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ABSTRACT 

Energy has a crucial role in the modern world.  As a result of the negative environmental effects 
of fossil fuels, the number of the studies on renewable and alternative energy sources is 
increasing with each passing day.  Diesel oil is one of the most frequently used environmentally 
harmful energy sources and biodiesel is its renewable and clean alternative. This study 
investigated whether the biodiesel derived from tobacco seeds that were collected from different 
tobacco-farming regions of Turkey was in compliance with the standards. Accordingly, twenty-
three different tobacco seed materials were collected and the quality parameters of the biodiesel 
derived from these materials after extracting their oils were examined. The results showed that 
the majority of the samples have comply with the standards.    
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INTRODUCTION 

Fossil fuel-induced environmental pollution is the leading problem in the modern world. The 
gradually decreasing energy sources, the health threat posed by fossil fuels, climate change and 
drought due to air pollution and the other similar global issues necessitate the search for 
alternative energy sources. One of the most widely used energy source that causes environmental 
issues is diesel oil. Biodiesel is an alternative diesel fuel that can be derived from renewable 
sources such as animal fat and plant oil by a chemical reaction called transesterification 
(Reksowardojo et al., 2007[1]; Howell, 1997)[2] and, chemically, it can be defined as the mono 
alkyl ester of long chain fatty acid. Its rapid and easy biodegradation in nature allows to avoid 
accumulation-induced toxic effects. The studies showed that, in 28 days, biodiesel degradation in 
water was 95% while diesel degradation was 40% (Anonymous, 2016a) [3]    
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Biodiesel can be derived from various plant oils and animal fats. As a result of their oil content, 
tobacco seeds are considered suitable materials for biodiesel production (Veljkovic et al., 2006 
[4]; Giannelos et al., 2002)[5]. In Turkey, only the leaves of tobacco are used and its stalk and 
seeds are either partially or not utilized.  

In this study, the usability of tobacco seed oils for biodiesel production and compliance of the 
biodiesel derived from the seeds with the standards were investigated. In the study, twenty-three 
different tobacco seed materials produced in different regions of Turkey were collected; 
following the oil extraction from the seeds, biodiesel was produced with the transesterification 
method and its quality parameters were determined.  

MATERIAL AND METHOD  

Material 

Twenty-three locations from tobacco-farming regions in Turkey were chosen based on their 
production amounts (Table 1). Following the end of the leaf harvest, the 23 locations were 
visited in person and two 5-m-long rows were randomly chosen for tobacco seed harvesting.  
The harvested seeds were weighed and the estimated seed yields per decare of the regions were 
calculated (Table 2). Moreover, approximately 4 kg of seed samples were collected from each 
location for analyzing the biodiesel.  

Method 

The oil of the twenty-three different tobacco seed materials was extracted with an oil press 
machine and filtered to prepare for biodiesel production. Biodiesel was produced by means of 
the transesterification method.  Methyl alcohol and sodium hydroxide (NaOH) were used in the 
method as alcohol and catalyst, respectively. After pouring methyl alcohol and NaOH into glass 
flasks, NaOH, which was used as a catalyst in the ultrasonic bath, was fully dissolved in alcohol. 
The alcohol + NaOH mixture was added into the oil that was heated to the desired temperature in 
a biodiesel reactor with a mechanical stirrer. When the temperature of the mixture reached 60±1 
°C, the mixture was stirred for 1.5 hours and, then, the reaction was finalized. After the reaction, 
the mixture in the reactor was transferred to a separatory funnel and rested for 8 hours for 
biodiesel-glycerin phase separation. Subsequent to the separation process, glycerin, which was 
settled to the bottom as a result of its density, was emptied into a storage container with the help 
of the separation funnel’s tap. Remaining biodiesel in the separatory funnel was rinsed several 

times with water at 60 °C to remove impurities such as residual methyl alcohol and NaOH.  The 
resulting biodiesel was dried for 90 minutes in a heated magnetic stirrer at 105 °C, and then 
drained into storage containers.   
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Table-1: Locations of the collected tobacco seed samples 

 
Sample 

No 
Village/County/Province 

 
Sample 

No 
Village/County/Province 

1 Koyuncu / Saruhanlı  14 Merkez / Eşme 
2 Kepenekli / Manisa  15 Kazaklar / Eşme 
3 Dağdere / Akhisar  16 Olgunlar / Yayladağ 
4 Süller / Sındırgı  17 Karacanun / Yayladağ 
5 Hamidiye / Bigadiç  18 Bafra / Samsun 
6 Çaltı / Kınık  19 Tekkeköy / Samsun 
7 Örenli / Bergama  20 Alaçam / Samsun 
8 Merkez / Kiraz  21 Erbaa / Tokat 
9 Ortatepe / Kale  22 Erbaa / Tokat 

10 Yörükoğlu / Muğla  23 Gümüşhacıköy / Amasya 
11 Karaköy / Kale    
12 Çalıkköy / Tavas    
13 Yaykın / Karacasu    

 
 

Table-2: Seed yields of the collection locations 

SAMPLE 
NO 

SEED 
YIELD TYPE/CULTIVAR 
(kg/da) 

1 14.8 Sarıbağlar 407 
2 23.2 Sarıbağlar 407 
3 51.6 X1 
4 25.2 Local 
5 49.2 Özbaş 
6 20.2 Karabağlar 
7 38.8 X4 
8 34.8 Local 
9 13.6 Akhisar 97 
10 15.6 Sarı Çıtır 
11 19.6 Akhisar 97 
12 12.8 Akhisar 97 
13 13.6 Local 
14 20.8 Local 
15 20.4 X3 
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16 40.8 Sivri Çakaldere 
17 49 Local 
18 40.2 Nail 
19 46.6 Sıtmasuyu 
20 41.6 Canik 
21 41.2 Komatini 
22 48.4 Sertel 
23 43 Xanthi 

 
The fuel properties of the biodiesel derived from tobacco were determined in accordance with 
the Turkish Standards (TS EN 14214). 

1. Determination of Density: Density was determined in accordance with the TS EN ISO 
12185 testing method using a KEM DA-640 model automatic density meter. 

2. Determination of Kinematic Viscosity: Kinematic viscosity was determined at 40 C in 
accordance with the TS 1451 EN ISO 3104/T1 testing method using a TANAKA AKV-
202 model automatic kinematic viscometer. 

3. Determination of the Water Content: Water content was determined in accordance with 
the TS 6147 EN ISO 12937 coulometric Karl Fischer titration testing method using a 
Karl-Fischer MKC-520 moisture titrator.  

4. Determination of the Flash Point: Flash Point was determined in accordance with the TS 
EN ISO 3679 rapid equilibrium closed cup method using a Koehler Rapid Tester flash 
point tester. 

5. Determination of the Iodine Number: Iodine number was determined in accordance with 
the TS EN 14111 testing method using a KEM AT-510 automatic potentiometric titrator. 

6. Determination of the Pour and Cold Filter Plugging Points: Pour and cold filter plugging 
points were determined in accordance with the TS 1233 ISO 3016 and TS EN 116 testing 
methods using a Lawler device. 

7. Determination of the Sulfur Content: Sulfur content was determined in accordance with 
the TS EN ISO 20884:2011 wavelength-dispersive X-ray fluorescence spectrometry 
testing method using a TANAKA FX-700 total sulfur analyzer. 

8. Determination of the Ester and Linolenic Acid Methyl Ester (FAME) Content: Ester and 
linolenic acid methyl ester content was determined in accordance with the TS EN 
14103:2011 testing method with a Perkin Elmer Clarus 680 Gas-Chromatography device.  

 
The quality of biodiesel is important to prompt the end-users, motor manufacturers and oil 
companies to use biodiesel either pure or mixed with diesel (Tyson, 2001)[6]. The compliance of 
the results with the standards are discussed below. 
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RESULTS AND DISCUSSION 

The results obtained from the study, which was conducted with 23 materials collected from 
different regions of Turkey, are given in Table 3 and 4. The analyses showed that the oil content 
of the collected tobacco seeds varied between 32.61% and 41.06%. Considering the 40-50% oil 
content of sunflower, the most commonly used plant oil in Turkey, the oil contents of the 
tobacco seeds were considerably high. Turkey accepts the EN standards as standards for 
biodiesel and the TS EN 14214 standard is currently in effect (Anonymous, 2016b) [7].  

According to the results of the analyses; 

Flash point can be defined as the minimum temperature required to ignite a gas mixture with the 
fuel vapor formed above a heated fuel. One of the most outstanding properties of biodiesel is its 
high flash point. Flash is usually a fuel storage and safety issue and does not necessarily affect 
the performance of an engine (Anonymous 2016c)[8]. According to the analysis, all samples met 
the minimum 120 oC requirement of the standards.  

DENSITY (kg/m3): The density of biodiesel (860–900 kg/m3, 15°C, EN 14214) is higher than 
that of fossil diesel fuel (820–845 kg/m3). Density affects the fuel consumption and the heat of 
combustion. Amongst all the samples, only the samples 3 and 18 had densities above 900 kg/m3, 
and, therefore, did not meet the standards; all the other samples were in compliance with the 
standards.    

VISCOSITY (mm2/s): Viscosity is defined as the resistance of a fluid to flow. The principle in 
determination of kinematic viscosity is simply pouring the sample through a tube at a constant 
temperature and measuring the elapsed time for the sample to reach a specified distance that is 
marked on the tube. The viscosity of fuels has key importance in fuel supply systems. The 
atomization of fuels in cylinders is critical for fire performance. High viscosity causes poor 
atomization, unfavorable combustion, fuel injector blockage and carbon deposition on segments. 
High viscosity cause the need for high pumping pressure. The viscosity of biodiesel is 
approximately 3.5–6 mm2/s. Biodiesel might become thicker at low temperatures and lose its 
fluidity. This affects the performance of injectors and pumps (Meher et al., 2006)[9]. The 
viscosities of the samples 3, 16 and 18 were above the 3.5 – 6 mm2/s; all the other samples were 
in the reference range. 
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Table 3: Results for the oil content of the samples and some biodiesel parameters 

Sample 
No OIL (%) 

DENSITY 
(kg/m3) 

KINEMATIC 
VISCOSITY 

(mm2/s) 

WATER 
CONTENT 

(mg/kg) 
IODINE NUMBER  

(g iodide/100 g) 
1 33.24 889.5 4.61 174.3 139.8 
2 37,65 888.9 4.34 248.9 139.3 
3 40.54 908.0 10.74 191.3 142.4 
4 41.06 889.5 4.45 194.9 141.8 
5 32.61 890.1 4.57 287.9 137.8 
6 40.32 889.8 4.64 171.3 140.2 
7 33.94 890.2 4.64 231.1 141.4 
8 37.22 890.4 4.66 231.2 140.9 
9 33.68 890.4 4.66 408.7 140.8 

10 34.47 892.5 5.38 148.7 141.2 
11 38.98 890.5 4.61 187.6 140.7 
12 36.75 891.0 4.92 254.3 141.9 
13 38.82 890.1 4.95 217.3 142.4 
14 37.67 890.3 4.60 232.0 140.6 
15 37.57 890.5 4.58 247.4 142.9 
16 38.70 897.7 6.48 358.2 135.8 
17 36.70 891.3 4.76 380.3 138.8 
18 34.37 904.4 7.97 550.8 134.5 
19 38.71 890.0 4.53 239.7 140.6 
20 35.29 894.7 5.63 230.9 140.5 
21 37.45 891.5 4.92 218.3 140.9 
22 37.17 890.5 4.61 147.9 139.9 
23 37.58 890.4 4.63 203.7 139.0 

 
WATER CONTENT (mg/kg): Water is either dissolved or suspended in biodiesel. Biodiesel 
should not contain water. The presence of water cause the corrosion of the parts in injection 
systems. Water also aggravates the microbial growth in biodiesel, which cause the acidification 
of biodiesel and sludge formation (Anonymous 2016d)[10]. The water content of biodiesel 
should not exceed 500 mg/kg (Anonymous 2016b)[7]. Amongst all the samples, only the sample 
18 had a water content above 500 mg/kg and, thus, was out of standards; all the other samples 
were in compliance with the standards. 
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IODINE NUMBER (g iodide/100 g): Iodine number is an indicator of the total unsaturation and 
a property of plant oils and it is dependent on the number of double bonds. Fuels with high 
iodine numbers can cause blockages in injector holes and, as a result of polymerization, damages 
in combustion chambers (Anonymous 2016d)[10]. According to the TS EN 14214 standards, 
iodine values should not exceed 120 -g iodide/100 g. In the study, all materials were above the 
120-g iodide/100 g. However, iodine number will not pose a problem if its mixtures with diesel 
oil are used at varying ratios (B5, B10, B20, etc.), rather than using pure biodiesel, . 
Furthermore, the ASTM D 6751 American standard does not dictate a limit value for the iodine 
number.  

SULFUR CONTENT (ppm): The sulfur content of biodiesel is particularly important for 
environmental concerns. The sulfur oxide in exhaust pipes reacts with oxygen and forms sulfuric 
acid and, therefore, cause acid rains. According to the TS EN 14214 standards, maximum sulfur 
content should be 10 ppm.  Biodiesel, in general, does not pose a problem in terms of sulfur 
content and, expectably, the studied twenty-three materials did not pose a problem as well. 

Table-4: Test results for some biodiesel parameters 

Sample 
No 

SULFUR 
CONTENT (ppm) FAME (%w/w) POUR POINT (°C) 

COLD FILTER 
PLUGGING POINT (°C) 

1 3.40 89.72 10.67 4.33 
2 2.90 94.09 -5.33 -9.00 
3 3.97 46.97 -6.33 -10.00 
4 3.67 92.28 -5.67 -6.33 
5 3.03 92.16 13.00 -6.67 
6 3.50 91.92 -6.67 -12.00 
7 3.63 91.68 -6.00 -7.67 
8 2.70 90.25 -5.33 -2.00 
9 4.17 89.48 -5.00 -6.33 

10 3.77 82.88 -7.00 -9.00 
11 3.60 90.17 -5.00 -12.00 
12 3.57 85.29 -6.33 -4.67 
13 3.10 88.28 -5.67 -6.00 
14 3.03 90.35 -5.67 -10.33 
15 3.33 91.13 -5.33 -10.33 
16 3.80 73.33 0.00 0.00 
17 2.70 87.19 -6.33 -12.33 
18 3.87 34.68 -3.33 -3.33 
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19 4.10 93.45 -5.00 -11.33 
20 3.83 79.98 -6.67 -12.33 
21 3.80 87.92 -5.67 -9.67 
22 3.83 90.63 -7.00 -9.17 
23 2.93 88.80 -6.00 -9.67 

 
 
ESTER CONTENT (FAME) (%w/w): Ester content can be defined as the rate of conversion to 
biodiesel and according to the TS EN 14214 standards it should be at least 96.5%.  The ester 
contents of the materials 3 and 18 were 46.97 and 34.68, respectively. The ester contents of the 
other materials were approximately 80%. None of the samples could exceed the standard ester 
content value as 96.5%. However, the American ASTM D 6751 does not dictate a limit value for 
the ester content. 

POUR and COLD FILTER PLUGGING POINTS (oC): Cloud point, pour point and cold 
filter plugging point are the main flow properties of fluids under winter conditions. Cloud point 
is the temperature at which the first wax crystal is formed under cold-storage conditions. Pour 
point is the minimum temperature for flow under cold-storage conditions.  As a result of their 
weaker intermolecular interactions, saturated esters crystalize at lower temperatures than that of 
unsaturated esters. Pour and cloud points of biodiesel and biodiesel-diesel mixtures are higher 
than those of diesel oil. This may cause hardship at using fuels under cold weather conditions. 
Pour and blurring points can be adjusted with the proper additives (anti-gel). Above 4°C, 
biodiesel-diesel oil mixtures should be prepared with blending. Adding biodiesel on diesel oil is 
advised for cold blending; adding the part that has a higher amount in the mixture on the part that 
has the lower amount is advised for hot blending. In blending, if crystal structures are formed as 
a result of cooling, the blend should be heated to reach a temperature above the cloud point and 
stirred for the blend to re-gain its normal appearance. Under cold weather conditions, cold filter 
plugging point is especially crucial. This property is determined with standard methods. The 
maximum cold filter plugging point is 0 oC for the period between 15 April and 30 September, -
10 oC for the period between 1 October and 15 November, -20 oC for the period between 16 
December and 28 February, and -10 oC for the period between 1 March and 14 April 
(Anonymous 2016e)[11]. The pour points of the tobacco-derived biodiesel varied between 13oC 
and -7oC. The cold filter plugging points varied between 4.33 oC and 12.33oC. The samples with 
cold filter plugging points above -10 oC can be considered satisfactory, whereas samples with 
cold filter plugging points below -10 oC may cause problems during winter in regions under 
severe winter conditions.   
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CONCLUSION  

Tobacco is an important plant for the Turkish economy. According to the 2015 data, Turkey 
produced approximately 68,000 tons of tobacco in an approximately 920,000-decare area and 
seed yield per decare varied between 12.8 kg and 51.6 kg.  Taking the average seed yield as 30 
kg/da reveals an approximately 27,000 tons of tobacco seed production. Considering the 35% oil 
content of tobacco seeds, it can be estimated that they have a potential for 10,000 tons of oil 
production. In this study conducted with samples, which were collected from different regions in 
Turkey and yielded a sufficient amount of oil, the majority of the samples have met the 
standards.  The analysis results, especially for the samples 6, 11, 14, 15, 17 and 19, were 
regarded as hopeful. Thus, using seeds such as the tobacco seed, which is underutilized despite 
its high oil content, as an alternative raw material for biodiesel production is of great importance. 
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