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Introduction 
Medicinal plants have been a cornerstone of 

traditional healing systems for centuries, providing 
essential bioactive compounds for drug development 
and therapeutic applications. Feronia limonia 
(commonly known as wood apple or elephant apple) is 
a lesser-explored medicinal fruit belonging to the 
Rutaceae family, widely distributed in South and 
Southeast Asia. (1) 

 The fruit has been traditionally used for its 
diverse pharmacological properties, including 
antimicrobial, antioxidant, hepatoprotective, and 
antidiabetic activities. Despite its widespread 
ethnomedicinal use, comprehensive scientific 
i n v e s t i g a t i o n s o n t h e p h y t o c h e m i c a l a n d 
pharmacognostic properties of Feronia limonia remain 
limited. Phytochemical analysis is essential to identify 
bioactive constituents such as flavonoids, alkaloids, 
tannins, and phenolic compounds, which contribute to 
the frui t ’s medicinal potent ial . Meanwhile , 
pharmacognostic studies provide critical information on 

the macroscopic, microscopic, and physicochemical 
characteristics of plant materials, ensuring their 
authenticity, purity, and quality in herbal medicine 
formulations. (2) 

This study aims to explore the phytochemical 
constituents and pharmacognostic properties of Feronia 
limonia fruit, providing a scientific basis for its 
medicinal value. By analysing its bioactive compounds 
and standardising its pharmacognostic profile, this 
research seeks to contribute to the validation and 
potential pharmaceutical application of Feronia limonia 
in modern medicine. (3,4) 

Plant Profile 
Kingdom - Plantae 
Division - Magnoliophyta 
Class - Magnoliopsida 
Order -Sapindales 
Family - Rutaceae 
Subfamily - Aurantioideae 
Genus - Feronia 
Species - F. limonia C. 

  
Materials and Methods 
Collection of Plant Material 

The p lant mater ia l was procured and 
authenticated from Shree Shail Herbs PVT. LTD. 
Nagpur.  
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Organoleptic evaluation (5) 
The methanolic and petroleum ether extracts of 

Feronia limona fruit were evaluated for their 
organoleptic properties, including colour, and weight. 
  
Physicochemical Evaluation (5) 
Determination of Extractive Value 

A coarse powder of dried plant material was 
placed in a Soxhlet thimble in the appropriate amount. 
The plant material was then extracted with 100-250 ml 
of two different solvents at 600c °C, in order of polarity, 
i.e., Methanol and Petroleum ether.  Extraction was 
carried out until 50 cycles were completed for the 
solvents. The percentage practical yield of each extract 
was calculated. 

Determination of Total Ash Content  
The powdered material (2 g) was accurately 

weighed and placed in a crucible. The material was 
spread evenly in a layer and ignited to a constant weight 
by gradually increasing the heat to 500-600°C until it 
turned white, indicating the absence of carbon. The 
remaining ash was allowed to cool in a desiccator. The 
content of total ash (in mg/g) of air-dried material was 
calculated as follows: 

% Total ash = weight ash/ weight of sample × 100 

Determination of Acid-Insoluble Ash  
HCl (2 N; 25 ml) was added to the crucible 

containing the total ash, covered with a watch glass, and 
boiled gently for 5 min. The watch glass was rinsed 
with 5 mL of hot water, and the rinsed contents were 
added to the crucible. The acid-insoluble matter was 
collected on an ashless filter paper and washed with hot 
water until the filtrate was neutral. The filter paper 
containing acid-insoluble matter was transferred to the 
original crucible, dried on a hot plate, and ignited to a 
constant weight. The residue was allowed to cool in a 
desiccator and weighed. The content of the acid-
insoluble ash (in mg/g) of air-dried material was 
calculated as follows: 
% Acid-insoluble ash = weight ash/ weight of sample ×100  

Determination of Water-Soluble Ash  
Water (25 ml) was added to the crucible containing the 
total ash, covered with a watch glass, and boiled gently 
for 5 min. The watch glass was rinsed with 5 mL of hot 
water and added to the crucible. The water-insoluble 
matter was collected on an ashless filter paper and 
washed with hot water. The filter paper containing the 
water-insoluble matter was transferred to the original 
crucible, dried on a hot plate, and ignited to a constant 
weight. The water-soluble ash content was calculated 
using the following equation 
% Water soluble ash = total ash content-water insoluble 
residue in total/ ash weight of sample ×100  
  
Foreign Matter Analysis 

Foreign matter presence may be due to faulty 
collection of crude drugs or deliberate mixing. It was 
separated from the drug so that the results obtained are 
important parts of the morphology of a particular drug. 

Determination of pH  
The pH of the 1 % solution of extract was 

determined by making an appropriate concentration of 
powdered drug in an aqueous solution, filtering, and 
checking the pH of the filtrate. A digital pH meter was 
utilised to ascertain the pH of the mixtures. 

Pre l iminary Phytochemica l Screen ing o f 
Feronia limonia Fruit Extracts 

Qualitative chemical tests were performed for 
extracts of plants - Dragondroff’s test, Mayer's test, 
Molish test, Fehling's test, Benedict test, Bortanger test, 
Saponin Foam test, Sulphuric acid test, etcThe extracts 
were shown to contain active phytochemical elements 
such as alkaloids, carbohydrates, glycosides, tannins, 
and saponins. 

Quantitative Estimation of Total Phenolic Content 
The Folin – Ciocalteu colorimetric colorimetry 

method was used to determine the total phenolic 
content, based on the procedure of Azlim Almey (2010), 
using Gallic acid as a standard phenolic compound. 
(7,9,10) 
Reagents: Folin Ciocalteu reagent: Dilute the Folin 
Ciocalteu reagent with an equal volume of distilled 

Figure 1. Feronia limona fruit 

Figure 2: Soxhlet Extraction 
Method
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water; 20% sodium carbonate: 20 g sodium carbonate in 
water; Gallic acid.  

Procedure 
- Prepare a calibration curve of standard Gallic acid 

(10-100 µg/ml in water). 
- Prepare 1 mg/mL of extract solutions. 
- Mix 1 ml of each sample with 0.25 ml of Folin-

Ciocalteu's reagent and 1.25 ml of 20% sodium 
carbonate solution. 

- Allow the mixture to react for 40 minutes. At room 
temperature. 

- After the reaction period, the contents are mixed, and 
the blue colour is at 725 nm in comparison with 
standards. Calculate the number of total phenols from 
the calibration curve as a Gallic acid equivalent by 
the following formula: 

                                           T=  
Where T = total content of phenolic compounds, 

milligram per gram plant extract, C the concentration of 
gallic acid established from the calibration curve, 
milligram per milliliter, V the volume of extract, 
milliliter, and M the gram weight of plant extract 

Quantitative Estimation of Total Flavonoid Content 
The Aluminium Chloride colorimetry method 

was used to determine the total flavonoid content, based 
on the procedure of Azlim Almey (2010), using 
Quercetin as a standard flavonoid compound.  

Reagents: Quercetin, ethanol, Aluminium chloride, 
potassium acetate. 

Procedure 
• Prepare the calibration curve of standard Quercetin 

(10- 100 µg/ml in methanol). 
• Mix 0.5 ml standard solution with 1.5 ml of 95% 

ethanol, 0.1 ml of 10% aqueous Aluminium chloride, 
0.1 ml of 1M potassium acetate, and 2.8 ml of 
distilled water. 

• Incubate for 30 min at room temperature. Measure the 
absorbance of the reaction mixture at 415nm with a 
UV spectrophotometer. 

• To prepare a blank solution, substitute 10% 
Aluminium chloride with an equal amount of distilled 
water. 

• Similarly, treat 0.5 ml of plant extract samples with 
Aluminium chloride for the determination of 
flavonoid content from the calibration curve. 

In vitro antioxidant activity of Feronia limonia  
In the present study, the methanolic extract was tested 
for free radical scavenging activity at various 
concentrations using different in vitro methods.  

Hydrogen Peroxide Scavenging Assay 
Principle: It uses a colour reagent that contains xylenol 
orange dye in an acidic solution with sorbitol and 
ammonium iron sulfate that reacts to produce a purple 
colour in proportion to the concentration of H2O2 in the 
sample being tested. 

Reagents 
• Phosphate Buffer Saline (pH 7.4): Prepare 800 ml 

of distilled water in a suitable container. Add 20.214 g 
of Sodium Phosphate Dibasic Heptahydrate and 3.394 
g of Sodium Phosphate Monobasic Monohydrate to 
the solution. Adjust the solution to the final desired 
pH using HCl or NaOH. Add distilled water until the 
volume is 1 L. 

• H2O2 solution: Procedure: In this test, varying 
concentrations of the test substance (50 to 800 µg/ml) 
were assayed. Test solution: H2O2 solution (40 mmol/l 
in phosphate buffer): phosphate buffer (pH 7.4) at 
1:0.6:3.4 ml was added to the test tube. The 
absorbance of the reacting solution versus blank, 
including the extract solution plus phosphate buffer 
(1:4, ml), was checked spectrophotometrically at 
230nm. The control consisted of phosphate buffer: 
H2O2 solution (3.4:0.6, ml). The equation was used 
for % H2O2 inhibition. 

In vivo antioxidant activity of Feronia limonia  
The in vivo antioxidant study was designed based 

on the methodology outlined by Jain et al. (2018), with 
minor modifications. Wistar rats weighing between 150 
and 200 grams were randomly assigned to one of four 
groups (n = 6 per group): Control, Positive Control 
(Ascorbic acid at 100 mg/kg), F. limonia extract low 
dose (200 mg/kg), and F. limonia extract high dose (400 
mg/kg). Oxidative stress was induced by administering 
carbon tetrachloride (CCl₄) intraperitoneally at a dose 
of 0.5 mL/kg, diluted in olive oil (1:1 v/v), twice a week 
for two weeks. Treatment with either the extract or 
ascorbic acid was given orally, once daily, for a total of 
14 days. On day 15, blood and liver samples were 
collected to evaluate antioxidant markers, including 
malondialdehyde (MDA), superoxide dismutase (SOD), 
catalase (CAT), and reduced glutathione (GSH), 
following standard biochemical protocols. 
  
Experimental Design and Treatment Groups 
- Group I: Control (vehicle only) 
- Group I: CCl₄ + Positive control (Ascorbic acid, 100 

mg/kg/day, orally) 
- Group III: CCl₄ + F. limonia extract (Low dose: 200 

mg/kg/day, orally) 
- Group IV: CCl₄ + F. limonia extract (High dose: 400 

mg/kg/day, orally) 
  
Results 
Organoleptic evaluation 

Organoleptic evaluation for both the methanolic 
and petroleum ether extracts was done. 
  
Physicochemical characteristics 

The plant extracts were subjected to various 
evaluation parameters.  

Phytochemical screening 
The phytochemical screening of the extracts with 
different chemical tests was performed, and the results 
are as follows: 
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Table 1: Organoleptic properties of plant extracts 

  
Table 2: Physicochemical characteristics 

Table 3: Phytochemical screening of Methanol and 
Petroleum ether extract 

  
Quantitative estimation of Total Phenolic Content 

A linear calibration curve of gallic acid with an 
R2 value of 0.9765 was obtained. Figure 3 shows the 
mean TPC of the plant extract measured using the GAE 
equation of Y = 0.0018x +0.0061 (R² = 0.9765), 
whereby Y = absorbance at 765nm and X = 
concentration of total phenolic compounds in mg per ml 
of the extract. The Methanol extract showed the GAE of 
(11.23 ±0.13 mg/g), and the petroleum ether extract 
showed the GAE of (3.74 ±0.13 mg/g). 

Quantitative estimation of Total flavonoid content 
A linear calibration curve of Quercetine with an 

R2 value of 0.9628 was obtained. Figure 4 shows the 
mean TFC of the plant extract measured using the TFC 
equation of y = 0.0009x +0.002 (R² = 0.9628), whereby 
Y = absorbance at 415nm and X = concentration of total 
flavonoid in mg per ml of the extract. The Methanol 
extract showed the flavonoid content of (4.86 ±0.13 mg/

g), and the petroleum ether extract showed the 
flavonoid content (4.064 ±0.13 mg/g). 

Figure 3: Calibration Curve of Gallic Acid 

 

Figure 4: Calibration curve of Quercetine as standard 

 

In vitro antioxidant activity of Feronia limonia  
Hydrogen Peroxide Scavenging Assay 

In the present study, methanolic extract of 
Feronia limonia in various concentrations was tested 
for its free radical scavenging activity in different in 
vitro methods. It was concluded that free radicals were 
scavenged by the test extract. 
  
Table 4: Antioxidant Activity (Hydrogen Peroxide) of 

Ascorbic Acid 

  
Figure 5: Graph of Hydrogen peroxide radical 

scavenging assay of Ascorbic acid 

 

Sr. 
No

Solvent 
used

Colour 
of the 

extract

Weight 
of the 

extract

The 
weight of 
the crude 

plant 
taken

Extractive 
value

1 Petroleum 
ether

Dark 
green 0.6 gm 50 gm 1.19 % w/

w

2 Methanol Dark 
brown

4.0375 
gm 50 gm 8.05 % w/

w

Physicochemical 
Character

Feronia limonia  
crude drug

Total ash (%w/w) 9.47
Acid-insoluble ash (%w/w) 1.24

Water insoluble ash (%w/w) 8.23
Foreign organic matter (%w/w) 1.63

Loss on drying ash (%w/w) 16.28
pH 5.92

Sr. 
No. Chemical test Methanol 

extract
Petroleum 

ether extract

1
Alkaloid 

Dragondroff’s test 
Mayers test

+ 
+

+ 
+

2

Carbohydrate 
Molish test 

Fehlings test 
Benedict test

+ 
+ 
+

+ 
+ 
-

3 Glycosides 
Bortanger test + -

4 Saponin Foam test + +
5 Tannin + +
6 Phenolic + +
7 Flavonoid + -
8 Saponin + -
9 Mucilage - -
10 Lipids/Fats - +

Sr. 
No.

Concentrati
on (µg)

Absorbanc
e

% 
Inhibition

IC 50 
Value

1 0 0 0

444.20 µg/
ml

2 50 0.589 6.50794
3 100 0.486 22.8571
4 200 0.399 36.6667
5 400 0.356 43.4921
6 600 0.198 68.5714
7 800 0.128 79.6825
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Table 5: Antioxidant Activity (Hydrogen Peroxide) of 
Feronia limonia 

Figure 6: Graph of Hydrogen peroxide radical 
scavenging assay of Feronia limonia

 

In Vivo Antioxidant Study 
Effect of F. limonia Extract on Lipid Peroxidation 
(MDA Levels) 

The MDA levels were significantly elevated in 
the CCl₄ group compared to the control group (p < 
0.001), indicating increased lipid peroxidation. 
Treatment with F. limonia extract at both 200 mg/kg 
and 400 mg/kg significantly reduced MDA levels in a 
dose-dependent manner (p < 0.01 and p < 0.001, 
respectively), comparable to the standard ascorbic acid 
group. 
  

Table 6: Effect of F. limonia Extract on Lipid 
Peroxidation (MDA Levels) 

Antioxidant Enzyme Activities 
Superoxide Dismutase (SOD) Activity 

CCl₄ significantly reduced SOD activity 
compared to the control group (p < 0.001). Both doses 
of F. limonia significantly increased SOD activity, with 
the higher dose showing results nearly equivalent to the 
standard. 

Catalase (CAT) Activity 
CAT activity was markedly decreased in the CCl₄ 

group. Treatment with F. limonia extract restored CAT 
levels in a dose-dependent manner (p < 0.05 and p < 
0.01). 

Reduced Glutathione (GSH) Levels 
GSH levels were significantly depleted in the 

CCl₄ group. Both F. limonia doses significantly 
replenished GSH, with the high dose showing the 
strongest effect (p < 0.001). 
  

Table 7: Antioxidant Enzyme Activities 

Note: Values are presented as mean ± SEM (n = 6). 
Significance vs. CCl₄ group: p < 0.05 (↑/↓), p < 0.01 
(↑↑/↓↓), p < 0.001 (↑↑↑/↓↓↓).CCl₄ group: Hepatocytes 
showed ballooning degeneration, centrilobular necrosis, 
and dense inflammatory infiltration. 

Figure 7: Representative H&E micrographs from liver 
tissues collected from rats under a 100X microscope 

 
A- control, B- CCL4, C- CCL4 +Ascorbic acid, D- F. 

limonia (200 mg/kg), E- F. limonia (400 mg/kg) 
  
A: Control group showing normal hepatic architecture 
with intact hepatocytes and central veins  
B: CCl₄-treated group exhibiting severe hepatocellular 
necrosis, ballooning degeneration, and inflammatory 
cell infiltration. 
C: CCL4 +Ascorbic acid treated group exhibiting severe 
hepatocellular necrosis, ballooning degeneration, and 
inflammatory cell infiltration. 

Sr. 
no.

Concen-
tration (µg) Control Sample % 

Inhibition IC 50

1 0 0 0 0

687.93

2 50 0.63 0.599 4.92063
3 100 0.63 0.487 22.6984
4 200 0.63 0.411 34.7619
5 400 0.63 0.387 38.5714
6 600 0.63 0.269 57.3016
7 800 0.63 0.183 70.9524

Sr. 
No. Group MDA (nmol/mg protein)

1 Control 2.3 ± 0.15
2 CCl₄ 6.8 ± 0.24 (↑↑↑ vs. control)
3 CCl₄ + Ascorbic Acid 3.0 ± 0.18 (↓↓ vs. CCl₄)
4 F. limonia (200 mg/kg) 4.1 ± 0.21 (↓)
5 F. limonia (400 mg/kg) 3.2 ± 0.17 (↓↓)

Sr. 
No. Group

Group SOD 
(U/mg 

protein)

CAT (U/
mg 

protein) 

GSH (U/mg 
protein) 

1 Control 8.2 ± 0.34 62.3 ± 2.4 48.2 ± 1.7

2 CCl₄ 3.9 ± 0.29 
(↓↓↓)

3.4 ± 0.93 
(↓↓↓)

4.5 ± 1.73 
(↓↓↓)

3 CCl₄ + 
Ascorbic Acid

6.32 ± 0.78 
(↑↑↑)

7.2 ± 0.88 
(↑↑↑)

7.8 ± 0.23 
(↑↑↑)

4 F. limonia 
(200 mg/kg)

5.63 ± 0.30 
(↑)

5.86 ± 0.36 
(↑)

6.01 ± 0.48 
(↑)

5 F. limonia 
(400 mg/kg)

7.36 ± 1.26 
(↑↑)

7.65 ± 0.67 
(↑↑)

6.96 ± 1.83 
(↑↑)
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D: The treatment with F. limonia at a dosage of 200 mg/
kg demonstrated moderate improvement, resulting in 
reduced necrosis and inflammation. 
E: The treatment with F. limonia at a dosage of 400 mg/
kg showed near-normal liver architecture, with only 
minimal histopathological changes observed. 
  
Statistical Analysis 

All data are expressed as mean ± SEM (n = 6). 
One-way ANOVA followed by Tukey’s post hoc test 
was used for group comparisons. Differences were 
considered statistically significant at p < 0.05. Statistical 
software used: [GraphPad Prism v9]. 

Discussion 
T h e p h y t o c h e m i c a l c o n s t i t u e n t s a n d 

pharmacognostic properties of Feronia limonia fruit 
were evaluated using various standard parameters. The 
powdered fruit was extracted using methanol and 
petroleum ether. Phytochemical screening revealed the 
presence of several bioactive compounds, including 
flavonoids, alkaloids, tannins, saponins, and phenolic 
compounds. These phytochemicals are well-
documented for their antioxidant and hepatoprotective 
properties. The quantitative estimation of total phenolic 
content in the methanolic extract yielded a value of 
4.064 ± 0.13 mg/g, suggesting that phenolic compounds 
significantly contribute to the extract's biological 
activity. The methanolic extract demonstrated promising 
antioxidant potential in vitro, as assessed by the 
hydrogen peroxide scavenging assay. This observed 
activity can be attributed to the presence of 
polyphenolic constituents, particularly flavonoids and 
tannins, which are known to neutralise free radicals by 
donating electrons and inhibiting lipid peroxidation. 
Building on these in vitro findings, an in vivo study was 
conducted using a carbon tetrachloride (CCl₄)-induced 
oxidative stress model in Wistar rats to further evaluate 
the extract's antioxidant potential under physiological 
conditions. Administration of carbon tetrachloride 
resulted in a significant increase in malondialdehyde 
(MDA) levels and a concurrent decrease in endogenous 
antioxidant enzymes such as superoxide dismutase 
(SOD), catalase (CAT), and reduced glutathione (GSH), 
indicating oxidative liver damage. Treatment with F. 
limonia extract significantly reduced these biochemical 
alterations in a dose-dependent manner. The high-dose 
group (400 mg/kg) exhibited a protective effect 
comparable to that of the standard antioxidant, ascorbic 
acid. Histopathological examination further supported 
the biochemical data, showing substantial preservation 
of liver architecture in treated groups compared to the 
CCl₄ group, which displayed significant necrosis and 
inflammation. These in vivo findings corroborate earlier 
reports, including those by Jain et al. (2018), who 
observed similar hepatoprotective and antioxidant 
effects of F. limonia stem bark extract in a comparable 
model. The presence of flavonoids and phenolic 
compounds, identified in the phytochemical analysis, 
likely underlies the antioxidant mechanism through free 
radical scavenging, inhibition of lipid peroxidation, and 

enhancement of endogenous defence enzymes. Overall, 
the combination of in vitro and in vivo data strongly 
supports the antioxidant efficacy of F. limonia 
methanolic extract. These results provide a scientific 
basis for the traditional use of the plant in managing 
oxidative stress-related disorders and highlight its 
potential as a natural therapeutic agent. 
  
Conclusion 

The study of Feronia limonia fruit reveals its 
potential medicinal applications due to various 
bioactive compounds such as flavonoids, alkaloids, 
tannins, saponins, and phenolic compounds, which 
exhibit antioxidant, antimicrobial, and anti-
inflammatory properties. Quantitative analysis showed 
significant phenolic content, aiding in quality control 
and standardisation for herbal formulations. An in vivo 
study indicated that the methanolic extract reduces 
carbon tetrachloride-induced oxidative stress in Wistar 
rats, significantly decreasing lipid peroxidation and 
restoring antioxidant enzymes, especially at a dose of 
400 mg/kg. These findings suggest that Feronia limonia 
fruit may serve as a valuable natural resource for 
pharmaceutical applications. Further research, including 
chronic toxicity assessments and clinical trials, is 
necessary to confirm its efficacy and safety. 

References 
1. Sharma P, Bhatia V, Seshadri S. Isolation and 

identification of a flavone from fruit pulp of Feronia 
limonia. International Journal of Current 
Pharmaceutical Research. 2016, 8(2):46-49. 
A v a i l a b l e f r o m : h t t p s : / /
journals.innovareacademics.in/index.php/ijcpr/
article/view/3391 

2. Chutia M, Mahanta JJ, Dutta P, Nath SC. Chemical 
constituents and antibacterial activity of the leaf 
essential oil of Feronia limonia. Indian J Microbiol. 
March 2010, 50(1) :77-81. doi : 10.1007/
s12088-010-0052-7. Available from: https://
l i n k . s p r i n g e r . c o m / a r t i c l e / 1 0 . 1 0 0 7 /
s12088-010-0052-7 

3. Meena R K, Raju V R, Raja P. Influence of fruit 
stages on chemical compositions, phytochemicals, 
and antioxidant activity of wood apple (Feronia 
l i m o n i a ) . J F o o d S c i Te c h n o l . 2 0 2 4 , 
6 1 ( 3 ) : 1 4 3 0 - 1 4 3 9 . d o i : 1 0 . 1 0 0 7 /
s13197-024-05992-6. Available from: https://
pubmed.ncbi.nlm.nih.gov/39991204/ 

4. Wealth of India, A Dictionary of Indian Raw 
Materials and Industrial Products and Raw 
Materials, vol. X. Publication and Information 
Directorate, CSIR, New Delhi. 1998. 

5. Khandelwal K. R., Practical Pharmacognosy, Nirali 
Prakashan, Pune, 2000, 149 

6. Sadasivam S., Manickam A., Text book of 
Biochemical Methods,3rd edition. New Age 
International Publications, 2008, 7-195. 

7. Naquvi, Pharmacognostic specifications of roots of 
Beta vulgaris cultivated in India, Asian Journal of 
Biomedical and Pharmaceutical Sciences, 2013, 
Volume 3, Issue 26. 

187

http://ijam.co.in
https://journals.innovareacademics.in/index.php/ijcpr/article/view/3391
https://journals.innovareacademics.in/index.php/ijcpr/article/view/3391
https://journals.innovareacademics.in/index.php/ijcpr/article/view/3391
https://link.springer.com/article/10.1007/s12088-010-0052-7
https://link.springer.com/article/10.1007/s12088-010-0052-7
https://link.springer.com/article/10.1007/s12088-010-0052-7
https://pubmed.ncbi.nlm.nih.gov/39991204/
https://pubmed.ncbi.nlm.nih.gov/39991204/





https://doi.org/10.47552/ijam.v16iS2.6205 

Int J. of Ayurvedic Med, "Natural to Synthetic: The Convergence of Traditional Medicine to Modern Medicine” Supplement 2025

  
ISSN No: 0976-5921

8. Anonymous. The Wealth of India. Dictionary of 
Indian Raw Materials and Industrial Products. 
Volume IV, Revised Edition, CSIR, Publication and 
Information Directorate, New Delhi. 1988, 141-146. 

9. Sadasivam S., Manickam A., Text book of 
Biochemical Methods,3rd edition. New Age 
International Publications, 2008, 7-195. 

10. Azlim Almey AA, Ahmed Jalal Khan C, Syed Zahir 
I, Mustapha Suleiman K, Aisyah MR, Kamarul 
Rahim K. Total phenolic content and primary 
antioxidant activity of methanolic and ethanolic 
extracts of aromatic plants leaves. International 
Food Research Journal. 2010, 17: 1077-84.  

11. Farnsworth NR. Biological and phytometical 
screening of plants. Journal of Pharmceutical 
Science, 1996, 55: 225-276 

12. Mukherjee PK. Quality Control of Herbal Drugs. 
New Delhi, India: Business Horizons. 2002 

13. Ramamoorthy PK, Bono A. Antioxidant activity, 
total phenolic and flavonoid content of Morinda 
citrifolia fruit extracts from various extraction 
processes. J. Eng. Sci. Technol. 2007, 2(1): 70-80.  

14. Rao MVL, Subramanian N, Srinivasan M. Free 
amino acid and sugar in some food materials. J. Sci. 
Ind. Res. 1956, 15C: 39- 44. 

15. Rao VSN, Dasaradhan P, Krishnaiah KS. 
Antifertility effect of some indigenous plants. Indian 
Journal of Medicinal Research. 1979, 70: 517- 520.  

16. Sadasivam S., Manickam A., Text book of 
Biochemical Methods,3rd edition. New Age 
International Publications.2008, 7-195. 

17. Sengupta SR, Pal B. Iodine and fluorine contents of 
foodstuffs. Indian J. Nutr. Dietet. 1971, 8: 66-71.  

18. Siddiqui MAA, Jhon AQ and Paul TM. Status of 
some important medicinal and aromatic plants of 
Kashmir Himalaya. Adv. Plant Sci. 1995, 8: 
134-139.  

19. Singh MP, Sharma CS. Pharmacognostical 
evaluation of Terminalia chebula fruits on different 
market samples. Int. J. Chem. Tech. Res. 2010, 2: 
57-61.  

20. Stafford HA. Anthocyanins and betalains: evolution 
of the mutually exclusive pathways. Plant Sci. 1994; 
101: 91-98. 

21. Subba Rau BH, Ramana KVR, Singh N. Studies on 
nutritive value of proteins and some factors 
affecting their quality. J. Sci. Food Agric. 1972, 23: 
233-245. 

22. Wagner H, Bladt S, Zgainsk EM. Plant drug 
Analysis: A thin layer chromatography Atlas, 
Springer, Verlag, Berlin. 1984.  

23. WHO. Quality control methods for medicinal plant 
materials. Geneva: Word Health Organization. 1998. 

24. Vogel, A Textbook of Quantitative Inorganic 
Analysis, 3rd Ed., p. 294, 310 and 787 

25. WHO. Guidelines for the Assessment of Herbal 
Medicines. WHO Technical Report Series, No. 863. 
World Health Organization, Geneva. 1996. 

26. WHO. Quality Assurance of Pharmaceuticals: A 
Compendium of Guidelines and Related Materials, 
Good Manufacturing Practices and Inspection. 
World Health Organization, Geneva. 1996a, 2. 

27. WHO. Quality Control Methods for Medicinal Plant 
Materials. World Health Organization, Geneva. 
1992. 

28. WHO. Quality Control Methods for Medicinal Plant 
Materials. World Health Organisation, Geneva.1992 

29. Yadav N. P., Dixit V. K., Recent approaches in 
herbal drug standardization. International Journal of 
Integrative Biology. 20012, 2, 195-203 

30. Bhagat, M. (2014). Indian gooseberry (Emblica 
officinalis): Pharmacognosy review. Utilisation and 
management of medicinal plants 2, 471-487. 

31. Yang, B., Wang, J.S., Zhao, M.M., Liu, Y., Wang, 
W., J iang, Y.M., 2006. Identif icat ion of 
polysaccharides from pericarp tissues of litchi 
(Litchi chinensis Sonn.) fruit in relation to their 
antioxidant activities. Carbohydrate Research 341, 
634–638. 

32. Blois, M.S., (1958). Antioxidant Determinations by 
t h e U s e o f a S t a b l e F r e e R a d i c a l . 
Nature 181, 1199-1200. 

33. Mukherjee Palok (2008). Quality control of herbal 
drugs: Business horizon pharmaceutical publication. 
New Delhi, 187-191. 

34. Sharma, V. (2015). Ayurvedic pharmacology and 
herbal medicine. International Journal of Green 
Pharmacy (IJGP), 9(4), 24-28. 

35. Bent, S. (2008). Herbal medicine in the United 
States: review of efficacy, safety, and regulation: 
grand rounds at University of California, San 
Francisco Medical Center. Journal of General 
Internal Medicine 23, 854-859. 

36. H e i n r i c h , M . , & J ä g e r , A . K . ( 2 0 1 5 ) . 
Ethnopharmacology in the 21st Century – Grand 
Challenges. Frontiers in Pharmacology, 6, 1-9 

37. Mukherjee, P. K., Wahile, A. (2006). Integrated 
approaches towards drug development from 
Ayurveda and another Indian system of medicines. 
Journal of Ethnopharmacology, 103(1), 25-35. 

38. Sharma, A., Shanker, C., Tyagi, L. K., Singh, M., & 
Rao, C. V. (2008). Herbal Medicine for Market 
Potential in India: An Overview. Academic Journal 
of Plant Sciences, 1(2), 26-36. 

39. Kokate, C. K., Purohit, A. P., & Gokhale, S. B. 
(2019). Pharmacognosy. Nirali Prakashan. 

40. Tiwari, R. D., & Khosa, R. L. (2015). A Textbook of 
Pharmacognosy and Phytochemistry. CBS 
Publishers. 

41. Tyler, V. E., Brady, L. R., & Robbers, J. E. (1988). 
Pharmacognosy (9th ed.). Lea & Febiger. 

42. Trease, G. E., & Evans, W. C. (2009). Trease and 
Evans’ Pharmacognosy (16th ed.). Saunders 
Elsevier. 

43. Gopinath SM, Sinchana, Anupama G, Shravani, 
Megeri T, Danapur V. Pharmacognostic Studies and 
Biological Activities of Limonia acidissima. Int J 
Pharm Biomed Sci. 2023;3(3):107–14. 

44. S h a r m a P, G o t h a l w a l R , Te n g u r i a R K . 
Phytochemical Screening of Fruit and Stem Bark 
Extracts of Limonia acidissima (L.). J Adv Sci Res. 
2021;12(01 Suppl 1):326–9. 

45. Pandey S, Satpathy G, Gupta RK. Evaluation of 
Nutritional, Phytochemical, Antioxidant and 

188






Published online in http://ijam.co.in 

Pranali S Band et.al., Phytochemicals and Pharmacognostic Features of Feronia Livonia Fruit and Its Effects on Oxidative Stress

ISSN No: 0976-5921

Antibacterial Activity of Exotic Fruit Limonia 
a c i d i s s i m a . J P h a r m a c o g n P h y t o c h e m . 
2014;3(2):93–8. 

46. Khatun S, Sen S. A Comprehensive Review on 
Ethnomedicinal Aspects, Phytochemical and 
Pharmacological Properties of Limonia acidissima 
Linn. Pharmacogn Res. 2024;16(4):1–10. 

47. Amardeepa R, Vijayakumar P. Unveiling the 
Quantitative and Qualitative Traits of Solar-Dried 
Indian Limonia acidissima Powder and its 
Therapeu t ic F ind ings . Pharmacogn Res . 
2025;17(1):232–43. 

48. Wakchoure SM, Raut PG, Jadhav SN, Kinikar D, 
Dhangar H. Multipotential Traditional Plant Wood 
Apple (Limonia acidissima): A Review. Int J 
Pharmacogn Pharm Sci. 2023;5(1):105–10. 

49. Kirtikar KR, Basu BD. Indian medicinal plants. 2nd 
ed. Dehradun: International Book Distributors; 
1999. p. 1052-4. 

50. Jain, M., Kapadia, R., Jadeja, R. N., Thounaojam, 
M. C., Devkar, R. V., & Mishra, S. H. (2018). 

Protective role of standardized Feronia limonia stem 
bark methanolic extract against carbon tetrachloride 
induced hepatotoxicity. Annals of Hepatology, 
17(3) , 447–458. h t tps : / /do i .o rg /10 .1016/
j.aohep.2017.12.003 

51. Nadkarni KM. Indian Materia Medica. Vol. 1. 
Mumbai: Popular Prakashan; 1976. p. 728-30. 

52. Prajapati ND, Purohit SS, Sharma AK, Kumar T. A 
handbook of medicinal plants. Jodhpur: Agrobios; 
2003. p. 334-5. 

53. Yadav M, Jain S, Tomar R, Prasad GBKS, Yadav H. 
Medicinal and biological potential of Limonia 
a c i d i s s i m a . A s i a n P a c J Tr o p B i o m e d . 
2011;1(3):243-50. 

54. Kumar KS, Bhowmik D, Duraivel S, Umadevi M. 
Traditional and medicinal uses of Limonia 
acidissima. J Med Plants Stud. 2012;1(3):141-5. 

55. Rahman AH, Akter S. Taxonomy and traditional 
medicinal uses of Rutaceae (citrus family) species 
found in Bangladesh. Int J Adv Res. 2013;1(7):12-8.  

  

*****

189

http://ijam.co.in

