorded 46.37 % of fruit weight per feddan in 
Suez location, it reached 66.25 % in South Sinai 
area. Whereas, the opposite trend was observed 
at Hull percentages in both sites which gave 52.00 
% and 33.75 % per fruit weight of yield production 
per feddan, in Suez and Sinai locations 
respectively. 
 
Table 2: Jatropha fruit productivity under Suez 
and Sinai conditions 

Parameters 
Jatropha fruit Productivity 

 in two locations* 

Suez Sinai 

Tree yield (Kg) 
Fruit 
Seed 
Hull 

 
2.26 ±0.24 
1.22 ±0.02 
1.26 ±0.12 

 
2.72 ±0.07 
1.81 ±0.08 
0.92 ±0.04 

Feddan yield (Kg) 
Fruit 
Seed 
Hull 

 
464.00 ±17.12 
213.50 ±3.78 

245.00 ±12.60 

 
477.17±11.91 
316.17±13.59 
161.00 ±6.31 

Yield Percentage 
/Feddan (kg) 

Seed/fruit 
Hull/fruit 

 
46.37 ±3.43 
52.00 ±2.97 

 
66.25 ±1.59 
33.75 ±0.97 

*Values = mean ± standard deviation 
 
From the previous analysis of soil and 

different water of irrigation, it could be concluded 
that water salinity in Suez site had a negative 
effect on the seed production and increased the 
hull yield where the opposite was true. Meanwhile, 
soil salinity in Sinai site had a pronounced effect 
on the seed yield than Suez location. These data 
are in line with El-Ramady et al., (2013). 

Oil content and its properties of the oil 
extracted from each location 

It was clear from the results listed in Table (3) 
that there is a considerable difference between 
the Jatropha fruit from the trees planted in Sinai 
compared to that planted in Suez. The most 
important one was that concerning the oil content 

of Jatropha seed being much higher in case of the 
trees planted in Suez 27.12 % while that from 
Sinai was only 17.53 %. Also, the concentration of 
polyunsaturated fatty acids; linoleic acid, was 
much higher in Suez oil sample being 55.45 % 
compared to 39.88 % in Sinai oil sample. This will 
be reflected on the melting point of the methyl 
esters blend upon trans-esterification of the oil 
with alcohol to produce biodiesel fuel (El-Galad et 
al., 2015). Another advantage of the oil obtained 
from Suez location has been also noticed. The 
total phenolics were higher in the oil extracted 
from the seed of Jatropha plant cultivated in Suez 
which means higher stability of the oil toward 
oxidation. These outcomes are similar to that 
gained by Rodrigues et al., (2015). 

The quantity of oil that can be obtained from 
the seed yield of each feddan was estimated 
using the data listed in Tables (2, 3). It was found 
that oil yield was 57.9 kg oil/ feddan in Jatropha 
trees planted in Suez which was higher than in 
South Sinai that produced 55.4 kg. In view of this 
result and in view of the fact that the irrigation in 
Suez was made using semi treated sewage water, 
Suez was preferred over Sinai for extensive 
cultivation of Jatropha trees. 

Comparison between the properties of 
biodiesel produced from Jatropha oil in the 
two locations  

Table (4) listed the most important properties 
of biodiesel obtained using Jatropha oil extracted 
from Jatropha fruits from the trees in Sinai as well 
as that in Suez as compared to the Egyptian 
standard specifications of diesel oil. It is clear that 
both biodiesels agree well with the standard 
specifications of diesel oil.  

They have the advantage of having high flash 
points which makes them safer during handling 
and storage. Their pour points are low which 
means better flow even at low temperatures 
(Gálvez and Bergé, 2013). However, the calorific 
value is a little lower than that of regular diesel 
which will be reflected on higher consumption rate 
of fuel at the same working power of a diesel 
engine (Nagdeote and Deshmukh, 2012). 
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Table 3: Oil content, characteristics and fatty acid composition of Jatropha oil extracted from each 
location 

Parameter 
Value* 

Jatropha oil from Suez Jatropha oil from Sinai 

Oil content (%) of the seeds 27.12 ±0.98 17.53±0.45 

Iodine value (g/100g) 107.64 ±0.71 97.18 ±1.51 

Saponification value (mg/g) 197.19 ±1.08 194.62 ±0.86 

Density at 25 ᵒC 0.913 ±0.019 0.916 ±0.007 

Phenolic content, mg GAE£ g-1 oil 0.065 ±0.005 0.046 ±0.004 

Fatty acids composition (peak area %) 

Myristic acid 0.04 ±0.01 Nd 

Palmitic acid 13.39 ±0.39 10.45 ±0.84 

Margaric acid Nd 4.67 ±0.93 

Stearic acid 6.72 ±0.28 6.44 ±0.69 

Oleic acid 24.41 ±1.12 38.57 ±1.49 

Linoleic acid 55.45 ±1.27 39.88 ±0.89 

*Values = mean ± standard deviation, £ Gallic acid equivalent, Nd= Not detected  
 
Table 4: Properties of biodiesel obtained by trans-esterification of Jatropha oil from the two 
locations compared to the Egyptian standard specifications of regular diesel fuel 

 

CONCLUSION 
It is concluded that planting of Jatropha trees 

in Suez governorate is advantageous over that in 
Sinai due to three reasons being the higher oil 
yield, the higher stability of the oil to oxidation and 
that the irrigation can be made using semi treated 
sewage water. The specifications of biodiesel of 
Jatropha oil from both locations agree well with 
the Egyptian standard specifications of regular 
diesel fuel. 
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