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Abstract 
The investigation aims to elucidate the bioactive constituents present in waste 
seeds derived from Nicotiana tobacum L., there by contributing to a more 
holistic comprehension of the health-related implications associated with 
tobacco plants beyond conventional consumption concerns. Waste seeds 
from tobacco plants N. tobacum L. were grown during harvest 2021-2022 
at the Tobacco and Tobacco Products Institute (part of Bulgarian Agriculture 
Academy). Chemical analysis of tobacco waste seeds (TWS) encompassed 
the examination of primary metabolites including lipids (32.1±1.0%), 
proteins (29.4±1.4 %), and carbohydrates (27.6±0.5 %). Furthermore, 
various lipid indices (Atherogenicity, Thrombogenicity, Hypocholesterolemic/
hypercholesterolemic, etc.) were computed utilizing the fatty acid composition 
of the oil extracted from tobacco waste seeds. The results showed that 
TWS could be utilized with health benefits – seeds are a good resource for 
n-6 fatty acids (linoleic acid - 71.94±1.05 %) with good atherogenicity and 
thrombogenicity qualities and natural antioxidants.
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Introduction
Nicotiana tobacum L. is a widespread non-food 
crop all over the world. The tobacco plant has 
many applications – as a substance of abuse and 
tobacco products manufacturing, medical plant, 
and industrial crop good for obtaining seed oil, 
biodiesel, and biomass.1, 2, 3 The tobacco leaves 
are an economically important part of the plant, 
but tobacco seeds are also part of its cultivation 

process. Tobacco seeds are gaining popularity 
as they are not sufficiently studied as part of the 
plant with good potential for utilization.4, 5 Tobacco 
seeds can be considered waste under certain 
circumstances, typically when they are no longer 
needed for cultivation and are discarded. From that 
point tobacco, waste seeds can be obtained when 
there is a surplus of seeds that exceeds the planting 
needs for a specific season or if a specific line or 
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batch of seeds is no longer needed for ongoing 
studies or breeding programs. After the harvesting 
and processing of tobacco leaves, any remaining 
seeds that are separated during the manufacturing 
process may be treated as waste. The aerodynamic 
characteristics of seeds are significant for their 
further utilization.6 The tobacco seeds are classified 
by their size as small (less than 0.5 mm) and large 
(over 0.5 mm). Only large and suitable seeds 
are used for planting material. The aerodynamic 
characteristics of tobacco seeds, techniques, and 
principles for separation for granulation purposes 
could identify tobacco seeds less than 0.5 mm in 
size as waste.7

The chemical characterization of Nicotiana tabacum 
L. seeds is important in the search for alternatives to 
oil for food and cosmetics purposes. Tobacco seeds 
are known to generate between 28.0 and 45.7% 
glyceride oil.8-10 After investigating seven tobacco 
species, it was found that they contain high levels 
of glyceride oil (ranging from 30.1% to 41.3%).11

The phospholipids and sterols in the tobacco seed 
oils had a closer value to those of other oil-bearing 
seeds such as sunflower, soya, and corn.12, 13 While 
tobacco seeds are typically discarded or used in 
limited applications, other studies also suggest that 
they contain a diverse array of bioactive compounds 

- polyphenols, tocopherols, and essential fatty acids. 
Although tobacco oil is not rich in tocopherols (2–195 
mg/kg), the seeds are rich in protein and fiber and 
can be used as an animal protein source.8,11,14 
Previous research shows that palmitic (12.6–36.7%), 
oleic (15.2–26.3%), and linoleic acid (17.6–62.7%) 
predominated in tobacco seed oils are potential 
sources of omega fatty acids.8, 11

Understanding the composition of tobacco waste 
seeds and unraveling the potential health benefits 
could open new avenues for sustainable utilization 
and contribute to the broader field of natural products 
with health applications. As global concerns about 
sustainable agriculture and waste reduction continue 
to grow, this research seeks to shed light on the 
often-overlooked value residing in the waste seeds 
of Nicotiana tobacum L. The study is directed to 
investigate bioactive compounds of waste seeds 
from Nicotiana tobacum L. that contribute to a more 
comprehensive understanding of the health-related 
aspects of tobacco plants beyond the conventional 
concerns associated with tobacco consumption.

The study aimed to determine the bioactive 
compounds in waste seeds from Nicotiana tobacum 
L. and to evaluate their nutritive value and health 
benefits. 

Fig. 1: Nicotiana tobacum L. waste seeds cultivation region - the Tobacco 
and Tobacco Products Institute experimental field 

Materials and Methods
Plant material 
The tobacco plants were produced by the Tobacco 
and Tobacco Products Institute (part of Bulgarian 
Agriculture Academy) in geographic area 42° 08’ 06” 
N024° 44’ 43” E  - Figure 1. Waste seeds - 250g, 

(harvest 2021) of oriental tobacco variety, were used 
for the study. Seeds were determined as waste after 
separation based on their size – under 0.5 mm. They 
were stored in a warehouse at a temperature of 10 
– 20oC and standard humidity (40 – 60%). Seeds 
were ground before the analysis. The analysis of 
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the chemical composition of tobacco seeds was 
conducted in the 2021-2022 year. 

Chemical Composition
Tobacco waste seeds (TWS) were analyzed for 
chemical primary metabolites – lipids, proteins, 
and carbohydrates. Glyceride oil was obtained 
from 50 g of tobacco waste seeds by laboratory 
Soxhlet apparatus.15 All the analyses (ash, moisture, 
carbohydrate content, fiber, and energy value) were 

determined according to the procedures described 
in AOAC (2016) and FAO.12, 16 Total protein content 
was examined according to ISO 1871:2009.17

Lipid Composition
The lipid fraction of tobacco waste seeds consists 
of biologically active compounds such as sterols, 
phospholipids, tocopherols, and fatty acids. 
Standard methods were used according to the 
International Organization for Standardization.18-25 

Table 1. Description of lipid indices and their calculation method

Lipid index Formula

Index of atherogenicity   
(IA)26 

Index of thrombogenicity (IT)26  

 
Hypocholesterolemic             
/hypercholesterolemic 
(HH)26 

Тhe peroxidability PI=(monoenoic FA×0.025)+(dienoic FA×1)+(trienoic FA×2)+(tetraenoic 
index (PI)27 FA×4)+(pentaenoic FA×6)+(hexaenoic FA×8)

Allylic Position equivalent APE=2×(C18:1+ C18:2+ C18:3)
(APE)28

Bis-Allylic position BAPE=C18:2+(2× C18:3)
equivalent (BAPE)28 

Oxidation Stability Index (OSI)29 OSI=3.91–(0.045×BAPE)

MUFA – monounsaturated fatty acids
PUFA – polyunsaturated fatty acids
n-6 PUFA – polyunsaturated fatty acids (n-6)
n-3 PUFA – polyunsaturated fatty acids (n-3) 
C12:0 – lauric acid
C14:0 – myristic acid
C16:0 – palmitic acid
C18:0 – stearic acid
С18:1 (n-9) – oleic acid
С18:2 (n-6) – linoleic acid
С18:3 (n-3) – α-linolenic acid
С18:3 (n-6) – γ-linolenic acid
С20:2 (n-6) – eicosadienoic acid
С20:3 (n-6) – di-homo-gamma-linolenic acid
С20:4(n-6) – аrachidonic acid
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Lipid Indices
Different lipid indices were calculated mathematically 
as described in Table 1. 

Statistic
The MS Excel was used for data processing and the 
result is given as Means ± Standard deviation (SD) 
provided in triplicate (n=3, p<0.05).

Apart from being high in oil, the TWS was 
characterized by high protein content – 29.4±1.4%, 
which is an average value for tobacco seeds as other 
researchers reported between 18.0 - 41.0 %.10, 33 The 
TWS protein content was lower than the soybean 
meal, the most commonly used plant protein (35 – 
45 %), but it is considered a good protein resource 
in swine nutrition.14, 34 For comparison with popular 
edible seeds such as pumpkin – 21.413±0.004 
g/100g and sunflower – 27.531±0.0018 g/100 g, the 
TWS was with better protein content.35

Concerning the carbohydrates, the TWS showed a 
result of 27.6±0.5%, from which fiber content is very 
high (26.6±0.6%), making this waste a valuable raw 
material for insoluble carbohydrates. The TWS fibers 
value was near the reported content of tobacco seed 
flour (22.1 %) suitable for flour mixture with rye flour 
for bread.30

The content of protein and crude fiber in TWS 
were higher than in some previous studies: 19.21 
– 21.05% and 14.58 – 16.89%, respectively.8 The 
ash content, as an indicator of the amount of mineral 
elements, is relatively high (4.3±0.3%) and the 
moisture was 6.6±0.03%. The data corresponded 
to the moisture and ash content of tobacco seeds 
in the literature.32

The energy value of the seeds is an important 
characteristic, in determining their nutritional 
qualities. Numerous health issues, including serious 
non-communicable diseases, can be prevented by 
leading a healthy lifestyle and avoiding stress, bad 
eating habits, and physical inactivity.3 The energy 
value was calculated as 517.0±3.1 kcal/100g, 
higher than corn (437.36 kcal/100g) and chickpea 
(423.54 kcal/100g).35 The results about the content 
of biologically active substances in tobacco waste 
seeds and glyceride oils are presented in Table 3.

Lipid fraction of TWS, as all plant seeds contain 
unsaponifiable, sterols, phospholipids, and 
tocopherols. The content is shown in Table 3. The 
unsaponifiable matter in TWS oil was 3.4±0.9%, 
which is lower compared to other oil crops, such 
as sunflower and rapeseed.31 Sterols are naturally 
occurring organic molecules that play a significant 
role in the lipid bilayer of the membrane and are 

Table 2. Chemical composition and energy 
value of Nicotiana tobacum L. waste seeds, 

Mean ± SD (n=3, p<0.05)

Chemical composition Nicotiana tobacum L. 
 waste seeds

Oil content, %  32.1±1.0
Proteins, %  29.4±1.4
Carbohydrates, %  27.6±0.5
Fibers, %  26.6±0.6
Ash, %  4.3±0.3
Moisture, %  6.6±0.03
Energy value, kcal/100 g 517.0±3.1

Results and Discussion
The chemical composition of TWS was investigated 
to help better understand the nutritional value of the 
waste seeds and their potential for utilization. The 
obtained results are presented in Table 2.

Plant seeds are mainly formed by primary metabolites 
such as lipids, proteins, carbohydrates, and water 
content. Lipids were extracted from the seeds and 
quantified as glyceride oil content. The tobacco 
waste seeds were found to be rich in glyceride 
oil (32.1±1.0%), which is consistent with previous 
research indicating a range of 30.1 - 49.2%.8, 11, 30 It 
was found that the amount of oil in tobacco seeds 
was higher than the other traditionally used technical 
crops such as maize and amaranth.31 Tobacco seeds 
from India, Manasi variety, were reported to have oil 
content - 32.79 %, and seeds were not considered 
as waste.32 Research on the chemical composition of 
Plovdiv 7 (oriental tobacco) from the same region as 
TWS reported 30.9±1.3% oil content.10 Seeds were 
viable. The TWS reflects a respectable outcome 
for oil content, even though climate, genotype, and 
other factors influence the production of common 
tobacco seed oil.1, 14, 33 
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engaged in various plant functions, including control 
of development and growth to minimize stress. Sterols 
are formed via the mevalonic acid pathway and the 
most common sterols in plants are campesterol and 
β-sitosterol.37 TWS oil has a total sterol content of 
0.7±0.4% and 0.2±0.1%, respectively. The latter 
outcome was in line with the sterol content-which 
varied from 0.1 to 1.3%-that was found in a previous 
study on common vegetable oils.13 The main sterol in 
the oil fraction was β-sitosterol (61.2±0.5%) followed 
by stigmasterol (15.2±0.5%) and campesterol 
(10.2±0.04 %). Comparison between grape seed 
oil and TWS oil could be provided for sterol content 

in which β- sitosterol was 66.6 – 67.4 mg/kg/oil and 
stigmasterol 10.2 – 10.8 mg/kg/oil. Grape seed 
oil is known as beneficial to human health.38 The 
cholesterol content in the TWS oil was 4.5±0.3%. 
Similar cholesterol content in tobacco seed oil has 
been reported by other authors.11 The relatively high 
amount of cholesterol in TWS oil is typical for animal 
lipids while in vegetable oils, this content was from 
0.1 – 0.5%.12, 13  High cholesterol levels are known 
as a risk factor for cardiovascular diseases, but plant 
cholesterol application by 2 g per day could reduce 
serum cholesterol by about 10%.39 

Table 3. Content of bioactive compounds in Nicotiana tobacum L. 
waste seeds and in the oil, Mean ± SD (n=3, p<0.05)

Lipid composition Nicotiana tobacum L. waste seeds Nicotiana tobacum L. seed oil

Unsaponifiable mater, %  0.7±0.1 3.4±0.9
Sterols, %  0.2±0.1 0.7±0.4
Tocopherols, mg/kg  4.0±1.0 144.0±1.5
γ- Tocopherol, mg/kg 2.3±0.2 81.5±2.1
δ- Tocopherol, mg/kg 1.7±0.7 62.5±2.4
Phospholipids, %  0.2±0.06 1.5±0.2

The phospholipids content of the TWS was closed 
and similar to those of other common oil-bearing 
seeds such as sunflower.12, 13 Total phospholipid 
content was also conducted in the study shown 
in Table 3. The individual phospholipid content 
shows that phosphatidylcholine was in the greatest 
quantity 35.7±0.4%. Phosphatidylinositol and 
lysophosphatidylcholine were 23.8±0.4% and 
11.9±0.3%, respectively. Phospholipids in other 
tobacco varieties have been reported in the range 
of 0.2 – 1.7%.11

Plant oils are rich in tocopherols as well as oilseeds 
and nuts. Tocopherols are known as saturated 
forms of vitamin E, known as natural antioxidants. 
The tocopherol content in different plant oils varied 
between 11 and 3468 mg/kg.40  The total tocopherols 
of the TWS oil was 144 mg/kg, which was close to 
the results by Zlatanov et al., 2007 (2 – 195 mg/
kg).11 Tocopherol content of the TWS and TWS oil is 
presented in Table 3. γ- tocopherol and δ - tocopherol 
were identified both in the TWS and oil. The total 
tocopherol content was 144.0±1.5 mg/kg, which is 
close to seed oils used in food, pharmaceutics, or 
cosmetics – red palm oil - 121.6 mg/kg, poppy oil 

123.5 mg/kg and pistacia oil 159.6 mg/kg.40

To analyze the fatty acid make up of tobacco seed 
oil, a comprehensive study of the literature was 
undertaken. The dominant fatty acid identified was 
linoleic between 60 – 80%.8,41-43 Fatty acid composition 
of the TWS identified ten fatty acids but three 
predominated: linoleic acid (71.94±1.05%), followed 
by oleic (13.70±0.10%) and palmitic (12.86±0.05%) 
acids. These acids formed the oil as rich in 
polyunsaturated fatty acids (PUFAs – 71.94±1.05%) 
and with almost equal levels of saturated (SFA – 
14.30±0.02%) and monounsaturated fatty acids 
(MUFA – 13.76±0.11%) (Table 4). The two primary 
functions of linoleic acid (n-6 fatty acid) in the 
body are first as a precursor of eicosanoids, which 
regulate renal and pulmonary function, vascular 
tone, and inflammatory responses, and second as 
a structural component of membranes that influence 
membrane function.44

The fatty acid composition of the TWS oil is 
comparable to the grape seed oil – (SFA – 10.4%, 
MUFA – 14.8%, and PUFA – 74.9%).38 This fatty 
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acids composition of the examined seeds was 
probably due to the geographical area where the 

tobacco was grown.45

To determine the positive effects of oils on health, 
Table 4. Fatty acids composition of the Nicotiana tobacum L. 

waste seed oil

Fatty acids, % Nicotiana tobacum L.waste seeds oil

C8:0 Caprylic 0.05±0.01
C11:0 Undecylic 0.04±0.01
C12:0 Lauric 0.06±0.01
C15:0 Pentadecanoc 0.02±0.01
C16:0 Palmitic 12.86±0.05
C17:0 Margaric 0.14±0.01
C17:1 Heptadecanoic 0.06±0.01
C18:0 Stearic 1.13±0.01
C18:1 Oleic 13.70±0.10
C18:2 Linoleic 71.94±1.05
SFA 14.30±0.02
MUFA 13.76±0.11
PUFA 71.94±1.05

*SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, 
PUFA - polyunsaturated fatty acids, Mean ± SD (n=3, p<0.05)

Table 5. Lipid indices of tobacco oil obtained from Nicotiana tobacum L. 
waste seeds, Mean ± SD (n=3, p<0.05)

Lipid indices Nicotiana tobacum L. waste seeds oil

Index of atherogenicity (IA) 0.2±0.0
Index of thrombogenicity (IT) 0.3±0.0
Hypocholesterolemic/hypercholesterolemic (HH) ratio 7.0±0.1
Peroxidability index (PI) 72.0±1.0
Allylic Position equivalent (APE) 171.0±1.9
Bis-Allylic position equivalent (BAPE) 72.0±1.0
Oxidation Stability Index (OSI) 1.0±0.1

lipid levels can be assessed by analyzing the types 
of fatty acids present (Table 1). Seven indices were 
provided for TWS oil evaluation (Table 5). The index 
of atherogenicity (IA) and Index of thrombogenicity 
(IT) are some of the most well-known and used 
indices that can be used to assess the potential 
effects of fatty acids on cardiovascular disease.26 
The atherogenic index shows the relationship 
between the sum of the main saturated fatty acids 
that are considered proatherogenic and essential 
unsaturated fatty acids having an antiatherogenic 

effect. Proatherogenic acids (SFA) cause an 
increase in cholesterol in the blood because they 
are easily deposited on the walls of the arteries.26 
The IT indicates the propensity of FAs to form clots in 
blood arteries and characterizes their thrombogenic 
potential.26 The IA and IT for TWS oil were 0.2±0.0 
and 0.3±0.0, respectively. These two indices are 
below 1.0, which means that lipids in TWS oil could 
reduce the content of total cholesterol as well as the 
LDL cholesterol in blood and blood plasma.

The HH index for the examined oil was 7.0±0.1, 
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considering that it is recommended to be higher 
than 1.0, the oil lipids have a positive effect on 
cardiovascular diseases. Peroxidability index (PI) 
indicates oxidation stability and was reported in 
vegetable oils in the range from 7.10 to 111.87 with 
the lowest value found in olive oils and the highest in 
perilla oils.27 The PI index for TWS oil was 72.0±1.0, 
which means a tendency to oxidation.

The Oxidation Stability Index (OSI) can be used 
to anticipate the oil's respective shelf-life and the 
efficiency of antioxidants or determine how much 
the oil lasts.29  The number of double bonds per mole 
and their respective positions, APE (presence of 
-H2C=CH-CH2-) and BAPE (presence of R-CH=CH-
CH2-CH=CH-R) determine the rate of oxidation of 
fatty compounds.28 The APE value for TWS oil - 
171.0±1.9 and BAPE - 72.0±1.0, are expected due 
to its high-unsaturated composition. The higher 
the results for these two indices are, the higher the 
susceptibility of the oil to oxidation. The OSI of TWS 
oil was calculated as 1.0±0.1, which correlated to 
the APE value. 

Conclusion
The evaluation of TWS nutritive composition 
represents a good source of protein and carbohydrate 
content of the seeds, which may be used for animal 
feed or as flour in addition to traditional crops 
flour. According to the previous, reported data 
for tobacco seeds and oil, the TWS and oil do 
not show any deterioration in quality. The results 
obtained in the study confirm the hypothesis that 
TWS can be utilized with health benefits – seeds 
are a good resource for n-6 – fatty acids with 
good atherogenicity and thrombogenicity qualities 
and natural antioxidants. The oil may find use as 
a therapeutic one, similar to other vegetable oils 
like grape seed oil. The outcomes of this research 
may have implications for the development of 

functional foods, nutraceuticals, or pharmaceuticals, 
thus fostering a more sustainable and diversified 
approach to the agricultural legacy of Nicotiana 
tobacum L. Further analyses can be performed to 
assess its benefits to determine any potential benefit 
for human health.
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