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ABSTRACT 

Aim: The present study was done to evaluate the nutritional and phytochemical composition of the ethanol leave extract of Cassia nodosa.
Methods: Ethanol extract was prepared with powdered leaves of C. nodosa was prepared using cold extraction method. Proximate analysis was done using the AOAC method. Preliminary phytochemical screening was done using standard methods. Gas chromatography‑mass spectrometry (GC‑MS) was used for chromatographic profiling. The National Institute standard and Technology (NIST05) library was used to match and interpret the spectral.
Results: The results from proximate analysis revealed that C. nodosa leaves consist of 43.59±0.66% Carbohydrate, 20.76±0.19% crude fibre, 14.20±0.55% moisture, 14.14±0.50% protein, 4.37±0.06% ash and 2.94±0.05% fat. The presence of Alkaloids, Phenol, Saponin, Tannin, Quinine, Anthraquinone, Steroids, Cardiac glycoside, Flavonoid, Diterpene,  Phenolic amino acid and Aromatic amino acid were detected in qualitative phytochemical analysis of C. nodosa. Twenty two (22) phytochemicals including 3-O-Methyl-d-glucose (53.06%), 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (3.30%), n-Hexadecanoic acid (2.73%), 8,11,14-Eicosatrienoic acid, (Z,Z,Z)- (1.68%), Spiro[androst-5-ene-17,1'-cyclobutan]-2'-one, 3-hydroxy-, (3.beta.,17.beta.)- (0.79%), 4H-Pyran-4-one 2,3-dihydro-3,5-dihydroxy-6-methyl- (0.69), and Phytol (0.51%) were identified from the GC-MS spectra gotten from ethanol leave extract of C. nodosa 

Conclusion: The findings of this study reveals that C. nodosa leaves are potential candidate for consumption as food as well as candidate for drug discovery	Comment by Anwer El-Badry: As an experimental article, a simple test for one application should be added to prove your idea.
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1. INTRODUCTION 

The use of plants as a source of nutrient and medicine is a practice which is as old as time (Qadir and Raja, 2021). The high cost of orthodox medicine along with the numerous side effects associated with them has increased the interest herbal medicine as a preferred means of treatment (Ameade et al., 2018). Plants parts including the seeds, stem bark, leaves and roots prepared in the form of extracts, infusions, decoction and tinctures are consumed locally as herbal medicine for the treatment of several ailments all over the world (Nwafor and Manduna, 2021; Iyiola and Adegoke Wahab, 2024). Several researchers have linked the ability of plants to modulate biochemical pathways exhibiting physiological and therapeutic effects to the presence of bioactive compounds including phytochemicals, steroids, oils and essential oils (Vitale et al., 2022; Muscolo et al., 2024; Kumari et al., 2024). Research which involve the identification of the  nutritional and bioactive components of medicinal plant extracts has lead to the isolation, purification and characterization of several plant components for their use as candidates for production of food supplements and therapeutic agents used for managing and treating different ailments (Boukhatem and Setzer, 2020; Ogbuagu et al., 2022; Hilal et al., 2023; El-Saadony et al., 2023). Researchers have employed several procedures including proximate analysis to evaluate the nutritional content of plants, qualitative phytochemical analysis to identify the different classes of the bioactive components present in a plant and chromatographic techniques such as Gas Chromatography Mass Spectroscopy which can be used to identify fatty acids, non-polar components, essential oils and lipids in plant in a bid to authenticate the use of several plants as medicine and the identification of potentially useful plant (Egbuna et al., 2018; Ududua et al., 2019; Ahmed et al., 2019; Soola et al., 2021; Nwosu et al., 2022; Owoeye et al., 2023).

Cassia nodosa Buch.-Ham. ex Roxb. is a subspecies of the species Cassia javanica L. var. commonly called “pink cassia” or “pink shower”(Kabila et al., 2023; Agoo et al., 2023). It belongs to the family Leguminosae and is a deciduous ornamental tree with height ranging from 10 – 30m (Kabila et al., 2023; Agoo et al., 2023). Its leaves, stem bark and stem are used traditionally for medicine while tree trucks are used for making household, domestic and personal items (Kabila et al., 2023). C. nodosa is cultivated in the tropics and naturally found in America, Australia, Asia and tropical West African countries including Nigeria and Ghana (Afu et al., 2020). 

Traditionally, C. nodosa leaves and pods are used for the treatment of ringworm, rheumatism, cheloid and insect bites (El-Sherbeni et al., 2014). Its bark is used as one of ingredients in anti-diabetic ayurvedic formulation while the juice from the bark of C. nodosa is used in treating stomachache and dysentery (Afu et al., 2020). Its leaves are used for antimicrobial, purgative, diuretic purposes and for poulticing boils (El-Sherbeni et al., 2014; Afu et al., 2020). Young leaves of C. nodosa are eaten to stop bad breath (Afu et al., 2020). C. nodosa is used in Ghana for the preparations herbal medications used for the treatment of herpes simplex, rheumatism, diabetes mellitus, malaria, fever, cold, gastric pain and constipation (Afu et al., 2020). Despite its use in the preparation of herbal remedies, the chemical composition of C. nodosa the leaves has not been explored. Hence the present study which evaluates the nutritional and phytochemical components of C. nodosa leaves.



2. MATERIALS AND METHODS 

2.1. Collection and preparation of plant material

The sample was authenticated taxonomically (specimen voucher CY001) in the department of plant science and Biotechnology of the University of Port-Harcourt, Rivers State in Nigeria by Dr. N. L. Edwin-Nwosu. After authentication, matured leaves of C. nodosa was collected from Benin city, Edo State in Nigeria. The leaves were sorted, rinsed in distilled water and allowed to air dry. The dried leaves were ground into powder and stored in air tight containers.

2.3. Proximate analysis of C. nodosa leaves

The AOAC (2010) method was used in determining the  moisture, lipid, ash, fiber, protein and carbohydrate content of C. nodosa dried leaf powder . The energy level of C. nodosa was also determined in accordance with the AOAC (2010) methods. All the experiment were done in triplicates. 

2.4. Preparation of C. nodosa leaves extract

C. nodosa leaf extract was prepared by soaking C. nodosa leaf powder in 70% ethanol with occasional agitation for 48 hours. Filtration was done with Whatman's filter paper grade 41 and ethanol was eliminated from the filtrate with a rotary evaporator. The extract was labelled stored at 4oC.
 
2.5. Phytochemical analysis

2.5.1. Qualitative phtyochemical analysis

The presence of Anthraquinone, Coumarin, diterpene, cardiac glucoside, steroids, tanins, xanthoprotein, alkaloids, protein, saponins,  quinines, phenols and flavonoids were identified in the extract of C. nodosa leaves using the methods of Harborne (1973), Trease and Evans (1989) and Fafowora (1993) as described by Prabhavathi et al. (2016).

2.5.2. GC-MS analysis of C. nodosa extract

The chemical component present in the leaf extract of C. nodosa were analysed using a Shimadzu GC-MS System which consist of a GC-2010 plus gas chromatograph and a QP-2010 Ultra quadrupole mass spectrometer. A DB-Wax fused silica capillary column (30m x 0.25mm ID x 0.25μm df) which is composed of silphenylene polymer was used. Helium gas with a flow rate of 1.0 mL/min was used as a carrier gas. The initial temperature was 45oC for three minutes, before it was increased to 300oC at 6.5°C/min with a hold time of ten minutes. The temperature for injection and detection were set at 280°C and 300°C, respectively. 1 μl of the fractions diluted in 200 μl of dichloromethane was injected into the GC-MS. The National Institute Standard and Technology (NIST05) database was used for the interpretation, identification and compilation of the names, structure and molecular weight of the chemical components in the leaf extract of C. nodosa (Ududua et al., 2019).

2.6. Statistical analysis

All the experiments for proximate analysis were done in triplicates (n = 3) and presented as mean ± standard deviation (SD). 




3. results and discussion

3.1. Proximate composition of C. nodosa leaves

The result obtained from the proximate analysis of the leaves of C. nodosa is presented in table 1 below. The leaves of C. nodosa is made up of 14.5±0.55% moisture, 4.37±0.06% Ash, 14.14±0.50% fat, 2.94±0.05% fat, 20.76±0.19% crude fibre and 43.59±0.66% carbohydrates. The result also revealed that 100g of C. nodosa contained 257.40±0.67 Kcal of energy.

Table 1. Proximate composition of C. nodosa leaves

	Parameter
	Unit
	C. nodosa leaf extract

	Moisture
	%
	14.20±0.55

	Ash
	%
	4.37±0.06

	Protein
	%
	14.14±0.50

	Fat
	%
	2.94±0.05

	Crude fibre
	%
	20.76±0.19

	Carbohydrate (NFE)
	%
	43.59±0.66

	Energy level
	Kcal/100g
	257.40±0.67


NFE- Nitrogen Free Extract

C. nodosa leaves have a high concentration of carbohydrates and crude fibre but contain a low amount of minerals.


3.2. Phytochemical composition of C. nodosa leaf
The results obtained from the qualitative phytochemical analysis of the leaf extract of C. nodosa is presented in table 2 below. The result obtained showed the phenol, flavonoid, anthraquinone, tannin, steriods, alkaloids, quinine, saponin, xanthoprotein, cardaic glycoside, diterpene, phenolic and aromatic amino acids were present while coumarin and protein were absent

Table 2. Qualitative analysis of C. nodosa leaf  
	
	Phytochemical components
	Type of test
	C. nodosa leaf extract

	1
	Phenol
	Ferric Chloride
	+

	2
	Flavonoid 
	sodium hydroxide
	+

	3
	Anthraquinone
	Borntrager’s
	+

	4
	Tannin
	Ferric Chloride
	+

	5
	steroids
	Libermann- Burchard
	+

	6
	Alkaloids
	Mayer’s Test
	+

	
	
	Dragendroff’s test
	+

	
	
	Wanger’s test
	+

	7
	Quinine
	potassium hydroxide
	+

	8
	saponin
	Frothing
	+

	9
	Xanthoprotein 
	General  test
	+

	10
	Coumarin
	alcoholic sodium hydroxide
	-

	11
	Protein
	Million’s test
	-

	12
	Cardiac glycoside
	Keller kiliani
	+

	13
	Diterpene
	Copper acetate 
	+

	14
	Phenolic amino acid
	Million’s
	+

	15
	Aromatic amino acid
	Xanthoprotein test
	+


3.3. Chemical components in C. nodosa leaf  extract
The chromatogram obtained from the GC-MS analysis of the leaf extract of C. nodosa is presented in Figure 1 below. The chromatogram shows the presence of twenty two peaks. All twenty two components identified in the leaf extract of C. nodosa are presented in table 3 in the order of their retention time along with names, molecular formular, molecular weight and percentage concentration. Table 4 shows the classes of the different chemical components and their biological activities. 
[image: ]
Fig 1. Gas chromatography-mass spectrometry (GC–MS)  chromatogram of the leaf extract of C. nodosa


Table 3. Chemical components present in the leaf extract of C. nodosa 

	
	Name of compd
	Molecular
formula
	Molecular 
weight
	Peak
Area (%)
	Structure

	1
	Hydrouracil, 1-methyl-; 1-Methyldihydro-2,4(1H,3H)-pyrimidinedione
	C5H8N2O2
	128
	0.27
	[image: ]

	2
	4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
	C6H8O4
	144
	0.69
	[image: ]

	3
	2,3-Dihydrobenzofuran
	C8H8O
	120
	0.40
	[image: ]

	4
	Hydroquinone
	C6H6O2
	110
	0.34
	[image: ]

	5
	Resorcinol
	C6H6O2
	110
	1.44
	[image: ]

	6
	Benzene, 2-methoxy-1,3,5-trimethyl-
	C10H14O
	150
	0.18
	[image: ]

	7
	Phenol, 2,6-dimethoxy
(Syringol)
	C8H10O3
	154
	0.61
	[image: ]

	8
	Phenol, 4-propyl-

	C9H12O
	136
	1.47
	[image: ]

	9
	5-Methoxy-4-methyl-2,1,3-benzothiadiazole
	C8H8N2OS
	180
	0.34
	[image: ]

	10
	Ethyl .alpha.-d-glucopyranoside 
	C8H16O6
	208
	11.61
	[image: ]

	11
	3-O-Methyl-d-glucose 
	C7H14O6
	194
	7.06
	[image: ]

	12
	3-O-Methyl-d-glucose 
	C7H14O6
	194
	2.81
	[image: ]

	13
	3-O-Methyl-d-glucose 
	C7H14O6
	194
	53.06
	[image: ]

	14
	D-Fructose, 3-O-methyl- 
	C7H14O6
	194
	9.15
	[image: ]

	15
	n-Hexadecanoic acid; Palmitic acid 
	C16H32O2
	256
	2.73
	[image: ]

	16
	Hexadecanoic acid, ethyl ester;  
	C18H36O2
	284
	1.01
	[image: ]

	17
	Spiro[androst-5-ene-17,1'-cyclobutan]-2'-one, 3-hydroxy-, (3.beta.,17.beta.)-
	C22H32O2
	328
	0.30
	[image: ]

	18
	Phytol 
	C20H40O
	296
	0.51
	[image: ]

	19
	9,12,15-Octadecatrienoic acid, (Z,Z,Z)- ; Linolenic acid 
	C18H30O2
	278
	3.30
	[image: ]

	20
	8,11,14-Eicosatrienoic acid, (Z,Z,Z)- ; Dihomo-.gamma.-linolenic acid 
	C20H34O2
	306
	1.68
	[image: ]

	21
	Spiro[androst-5-ene-17,1'-cyclobutan]-2'-one, 3-hydroxy-, (3.beta.,17.beta.)
	C22H32O2
	328
	0.79
	[image: ]

	22
	2-Decanynoic acid 
	C10H16O2
	168
	0.25
	[image: ]




Table 4. Class of the chemical components present in the leaf extract of C. nodosa and their biological activities
	
	Class of compound
	Name of compound
	Biological Activity

	1
	Flavonoid
	4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
	Antioxidant activity (Olaniyan et al., 2018; Dhami, et al., 2024)

	2
	 Phenol

	2,3-Dihydrobenzofuran (lignan aldehyde)
	anti-tumor, antioxidant, anti-fungal, anti-cancer, anti-bacteria, anti-tubercular, and anti-malarial activities (Nath et al., 2021; Nousheen et al., 2022; Dapkekar et al., 2022)

	
	
	Hydroquinone
	Anti-bacterial, antioxidant and  melanin synthesis inhibitory activity (Ma et al., 2019; Xie et al., 2024)

	
	
	Resorcinol
	Tyrosinase inhibitory effects and  keratolytic activity of resorcinol (Onawole et al., 2018; Tokudome et al., 2020)

	3
	Methoxyphenols
	Phenol, 2,6-dimethoxy
(Syringol)
	Anti-inflammatory activity (Milan Gowda et al., 2022). 

	4
	phenolic compounds
	Phenol, 4-propyl-

	

	5

	Sugar moiety

	Ethyl .alpha.-d-glucopyranoside 
	Preservative

	
	
	3-O-Methyl-d-glucose 
	Preservative,  cryoprotectant, ferroptosis inducer, anti-inflammatory and anticancer properties (Singh et al., 2022; Xuan and Zhang, 2023; Singh et al., 2024) 


	
	
	3-O-Methyl-d-glucose 
	

	
	
	3-O-Methyl-d-glucose 
	

	
	
	D-Fructose, 3-O-methyl- 
	Preservative

	6
	Fatty acid
	n-Hexadecanoic acid; Palmitic acid 
	Antioxidant, hypocholesterolemic  anti-inflammatory, anticancer and antibacterial activitiy (Aparna et al., 2012; Shaaban et al., 2021; Wechakorn et al., 2025; Purushothaman et al., 2025)

	
	
	Hexadecanoic acid, ethyl ester;  (Palmitic acid ethyl ester)
	Antioxidant, hypocholesterolemic  anti-inflammatory and antibacterial activitiy (Aparna et al., 2012; Shaaban et al., 2021; Wechakorn et al., 2025; Purushothaman et al., 2025)

	
	
	9,12,15-Octadecatrienoic acid, (Z,Z,Z)- ; (α-linolenic acid) 
	Anticancer properties (Rani et al., 2024)  

	
	
	8,11,14-Eicosatrienoic acid, (Z,Z,Z)- ; Dihomo-.gamma.-linolenic acid 
	anti-microbial activity (Al-Rajhi and Ghany, 2023)  

	7
	Steroid Compound
	Spiro[androst-5-ene-17,1'-cyclobutan]-2'-one, 3-hydroxy-, (3.beta.,17.beta.)-
	 Anti-inflammatory
(Srimathi and Gurunathan, 2020)

	8
	Diterpene

	Phytol 
	Anti-bacterial, anti-arthritis, anti- cancer and anti-inflammatory activity (Carvalho et al., 2020;Islam et al., 2020; Adeshina et al., 2021; Rani et al., 2024)





3.2. Discussion


Nutrients are essential for the growth, development and proper functioning of the human system (Chen et al., 2018). Carbohydrates are the main source of energy for the body, adults have been advised to obtain 40 - 60% of the daily calories the human body requires from carbohydrate sources (Ahsan, 2021). Dietary fibers are important for laxation, satiety and plays a crucial role in metabolism regulation and preventing chronic gastroenterological diseases (Clemente-Suárez et al., 2022). It has also has been associated with the management of obesity and diabetics (Adegbaju et al., 2022). The proximate analysis of C. nodosa leaves revealed that the leaves of C. nodosa are rich in carbohydrate (43.59g/100g) and fibre (20.76g/100g) showing that the leaves of C. nodosa will be a good source of dietary carbohydrate and fibre. Ash content in proximate analysis gives mineral content of food (Ismail, 2024). The ash content of C. nodosa is quiet low at 4.37% when compared with other leafy vegetable such as Celusia argenta (32.40%), Corchorus olitorius (21.20%) and Amaranthus cruentus (26.30%) consumed in Nigeria (Hodson et al., 2018).

Consuming plants has been ascribed to positive health benefits due to the presence of phytochemicals (Samtiya et al,. 2021). Hence plants have been used in the preparation of traditional medicine all over Nigeria. With the advancement of science came the identification of the various phytochemicals present in several plants with their use in the discovery and development of drugs from these phytochemicals (Boukhatem and Setzer, 2020; Ogbuagu et al., 2022; Hilal et al., 2023; El-Saadony et al., 2023). Phytochemicals are plant-based organic compounds that not only have health protecting property but can prevent the deterioration of certain diseases conditions as well as protect against them (Samtiya et al,. 2021; Hilal et al., 2023; El-Saadony et al., 2023). Phytochemicals may not have nutritional value but biologically active against chronic diseases but have been shown to possess a wide variety of properties ranging from enzymes inhibiting/ activating to anti-inflammatory, antimicrobial, antidiabetic to possessing bioactive features which have the ability to combat the activities of oxidants (Samtiya et al,. 2021; Muscolo et al., 2024). 

Preliminary phytochemical analysis revealed that phenol, flavonoid, anthraquinone, tannin, steriods, alkaloids, quinine, saponin, xanthoprotein, cardaic glycoside and diterpene were present in the leaves of C. nodosa. Phenols are anticancer, antimicrobial and anti-inflammatory and antidiabetic in nature (Kumar et al., 2019; Sehrawat et al., 2022; Sun and Shahrajabian, 2023). Alkaloids has been identified to posses diuretic properties and reduce appetite (Chen and Lin, 2019; Bhambhani et al., 2021; Rajput et al., 2022). The ingestion of food rich in saponins have been associated with a reduction in the level of cholesterol in the blood, anti-inflammatory and anti-fungal activities (Nath et al., 2022; Sharma et al., 2023; Kaur et al., 2024). Flavonoids have exhibited antioxidant, antihypertensive anti-cancer and hepatoprotective properties (Mondal and Rahaman, 2020; Baby et al., 2021; Sahu et al., 2023). Dietary tannins are antihemorrhoidal, antiviral and antidiarrheal (Fraga-Corral et al., 2021; Hoque et al., 2025). According to Roncero et al. (2018), dietary diterpenes exhibit  anti-inflammatory and antimicriobial properties. Consumption of quinine has been associated with pain and fever relieving effect (Dawidowicz et al. 2018). While Cardiac glycosides have antiproliferative, anticancer and antiviral effects (Schneider et al., 2017; Reddy et al., 2020; Kumavath et al., 2021).

The GC-MS analysis of the extract of C. nodosa confirmed the presence different classes of phytochemicals such as phenols, flavoniods, steroids and diterpene in accordance the qualitative phytochemical analysis of C. nodosa leaves. Other chemical components identified by GC-MS includes fatty acids and sugar moieties with the sugar moiety “D-Fructose, 3-O-methyl” being the most abundant chemical component in the leaf extract of C. nodosa. The phenols identified by GC-MS include 2,3-Dihydrobenzofuran, hydroquinone, resorcinol, Phenol, 2,6-dimethoxy and phenol, 4-propyl (Syringol). 

Research findings have reported the anti-tumor, antioxidant, anti-fungal, anti-cancer, anti-bacteria, anti-tubercular, and anti-malarial activities of 2,3-Dihydrobenzofuran and its derivatives (Nath et al., 2021; Nousheen et al., 2022; Dapkekar et al., 2022); anti-bacterial, antioxidant and  melanin synthesis inhibitory activity of natural hydroquinone (Ma et al., 2019; Xie et al., 2024); tyrosinase inhibitory effects and  keratolytic activity of resorcinol (Onawole et al., 2018; Tokudome et al., 2020) as well as the anti-inflammatory activity of Phenol, 2,6-dimethoxy (Syringol) (Milan Gowda et al., 2022). 4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl- which has been identified for its Antioxidant activity was the only flavonoid identified by GC-MS analysis of the leaf extract of C. nodosa (Olaniyan et al., 2018; Dhami, et al., 2024). 

Phytol a chlorophyll component which has been shown via insilico studies to posses anti-bacterial and anticancer activities as well as anti-arthritis and anti-inflammatory activity due to its ability to reduce inflammatory reactions in the spinal cord and joints was identified by GC-MS analysis as the only diterpene present in the leaf extract of C. nodosa (Carvalho et al., 2020;Islam et al., 2020; Adeshina et al., 2021; Rani et al., 2024). The steroid Spiro[androst-5-ene-17,1'-cyclobutan]-2'-one, 3-hydroxy-, (3.beta.,17.beta.) was identified by GC-MS as the only steriod in C. nodosa leaf extract. Spiro[androst-5-ene-17,1'-cyclobutan]-2'-one, 3-hydroxy-, (3.beta.,17.beta.) has been identified through in-silico studies to have anti-inflammatory effect (Srimathi and Gurunathan, 2020)

The fatty acids identified by the GC-MS analysis of C. nodosa leaves extract includes palmitic acid (n-Hexadecanoic acid and Hexadecanoic acid ethyl ester), α-linolenic acid (9,12,15-Octadecatrienoic acid, (Z,Z,Z)) and Dihomo-.gamma.-linolenic acid (8,11,14-Eicosatrienoic acid, (Z,Z,Z)). Research has shown that Hexadecanoic acid and Hexadecanoic acid ethyl ester extracted from the leaves of plants to have antioxidant, hypocholesterolemic  anti-inflammatory and antibacterial (Aparna et al., 2012; Shaaban et al., 2021; Wechakorn et al., 2025; Purushothaman et al., 2025). Ravi and Krishnan (2017) through in-silico studies identified that Hexadecanoic acid extracted from Kigelia pinnata leaves to have anticancer cytotoxic properties. On the other hand, 8,11,14-Eicosatrienoic acid, (Z,Z,Z) has been identified by Al-Rajhi and Ghany (2023)  to possess anti-microbial activity against Salmonella typhi. While Rani et al. (2024) identified 9,12,15-Octadecatrienoic acid, (Z,Z,Z) to posses anticancer properties via in-silico studies.


4. Conclusion

Proximate analysis revealed that the leaves of C. nodosa  to be a good source of carbohydrate and dietary fibre. The ethanol extract of C. nodosa leaves contains chemical components which possess antioxidant, anti-fungal, anti-cancer, anti-bacterial, anti-arthritis, anti-microbial, anti-inflammatory and anti-malarial activities. This confirms the traditional use of C. nodosa leaves as antimicrobial as well as for the treatment of herpes simplex, rheumatism, malaria and fever making it a potential candidate for drug discovery. However in vivo and in vitro studies should be done to further validate these claims.	Comment by Anwer El-Badry: Spelling.

Check all the text for spelling and space lags.
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