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Article Info Abstract: Nicotiana Tabacum; the annual herb; known as Tobacco from the 
Solanaceae family was known for its alkaloids and especially nicotine (NCT) 
content; smoking products, insecticides, anthelminthic activity and clinically 
proven therapeutics are examples of its uses. Herein two different methods were 
applied in an attempt to quantify the total alkaloids and NCT content in Nicotiana 
tabacum cultivated in Lebanon. Total alkaloids were investigated through the 
formation of a complex with bromocresol green under a simple 
spectrophotometric method. Whilst HPLC-DAD was the choice for the 
quantitation of NCT levels. The column was Lichrospher select B (5 µm, 250x4 
mm), the temperature was set at 29 ⁰C and the wavelength at 260 nm. The mobile 
phase consisted of 2 M O-phosphoric acid and methanol (60:40, v/v) using 
isocratic elution at 1 mL/min. A linear relationship was proved under both 
instruments. The extraction yield of alkaloid totum ranges between 2.1 ± 0.25 and 
6.8% ± 0.58 and alkaloids contents range from 12.14 ± 2.01 to 53.12 ± 4.54 mg 
of AE/g of extract for Ghandouriyeh and Danniye samples respectively. On the 
other side among the different areas which cultivated Tobacco in Lebanon, 
Danniye was found to have the highest NCT concentration of dry weight (2.64%) 
while Al-Hissa possesses the lowest content (0.75%). Even if the results were 
generally similar to other countries, the study showed a difference in values from 
one region to another. 
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1. Introduction 

For years, investigating plants ranked the highest top level among researchers around the world. 
Secondary metabolites were one of many topics that researchers focused on due to their various uses in 
agricultures, flavorings, and medicinal purposes such as usefulness for monitoring compliance in 
smoking cessation programs (Lerman et al., 2015; Goettel et al., 2017). 

Nicotiana Tabacum; the annual herb; known as Tobacco belonging to the Solanaceae family 
was first distributed in tropical America and described as the “Cinderella of plant biotechnology” which 
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evolved into an exemplary system for both tissue culture and genetic engineering (Ganapathi et al., 
2004; Bhatia et al., 2015). Therefore, its cultivation is sought after in many countries around the world. 

Among the two thousand five hundred secondary metabolites (Habib et al., 2023) present in N. 
tabacum, alkaloids are the predominant and quintessential responsible for its potential biological 
activities. These alkaloids occur predominantly in leaves with a total alkaloid concentration of 0.2 and 
8% where the potent compound; Nicotine (NCT) occupies the primary alkaloids and identifies about 
90-95% of the total alkaloids (Lewis et al., 2010; Shoji et al., 2010; Sun et al., 2018). Nicotiana’s roots 
and angiosperms also contain alkaloids but with less abundant concentrations.  

Note that the usability of N. Tabacum in tobacco products is due mainly to NCT. The latter 
substance interacts with nicotinic-cholinergic receptors located in the autonomic ganglia, the adrenal 
medulla, and within the brain. (Tiwari et al., 2020). Other secondary metabolites are the less potent 
pyridine alkaloids known as nornicotine and anatabine which are the most considerable minor pyridine 
at approximately about 4 to 5 %. Besides, myosmine (0.1%), anabasine (0.5%), cotinine, 2,3’-bipyridyl, 
nicotine-1’-N-oxide, N-formylnornicotine, nornicotyrine, nicotyrine, and over 20 pyridyl-type alkaloids 
are with minimal concentration (Yang et al., 2002; Zhang et al., 2007; Murray, 2014). 

Since NCT is classified with high concentration, total alkaloids analysis is required for the 
quality and usability qualitatively and quantitatively. Hence, both chromatographic and non-
chromatographic methods are extensively employed due to the characteristics of pyridine alkaloids, 
along with the abundance of literature facilitating the identification of numerous alkaloids in the plant 
(Li et al., 2019; Perfetti et al., 2022). 

Recently, the recommendations to reduce the NCT level in cigarettes make the low NCT content 
trait an interest to tobacco stakeholders. Therefore, it motivated breeders to evaluate different genetic 
variations to investigate their effect on reducing NCT levels (Lewis, 2019; Burner et al., 2022). 

Tobacco plays a crucial role in Lebanon's economy, with tobacco leaf production totaling 
approximately eight thousand tons in 2015. Around 25000 families derive economic benefits from the 
cultivation and production of tobacco and its associated products, highlighting its crucial role in both 
the Lebanese economy and society (Jaber et al., 2020). 

However, to date, the NCT content of N. tabacum cultivated in Lebanon has not yet been 
studied. Hence, the objective of this study was to measure the overall alkaloid and NCT content using 
spectrophotometric methods and HPLC-DAD, respectively. Extracts of N. tabacum from four different 
Lebanese regions were subjected to this study. The type of tobacco under examination was the authentic 
Saada Six. This designation originates from the Saadiyat Laboratory of the Regie. Developed through a 
combination of Bulgarian and Azmirly tobacco, cultivation of this variety commenced in 1973 (Jaber et 
al., 2020 and 2022).  

2. Material and Methods  

2.1. Chemicals and reagents 

All chemicals were of analytical or HPLC grade. The water utilized in all processes was sourced 
from a system of water purification (TKA MICROMED, Germany), ensuring its ultrapure quality. 
Methanol was procured from Sigma Aldrich (USA); 85% orthophosphoric acid was obtained from 
Fisher Scientific Company (USA); Chloroform, aluminum chloride hexahydrate, toluene, sodium 
hydroxide, Folin-ciocalteu reagent, ascorbic acid, and ammonia solution were purchased from BDH 
(England). Ethyl acetate, gallic acid, rutin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and sodium 
carbonate anhydrous were purchased from Sigma Aldrich (USA). The samples were measured using 
both an analytical and a digital balance (Melter Toledo). The dried leaves were ground using a 
POLYMIX (PX-MFC 90 D) grind mill. The absorbance of the solutions was assessed using a VWR 
UV-6300PC double-beam spectrophotometer, and a HEIDOLPH rotavapor apparatus was used to 
concentrate the different extracts. 

2.2 HPLC system  

All measurements were conducted using an HP 1100 Series LC system (Hewlett Packard, Palo 
Alto, CA, USA) fitted, in the order, with a quaternary pump, degasser compartment, thermostatted 
column, and diode-array detector (DAD). The whole HPLC system was managed by the HP 
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Chemstation chromatography software. The stationary phase utilized was an Agilent Lichrospher select 
B (250 x 4 mm, 5 µm) column produced by Agilent (Germany). The pH adjustment required the use of 
the CG 820 (SCHOTT GERATE, made in West Germany) pH meter. 

2.3. Plant material 

The N. tabacum L. samples were collected from four different Lebanese regions on June 2018, 
more specifically from Hisah (34°35'47"N, 36°3'17"E, 33 m MSL), Yohmor El-Chkif (33°18′45″ N 
35°31′3″ E, 530 m MSL), Ghandouriyeh (33°16′20″N 35°25′52″E, 530 m MSL), and Sir Al-Danniye 
(34°23'09" N 36°01'47" E, 898 m MSL). A voucher specimen (No. 1805, 1806, 1807, and 1808) has 
been deposited at the Pharmacognosy Department, Faculty of Pharmacy of the Lebanese University.  

The specimens were conveyed to the laboratory and maintained at ambient temperature until 
processing. The harvested plant materials underwent an initial natural drying phase (shaded and at room 
temperature) for four weeks. Subsequently, the leaves were separated from the dried plant material. The 
leaves were then finely ground using a manual grinder. Lastly, the ground materials were stored in a 
tightly sealed container for future utilization. 

2.4. Plant extraction 

2.4.1. Ultrasound-assisted extraction (UAE) 

Briefly, 150 mL of sulphuric acid (0.05 M) was added to 10 g of the powdered leaf samples. An 
ultrasonic cleaner bath USC100T (VWR, Malaysia) was used for the UAE. Ultrasonic-assisted 
extraction was conducted at room temperature for a duration of 30 minutes, employing a sonication 
power of 30 W and a frequency of 45 kHz. The samples were then filtrated and the aqueous solution 
was basified to pH 9-10 with a few drops of NH4OH (25%, m/m). The obtained sample was extracted 
with chloroform (3 x 25 mL). After vigorous shaking the organic phases were collected and dried with 
Na2SO4 and concentrated to dryness under reduced pressure to obtain the alkaloid totum (Jaber, 2017).  

2.4.2. Extraction by maceration (ME) 

Extraction by maceration was carried out with 10 g of powdered leaf samples in 150 mL of 
sulfuric acid (0.05 M) at room temperature for 24 hours. After maceration, the aqueous extracts were 
treated as described in Section 2.4.1. 

2.4.3. Extraction yield 

The extraction efficiency was determined using the Equal 1. 
  

Yield	of	leaves	extract	%	 = 	
𝑊!

𝑊"
	x	100	 (1) 

 
Where W1 represents the dry weight of the utilized material and W2 is the weight of the alkaloid totum. 

2.5. Total alkaloid content (TAC) 

TAC estimation in the N. tabacum extract was carried out through the Bromocresol Green 
(BCG) spectrophotometry method, utilizing atropine as a standard (John et al., 2014). The procedure 
followed is as follows, in different separatory funnels, accurately measured aliquots (0.2, 0.4, 0.6, 0.8, 
1 and 1.2 mL) of aqueous atropine standard solution (0.1 mg/mL) were added to 5 mL of phosphate 
buffer (Na2HPO4) (pH = 4.7, adjusted with citric acid 0.2 M) along with 5 mL of BCG solution (prepared 
by dissolving 69.8 mg of BCG in 3 mL of 2 M NaOH, and 5 mL of distilled water. The solution was 
gently heated, and then the volume was adjusted to 1000 mL with distilled water) shaken vigorously 
with 5 mL of chloroform. Following thorough mixing, the mixture was allowed to stand for 3 minutes. 
The extracts were then gathered in 10 mL volumetric flasks and subsequently diluted to reach the mark 
with chloroform. Likewise, solutions of N. tabacum extracts were determined using the same procedure. 
The absorbance of the complex in chloroform was measured at 417 nm against a reagent blank prepared 
as above without atropine. The calibration curve was plotted for the calculation of the content of total 
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alkaloids. The whole experiment was conducted in three replicates. The total alkaloid content was 
expressed as mg of AE/g of extract. 

2.6. Quantitative analysis of nicotine by HPLC-DAD 

The procedure was carried out at 29 °C using a Lichrospher select B (250 x 4 mm, 5 µm). The 
mobile phase consisted of 0.2 M orthophosphoric acid and methanol (60:40, v/v) in isocratic mode. The 
mobile phase was filtered before injection through a Whatman filter paper 0.45 μm (Whatman, 
Maidstone, UK), and delivered at a flow rate of 1 mL/min, and the injection volume was 20 μL. 
Quantification was done using signals detected at 260 nm. 

The characteristics and procedures of the HPLC method were validated following the guidelines 
set forth by the International Conference of Harmonization (ICH). The validation encompassed various 
parameters, including specificity, linearity, recovery, precision, limit of detection (LOD), and limit of 
quantification (LOQ). 

A stock solution of nicotine was prepared in methanol at 2 mg mL-1. First of all, 20 μL of 
standard, sample, spiked sample, and mobile phase (blank) were injected separately in order to evaluate 
the specificity. The linearity response was established by injection (n = 3) of a series (six levels) of NCT 
work solutions ranging from 0.64 to 1200 mg mL-1. The standard calibration curves were generated by 
plotting concentrations against the peak area of the analyte. The repeatability of the method was checked 
by analyzing six replicate samples of NCT and calculating the percent relative standard deviation (% 
RSD). The intermediate precision (ruggedness) was checked by repeating the linearity test for 3 
consecutive days and calculating the RSD between 3 days for area, slope, and intercept. Additionally, 
the LOD and the LOQ for this method were determined based on the standard deviation (σ) of y-
intercepts from regression analysis and the slope (m) of the calibration curve, as Equations 2 and 3, 
respectively. 

LOD = 3.3
σ
m (2) 

 

LOQ = 10
σ
m (3) 

2.7. Statistical analyses 

The experiments were performed in triplicates. The analysis of variance (ANOVA) followed by 
the Tukey test (p-value < 0.05) using the SPSS 21.0 software package (Chicago, IL, USA) was used to 
determine statistically significant differences between means. The coefficients of determination (r2) 
were determined using Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA, USA). 

3. Results and Discussions 

Sample preparation is a vital part of any investigation of a biological analysis, regardless it is 
qualitative or quantitative. The importance of this step lies in the necessity to bring out the whole 
chemicals from the sample or only target substances in the selective extraction cases. In addition, the 
later application of chromatographic techniques needs a preliminary preparation giving a sample free of 
unwanted constituents that may hinder the analysis and ruin the column (Petruczynik, 2012).  

Indeed, in this work, the first step was to establish the optimal selective extraction method of 
total alkaloid content from N. tabacum. The extraction procedure from an aqueous acidic medium was 
based on the basic properties of alkaloids. Then, the alkalinization (pH>7) by the addition of ammonia 
solution will stimulate the release of free alkaloids.  

Leaf of N. Tabacum was collected from two fields from the north governorate (Danniye, 
Al-Hissa) and two from the south governorate (Ghandouriyeh, Yohmor El-Chkif). In order to choose 
the more appropriate extraction method sample undergoes two different extraction techniques, namely 
ultrasound-assisted extraction and maceration. The obtained extraction yields were 1.95 ± 0.15 and 1.19 
± 0.35 % for UAE and maceration respectively. Therefore, the % yield obtained by the UAE method 
nearly doubled that obtained by maceration, and UAE therefore was adopted for the subsequent works. 
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The extraction yield of alkaloid totum (Table 1) was found to range between 2.1±0.25 and 6.8 
% ± 0.58 for Ghandouriyeh and Danniye samples respectively. The variance in extraction yield among 
the four examined samples is statistically significant (p<0.05). 

To quantify total alkaloid content, a spectrophotometric method was applied. Atropine was used 
as standard, thus a range of different concentrations (2 and 14 mg mL-1) was used for constructing the 
calibration curve. Upon mixing the different standard solutions with BCG, a yellow color complex was 
formed with maximum absorption at 417 nm. The results, as illustrated in Figure 1, indicate that the 
absorbance of the complex follows Beer’s law within the concentration range of atropine (R²=0.989). 

 

 
Figure 1. Calibration curve of standard atropine solutions. 

At pH<7 most compounds containing tertiary amine groups or quaternary ammonium salts, form 
with BCG yellow complexes extractable by chloroform (Khoi, 1983). This spectrophotometric 
procedure is simple and sensitive, and BCG can react with the alkaloids having nitrogen inside their 
structure (Fazel et al., 2010; Ajanal et al., 2012; Liu and Liu, 2015; Salamah and Ningsih, 2017). After 
the protonation in an acidic medium, the protonated nitrogen (quaternary ammonium cations) is the 
target for the reaction with the BCG compound.  

As above mentioned, tobacco is one of the richest plants in pyridine alkaloids (Figure 2). Among 
the tobacco-containing alkaloids, NCT is the major compound, besides many other minor alkaloids 
(Clemens et al., 2009; Jacob et al., 2022). Thus in their reaction to BCG, the NCT will be the most 
influential. 
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Figure 2. Nicotine and some related tobacco alkaloids chemical structures. 

The nitrogen in the pyrrolidine cycle, holding a pka of 8, is the stronger basic site in the nicotine 
structure, and the pH of the used buffer solution is equal to 4.7 (pka>pH). Thereby, the nitrogen involved 
in the pyrrolidine will be protonated forming the ion-pair complex with BCG (Figure 3). 

 

Figure 3. Structure of Nicotine and formed ion pairs. 

The resulting reaction forms a yellow color complex, which indicates the mono-anionic form of 
BCG. The latter complex is the result of the electrostatic attraction between the mono-protonated 
alkaloids and the mono-anionic dye. The data obtained are presented in Table 1.  
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Table 1. Extractions yields (%) of alkaloids totum expressed; Alkaloid contents in the plant extracts 
expressed in terms of atropine equivalent (mg of AE/g of extract) 

Samples Extractions yields of alkaloids 
totum mg of AE/g of extract 

Danniye 6.80 ± 0.59a 12.14 ± 2.01d 
Al-Hissa 4.13 ± 0.38b 51.46 ± 5.44e 

Ghandouriyeh 2.10 ± 0.24c 53.12 ± 4.54e 
Yohmor El-Chkif 4.93 ± 0.45b 34.14 ± 3.98f 

Each value is the average of three analyses ± standard deviation, in each column values marked by the same letters (a-f) are not significantly 
different (P ˂ 0.05), where AE is atropine equivalent. 

The alkaloid contents were examined, a sample from Ghandouriyeh showed a higher content of 
alkaloids atropine equivalents, although it was the lowest extractive yield value. This observation 
applied to the three other samples, and the order of extractive values was reversed in the total alkaloid 
contents.  

NCT is produced in the root of the tobacco plant before it moves to the leaves and the lateral 
parts (Baldwin et al., 1993). The NCT content depends on many factors such as the type of tobacco, 
nitrogen availability, temperature, light, and moisture (Yasinok et al., 2009). There’s a relationship 
between the amount of nitrogen and the concentration in tobacco. In early development, N uptake is 
believed to be active so the concentration of NCT reaches its maximum at the late growth stage, 
especially after removing terminal buds in the middle and upper leaves (Wang et al., 2008). Therefore, 
the different bioclimatic levels in Lebanon, even in short distances, will probably lead to differences in 
the alkaloids and NCT contents. 

Later, a simple and rapid HPLC–DAD method was developed for the quantification of NCT. 
The method validation was achieved according to the International Conference on Harmonization (ICH) 
(Singh, 2015). For specificity evaluation, as mentioned before, separately 20 μL from the standard, 
sample, spiked sample, and a mobile phase (blank) were injected into the chromatographic system. The 
chromatogram results showed that there are no interfering peaks at the retention time of NCT, which 
confirmed the method's specificity (Figure 4). Then a serial of different standard solutions (0.64 to 1200 
mg mL-1) was used for the linearity evaluation. A graph was constructed by plotting the peak area of 
NCT from each standard solution against the corresponding concentration. The regression analysis 
produced the linear equation y= 30.177x+38.105 with a correlation coefficient (R2) of 0.9967, 
demonstrating a high linear relationship between the analyte's concentration and the peak's area. As a 
result, it has been found that the current analytical procedure is linear in the given range. 

The LOD and LOQ values were calculated from the standard deviation of the y-intercepts of 
regression lines, and the calibration curve slope (Zahreddine et al., 2021; Beldar et al., 2022). The 
obtained LOD and LOQ were 132.207 mg mL-1 and 400.629 mg mL-1 respectively. 

The precisions were tested by the evaluation of the repeatability of the adopted method. The 
intra-assay and inter-assay (expressed as % RSD) variations of retention times and concentrations were 
checked. Repeated measurements of standard solutions, 13 replicates (intraday) over three days 
(interday), were done. The intraday % RSD were 0.166 and 0.33% for retention times and concentrations 
respectively, while the interday % RSD were 0.27 and 0.71%. 

The accuracy of the assay method was evaluated through recovery studies conducted at three 
concentration levels over three days. The percent recovery was determined by comparing the measured 
concentrations of NCT with the added concentrations. The percent recovery fell within the range of 91% 
to 112%, and the average percent relative standard deviation (% RSD) was 1.7%. These values are 
within the accepted limits, typically ranging from 80% to 120%, indicating the method's accuracy 
(Shikanga et al., 2012), and not more than 5% (Koetz et al., 2017), respectively. These values imply the 
applicability of the method for NCT analysis. 
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Figure 4. Chromatograms of the blank, the standard NCT, the N. tabacum extract, and spiked extract. 

Table 2. Quantitation of nicotine in the different regions in Lebanon 

Samples % Nicotine in dry weight 
Al-Hissa 0.75 ± 0.29a 

Yohmor El-Chkif 1.76 ± 0.42a,b 
Danniye 2.64 ± 0.61b 

Ghandouriyeh 1.03 ± 0.22a 

Each value is the average of three analyses ± standard deviation, values marked by the same letters are not significantly different (P ˂ 0.05). 

Due to the variability in NCT content among tobacco plants, manufacturers have the option to 
substitute commonly used, nicotine-rich varieties such as Nicotiana rustica with lower-nicotine 
alternatives (Tengs et al., 2005). To offer consumers tobacco products with decreased health risks, 
companies employ genetic engineering and plant breeding techniques to cultivate tobacco with 
significantly lower NCT levels, which is then utilized in the manufacturing of cigarettes (Food and Drug 
Administration, 2018).  

The findings herein show that NCT levels in the tobacco from north Lebanon, vary between 
0.75% and 2.64%, while in the south 1.03 - 1.76%. In general, the level of NCT in Lebanese tobacco is 
comparable with that in the rest of the world.  

Tobacco plants contain 2– 4% alkaloids of their total dry weight (Saitoh et al., 1985), while the 
NCT content varies from 0.3 to 3% in dry weight, in some cases, 5 to 7% are also reported (Tassew and 
Chandravanshi, 2015; Tayoub et al., 2016). Gonzalez-Coloma (Gonzalez-Coloma et al., 2010) report 
about 2-6% of NCT content of the leaves of N. rustica and N. tabacum. 

In contrast, 6.7% of NCT content was found in Virginia variety, 4.9% in Burlip, 4.84% in 
Katrina, 4.67% in Shk al-bent, 4% in Zegrin, 3.3% in Basma of NCT in dry-weight leaves (Tayoub et 
al., 2016).  
On the other hand, in Ethiopian tobacco leaves, levels of nicotine vary between the four varieties of 
Ethiopian tobacco including Burley tobacco (0.650%), Oriental tobacco leaves (≤0.05%), Virginia 
tobacco (3.26%), and native tobacco ‘Gaya’ (1.10%). Also, Tepecik and Ongun (2020) reported that 
NCT contents were greater in the second harvest (between 0.28-0.86%) than in the first harvest (0.19-
0.74%) (Tepecik and Ongun, 2020). Moreover, the levels of NCT of the same species vary in different 
areas of cultivation (Tassew and Chandravanshi, 2015). A study carried out in China (Wang et al., 2008) 
reported that the NCT level depended on leaf position and different treatments, with levels ranging from 
0.78 to 3.26%. The Bulgarian oriental tobacco was found to be 2.3% in the leaves (Popova et al., 2018).  

Conclusion 

To quantify the levels of total alkaloids and NCT content in dry weight Lebanese tobacco, 
extraction of total alkaloids was conducted. Then, spectrophotometric and chromatographic methods 
were used for quantification. The extraction yield of alkaloid totum ranges between 2.1 ± 0.25 and 
6.8% ± 0.58 and alkaloid contents range from 12.14 ± 2.01 to 53.12 ± 4.54 mg of AE/g of extract for 
Ghandouriyeh and Danniye samples respectively. On the other side among the different areas which 
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cultivated Tobacco in Lebanon, Danniye was found to have the highest NCT concentration of dry weight 
(2.64%) while Al-Hissa possesses the lowest content (0.75%). This study of tobacco breeding in 
Lebanon shows that NCT levels are comparable with other countries.  
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