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Abstract 

The phytochemical analysis of chemical compounds produced by plants offers benefits across 

various fields. Students were introduced to plant constituents to provide them with a better 

understanding of plant science. This practical demonstration using TLC techniques supported 

with educational intervention has motivated twelve (12) final year students’ interest in 

medicine/pharmaceutical, which were selected from CHEM/BIO, CHEM/MATH, CHEM/ISC and 

CHEM/PHY combinations. The study revealed six (6) constituents from Deinbollia pinnata leaves, 

which can be compounds from simple sugars, flavonoids, coumarins, fixed oils/fats, phenols, 

tannins, steroids, terpenoids, saponins, and alkaloids as identified through phytochemical 

analysis results. Thus, educators can help students explore immediate plant phytochemicals and 

evaluate their pharmacological activities to address global challenges related to health, nutrition, 

and environmental sustainability. 

Keywords: Students, Phytochemical Analysis, Chemical Constituents, Thin Layer 

Chromatography, Spots, Deinbollia pinnata. 

 

 

Introduction 

Phytochemical analysis is a vital area of research in understanding the potential health 

benefits of plants and developing natural products for health and wellness (Shah & Singh, 

2025; Yang & Ling, 2025). This type of analysis involves studying the plant's constituents 

that can have beneficial effects on health. Their effect are associated with some 

classification such as alkaloids; nitrogen-containing compounds often with 

pharmacological effects (Chaachouay & Zidane, 2024) (e.g., caffeine, morphine), 

flavonoids; antioxidants that can have anti-inflammatory properties (Jomova et al., 2025a) 

(e.g., quercetin, catechins), terpenoids; compounds that contribute to the aroma and flavor 

of plants (Siddiqui et al., 2024) (e.g., menthol, limonene), phenolic; associated with 

antioxidant activity (Dayal et al., 2024) (e.g., tannins, lignins) and saponins; known for their 

foaming properties and potential health benefits (Lv et al., 2025). These constituents were 

obtained through extraction methods, utilising the chromatography process and the 

application of spectroscopic methods. Aluminium thin layer chromatography is a versatile 

and accessible technique widely used in laboratories for the analysis of various compounds 
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across different fields (Kowalska, 2022; Urbain & Simões‐Pires, 2020). TLC is based on the 

differential adsorption of compounds on a stationary phase and their solubility in a mobile 

phase (Tiwari & Talreja, 2022).  

 

 
Figure 1: Development of TLC Plate 

 

The stationary phase in aluminium TLC is an adsorbent (commonly silica gel or alumina) 

coated onto an aluminium plate, as shown in Figure 1. TLC is based on the differential 

adsorption of compounds on a stationary phase and their solubility in a mobile phase 

(Tiwari & Talreja, 2022).  As such, the number of components present would be identified 

through a visualisation setup apparatus, such as a UV machine (Loconsole & Santamaria, 

2021), chemical stains (Suebkhampet, 2024), or other detection methods, as part of 

qualitative analysis.   

D. pinnata is a plant species that belongs to the family Sapindaceae (Rufai, 2021). 

Commonly known as bitter bark or bitter wood, this plant is typically found in tropical 

regions, particularly in West and Central Africa (Sangeeth Shyam Sundar et al., 2024). It 

thrives in forested areas and along riverbanks, growing as a shrub or small tree with 

distinctive pinnate leaves that reach heights of 4-10 meters (Green Institute, 2022). The 

leaves contain several bioactive compounds (Rufai, 2021), which serve as an excellent 

subject for hands-on experimentation for learning in educational institutions. However, 

there remains a bottleneck with students' practical comprehension of identifying the 

number of phytochemical constituents found in the plant matrix. Despite their well-

documented medicinal properties. Challenges arise as students are not individually 

involved in lab practices for effective use of the TLC process to separate constituents and 

to identify phytochemicals from plant extracts.  

Engaging in phytochemical analysis and TLC helps students bridge the theoretical 

knowledge and practical application. It reinforces concepts learned in lectures and 

enhances critical thinking and problem-solving skills. Phytochemicals are bioactive 

compounds found in plants that contribute to their colour, flavour, and disease resistance 
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(Gupta, 2023; Kumar et al., 2023). They are not essential nutrients but have been linked to 

various health benefits. These phytochemical constituents include Flavonoids, 

Carotenoids, Glucosinolates, Saponins, Terpenes, Alkaloids, Lignans, Phenolic Acids. Each 

of these groups contains numerous individual compounds, each with its potential health 

benefits (College & Pradesh, 2025). The D. pinnata roots and leaves are used in folkloric 

medicine as a remedy for numerous diseases (Lasisi et al., 2016). Reports on their essential 

oil bioactivity and volatile constituents were documented (Sotubo et al., 2016). Isolated 

compounds range from coumarins, phenolics, esters and ethers (Rufai et al., 2019a) were 

identified. The leaves and bark of D. pinnata are used for medicine due to their potential 

anti-inflammatory and analgesic properties (Rufai et al., 2023). Isolated compounds such as 

Taraxasterol, stigmasterol, betulinic acid, methyl gallate, ethyl gallate, methyl-ß-D-

glucopyranoside, ethyl oleate, ethyl stearate, and phytyl palmitate, myristic acid, stearic 

acid, Quercetin, Stigmasterol, Lupeol, γ-sitosterol, Tetrahydrospirilloxanthin (squalene), 

Pyrogallol, Stigmasta-5,22-diene-3-ol acetate, 4,8,12,16-tetramethylheptadecan-4-olide 

(also referred to as 4,8,12,16-tetramethylheptadecan), Palmitic acid, 1,4-Benzene 

dicarboxyl ester, 1,2-Benzene dicarboxyl ester (Lasisi et al., 2016; Rufai et al., 2019a; Rufai, 

Basar, Chandren, et al., 2020; Rufai et al., 2022; Sotubo et al., 2016). In the laboratory, TLC 

and phytochemical analysis are mostly used for the separation and analysis of various 

chemical compounds. It offers simplicity, speed, and cost-effectiveness, making it a popular 

choice in research for qualitative and quantitative analysis.  

 

Materials and Methods 
Chemicals and Reagents 

Solvents would be of general-purpose grade, and the reagents of analytical grade. The 

solvents were n-hexane (HEX), diethyl ether (DEE), dichloromethane (DCM), chloroform 

(CHCl3), ethyl acetate (EtOAc), acetone (ACE), methanol (MeOH), ethanol, TLC plate 

(aluminum foil coated with an adsorbent like silica gel), TLC chamber (a container with a 

lid), capillary tubes, developing solvent (appropriate for the compounds being separated), 

sample to be analyzed, visualization agent (if needed), spraying with vanillin sulphuric acid 

reagent majorly. 

 

Plant Material Collection 

The D. pinnata (Poir.) Schumach. & Thonn leaves would be collected from Okehi Local 

Government Area of Kogi State, Nigeria, during the dry season, early January, for one week 

(daytime temperature ranges from 28 °C in January to 32 °C). The plant would be identified 

and confirmed at the Biological Department, Federal College of Education, Okene, Kogi 

State, by Mrs Aniama Salome O.A., a botanist. The plant material would be authenticated 

at the Forestry Research Institute of Nigeria, Ibadan, through comparison with a voucher 

specimen. The collected leaves would be washed, air-dried at room temperature for one 

month and ground to a powder. 

Extraction Procedure 
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This study is a laboratory-based activity. Three students from each course combination 

were selected based on their academic performance, resulting in twenty-one participants. 

To each of the group. powdered plant material of D. pinnata (Poir.) Schumach. & Thonn was 

extracted using the Ruf-azah method (Rufai et al., 2019b). Briefly, the leaves wase taken 

into several conical flasks (30 g each) and extracted with organic solvents (150 mL) such as 

n-hexane, ethyl acetate, and methanol in a sonicator using an ultrasonic-assisted extraction 

method at an interval of ten minutes' agitation; filtered into a bottle and allowed for 24hr; 

then filtered using Whatman No. 1 filter.  The extraction was repeated three times for 

various solvents until complete extraction. The combined extracts were filtered and 

concentrated in vacuo at 40°C using a rotary evaporator, the extractives were evaporated 

to dryness and residues were obtained in grams for all selected parts of D. pinnata (Poir.) 

Schumach. & Thonn.  Phytochemical analysis was carried out with the sample extracted 

with methanol only. Purifying each crude extract was carried out using vacuum liquid 

chromatography (VLC), and spotting/identification was guided by aluminium thin-layer 

chromatography (TLC). The Rf of each identified constituent was calculated and recorded. 

Each course combination involved in all stages and presented their results as best collated 

by the lab attendant into the laboratory report. 

 

Phytochemical Analysis Procedure  

A preliminary phytochemical screening of D. pinnata (Poir.) Schumach. & Thonn. Leaves 

was conducted using standard procedures with slight modifications (Nkwocha et al., 2024). 

Tests for simple sugar (Fehling’s test): To conduct the Fehling's test, combine 

approximately 1 mL each of Fehling's solutions A and B, warmed for 1 minute. Next, add 

this mixture to an equal volume of the test solution and heat the solution in a boiling water 

bath for 5-10 minutes. A yellow precipitate formed, which turned brick red. 

Test for anthraquinone glycosides (Borntrager’s test): In the testing process, each sample 

was mixed with 3 mL of diluted H2SO4, heated, and then filtered. The resulting filtration was 

cooled, and an equal amount of benzene was introduced. The solution was vigorously 

shaken to separate the organic layer. Following this, an equal amount of diluted ammonia 

solution was added to the organic layer. The absence of anthraquinone glycosides was 

indicated by the failure of the ammonia layer, which turned pink. 

Test for Cardiac Glycosides (Keller-Killiani Test): To test for the presence of cardiac 

glycosides in the extracts, 1 mL of concentrated H2SO4, 2 mL of glacial acetic acid, and 1 

drop of FeCl3 solution was added to 5 mL of the extracts. The formation of a brown ring 

indicated the presence of cardiac glycosides.  

Test for Coumarins: A 10% NaOH solution was added to 2 mL of the extracts, followed by 

vigorous shaking for 5 minutes. The appearance of yellow colouration indicated the 

presence of coumarins.  

Test for Saponins (foam test): To prepare the solution, 20 mL of distilled water was added 

to 1 mL of the extract in a measuring cylinder. Shake the mixture vigorously for 15 minutes 

and was carefully observed for the presence of a foam layer. 
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Tests for Quinone: To begin the experiment, mix concentrated sulfuric acid (H2SO4) with 2 

mL of the extract in a test tube. The mixture was vigorous for 5 minutes. A Noticeable red 

colour was observed. 

Test for Steroids (Salkowski test): To conduct the Salkowski test for steroids, 2 mL of 

concentrated H2SO4 with 2 mL of chloroform was added to the mixture with 2 mL of the 

extracts. Shaked vigorously. The chloroform layer should turn red, while the acid layer will 

exhibit a greenish-yellow fluorescence. This test showed the presence of steroids in a 

sample. 

Test for Alkaloids (Mayer’s test): To conduct Mayer's test for alkaloids, add approximately 

1 mL of diluted hydrochloric acid and 1 mL of Mayer's reagent was added to 2-3 mL of the 

filtrate. Shaked. The formation of a yellow precipitate indicated the presence of alkaloids. 

Test for Flavonoids (Shinoda test): To conduct the Flavonoid Test, concentrated 

hydrochloric acid (HCl) was added drop by drop to the test solution. Next, magnesium 

turnings are introduced into the solution. The presence of flavonoids was indicated by the 

observation of a pink-red colour change. 

Test for Tannins and Phenolic: To test for Tannins and Phenolic compounds, a solution of 

5% FeCl3 should was to 2 mL of the extracts. The presence of tannins and phenolic 

compounds in the test sample was indicated by a deep blue-black colouration. 

 

Thin Layer Chromatography Procedure 

A small amount of crude extract from each solvent was prepared by high dilution. Capillary 

tubes were used to apply a small amount of the sample solution to the bottom of an 

aluminium TLC plate. The spots were small and evenly spaced and allowed to dry 

completely before proceeding with development. The TLC plate was carefully placed in a 

developing chamber, ensuring that the solvent level was below the spots. The plate was 

covered, and the solvent will rise on the plate through capillary action. Development was 

stopped when the solvent front was close to the top of the plate. The plate was removed 

from the chamber, and the solvent front was marked with a pencil. Colored compounds 

were visible, and some compounds are colourless. Visualisation agents such as UV light, 

Iodine vapour, and chemical reagents were used. The Rf values of the compounds were 

calculated.  

 

Results and Discussions 
The students knew them as an entity with a single colour, but after the powdered leaves 

(100 g) of D. pinnata were extracted with n-hexane (Hex), followed by ethyl acetate (EtOAc) 

and methanol (MeOH) in succession, they found them with different colours. The process 

of cold solvent extraction was employed and repeated three times for each solvent, 

showing clearly different quantities of constituents in the leaves. A rotary evaporator was 

used to recover the crude extracts as reported by Okocha & Orie (2025). It was then 

completely evaporated in a fume hood, with the appropriate weight recorded, as shown in 

Table 1. Another 10 g of the powdered leaves were then extracted with methanol, 
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evaporated, dried, and used for preliminary phytochemical analysis only as detailed in Table 

2. Students were surprised as different unimaginable colours showed during the test. The 

qualitative colour appearance of the leaf sample is shown in Table 3. The collected leave 

sample is shown in Figure 1. Further identification of the phytochemical component from 

the leaf's extractives was shown in Table 4. The cold plant extraction approach is important 

in natural product research experimentation towards drug discovery, food, and cosmetics 

from a plant-based product, as mentioned by Awasthi et al. (2024). The use of different 

polar solvents such as n-hexane, ethyl acetate and methanol for the extraction of 

phytochemicals started by (Nkwocha et al., 2024) from D. pinnata leaves allows 

distributions of the abundant components into like dissolves like as explained by (Ogechi 

Onyeocha & Ikejiofor Onuchukwu, 2024). The methanol solvent gave the highest yield of 

extractives (16 g), indicating more polar components present in the leaf sample, as shown 

in Table 1. This was followed by the least yield with n-hexane at 8.0 g and a moderate yield 

of 12.0 g for ethyl acetate extractives. This method helps in targeting specific 

phytochemicals with ease in their isolation. Research has shown that no single known 

solvent can efficiently extract diverse components present in a plant depleted by (Cao et 

al., 2025). Thus, using different solvents results in a more comprehensive identification of 

the plant phytochemical profile, as supported by Munuo et al. (2025). This can lead to a 

higher overall yield of diverse phytochemicals. Thus, it shows the highest activity for a 

particular purpose and influences biological activities. 

 

Table 1: Extractive Yield for D. pinnata Leaves for Thin Layer Chromatography Experiment 

Solvents Hex EtOAc MeOH 

Yield (g) 8.0 12.0 16.0 

Extraction time 3 days 3 days 3 days 

100 g /X mL proportion for the solvents to sample ratio was used in the experiment, and is 

expressed in grams. 

 

While advancement in teaching students using aluminum TLC offers a clear identifying 

numerical strength of chemical components (García-Zavala et al., 2025) that is present in a 

particular extracts, qualitative analysis remain valuable for quick preliminary assessment of 

the present or absent of phytochemicals (Maheshwaran et al., 2024) such as steroids, 

tannins, saponins, terpenoids, alkaloids, phenols, glycosides, e.t.c. It is easier with less cost 

involved, and importantly, colourfully shows visible symptoms for the 

physiological/biochemical process taking place, leading to identification of some 

phytochemicals for either nutritional benefit or potential medicine (Hossain et al., 2025). 

The reddish-browned colour observed in the experimental test tube indicated alkaloid 

(Resin et al., 2025), and the mild to dark yellow colour indicated flavonoid (Jhana Rhel 

Plantas Dulfo et al., 2025) as shown in Table 2. Scientific validation / traditional uses of 

plants rely on qualitative phytochemical screening and help students/researchers 

understand how plants adapt to their environment with different compounds present in 
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them. Permitting the herbal medicine industry to align with the understanding between 

traditional wisdom and scientific understanding (Jumba, 2025). Therefore, identification 

noticed during this phytochemical analysis will further help in isolation techniques to be 

used and the appropriate extraction solvent to be selected. 

 

Table 2: Qualitative Colour Appearance Along with the Leave Sample 

    
Leaves Crude Extractives Colour Appearance 

 

The presence of these diverse phytochemicals, as shown in Table 3, supports the traditional 

medicinal applications of D. pinnata leaves and their potential as a major source of novel 

therapeutic agents when researched. Phytochemical analysis shown in the following table 

revealed the presence of various constituents, including simple sugar, flavonoid, 

coumarins, fixed oil/fat, phenol, tannins, steroids, terpenoids, saponins, and alkaloids. The 

traditional practitioners in Africa adopt these leaves for the management of 

illnesses/difficulties such as cough /bronchial asthma, jaundice/infections, 

aphrodisiac/genital stimulants/depressants, fever (febrifuge), and fetus positioning during 

childbirth (Rufai, Basar, & Sani, 2020). The presence of simple sugars, which are mainly 

fructose and glucose, serves as a plant currency of carbon/energy (Long & Adams, 2023), 

directing complex developmental processes for growth/survival (Rawat & Laxmi, 2024) and 

enabling them to adapt to their environment. Flavonoids help neutralise harmful free 

radicals in the body that cause cell damage due to oxidative stress (Jomova et al., 2025b), 

thereby contributing to ageing and chronic diseases like neurodegenerative disorders and 

cancer reduction (Jomova et al., 2025b). 

 

Table 3: Phytochemical Screening for Heartwood, Root Bark and Leaves of D. pinnata 

Constituents  Reagent LF Phytochemical Reagent LF 

Simple sugar Fehling’s reagent + Antraquinone Borntrager’s reagent - 

 Benedict’s reagent + Steriod Salkowski’s + 

 Molisch’s reagent + Terpenes Salkowski’s + 

Protein Biuret's reagent _ Cardiac glycoside’s Keller- killiani’s reagent _ 

 Million’s reagent _ Saponin Foam + 

Flavonoids Lead acetate + Quinones Extracts + Conc. H2SO4 (aq) _ 

Coumarins Extracts+10% 

NaOH(aq) 

+ Alkaloids Hager’s reagent + 

Fixed oil Spot test + Alkaloids Dragendroff’s regent + 

Phenol FeCl3 (aq) + Alkaloids Mayer’s reagent + 

Tannins Lead acetate + Alkaloids Wagner’s reagent + 
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The plant development and growth are not directly affected by stored compounds (Yang & 

Ling, 2025), but they play a vital role in their environmental interaction. They serve as strong 

active agents against viruses, bacteria, and fungi (Bharathi & Lee, 2024; Song, 2024; 

Sułkowska-Ziaja et al., 2023). Phenolic compounds are simply known for their red to dark 

red colored (Aaby & Amundsen, 2023; Louis et al., 2022) found in vegetables, fruits (El 

Rayess et al., 2024), spices, nuts/seeds, legumes, beverages, root bark of some trees, and 

other plant-based foods (Nardini, 2022). The rich intake of phenolics is essential for health 

(Hossain et al., 2025), as an antioxidant and anti-inflammatory (Jadhav et al., 2024), 

antimicrobial (Bouymajane et al., 2024), antiviral (Sharaf, 2023) and regulating sugar level 

(Golovinskaia & Wang, 2023). The presence of tannins reduces the high rate of consumption 

due to decreased nutrient absorption (Ozogul et al., 2025), with stomach irritation (Ojo, 

2022), but serves as anticancer potential (Deb et al., 2024), antimicrobial (Widsten et al., 

2014) and demonstrates cardio-protective effects (Cosme et al., 2025). Steroids help in 

increasing cholesterol, improving cardiovascular challenges (de Melo Junior et al., 2025), 

and strengthening the immune system (Ikuta et al., 2022). The four various tests for 

alkaloids confirmed their presence, which serve as anti-malarial, stimulants, and analgesics 

(Chaachouay & Zidane, 2024; Letchuman et al., 2024; Uzor, 2020). The anthraquinone, 

cardiac glycosides, quinones and proteins were not detected. Both phenol and tannins are 

present, which have anxiolytic and mood-modulating effects (Khalid et al., 2023), 

immunomodulatory effects, and type 2 diabetes management (Martiniakova et al., 2025). 

Lastly, the presence of saponins in the leaves helps in cholesterol lowering, 

antimicrobial/antiviral activity, antidote to heavy metal poisoning, anti-venom and skin 

health (Timilsena et al., 2023). 

 

Table 4: The Aluminium Thin Layers Chromatography Spots for n-hexane, Ethyl Acetate 

and Methanol Extractives from D. pinnata 

n-Hexane (Hex) Extracts 

   

Hexane (1) Hex: EA 4.8:2 (2) Hex: EA 4.8:2 (3) 

Ethyl Acetate (EtOAc) Extracts 
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Hexane (4) Hex: EtOAc 8:2 (5) Hex: EtOAc 8:2 (6) 

Methanol (MeOH) Extracts 

   
Hex: EtOAc 5:5 (7) Hex: Ace 3:7 (8) Acetone 100% (9) 

 

Making the students involved in this physical research has made them understand the 

proper method for using aluminium TLC plates to effectively separate/analyse various 

chemical mixtures in the laboratory. Spotting and TLC development follow the same 

procedure except when a different solvent mixture is used. The n-hexane extracts were 

evaluated to identify spots with n-hexane: ethyl acetate, varying their polarity as detailed 

in Table 4. The TLC (1) showed a purple colour spot after spraying and heating. The Rf-value 

was 0.83. (n-hexane 100%) The identified spot was very bright with other faint spots. The 

base of the TLC plate clearly showed that other components present can be distributed with 

n-hexane, which is a non-polar solvent. From our review, such descriptions tend to be like 

squalene compound as reported (Bhat et al., 2023). The second (2) TLC plate with slightly 

increased polarity shows transparent spots which are more prominent for labelled 

7,8,9,10,11,12,13 immediately after spraying and allowed to sit for some time. The spots are 

not visible under UV-light, with Rf 0.54 in n-Hex: EtOAc (4:1) and Rf value of 0.73 in n-Hex: 

EtOAc (4:1) indicated a straight chain ester as reported to be palmitic acid and stearic acid 

(Rufai et al., 2019a), showing that many non-polar compounds are colourless. But when 

heated, another compound was observed slightly above the colourless spots. TLC (2&3) 

showed four (4) compounds.  

For ethyl acetate extract, the n-hexane extract showed five spots, where one of the spots, 

A1, showed under UV-light and disappeared after spraying. The other four spots (A2, B, C, 

D) demonstrated no movement after TLC development, indicating them as polar 

compounds. When the spot where further developed with slightly polar mixture of solvent 

at Hex: EA 4.8:2 as in number 5, A2 showed only one spot, B showed similar spot at the 
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same distance with A2, C depleted three spots haven one corresponded with A1, A2 and B. 

but one of the spots where completely different from the others while two spots are similar 

to C. all the spots where seen under the UV-light clearly and after spraying with application 

of heat, the spots a similar spot in B and C were noted. C showed two brownish spots as 

shown in (6). From the two spots, the upper spots shared similarity with B and the lower 

spot shared similarity with D. The brownish colored shown after heating is indicative of the 

presence of triterpenoids (Rufai et al., 2023). For the methanol extract, the n-hexane does 

not show any spots. But the mixture of Hex: EtOAc 5:5 showed a dragging spot for F and G 

as in (7). This was further increased in polarity of the solvent in (8), giving rise to three spots 

at Hex: Ace 3:7. The spots were seen under UV-light, but when sprayed and heated, a mild 

to more yellow colored spot was seen. E and G showed a faint yellow colour while the 

middle F was intense. These could be observed as a concentration difference. The 100% 

acetone observed in (9) showed a single spot, which was seen under UV light and after being 

sprayed with heat. The coloured spots in 8 & 9 TLC could be indicative of gallate compounds 

in the leaves such as pyrogallol, methyl gallate and ethyl gallate, as previously reported 

(Rufai, Basar, & Sani, 2020). The TLC experiments have shown the leaves to contain many 

important compounds. At the end of the work, the students were agitating for more similar 

practicals as they found different beneficial plants around them. They showed a potential 

level of exposure to real-life educational experience with scientific thinking, which can be 

used in many other areas of science, as well as a deeper appreciation for the natural world. 

 

Conclusion 
The presence of a medicinal chemist as a lecturer in a tertiary institution has put an 

increased interest in natural substances from plants for wellbeing. Emphases should be 

given to laboratory-based TLC and phytochemical analysis as it arouses learner 

inquisitiveness, allowing them to carry out their experiences with other plants now. Six (6) 

natural constituents were identified, and six (6) phytochemicals were analysed from D. 

pinnata leaves. More experimental designs involving different plants for students will be 

advised to further expose learners to unexplored natural therapeutic discoveries and more 

advanced methods to be used. 

 

Ethical Considerations: None 
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