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Vegetable oils are not only used for human consumption but also used for industrial purposes (soaps, biodiesel, 
painting, cosmetics, etc.). One of the most important criteria in determining the usage areas of vegetable oils is 
the fatty acid composition it contains. Turkey supplies its edible oil needs with both seed and vegetable oil 
imports. To meet this vegetable oil need of Turkey, vegetable oils obtained from different plants are of great 
importance. This study, it was aimed to determine the oil content, fatty acid composition, and some properties 
of cocklebur (Xantium strumarium subsp. strumarium) seeds collected from the natural area. 100 fruit weight 
(g), seed weight (g), and hull ratio (%) were determined as 32.23±2.66, 7.17±0.99, and 77.70±2.84, respectively. 
Cocklebur seeds contain 24.19% seed oil. Its oil is rich in linoleic (%76.97) and oleic (%11.91) acids.  
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Introduction 

The most important problems facing humanity in the 
21st century are climate change and global warming. This 
situation leads to problems such as ongoing 
desertification, water, and wind erosion [1]. In addition, 
both population and urbanization and the increase of 
industrial facilities create serious pressure on agricultural 
areas [2,3]. All these negativities cause water resources to 
shrink. Environmental pollution is generally based on 
fossil fuels, and searching for environmentally friendly 
alternative energy sources is more important [4]. In 
addition to reducing these negativities for the 
sustainability of life, new production areas and plants are 
brought to the agricultural production pattern. 

Plants maintain their vitality by producing essential 
nutrients and some vital organic compounds such as 
carbohydrates, proteins, and fats oils. These products also 
constitute the most important sources of nutrients in 
humans and animals. Oil crops are plants that contain oil 
in their seeds or fruits and are of economic importance in 
terms of the fatty acid composition of this oil. Oil is a 
triglyceride ester which is consist of trivalent alcohol and 
three fatty acids connecting with ester linkages. The most 
important ingredient of the oil is fatty acids which are 
hydrocarbon chains and result in a straight carboxyl group 
(-COOH). The number of carbons and double bonds in 
these chains determines the physical and chemical 
properties of the oil [5]. The usage areas of oils depending 
on the physical and chemical properties of oils. Vegetable 
oils are not only used as food sources but also use in 
industrial purposes [6]. 

Because of environmental damage caused by fossil 
fuels, the use of renewable energy which is obtained from 
plant material is increasing with each passing day and it 
became more important. Understanding that fossil fuels 
will run out one day, it increased attention on renewable 
energy sources. Plants such as corn, safflower, soybean, 
canola, etc. are used to produce biodiesel, and also that 
oil plants are used as human food. Oil which is used as raw 
material for biodiesel is constituted supply and demand 
irregularities in the oil consumption as food. Today, the oil 
market is needed as human food, especially in some 
countries is subject to serious shortcomings [7]. To 
overcome this situation, fatty oil which isn’t suitable for 
human consumption should be used in the biodiesel 
industry. This will reduce the pressure on edible oil 
production.  

Xanthium L. belongs to Asteraceae family, and 
represented by 3 species (X. orientale / rough cocklebur, 
X. spinosum / cocklebur, and  X. strumarium / large 
cocklebur), and 3 subspecies ( X. orientale subsp. italicum, 
X. strumarium subsp. brasilicum, X. strumarium subsp. 
strumarium) in total it has 6 taxa in Turkey [8]. Xanthium 
L. species are annual and seen as it has no commercial 
properties. Therefore, it is diagnosed as a weed and while 
farmers are trying to get rid of cocklebur due to its 
detrimental effect on crops, at the same time, farmers 
waste not only their strength but also their time and 
money [9]. 

Cocklebur seed contains 25-42% oil. Looking at the oil 
composition, linoleic acid accounts for 77% of the total oil 
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content. The human body cannot synthesize a couple of 
rare fatty acids and one of them is linoleic acid. This fatty 
acid is of great importance in maintaining cardiovascular 
health and cholesterol balance [10]. In this respect, there 
may be used as food oils because of containing high 
linoleic acid content [5, 11, 12]. 

Cocklebur is used in traditional and modern medicine 
because its seed oil has various biological activities such as 
antibacterial, antitumor, etc. Because of these properties, 
cocklebur plant oil is used treatment of some diseases such as 
allergies, diabetes, appendix, sinusitis, cancer, high blood 
pressure, and dysentery [13-15]. 

The oil contained in cocklebur plant seeds is at least 
useable in industries. In the world, plant cultivation has two 
serious obstacles: water and soil. For cultivation, sometimes 
the soil is not suitable and sometimes the soil is good but the 
water is missing one. Cocklebur has a feature that can 
minimize the effect of bad soil structure and lack of water. In 
addition, the plant can grow easily in these infertile areas. This 
feature will allow the opening of lands with limited 
opportunities for agricultural production. On the other hand, 
the cocklebur plant not only developing of biological diversity 
but also constitutes the vegetation in the area which is open to 
erosion. The plant can create vegetation in danger of erosion 
area and it can contribute to the prevention of environmental 
degradation. 

This study, it was aimed to determine the oil content, fatty 
acid composition, and some properties of cocklebur seeds 
collected from the natural area. 

 
Materials and Methods 
 

In autumn 2014, plant material (Figure 1) (X. 
strumarium subsp. strumarium) was collected in 
Muslubelen gateway, which is located in Yozgat 
coordinate 39° 41ˈ 34.64ˮN-34° 50ˈ 54.86ˮ E and 
1443 m altitude. All measurements and oil extraction 
from seeds were carried out in the laboratories of 
Yozgat Bozok University, Faculty of Agriculture. 

 

    
A B 

Figure 1. The unmatured fruits in cocklebur plant (A), the 
matured fruit and seeds (B) 

 
Seed Properties of Cocklebur   
100 fruit weight (g), seed weight (g), hull weight (g), 

and hull ratio (%) were determined in the plant material 
collected from the natural area at full maturity. Fruit width 
(mm), fruit length (mm), seed width (mm), seed length 

(mm), and seed thickness (mm) of randomly selected 10 
fruits were measured. All measurements and weighings 
were made in triplicate. 

Extraction Procedure 
Cocklebur seeds (2 g) were ground with a laboratory-

type blender. The oil was extracted using petroleum 
benzine in a Soxhlet apparatus for 3 h. After the solvent 
was removed using a rotary evaporator. The extracted oils 
were kept in brown bottles, flushed with nitrogen, and 
stored at − 18 °C until analyses. 

 
Derivatization of the Seed Oils 
Trans-methyl derivatives were prepared for Gas 

chromatography–Mass spectrometry (GC-MS) (Agilent 
6890 N Network GC system combined with Agilent 5973 
Network Mass Selective Detector) analysis of the seed oil 
samples. Trans-methyl derivatives of samples were 
prepared according to the method described by Orhan et 
al. [16]. GC-MS operating conditions were performed as 
specified in Official Methods of Analysis of Association of 
Analytical Chemistry (AOAC) [17].  
 
Results and Discussion 

 
Seed Properties of X. Strumarium Subsp. Strumarium  
Each cocklebur fruit contains two seeds. Some seed 

properties of cocklebur are given in Table 1. One of the 
most important properties sought in oil plants is the hull 
ratio.  Since the filling of the grain and the decrease in the 
hull ratio increase the oil yield, a low hull ratio is desired. 
Commercial variety of safflower, grown in Turkey, seeds 
hull content about 40 - 51 % [18-20]. Although it varies 
according to the area of use (oil or confectionary 
sunflower), the hull ratio in sunflower is around 40-50% 
[21-22]. When the cocklebur is examined, it will be seen 
that this rate is around 77%. However, this plant is still wild 
species. This ratio can be improved with breeding studies. 

 
Table 1. Some properties of cocklebur seed 

Seed Properties Unit         Value 
100 Fruit weight  

 
32.23±2.66 

Seed weight  (g) 7.17±0.99 

Hull weight    23.95±2.49 

Hull ratio  (%) 77.70±2.84 

Fruit length  
 

15.83±1.75 

Fruit width  
 

6.94±1.18 

Seed length  (mm) 13.35±1.39 

Seed width  
 

1.54±0.24 

Seed thickness    3.81±0.49 

 
Fatty acid analysis of the seed oil by GC–MS 
Cocklebur plant seeds that are collected in nature 

contain an average of 24,19 % raw oil. When the seed oil 
was investigated, linoleic acid, oleic acid, palmitic acid, 
and stearic acid were determined as major oil 
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components. The cocklebur seed oil contains 76.97% 
linoleic acid and 11.38% oleic acid. Because of that, the 
cocklebur seed oil is in the oleic-linoleic acid group. The 
crops in this group are considered as source of first-class 
cooking oil [5]. It is seen as a quality oil component oleic 
acid, linoleic acid, and linolenic acid total of three of the 
acid is 89.10% in the cocklebur seed oil. In addition, its oil 
contains 0.08% heptadecanoic acid and 0.31% gadeloic 
acid. The composition of the cocklebur also contains 
9.23% saturated fatty acids. The distribution of saturated 
fatty acids palmitic acid, stearic acid, and eicosenoic acid 
were determined 6.51%, 3.80%, and 0.20% respectively 
(Table 2).  

 
Table 2. The chemical composition of cocklebur seed oil 

No Compounds Retention 
Index 

(%) 

1 Palmitic acid [C16:0] 1298 6.51 

2 Heptadecanoic acid [C16:1] 1416 0.08 

3 Stearic acid [C18:0] 1622 3.80 

4 Oleic acid [C18:1] 1638 11.38 

5 Linoleic acid [C18:2] 1710 76.97 

6 Linolenic acid [C18:3] 1778 0.75 

7 Eicosenoic acid [C20:0] 1916 0.20 

8 Gadeloic acid [C20:1] 1952 0.31 

Total : 100.00 

Total Saturated Fatty Acids 

∑ [C16:0] + [C18:0] + [C20:0] 10.51 

Total Unsaturated Fatty Acids  

∑ [C16:1] + [C18:1] +[C18:2] +[C18:3] +[C20:1] 89.49 

 
Fatty acid containing a double bond is called a single 

(mono) unsaturated fatty acid and the fatty acid-
containing multiple bonds are called multiple (poly) 
unsaturated fatty acids. These fatty acids are rich in oil 
called unsaturated fats. Oleic acid, linoleic acid, and 
linolenic acid are the most important unsaturated fatty 
acids found in vegetable oils. Especially oleic acid and 
linoleic acid are the two major unsaturated fatty acids that 
are found in vegetable oils [23]. These fatty acids contain 
two and three double bonds in the carbon chain, 
respectively. These fatty acids are referred to as vitamin F 
and these essential fatty acids are important in human 
nutrition [24].While the total of oleic acid and linoleic acid 
are 88.88% in Cocklebur, this ratio changes in other oil 
plants such as 82.66% in olives, 81.46% in peanuts, 82.98% 
for rapeseed, 85.20% in sesame, 88.82% in sunflower, 
91.5% in the safflower, 77.86% in soy, has a rate of 25.99% 
in linen and 35.23% in camelina [5]. 

Erucic acid oils used only in industrial areas and genetic 
studies led to the development of species that have low 
erucic acid content. While this rapeseed developed by 
breeding programs adopted for quality edible oil erucic 
acid maximum limit of 2% [25], in the analysis of cocklebur 
seeds erucic acid has not been observed. 

Oil Content and the Fatty Acid Composition of 
Cocklebur Seeds and Comparison with other Oil 
Crops 

It had determined that the oil rate of the cocklebur 
seeds was 24.19%. It has been observed that this oil ratio 
may have economic importance when compared with 
other oil crops, such as soybean, rapeseed, sunflower, 
linen, cotton, etc. (Table 3). The oils obtained from the 
seeds of the plants in Table 3 are evaluated differently. It 
is seen that the oil content of these plants varies between 
16-50%, and the oil content of cocklebur seeds has an 
average value. Like poppyseed oil, the cocklebur seed oil 
is light yellow in color. It is similar to sunflower oil in taste 
and smell.  
 
Table 3. Comparison of cocklebur seed oil content with other 
oil crops 

Plant Oil content 
(%) 

References 

Soybean 
(Glycine max L.) 18-24 [26] 

Rapeseed 
(Brassica napus ssp.) 36-50 [27] 

Sunflower 
(Helianthus annuus L.) 33-50 [28] 

Linen 
(Linum usitatissimum L.) 35–50 [29] 

Cotton  
(Gossypium spp.) 16-20 [30] 

Crambe 
(Crambe abyssinica Hochst.) 25-40 [31] 

Camelina 
(Camelina sativa Crantz) 30-45 [31] 

Cocklebur 
(X. strumarium subsp. strumarium) 24.19 This study 

 
Cocklebur plant in terms of distribution of fatty acids 

seems to have considerable potential. The quality edible oils 
class and oleic acid-rich plants are olives, peanut, sesame, and 
rapeseed. When these plants are compared to cocklebur, 
their’ oleic acid is seen to be lower (Figure 2). 

 

  
Figure 2. The oleic acid-rich plants 

In this study, it was determined that cocklebur seed oil 
contains higher linoleic acid (76.97%) compared to many 
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oil crops. Linoleic acid ratios were reported as 15% in 
olive, 32% in peanut, 20% in rapeseed, 40% in sesame, 
70% in sunflower, 77% in safflower, 12% in flax, and 20% 
in camelina. Oils rich in linoleic acid and oleic acid are the 
most consumed cooking oils [5]. The total amount of oleic 
acid and linoleic acid in cocklebur seed oil is 88.88%. This 
rate is seen to be 88.66% in olive oil and 88.82% in 
sunflower oil, which is commonly used cooking oil. 

 

 
Figure 3. Linoleic acid-rich plants 

 

 
Figure 4.Linolenic acid-rich plants 

 
Linolenic acid is one of the few essential fatty acids like 

linoleic acid. While linolenic acid is not found in olive, 
peanut, sesame, safflower, and sunflower oils, it can be 
found up to 5% in soybean oil. (Figure 4). In cocklebur, the 
ratio was determined as 0.74%. Linolenic acid shelf-life 
and durability are lower because they oxidize quickly. 
Therefore, linolenic acid contained in oils dries quickly and 
is more suitable for use in industrial areas. It has been 
widely used in products such as paints, varnishes, and 
lacquer. Plants with a high percentage of linolenic acid 
play an important role in the production of biodiesel 
which is used in renewable energy sources and has 
increasing importance in recent years.  

The primary use of vegetable oils is in the food 
industry. However, vegetable oils with low edible oil 

quality are used economically in other industrial areas 
apart from food. In this context, it is of great importance 
to expanding the cultivation of oil plants, which have 
economic value for different industries. As is seen in 
Figure 5, erucic acid isn’t found in cocklebur oil which is 
harmful in terms of edible oil. Erucic acid was harmful in 
the 1960s because it was making unwanted effects on the 
heart, animal growth rate, and muscle. Until 1982, World 
Health Organization (WHO) determined the maximum 
rate of erucic acid in edible oils which is up to 10%. After 
1982, they revised this rate up to 5%. Thus, the lack of 
erucic acid in the oil of cocklebur is a suitable value for 
edible oil [27].  

 

 
Figure 5. Comparison of minor fatty acid components of 

cocklebur seed oil with some oil crops 
 

 
Plants that contain a high amount of oil in their seeds 

or fruits and that can be used economically are called oil 
crops. The fatty acid composition of oils is the most 
important factor that determines their commercial use. 
Cocklebur, which contains 24% oil in its seeds, is a plant 
with the potential to be economically evaluated. 
According to its fatty acid composition, cocklebur oil can 
be evaluated in medicinal, herbal medicine, and possible 
pharmaceutical use. However, more detailed studies are 
needed to determine whether the oil can be used for 
human consumption. If plant oil is suitable for human 
consumption and because of the physiological 
characteristics of the plant, cultivating the plant will 
provide huge economic and agricultural benefits. 
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