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Abstract 

Senna occidentalis (L.) Link, commonly known as “coffee senna” or majamfari/rai dore in Hausa, is a 

plant with a long history of traditional and medicinal uses against diseases such as inflammation, pains, 

and diabetes. This study presents the characterization of the bioactive compounds of the seed extracts. 

Physicochemical analysis of seed powder was carried out following standard procedures. Qualitative 

phytochemical contents were determined for the presence and absence of major metabolites. 

Quantitative phytochemical contents (total phenolic and flavonoid) were determined by Folin-

Ciocalteu, aluminum chloride colorimetric assay, and total alkaloidal content by titrimetric methods, 

while saponins, tannins, proteins, oxalates, anthraquinones, and cardiac glycoside contents were 

determined by spectrophotometric procedures. The seed extract was also characterized using gas 

chromatography-mass spectrometry (GC-MS) and X-ray diffraction (XRD). Phytochemical content of 

aqueous extract revealed the presence of alkaloids, saponins, flavonoids, anthraquinones, tannins, 

cardiac glycosides, oxalates, and phenolics. The GC-MS analysis showed the presence of 17 bioactive 

components with a retention time of 5.52 to 29.43 min, mainly amide-containing compounds and fatty 

acids with their respective mass-to-charge ratios (m/z) in aqueous extract such as bicyclo [3.1.0] hexan-

3-one (RT: 15.78 min, PA: 27.78%, m/z: 96 mol/g). Quantitative phytochemical analysis showed that 

the seed had a total phenolic content of 1375.5 mg GAE/100 dry weight, a total flavonoid content of 

441.2 mg RE/100 g dry weight, a total alkaloids value of –25.64%, a total saponin value of 15.01%, 

and a total tannin value of –50.92%. The XRD showed the presence of urea, syn 77 (11%), toxic 

components such as graphite 23 (11%), muscovite 0.1 (9%), and cristobalite 0.4 (11%). The study 

showed that S. occidentalis seed contains bioactive compounds that are beneficial and harmful 

(dianthrone, an anthraquinone-derived compound that affects mitochondrial function) to the body when 

used for medicinal purposes. Characterization of these compounds from the seed thus provides 

important fingerprints for standardization, detoxification, and optimization conditions of the seeds for 

safe medicinal applications. 
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INTRODUCTION 

Senna occidentalis (L.) Link, commonly known 

as “coffee senna”, “Rai dore or Majamfari” in 

Hausa, is a plant with a long history of traditional 

and medicinal uses against diseases such as 

inflammation, pains, and diabetes. The study 

presents characterization of the bioactive 

compounds of the seed extracts. Coffee Senna seeds 

contain a plethora of bioactive compounds, 

including flavonoids, phenolic acids, and 

anthraquinones, which have been shown to possess 

significant therapeutic potential. The extraction and 
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characterization of these bioactive components are crucial for developing effective medicinal 

applications, particularly for conditions such as arthritis, myalgia, and malaria (AMM) [1, 2]. 
 

The bioactive components extracted from Senna occidentalis seeds have demonstrated various 
pharmacological activities. Studies have highlighted their potential in treating inflammatory conditions, 
microbial infections, and oxidative stress-related diseases. For instance, anthraquinones have shown 
significant anti-inflammatory and antimicrobial properties, making them useful in treating arthritis and 
infections [3, 4]. Recent pharmacological studies have provided deeper insights into the anti-
inflammatory, antimicrobial, and antioxidant activities of the extracts, supporting their potential use in 
treating various ailments [5, 6]. 
 

The extraction of bioactive compounds from Senna occidentalis seeds employs various methods, 
with Soxhlet extraction being one of the most prevalent. This technique uses both polar and non-polar 
solvents like aqueous solutions, ethanol, and n-hexane, which significantly affect the yield and 
composition of the extracted components [7, 8]. Recent advancements have also seen the development 
of greener extraction methods aimed at improving sustainability and efficiency [9]. 

 
Additionally, the polarity of a solvent affects the extraction efficiency and the type of bioactive 

compounds that can be isolated. Polar solvents are typically more effective at extracting polar 
compounds, including flavonoids, glycosides, and phenolic acids, which are known for their medicinal 
properties [10]. Non-polar solvents, on the other hand, are more suited for the extraction of non-polar 
compounds, such as essential oils and fatty acids, which are integral in various therapeutic and aromatic 
applications [11]. 
 

However, water is non-toxic, non-flammable, and environmentally benign, making it a safer 
alternative to organic solvents for both the operator and the environment [12]. Water is inexpensive and 
readily available, reducing the overall cost of the extraction process [13]. Water's polarity allows it to 
selectively extract polar bioactive compounds, which are often responsible for the medicinal properties 
of plant materials [14]. Aqueous extracts often exhibit enhanced bioactivity due to the presence of 
water-soluble phytochemicals, which can improve the efficacy of medicinal formulations [15]. Water 
is compatible with green extraction technologies, such as ultrasound-assisted extraction and microwave-
assisted extraction, which can further enhance extraction efficiency and sustainability [16]. 
 

Finally, characterization of the extracted bioactive compounds is essential for identifying and 
quantifying the constituents within Senna coffee (Senna occidentalis) seeds using advanced analytical 
techniques; thermogravimetric analysis (TGA) assesses the thermal stability and composition of 
extracts by measuring weight loss upon heating [17]. Gas chromatography-mass spectrometry (GC-
MS) separates and identifies volatile and semi-volatile organic compounds [18]. 
 

This paper tends to report the findings from the characterization of Senna Occidentalis seed that result 
in identifying the bioactive components present, aiming at identifying the toxic components to enhance 
their medicinal applications. 
 
MATERIALS AND METHODS 
Collection and Identification Plant Materials 

Senna occidentalis dried pods were collected from a forest in Maiduguri, Nigeria, and the seeds were 
collected in a clean container. They were taken to the Department of Pharmacognosy, Faculty of 
Pharmacy, University of Maiduguri, Borno State, for taxonomic identification and authentication. A 
voucher specimen number of UMM/FPH/FAA/009 was deposited for the coffee Senna (Senna 
occidentalis) seeds in the herbarium of the Department of Pharmacognosy. 

 

Preparation and Characterization of Senna Occidentalis Seeds 

The seeds were cleaned thoroughly to remove dirt, debris, and other impurities. This is typically done 

by washing the seeds with distilled water and allowing them to air dry for 72 hours. The dried seeds 
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weighing 3000 g were grind into fine powder using a mechanical grinding machine (HM95, Japan), 

weighed, and extracted using distilled water (aqueous), ethanol, and n-hexane. The seed extracts and 

powder were then concentrated in vacuum and characterized using various techniques to provide 

valuable information about their thermal behavior, crystalline structure, chemical compositions, and 

phyto-chemical constituents [19]. 

 

Phytochemical Screening of Senna Occidentalis Seeds (SOS) 

The phytochemical screening of S. occidentalis aqueous, ethanol, and n-hexane seed extract was 

carried out following the procedures described by [20–24], Phytochemical constituents of some 

Nigerian medicinal plants, 2021 [25] to determine the presence and absence of secondary metabolites 

such as alkaloids, flavonoids, tannins, saponins, anthraquinones, cardiac glycosides, phenolics, and 

proteins. 

 

Proximate and Ultimate Analysis of SOS Powder 

The method for proximate analysis was carried out to determine the nutritional components of 

moisture content, ash content, crude protein, crude fat, crude fiber, and nitrogen-free extract (NFE) of 

the SOS [26, 27].  

 

The moisture content was determined by weighing 5 grams of the powdered seed and placing it in a 

pre-weighed moisture dish. Then, dry the sample in an oven at 105°C for 6 hours. Finally, the percentage 

of moisture content was determined using Equation (1). 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡−𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
× 10 (1) 

 

The ash content was obtained by weighing 2 grams of dried seed powder and placing it in a crucible. 

Thereafter, incinerate the sample in a muffle furnace at 550°C for 6 hours until a constant weight was 

achieved. The ash content was calculated using Equation (2). 

𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐴𝑠ℎ 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
× 100  (2) 

 

The crude protein percentage was evaluated by digesting 1 gram of seed powder with concentrated 

sulfuric acid using a Kjeldahl digestion apparatus. After which, distilled the digested sample and titrated 

the distillate with 0.1 N hydrochloric acid. Equation (3) was used to determine the nitrogen content by 

the Kjeldahl method and multiplying by a factor of 6.25. 

𝐶𝑟𝑢𝑑𝑒 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 (%) = 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 × 6.25  (3) 

 

The crude fat content was determined by weighing 2 grams of seed powder and placing it in a Soxhlet 

extractor. Extraction was made using petroleum ether for 6 hours. The crude fat content was obtained 

using Equation (4). 

𝐶𝑟𝑢𝑑𝑒 𝐹𝑎𝑡 (%) =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝐹𝑎𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
 × 100  (4) 

 

The crude fiber was evaluated by digesting 2 grams of defatted seed powder with 1.25% sulfuric acid 

and 1.25% sodium hydroxide and then filtered, dried, and weighed the residue. Also, incinerated the 

residue in a muffle furnace at 600°C for 2 hours. The crude fiber content was calculated using Equation 

(5). 

𝐶𝑟𝑢𝑑𝑒 𝐹𝑖𝑏𝑒𝑟 (%) =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑅𝑒𝑠𝑖𝑑𝑢𝑒 − 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐴𝑠ℎ

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
 × 100  (5) 

 

Nitrogen-free extract (NFE) was the portion of the SOS grinded powder that remained after 

subtracting the nitrogenous compounds (primarily proteins) from the total dry matter. It represents the 

carbohydrate fraction, including sugars, starches, and other non-nitrogenous compounds. NFE is an 

important parameter in nutritional analysis as it provided an estimate of the energy-yielding 

carbohydrates in the SOS grinded powder. Therefore, the NFE was performed using Equation (6). 
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𝑁𝐹𝐸 (%) = (𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 + 𝐴𝑠ℎ + 𝐶𝑟𝑢𝑑𝑒 𝑃𝑟𝑜𝑡𝑒𝑖𝑛 + 𝐶𝑟𝑢𝑑𝑒 𝐹𝑎𝑡 + 𝐶𝑟𝑢𝑑𝑒 𝐹𝑖𝑏𝑒𝑟)  (6) 

 

Ultimate analysis was conducted to determine the elemental composition of SOS, powder such as 

carbon, hydrogen, nitrogen, and sulfur. The oxygen content was obtained by difference. 2 mg of SOS 

powder was loaded into the combustion chamber of the CHNS elemental analyzer, and the furnace is 

heated to 850°C under a constant flow of helium and oxygen. Upon combustion, the sample generates 

uniform compound gases of the elements C, H, N, and S.  

 

These combustion products, such as CO2, H2O, and NO2, were measured using gas chromatography, 

and thus the ratio of the elements in the original sample is determined. C, H, and N and S can all be 

determined simultaneously; the data is usually collected by TrueSpec LECO software. The oxygen 

content is thereafter calculated using Equation (7). 

O% = 100% − (Ash − C − H − N − S)  (7) 

 

Gas Chromatography-Mass Spectrometry (GC-MS) of SOS Extracts 

The GC-MS analysis of S. occidentalis seeds was carried out in an Agilent 7890A (Agilent 

Technologies, UK) GC coupled to an MS detector. The operational temperature was 50oC which was 

later optimized to 200oC. 

 

The flow rate was 2 µL/min, while the total runtime was 25 min. Sample injection was carried out 

by auto-injection; the carrier gas was helium [22, 5]. 

 

Thermogravimetric Analysis (TGA) 

The TGA was carried out to determine the effects of heat on the seed powder. Various chemical 

compositions of the seed, such as organic constituents, were also determined using the TGA [27–29]. 

The TGA was performed to describe the characteristics of the inorganic constituents in the seed powder 

in relation to temperature. A small amount of the powder weighing 10 g was used for the analysis under 

standard atmospheric nitrogen and a 20 mL/min flow rate using the Shimadzu TGA apparatus with a 

temperature range of 100 to 1000oC and a 10oC/min heating rate. 

 

X-ray diffraction (XRD) 

The crystal structure of the seed powder was determined using the XRD following previously 

described methods [30–34]. The X-ray diffraction (XRD) patterns of the powdered seeds were recorded 

on an Empyrean range multi-purpose diffractometer (Malvern Panalytical Ltd., UK) at a wavelength of 

0.15406 Ǻ. 

 

RESULTS AND DISCUSSION 

Results 

Proximate and Ultimate Composition of Seed Powder 

The results from the proximate analysis of seeds showed that nitrogen-free extract was the highest with 

a value of 46.96%, followed by crude protein content of 18.59% w/w. The ultimate analysis further 

showed that carbon and oxygen compositions were 45.93% w/w and 39.19% w/w, respectively (Table 1). 

 

Table 1. Proximate and ultimate compositions of SOS. 

Parameters Value 

Proximate Contents (% w/w) 

Moisture content 7.96 

Ash content 4.42 

Crude protein 18.59 

Crude fat (lipid) 

Crude fiber 

Nitrogen-free extract (NFE) 

8.43 

13.63 

46.96 
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Ultimate Contents 

Carbon 45.93 

Hydrogen 6.43 

Nitrogen 3.21 

Sulphur 0.50 

Oxygen 39.19 

 
Phytochemical Contents of SOS 

The qualitative phytochemical screening of SOS extracts revealed the presence of alkaloids, 
flavonoids, anthraquinones, tannins, saponins, and proteins (Table 2). 

  
                𝑌 = 0.002𝑥 + 0.08998                                                                                                                       (8)
                 

𝑅2 = 0.592  (9) 
     𝑌 = 0.001𝑥 + 0  (10) 
  𝑅2 = 0.  (11) 

 
Table 2. Qualitative phytochemical profiles of SOS extracts. 
S.N. Constituent Test Observation n-hexane  Ethanol  Aqueous  

1 Phenols Ferric chloride Green color –  + + 

2 Saponins Frothing Froth formation –  + + 

3 Proteins Ninhydrin Purple color + + + 

4 Alkaloids Dragendorff Orange or red precipitate –  + + 

5 Flavonoids Shinoda  Pink color + + + 

6 Tannins Gelatin White precipitate –  + + 

7 Oxalate Ammonium hydroxide White precipitate –  + + 

8 Anthraquinones Ammonium hydroxide Formation of red color –  + + 

9 Cardiac glycosides Bromine water Yellow precipitate –  + + 

Note: + means present and – means absent. 

 
Table 3. Quantitative phytochemical contents of S. occidentalis seed extracts. 
Phytochemical Value/Unit 

Total phenolics  1375.5 mg GAE/100 g dry weight 

Total flavonoids 441.2 mg RE/100 g dry weight 

Total alkaloids –25.64% 

Total saponins 
Total tannins 
Total proteins 
Total oxalates 
Total cardiac glycosides 
Total anthraquinones 

15.01% 
–50.92% 
18.59 % 
13.26 % 
269.43 % 
0.34 % 

 
On the other hand, the quantitative phytochemical contents (Table 3) revealed the total phenolic 

content (1375.5 mg GAE/100 g dry weight, total flavonoid content (441.2 mg RE/100 g dry weight), 
total alkaloid (–25.64%), saponins (15.01%), tannins (–50.92%), proteins (18.59%), oxalates (13.26 
%), cardiac glycosides (269.43 %), and anthraquinones (0.34%). Total phenolic content (TPC) and total 
flavonoid content (TFC) were obtained from the gallic acid and rutin calibration curves, respectively, 
from, for example [2, 20–24, 35, 36]. In Figure 1, the graph depicts the GC-MS profiles of S. 
occidentalis extracts. 

 

XRD Patterns of S. occidentalis Seed Powder 

The seed powder X-ray diffraction showed that expansion lattice was easily noticed when the seed 

powdered samples were heated to 600°C. Moreover, with an increase in temperature, the peaks became 

narrower and sharper (Figure 2), which agrees with [30, 31, 34]. 
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Figure 1. GC-MS profiles of S. occidentalis extracts. 

 

 
Figure 2. XRD pattern of S. occidentalis seed powder. 

 

DISCUSSION 

The seeds of coffee senna are sometimes used as a coffee substitute. Its seeds are also used to solve 

many health issues, such as antibacterial, antifungal, anti-inflammatory, boost immunity, and many 

more. This is due to the presence of vital components such as proteins, fatty acids, and alpha-

tocopherols. Medicinal plants are the primary source of drugs in herbal medicine (HM), which have 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/tocopherol
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been incorporated in the processes leading to the production of orthodox medicines because of the raw 

materials derived from plants morphological parts (Sofowora, 2019). Many phytocompounds have been 

isolated from plants for use by humans in healthcare systems; however, some of these drugs from plants 

have been withdrawn because of their acute or chronic toxicity as well as certain side effects [37]. 

 

Chemically, plants contain different classes of phytochemicals that are either safe to use or toxic for 

human’s health [38]. To encourage the use of these toxic medicinal plants for the treatment of diseases 

in traditional medicine (TM), there is the need for detoxification and purification. The processes of 

detoxification and purification of toxic materials from plants for medicinal applications have been well 

practiced in natural products and chemical science research in recent times.  

 

Evaluation of physicochemical parameters such as proximate analysis helps to assess the nutritional 

composition and overall quality of the seeds [39], while ultimate analysis reveals the elemental 

compositions of seeds. This analysis provides information on the chemical compositions and energy 

contents of seeds. In the present study, the moisture content with a value of 7.96% w/w falls within the 

acceptable limit of not greater than 10%. Because the moisture content greater than 10% will make drug 

materials susceptible to microbial contamination as well as excess values for additional unwanted 

products for the buyers. 

 

Similarly, crude fiber stimulates digestion and encourages the production of important intestinal 

bacteria in animals. The amount of crude fiber in the animal feed thus basically depends on the purpose 

of the feed. In human healthcare systems, not a high amount of crude fiber is needed to avoid persistent 

diarrhea. In this study, the high amount of crude fiber (13.63%) and crude proteins (18.59%) are signs 

that S. occidentalis seeds might possess certain health hazards when the levels of these parameters are 

high. It has been reported that crude fiber content describes the plant cell wall components such as 

cellulose, hemicellulose, and lignin, which are usually not or barely digestible, and thus the portion of 

the feed that is not energetically usable by the animals. For instance, a high number of crude proteins 

have been reported to have accelerated liver cirrhosis in experimented animals. Also, high levels of 

crude proteins may mean that the liver or bile duct is damaged or diseased [35]. Furthermore, the high 

amount of nitrogen-free extract (46.96%) means that the seeds have a high amount of amide-containing 

compounds, which could be toxic for use in disease treatment. The toxic nature of S. occidentalis seeds 

was further confirmed by the presence of a high number of certain phytochemicals, such as alkaloids, 

anthraquinones, and saponins. The seeds are the most toxic part of the plant. The main toxic component 

of the S. occidentalis seed is dianthrone, an anthraquinone-derived compound that affects mitochondrial 

function. 

 

Despite the high amount of certain toxic phytoconstituents contained in the seeds of coffee Senna in 

this study, high levels of phenolic contents (1375.5 mg GAE/100 g dry weight) and total flavonoid 

contents (441.2 mg RE/100 g dry weight) in the seeds show the medical relevance of S. occidentalis 

seed. For instance, phenolics and flavonoids have been used as potential antioxidants, anti-

inflammatory agents, and anticancer agents [40]. The roles of these phenolics and flavonoids in this 

study were not different from the already reported roles. For better detoxification of plant materials for 

medicinal uses, it is also very crucial to characterize such plant materials, which is the first step to 

achieving safe use of such plant materials [41]. In this, characterization of S. occidentalis seeds ensures 

the production of monographic fingerprints for quality assurance of the seeds and its authentic chemical 

profiling. Many techniques used in this study for the characterization of the seeds, such as GC-MS, 

HPLC, XRF, and XRD, are powerful techniques with their own advantages. For instance, the XRD 

technique provides insight into the crystal structure and polymorphism of the seeds, aiding in the 

understanding of their physical properties. The study shows that S. occidentalis seeds contain 17 

bioactive compounds, which are mainly fatty acids, as revealed by the GC-MS. The TGA of the seeds 

has minimum decomposition at 800°C and total weight loss of 18%, as well as maximum decomposition 

at 1000°C and weight loss of 82.1%. Furthermore, the high concentration of lead (Pb) in the seeds, as 
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shown by XRF analysis, further confirmed the toxicity of the coffee Senna seeds to humans. This is 

because lead has been reported to cause major organ damage in the body, such as liver, kidney, and 

heart, whether ingested in a trace amount or a large amount [30]. 

 

CONCLUSION 

This study showed that Senna occidentalis seeds contain vital bioactive compounds that are very 

useful in human healthcare. However, some of these phytoconstituents have been reported to be toxic 

to the body when used. This was seen from their higher concentration as obtained. It is therefore 

essential to detoxify the seeds before use as therapeutic aid. The study further showed that 

characterization of the seeds provides a potential guide towards detoxification and subsequent use as 

therapeutic agents in disease conditions to prevent any toxic effects resulting from usage. 

 

Acknowledgment 

The authors wish to acknowledge the IBR Tetfund for providing funds to carry out this research. 

ATBU will not be left out for proving the enabling environment and utilization of its laboratory 

facilities. 

 

REFERENCES 

1. Adebayo AH, Krettli AU. Potential antimalarials from Nigerian plants: A review. J 

Ethnopharmacol. 2011;133(2):289–302. doi:10.1016/j.jep.2010.11.024. 

2. Adeoye BF, Osasona AI. Comparative analysis of extraction techniques for phytochemicals. J 

Pharmacogn Phytother. 2018;10(4):61–68. 

3. Alamgir A. Therapeutic Use of Medicinal Plants and Their Extracts. Vol. 1: Pharmacognosy. 

Chapter: Pharmacognostical Botan: Classification of medicinal and aromatic plants (MAPs), 

botanical taxonomy, morphology, and anatomy of drug plants. Berlin: Springer International 

Publishing; 2017. 117–294. 

4. Parveen S, Shahzad A, Upadhyay A, Yadav V. Gas chromatography-mass spectrometry analysis of 

methanolic leaf extract of Cassia angustifolia Vahl. Asian J Pharm Clin Res. 2016;9(3):111–116. 

doi:10.22159/ajpcr.2016.v9s3.14512. 

5. AOAC. Official methods of analysis of the Association of Official Analytical Chemists. 21st ed. 

Washington, DC: AOAC International; 2019. 

6. Yustanti E, Wardhono EY, Mursito AT, Alhamidi A. Types and composition of biomass in biocoke 

synthesis with the coal blending method. Energies. 2021;14(20):6570. doi:10.3390/en14206570. 

7. Azubuike CP. Phytochemical analysis and X-ray diffraction studies of the seeds of Senna 

occidentalis (L.) Link. J Phytochem Res. 2019;32(2):129–135. 

8. Chauhan R, Shakya M. Medicinal importance of Senna occidentalis. J Med Plants Stud. 

2015;3(6):111–115. 

9. Cullity BD, Stock SR. Elements of X-ray Diffraction. Harlow: Pearson; 2013. 283–304. 

10. Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical constituents of some Nigerian medicinal 

plants. African J Biotechnol. 2005;4(7):685–688. doi:10.5897/AJB2005.000-3127. 

11. Eghtesad S, Poustchi H, Malekzadeh R. Malnutrition in liver cirrhosis: the influence of protein and 

sodium. Middle East J Dig Dis. 2013;5(2):65–75. 

12. Wink M. Introduction: Biochemistry, Role and Biotechnology of Secondary Metabolites (From 

APR Volume 2). Annual Plant Reviews Online. 2018;1–5. doi:10.1002/9781119312994.apr0012. 

13. Fernández-Agulló A, Pereira E, Freire MS, Valentão P, Andrade PB, González-Álvarez J, et al. 

Influence of solvent on the antioxidant and antimicrobial properties of extracts from walnut leaves. 

Indus Crops Prod. 2013;42:126–132. doi:10.1016/j.indcrop.2012.05.021. 

14. Gupta S, Choudhary M. Anti-inflammatory properties of anthraquinones. J Pharmacol Sci. 

2017;134(2):115–123. 

15. Cammenga HK, Epple M. Basic principles of thermoanalytical techniques and their applications in 

preparative chemistry. Angewandte Chemie International Edition. 1995;34(11):1171–1187. 

doi:10.1002/anie.199511711. 



 

Research & Reviews: Journal of Botany 

Volume 13, Issue 3 

ISSN: 2278-2222 

 

© STM Journals 2024. All Rights Reserved 21  
 

16. Narayanan G, Boy R, Gupta BS, Tonelli AE. Analytical techniques for characterizing cyclodextrins 

and their inclusion complexes with large and small molecular weight guest molecules. Polym Test. 

2017;62:402–439. doi:10.1016/j.polymertesting.2017.07.023. 

17. Kang KS, Lee JY. Thermogravimetric analysis of medicinal plant extracts. J Therm Anal 

Calorimetry. 2019;135(2):1263–1271. 

18. Khattab TA, Mohamed MG, El-Sawy SM. Thermal gravimetric analysis of polymer composites. 

Mater Sci Eng. 2020;26(4):239–250. 

19. Khoddami A, Ghazali HM, Yassoralipour A, Ganjloo A, Ahmad SH. Solvent type and extraction 

methods significantly impact the antioxidant properties and flavonoid content of two different types 

of Iranian thyme. J Essent Oil Bear Plants. 2020;23(1):45–60. 

20. Langford JI. X-ray diffraction procedures for polycrystalline and amorphous materials by HP Klug 

and LE Alexander. J Appl Crystallogr. 1975;8(5):573–574. 

21. Kowalski R, Kowalska G, Wawrzyniak J. Bioactivity and chemical composition of aqueous extracts 

from medicinal plants. Natural Prod Res. 2020;34(5):627–635. 

22. Liu Y, Wei Y, Liu L, Zhou H. Comparative study on different solvent extraction techniques and 

their impacts on bioactive compounds and antioxidant activities in Nitraria tangutorum. Food 

Chem. 2021;350:129255. 

23. Molole G, Gure A, Abdissa N. Determination of total phenolic content and antioxidant activity of 

Commiphora mollis (Oliv.) Engl. resin. BMC Chem. 2022;16:48. doi:10.1186/s13065-022-00841-

x. 

24. Lum NA, Chukwuma CI, Erukainure OL, Chukwuma MS, Matsabisa MG. Ethnobotanical, 

phytochemical, toxicology and anti-diabetic potential of Senna occidentalis (L.) link; A review. J 

Ethnopharmacol. 2022;283:114663. doi:10.1016/j.jep.2021.114663. 

25. Nguyen VH, Le TT, Truong DH. Effect of processing methods on the antinutritional factors and 

nutrient composition of Senna occidentalis seeds. Food Sci Technol. 2020:40(1):115–122. 

26. Patel K, Singh RK, Patel DK. Pharmacological properties of alkaloids: A review. Asian J Plant Sci 

Res. 2021;10(4):56–68. 

27. Patel V, Modi H. Antioxidant and anti-inflammatory activities of bioactive compounds. J Nat Prod. 

2022;85(4):883–895. 

28. Pathak P, Deshmukh K. Thermal analysis of biocomposites using thermogravimetric analyzer. J 

Polym Res. 2020;27(8):1–10. 

29. Ramachandran VS, Beaudoin JJ. Handbook of Analytical Techniques in Concrete Science and 

Technology. New York: William Andrew Publishing, LLC; 2011. 

30. Sampathkumar K, Tan KX, Loo SC. Developing nano-delivery systems for agriculture and food 

applications with nature-derived polymers. Isci. 2020;23(5). doi:10.1016/j.isci.2020.101055. 

31. Sasidharan S, Ng LT, Cheng HM. Aqueous two-phase systems for the extraction of bioactive 

compounds from medicinal plants: A review. J Sep Sci. 2022;45(3):635–651. 

32. Shah MA, Pathak P. Green extraction methods for bioactive compounds from medicinal plants: A 

review. Int J Pharm Pharm Sci. 2021;13(3):45–55. 

33. Sharma P, Sinha R. Antimicrobial activity of Senna occidentalis extracts. J Med Chem. 

2018;61(22):10145–10153. 

34. Singh D, Kumar R. Green extraction techniques for bioactive compounds. J Clean Prod. 

2021;234:1119–1132. 

35. Singhal T, Ray A. Soxhlet extraction: A review of recent studies. Phytochem Anal. 2017;28(1):14–

24. 

36. Reynolds T, Sofowora A. Medicinal plants and traditional medicine in Africa. Kew Bulletin. 

1984;39(3):667. 

37. Chimene D, Lennox KK, Kaunas RR, Gaharwar AK. Advanced bioinks for 3D printing: a materials 

science perspective. Ann Biomed Eng. 2016;44:2090–2102. doi:10.1007/s10439-016-1638-y.  

38. Trease GE, Evans WC. Pharmacognosy. 36th ed. Amsterdam: Elsevier Saunders; 2002. 51. 

39. Ukwubile CA, Oise IE. Analgesic and anti-inflammatory activity of Physalis angulata Linn. 

(Solanaceae) leaf methanolic extract in swiss albino mice. Int Biol Biomed J. 2016;2(4):167–170. 



 

 

Characterization of Senna Occidentalis (Link.) Seed Extract                                                                 Misau et al. 

 

 

© STM Journals 2024. All Rights Reserved 22  
 

40. Vyavhare SS, Mupondwa E. Thermogravimetric analysis and kinetic study of camelina biomass 

using thermogravimetric analyzer. Renew Energy. 2019;141:81–90. 

41. Wang L, Wu Z, Wang Y. Cost-effective extraction of bioactive compounds from plants using 

aqueous solvents. J Nat Prod. 2023;86(2):321–331. 


