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1. Introduction 
 

 

Citrus aurantifolia is a member of the Rutaceae family. 

Lime orange is the common name for it. This 5-meter-tall, 

heavily branched, green tree has short, stiff, sharp spines on 

its twigs. The alternating leaves range in shape from elliptic 

to oblong ovate. The petioles have little wings. The calyx 

cup is pointed and has four to six lobes; the flowers are tiny 

and white in bud. The fruit is an oval berry with a diameter 

of 3 to 6 cm. It occasionally has apical papillae, a thin peel 

that is greenish-yellow, is highly glandular, and has segments 

with yellow-green pulp and vesicles. It is also quite acidic, 

juicy, and aromatic. The seeds have white embryos and are 

tiny, smooth, ovoid, and plump (Michael, 2016). 

Parts of Citrus aurantifolia are said to have a special 

medicinal potential. The active ingredients in them are what 

give them their therapeutic effect. Alkaloids, coumarins, 

flavonoids, terpenes, phenols, and other compounds are 

examples of phytochemicals, which are secondary 

metabolites (Al Namani et al., 2018).  Citrus aurantifolia’s 

parts have been revealed to contain vitamins, minerals, 

antioxidant and other nutrients responsible for their anti-

inflammatory and immune boosting benefits, they are 

attributed to help fight cellular damage, boost skin health, 

manage blood sugar and prevent kidney stones 

(healthessential, 2025). The peel in a preclinical 

investigation reveals it to significantly inhibit the growth of 

human liver cancer cells and are considered to be super 

immune charger, fight natural inflammation, detoxifies the 

body, heart booster, aids digestion and a power house for 

antioxidant, all due to the presence of high packed limonene, 

hespendin, flavonoids, limonene etc. bioactive compounds 

(Naomi, 2025). These bioactive substances have been 

investigated by scholars in the different parts of Citrus 

aurantifolia. According to Omale et al. (2024), the roots and 

leave contain flavonoids, saponins, alkaloids, carbohydrate, 

phenol, tannins, protein and amino acid. Bukola et al. (2016) 

reported flavonoids, phenol, and terpenes in the juice. The 
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juice was also analyzed by Ehigbai et al. (2015) to contain 

flavonoids, steroids, terpenoids, saponins, cardiac glycosides 

and reducing sugar. Alkaloids, oxalate, phytate, tannin and 

glycosides were investigated to be present in the fruit peel 

(Moji et al., 2019). The bioactive composition of the juice 

powder analyzed by Nur et al. (2023) shows it to contain 

flavonoids, saponins, terpenoids, and steroids.  

Alkaloids, steroids, tripenes, flavonoids, saponins, 

tannins, carbohydrates, reducing sugar, and coumarins were 

identified as bioactive components in the root (Nazer et al., 

2018). The fruit of Citrus aurantifolia on analysis present 

alkaloids, tannins, saponins, cardiac glycosides, coumarins 

and quinones as phytochemicals (Sandra et al., 2025); the 

researchers further reveals the quantitative content of 

alkaloids and saponins to be 0.881%, glycoside, 2.54mg/mL 

as well as tannins, 4.4mg/mL. 

 According to Mohammad et al. (2018), the stem's 

bioactive components include alkaloids, flavonoids, steroids, 

anthtraquinone, and carbohydrates. The analysis of the stem 

bark conducted by Adam et al. (2025) reveals high 

concentration of therapeutic alkaloids, flavonoids, steroids, 

free anthraquinones, and saponins. The fruit peel was 

assayed, analyzed and confirmed with evidence of alkaloids, 

carbohydrate, flavonoids, glycosides, phenolic compound, 

protein, steroids, terpenoids and tannins (Sana et al., 2025). 

They further reiterate the phytochemical richness of the fruit 

peel of Citrus aurantifolia by elucidating the total phenolic 

and flavonoids contents and reveals it to be 

81.74±0.126mg/g and 4.71±0.052mg/g respectively.  

Similarly, an evaluation of the total phenolic and 

flavonoids content of the methanolic extract of the peel of 

Citrus aurantifolia shows 2010mg/100g phenol, 2.2mg/100g 

of flavonols and 90mg/100g of flavonoids (Humaira et al., 

2024). Essential oil from the peel of Citrus aurantifolia was 

analyzed of its bioactive constituents and D – Limonene, 

69.99%; β – pinene, 10.28% and α – pinene 13.08% were 

observed as the bioactive substances (Quoc et al., 2025). 

This research evidence is a prove of its usage and a displayed 

of its therapeutic potential. 

Citrus aurantifolia components are useful in the 

prevention and treatment of a number of illnesses because 

they have the capacity to scavenge free radicals from the 

body. Citrus aurantifolia juice has a considerable antioxidant 

activity, according to Ujung et al. (2023), with an IC50 of 

32.59 mg/mL compared to ascorbic acid's 8.57 mg/mL in an 

experiment conducted using the 2,2-diphenyl-1-

picryhydrazyl (DPPH) technique. Maha et al. (2018) found 

that the oil extracted from Citrus aurantifolia had an 

antioxidant potential with an IC50 of 21.57 ug/mL. 

Additionally, Ehigbai et al. (2015) confirm that Citrus 

aurantifolia juice's antioxidant capacity in 2,2-diphenyl-1-

picryhydrazyl (DPPH) radical scavenging method is 

significantly greater than that of the standard ascorbic acid. 

Also, oil from the peel of Citrus aurantifolia displayed 

significant free scavenging potential at IC50 as the DPPH 

assay showed it to be 13.99±184mg/mL and 

1.52±0.09mg/mL respectively. Similarly, extract from the 

juice powder reveal strong antioxidant activities with an 

IC50 value of 32.59mg/mL as compared with the ascorbic 

acid 8.57mg/mL (Nur et al., 2023). 

 Citrus aurantifolia's parts are medicinally active due to 

their antioxidant potential and the existence of bioactive 

compounds, which may explain their efficacy in traditional 

health management, prevention, and treatment.  

Several researches have been conducted on parts of 

Citrus aurantifolia in many regions but this particular search 

has not been exploited in the research domain where this 

plant parts are used individually and in combination with 

other plants to treat ailment like cold, constipation, 

congestion, fever etc. also, the peel of Citrus aurantifolia are 

considered waste in most cases, after the juice is extracted or 

consumed, the peel is been thrown away; the medicinal 

importance is not known to many, and for few that 

incorporate it for treatment; either the traditional doctors or 

their patient knows little or nothing about the active 

ingredients responsible for their medicinal potency, hence, 

the need to examine the curative components of these plant 

parts for its full utilization, this will improve medicinal 

knowledge of these plant parts  by all a sundry. In this 

context, Citrus aurantifolia's bark and fruit peel are assessed 

for their bioactive compounds and antioxidant properties 

because they are utilized in local therapies for health 

management.  
 

2. Materials and Methods 

2.1. Materials 

Citrus aurantifolia bark and fruit peel, Ferric chloride 

solution, Pyridine, Gelatin, Sodiumnitropruside, Chloroform, 

concentrated tetraoxosulphate (vi) acid, Sodium chloride 

(NaCl), Sodium hydroxide (NaOH), Nitric acid, Ethanol, 

Hydrochloric acid (HCl), Potassium tetraoxomagganate (vii) 

solution (KMnO4), Ascorbic acid, Picric acid, Hydrogen 

peroxide (H202), UV Spectrometer, and absolute ethanol for 

extraction. 
 

2.2. Techniques 

2.2.1. Plant collection and preparing samples 

Citrus aurantifolia fruit peels and bark were gathered 

from Imane, Olamaboro, Kogi State. Nigeria. A botanist 

from Prince Abubakar Audu University Anyigba recognized 

and verified the plant. The host town of the University, 

Anyigba is in Kogi east senatorial district, in Dekina local 

government area. It is centrally positioned and a major 

pathway to all local government area in the senatorial district. 

The University is on latitude 7.4809
o
N and longitude 



Kontagora Journal of Science and Technology https://fuekjournals.org/index.php/KONJOST 

 

181 

 

7.1875
o
E. The identified plant was deposited in the 

department of biology of our institution. The plant parts were 

cleaned, chopped into small pieces, allowed to dry at room 

temperature, and then ground into a fine powder. For an 

efficient extraction, 100g of each was weighed, 300 mL of 

pure ethanol was added, and the mixture was let to stand for 

two weeks. After filtering the mixtures, the solutes were 

extracted sacrificially and kept at room temperature (Leonard 

et al., 2022).  
 

2.2.3. Estimation of yield extracts 

The Percentage (%) yield of the extracted solutes was 

obtained from Equation 1  

          
  

  

                                                                      

where    = weight of the extract;    = weight of the 

pulverized sample 
 

2.3. Preparation of solutions 

The solutions were prepared as described by Isaac et al. 

(2016). 

2.3.1. Preparation of Ascorbic Acid Solution  

Ascorbic acid, 0.1g was weighed and dissolved in 100 

mL of distilled water to make 0.011mo1/dm
3
 of ascorbic acid. 

 

2.3.2. Preparation of Potassium Permanganate Solution 

Potassium permanganate, 0.02g was also weighed and 

dissolve in 100 mL of distilled water to produce 0.0012mol
 

/dm
3
 of KMnO4 

 

2.3.3. Acidification of Potassium Permanganate 

KMnO4 solution was acidified by adding 10 mL of 2M 

H2SO4 solution. 
 

2.4.  Phytochemical screenings 
 

The experimental procedure employed for the 

identification of the bioactive substances of the bark and fruit 

peel of Citrus aurantifolia was that as described by Prashant 

et al. (2011) and Junaid et al. (2020). These methods were 

adopted for its simplicity, accessibility of the reagents and its 

fast reaction time. 
 

2.4.1. Detection of alkaloids 

Picric acid test: The extracts (1g each) were dissolved in 

diluted hydrochloric acid (HCl) and filtered. The filtrate was 

then treated with Hager reagent, and the presence of 

alkaloids would be indicated by the formation of a brown or 

reddish precipitate (Prashant et al. 2011)  
 

2.4.2. Detection of carbohydrates                              

Benedicts test: The extract, 1g was dissolved in 5mL 

distilled water and filtered. The filtrate was treated with 

Benedict reagent and heated gently; formation of orange 

precipitate would Indicates the presence of carbohydrates 

(Prashant et al., 2011). 

 

2.4.3. Detection of Glycosides 

Concentrated H2SO4  test: The extract, 1g was treated with 

sodium nitropruside in pyridine and sodium hydroxide.  

Formation of pink to blood red color will indicate the 

presence of glycosides (Junaid et al., 2020). 
 

2.4.4. Detection of Saponins 

Foam test: The extract, 1g was dissolved in 2 mL of 

water. The solution was shaken and allowed to stand for ten 

minutes. Persistent foam formation for this period of time 

would show the presence of saponins (Junaid et al., 2020).  
 

2.4.5. Detection of phytosterols 

Salkowski’s test: The extract, 1g was treated with 

Chloroform and filtered. The filtrate was treated with few 

drops of concentrated sulphuric acid; it was shaken and 

allowed to stand. Golden yellow colour formation will 

indicate the presence of phytosterols (Prashant et al., 2011). 
 

2.4.6. Detection of phenols 

Ferric Chloride test: The ferric chloride test involved 

treating 1g of the extract with few drops of ferric chloride 

solution. The combination was examined for a bluish-black 

development, which indicated the presence of phenol 

(Prashant et al., 2011).  
 

2.4.7. Identification of tannins 

Braymer’s test: A 1% gelatin solution with sodium 

chloride was added to the extract. The formation of a white 

precipitate will signify the presence of tannins (Junaid et al., 

2020). 
 

2.4.8. Flavonoid detection 

Alkaline reagent test: The extract (1g) was treated with a 

few drops of sodium hydroxide solution; the production of a 

yellow hue, which becomes colourless upon the addition of 

weak hydrochloric acid, indicates the presence of flavonoids 

(Junaid et al., 2020). 
 

2.4.9. Identification of proteins and amino acids 

Xanthoproteic test: One gram of the extract was treated 

with a few drops of strong nitric acid, and the development 

of a yellow colour indicates the presence of proteins and 

amino acids (Prashant et al., 2011). 
 

2.5. Antioxidant actions 

The radical scavenging technique utilizing acidified 

potassium permanganate is implemented. This method is 

employed because of the cost effectiveness of the reagent, 

very rapid reaction time, and high standard electrode 

potential capable of detecting a broad range of reducing 

agents. This method employed ascorbic acid at a 

concentration of 2.0 mg/mL (specifically 2.0, 1.5, 1.0, 0.5, 

and 0.25 mL) as an antioxidant. 0.5 mL of acidified KMnO4 

solution and 0.5 mL of hydrogen peroxide (H2O2) were 

formulated as pro-antioxidants. The absorbance of KMnO4 
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with ascorbic acid and KMnO4 with Citrus aurantifolia 

sample extracts (bark and fruit peels) was measured 

spectrophotometrically at a wavelength of 520 nm following 

a 30-minute incubation period using UV – VIS 2700 

spectrophotometer. 

The percentage KMnO4 radical scavenging effect was 

determined via Equation 2: 

                            
       

  

                 

Where:    = Absorbance of control;    = Absorbance of the 

tested sample.  (Isaac et al., 2016). 

 

3. Results 

3.1.  Percentage yield (%) 

The percentage yield of the extracts is 10.52% and 8.4% 

for the bark and fruit peel of Citrus aurantifolia respectively 

(see Table 1). 
 

3.2.  Phytochemical findings 

The phytochemical result demonstrates the presence of 

alkaloids in the fruit peel. Carbohydrates, glycoside, 

saponins, phenols, tannins, flavonoids, protein and amino 

acid in both the bark and the fruit peel with the absent of 

alkaloids in the bark and phytosterols in both the bark and 

the fruit peel. (Table 2). 
 

3.2. Antioxidant result 

The % KMnO4 radical scavenging effects at EC50 for 

the bark is 81.21% and the fruit peel is 88.57%, the reference 

ascorbic acid is 82.00%. These competitiveness of the 

antioxidant potential of the fruit peel and the bark of Citrus 

aurantifolia as compared with the reference ascorbic acid is 

shown graphically in Fig 1 and Fig 2 below. 

 

                         Table 1: Percentage yield (%) of the Bark and Fruit Peel of Citrus aurantifolia 

Samples                                                Wtp (g)            Wte (g)      % yield 

Bark of Citrus aurantifolia                  100                     10.50             10.52 

Fruit peel of Citrus aurantifolia          100                      8.40               8.4 

     
 

   Table 2.  Parameters, Test conducted, Observations and Results 

Parameters            Test conducted Observations Results 

Bark    Fruit peel 

Alkaloids                Picric acid test Yellow precipitate was formed except for 

the bark 

- + 

Carbohydrate           Benedict test Orange precipitate was formed + + 

Glycoside              Conc. H2SO4 test Pink to blood red colour was formed + + 

Saponins                    Foam test There was persistent formation of foam  + + 

Phytosterols             Salkowski’s test Golden yellow colour was not observed - - 

Phenols                Ferric chloride test Bluish black colour was formed + + 

Tannins                   Braymer’s test White precipitate was formed + + 

Flavonoids        Alkaline reagent test Yellow color was observed on the addition 

of NaOH solution which turn colourless 

on addition of HCI 

+ + 

Protein and  

amino acid          Xanthoproteic test 

 

Yellow precipitate was formed 

 

+ 

 

+ 

    Key: (+) = present and (-) = absent                                                               
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                  Figure 1. Performance representation of the antioxidant activity of the fruit peel of Citrus aurantifolia  

                                  and standard ascorbic acid. The Blue line-marker represent the Standard and Orange  

                                  line-marker represent the Sample. 

 

 
                                   Figure 2. A plot of the performance of the antioxidant activities of the bark of  

                                                  Citrus aurantifolia compared with the standard ascorbic acid 

 

4. Discussion 
The phytochemical result of this study shows the bark 

and the fruit peel of Citrus aurantifolia to be a potential 

therapeutic for health management as it discloses some bio – 

active substances present in both the bark and fruit peel of 

the plant.  

Work conducted previously by some scholars justified 

the presence of these active substances but with slight 

variations. Okunlola et al. (2019) analyzed the 

phytochemical constituents of the leaf and bark of Citrus 

aurantifolia in Minna, Nigeria using ethanol as the solvent of 

extraction, their findings show the presence of phenol, 

flavonoids, steroids, saponin, tannin, alkaloid, anthraquinone, 

glycosides in the bark.  

In Java Indonesia, Jeffery et al. (2020) uses methanol to 

extract bioactive substances from the fruit peel of Citrus 

aurantifolia; Phenol, flavonoid, steroids terpenoid, saponin, 

alkaloid were found to be present. Also, in Shimoga, India, 

the result of phytochemicals as revealed by M’ et al. (2017) 

show phenol, flavonoid, steroid, terpenoids, saponin, tannin  

 

alkaloid and glycoside to be present in the fruit peel of Citrus 

aurantifolia.  

In a similar vein, Adam et al. (2025) in Maiduguri, Borno 

state, Nigeria present alkaloids, flavonoids, steroids, 

saponins, tannin as phytochemicals in the stem bark of Citrus 

aurantifolia. Also, alkaloids, flavonoids, carbohydrate, 

glycosides, phenol, tannins, steroids, protein and terpenoids 

are confirmed present in the fruit peel (Sana et al., 2025). 

The stem bark extract show carbohydrate, alkaloids, 

glycoside, saponin, steroid and phenol (Dhage et al., 2025). 

This work shows similar bioactive substances except for the 

absent of pytosteroids in both parts and alkaloids in the bark. 

These variations could be as a result of the geographical 

location of the plants, as different location or origin of plants 

possesses different soil nutritional content and hence 

different phytoconstituents. Additionally, as different 

solvents have varying polarity, the extraction solvent may be 

the cause of the difference. 

The antioxidant activities as displayed by the % KMnO4 

radical scavenging effects show that the plant parts; bark and 
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fruit peel of Citrus aurantifolia can scavenge free radical and  

hence, can be good therapeutics. These findings are in 

agreement with Jae – Hee et al. (2014) where they conducted  

antioxidant activities on the fruit peel of Citrus aurantifolia 

using DPPH method and reported it to have high antioxidant 

activity and hence, considered to be use as nutraceutical and 

as functional agents in food. Similarly, the antioxidant 

activities of 3 citruses were investigated using DPPH method 

as reported by Julfi et al. (2024), all possesses antioxidant 

potential with a much stronger antioxidant activity by the 

fruit peel of Citrus aurantifolia. Also, in agreement is the 

finding of Quoc et al. (2025) in a work they conducted in 

Vietnam on the peel of Citrus aurantifolia in DPPH assay, 

they confirm the peel oil to possess a significant free 

scavenging potential, they further affirm the antioxidant 

capacity to the presence of limonene and pinene compounds 

present in the peel. 

Citrus aurantifolia bark and fruit peel have 

demonstrated that they hold significant medicinal and 

pharmaceutical value driven by the bioactive compounds 

present with relevant implications for antioxidant, 

antimicrobial and green drug development. The plant parts 

especially the peel waste can be utilized into low - cost 

active pharmaceutical ingredients and excipients. If careful 

toxicity analysis and clinical evaluation is conducted, these 

plant parts could transmit to a safely commercial therapeutic, 

hand antiseptic, insect repellent and hence full utilization of 

their medicinal potential. 
 

5. Conclusion 

The need to acquire prompt and proper knowledge of 

medicinal bioactive substances present in plants is of great 

importance as it helps provide therapeutic knowledge to all 

and sundry. The bioactive components in Citrus 

aurantifolia's bark and fruit peel were determined to be 

carbohydrates, glycosides, saponins, phenols, tannins, 

flavonoids, protein, and amino acids. These bioactive 

substances could be responsible for their medicinal potency. 

The percentage KMnO4 radical scavenging effects shows the 

potential of the antioxidant activities of the bark and the fruit 

peel of Citrus aurantifolia; hence, these plant parts can 

scavenge free radicals from the body, a display of its 

importance as a good therapeutic and a prove for its use 

traditionally for prevention and treatment of certain diseases 

in our locality. These findings can serve as a precursor or 

lead to scientific drug discovery and medicine by acting as a 

blueprint for modern prescription medicine and antibiotics as 

well as providing the bases upon which novel drugs and 

biotechnology can advance. 
 

Recommendation  

This study has demonstrated great therapeutic benefit of 

Citrus aurantifolia's bark and fruit peel; nonetheless, for 

purity and effective efficacy, isolation and standardization 

into pure forms are strongly advised. 
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