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ABSTRACT

Objectives: Diabetes mellitus is a chronic metabolic disorder, which leads to a decrease in quality of life and even death. There are various treatments 
for diabetes available in the market, but they have several side effects. In the search for natural antidiabetic agents or medicinal plants, coconut 
(Cocos nucifera L.) is a suitable choice due to its lesser adverse effects. This study investigates and compares the phytochemical profile and antidiabetic 
activities of tender and ripened coconut parts (e.g., husk, water, and milk).

Methods: Different quantitative and qualitative tests were conducted to identify various bioactive compounds, such as alkaloids, flavonoids, phenolics, 
tannins, etc., and antidiabetic potential was evaluated through α-amylase and α-glucosidase enzyme inhibition assays using in vitro models to evaluate 
glucose-lowering potential.

Results: Both quantitative and qualitative assays showed differences in bioactive substances in tender and ripened coconut fruit parts. Antidiabetic 
activity showed that both ripened and tender coconut husks had significant inhibition, which is comparable to the standard drug acarbose, showing 
strong antidiabetic potential. The ripened coconut husk showed a half maximal inhibitory concentration value of 821.45 µg/mL for α-amylase and 
1172.82 µg/mL for α-glucosidase, while tender coconut husk showed 1079.11 µg/mL for α-amylase and 1196.76 µg/mL for α-glucosidase (p<0.05 
compared to control). Both the ripened and tender coconut milk showed low to minimal antidiabetic activity, while coconut water demonstrated 
moderate activity.

Conclusion: Both ripened and tender coconut husks demonstrated strong antidiabetic potential. Coconut water showed moderate activity, while 
coconut milk was the least effective.
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INTRODUCTION

Diabetes is a long-term metabolic condition characterized by persistent 
hyperglycemia. This condition occurs because of a malfunction in 
insulin production or resistance to its action [1,2]. It affects the quality 
of life and increases complications (e.g., delayed wound healing, 
cardiovascular disease), and can also lead to disability and death [3]. 
There are several conventional methods to manage diabetes, such 
as insulin injections (for type  1 diabetes) and various hypoglycemic 
agents (for type 2 diabetes), including metformin, thiazolidinediones, 
etc. These medicines are effective in controlling diabetes but have side 
effects like gastrointestinal disturbances, hypoglycemia, hepatotoxicity, 
weight gain, and even increased cardiovascular risk [4-7]. Along with 
these side effects, they are also costly, making them less affordable for 
low-income groups. Hence, the demand for a natural, safe, and cost-
effective plant-based alternative is increasing day by day, which can 
meet all the criteria and be available worldwide.

Coconut is a versatile tree also known for its medicinal properties [8]. 
It has the scientific name Cocos nucifera L., and is a tall, unbranched 
tree classified under the family Arecaceae [9]. Coconut has different 
synonyms like copra, coco, coconut kernel, coconut meat, buko, etc., 
and vernacular names like–in Bengali: narkel, dab; in Hindi: Nariyal, 
shreephal; in Tamil: tenkay; in Telugu: Kobbari; in Kannada: Haralu; in 
Marathi: Naral; in Punjabi: Khopra; in Thai: Ma-phrao on; in Indonesian: 
Degan, etc.

From fruit to root, every part of this plant has medicinal use. 
Comparison between different fruit parts was conducted in both stages 
(ripened and tender) because biochemical composition changes with 

time and maturity [10]. Tender coconuts are rich in electrolytes and 
sugars, whereas ripened coconuts contain high quantities of saturated 
fats and phenolic compounds. Phytochemical analysis provides details 
about all the components available at different maturity stages, which 
are responsible for antidiabetic activity. Hence, in this study, the 
antidiabetic potential is compared between different coconut fruit 
parts in tender and ripened stages.

METHODS

Chemicals, reagents, and equipment
All the chemicals, reagents, and enzymes were obtained from a reputable 
supplier and used according to the manufacturer’s instructions. The 
fruits of tender and ripened coconut were collected from the local 
market of Sodepur, North 24 Parganas, India. The plant specimen was 
authenticated by the Botanical Survey of India (CNH), Howrah. A voucher 
specimen was deposited under the number GNIPST/2025/06.α-
Amylase (from porcine pancreas) and α-glucosidase (from yeast) were 
purchased from Sisco Research Laboratories, India. All other chemicals 
and reagents used were of analytical grade. An analytical balance 
(Citizen, India), ultraviolet (UV)-visible spectrophotometer (Systronics 
2201, India), centrifuge (Remi R-8C, India), and Incubator (Tempo 
Instruments, India) were used during procedures.

Preparation of coconut samples
The outer surfaces of both fruits were washed. The ripened and tender 
coconut husks were removed. Then they were dried under shade 
conditions for 2–3  days. After that, husk powder was made using 
a mixer grinder to obtain coarse powder. The ripened and tender 
coconut meats were removed with a knife and then a smooth paste 
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was made using distilled water and strained to obtain milk. Ripened 
and tender coconut water was directly collected from the ripened and 
tender coconut fruit.

Preparation of extracts
Twenty-five grams ripened coconut husk and 25  g of tender coconut 
husk powder were subjected to decoction with 250  mL of distilled 
water in two separate beakers at 90°C for 60 min [11]. Both the husk 
extracts were separately filtered in a suction pump. Liquid of both 
extracts were evaporated with the help of a hot water bath to make a 
dry extract for the purpose of storage.

Phytochemical screening
A total of six extracts were examined for the presence of various 
phytochemicals using established qualitative methods [12,13].

Determination of total phenolic, flavonoid, and alkaloid content
The total phenolic content (TPC), total flavonoid content (TFC), and 
total alkaloid content (TAC) of the extracts were estimated using 
standard spectrophotometric procedures [14,15].

Determination of antioxidant activity using 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) assay
To prepare the DPPH solution, 4 mg of DPPH were mixed with 100 mL 
of methanol in a small glass beaker and thoroughly mixed until a deep 
violet color appeared. As DPPH is particularly light-sensitive, it was 
then wrapped with aluminum foil.
•	 Standard solution preparation: 10 mg of ascorbic acid was accurately 

weighed and mixed with 10 mL of methanol (conc. 1 mg/mL).
•	 Test solution preparation: 1  mL of each solution (plant extract 

solution or standard solution) was mixed with 1  mL of recently 
prepared DPPH solution. For approximately 30 min, the mixture was 
kept at room temperature. DPPH and methanol (ratio 1:1) were used 
as the blank.

•	 Spectrophotometric measurement: The absorbance of the final 
solutions was recorded at 517  nm with the help of a UV-Visible 
spectrophotometer [16]. The scavenging activity was calculated 
using:

Scavenging activity (%)=([(AbsorbanceControl–AbsorbanceSample)×100]/
AbsorbanceControl)

Determination of antidiabetic activity using the α-amylase 
inhibition assay
Dinitrosalicylic (DNS) solution preparation: 1 g of DNS was dissolved in 
20 mL of NaOH. Thirty grams of sodium potassium tartrate was added 
and the volume was made up to 100 mL with distilled water.
•	 Starch solution preparation: 1 g of soluble starch was diluted into 

100  mL of phosphate buffer (pH  6.9). A  1% starch solution was 
prepared.

•	 Extract solution preparation: Extract solutions of 5 different 
concentrations were taken (100 µg/mL, 500 µg/mL, 1000 µg/mL, 
1500 µg/mL, 2000 µg/mL).

•	 Reaction setup: 0.5 mL phosphate buffer (pH 6.9), 0.5 mL α-amylase 
(1 U/mL), and 0.5 mL of the test sample at different concentrations 
were mixed together. Incubated at 37°C for 10 min. And 0.5 mL of 
1% starch solution was added and incubated for another 10 min. 
Then the DNS solution was added to each and heated in a water bath 
(90°C–100°C) for 5 min. Finally, cool to room temperature and dilute 
with distilled water.

•	 For standard: Acarbose was used (same concentrations as the extract 
solution) and carry out the same process.

•	 For positive control: Similar to the extract solution, but without the 
extract and without the inhibitor.

•	 Spectrophotometric measurement: The absorbance of the final 
solutions was recorded at 540  nm with the help of UV-Visible 
spectrophotometer [17,18].

% Inhibition=([(AbsorbanceControl–AbsorbanceSample)×100]/
AbsorbanceControl)

Determination of antidiabetic activity using the α-glucosidase 
inhibition assay
p-nitrophenyl-α-D-glucopyranoside (pNPG) solution preparation: 
7.51 mg of pNPG was dissolved in 10 mL of phosphate buffer (pH 6.9) 
to prepare a 5 mM pNPG solution.

Sodium carbonate (Na2CO3) solution: 1.06 g of Na2CO3 was dissolved in 
100 mL of distilled water to prepare a 0.1 M Na2CO3 solution.

Extract solution preparation: Extract solutions of 5 different 
concentrations were taken (100  µg/mL, 500  µg/mL, 1000  µg/mL, 
1500 µg/mL, 2000 µg/mL).

Reaction setup: 0.5 mL phosphate buffer (pH 6.9), 0.5 mL α-glucosidase 
(1 U/mL), and 0.5 mL of the test sample at different concentrations were 
mixed together. Incubated at 37°C for 10 min. Moreover, 0.5 mL of pNPG 
solution was added and incubated for another 20 min. Then 2 mL Na2CO3 
solution was added to each, and lastly cooled to room temperature.

For standard: Acarbose was used (same concentrations as the extract 
solution) and carry out the same process.

For positive control: Similar to the extract solution, but without the 
extract and without the inhibitor.

Spectrophotometric measurement: The absorbance of the final 
solutions was recorded at 405  nm with the help of UV-Visible 
spectrophotometer [19,20].

% Inhibition=[{(AbsorbanceControl–AbsorbanceSample)×100}/
AbsorbanceControl]

Statistical analysis
Statistical analysis was performed using Microsoft Excel and GraphPad 
Prism. All experiments were conducted in triplicates, and results are 
expressed as mean ± standard deviation. Half maximal inhibitory 
concentration (IC50) values were calculated using linear regression analysis 
based on dose-response data. One-way analysis of variance was considered 
for assessing statistical significance, with p<0.05 as the threshold.

RESULTS

Phytochemical screening
The result of phytochemical screening revealed the presence of alkaloids, 
tannins, phenols, and terpenoids in both ripened and tender coconut 
husk extracts. Ripened and tender coconut milk and water showed the 
presence of carbohydrates and amino acids. Ripened and tender coconut 
husk and milk showed the presence of glycosides (Table 1).

TPC, TFC, TAC
Results showed that among all parts, ripened coconut husk exhibited 
the highest TAC, while tender coconut husk showed the highest 
flavonoid content. Ripened coconut milk showed the highest phenolic 
content (Table 2).

Antioxidant activity using DPPH
Results of the DPPH assay for standard and different coconut fruit parts 
are given in Table 3. It showed that tender and ripened coconut husk 
had significantly high antioxidant activities.

Antidiabetic activity using the α-amylase and α-glucosidase 
inhibition assays
Tables 4 and 5 showed the % inhibition. Among all the parts, ripened 
and tender coconut husk exhibited the highest inhibition for both 
assays. Table 6 shows a comparison of the IC50 value between different 
coconut fruit parts. Fig. 1 represents a comparison of IC50.

DISCUSSION

For this research, coconut fruit parts were analyzed, which include 
ripened coconut husk, tender coconut husk, ripened coconut milk, 
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Table 2: Comparison of total phenolic, total flavonoid, and total 
alkaloid content between different parts of coconut fruit

S. 
No.

Sample TPC 
(mg GAE/g)

TFC 
(mg QE/g)

TAC 
(mg AE/g)

1. Ripened coconut husk 3.52±0.14 11.72±0.31 12.44±0.27
2. Tender coconut husk 2.02±0.18 15.42±0.67 5.04±0.56
3. Ripened coconut milk 6.76±0.23 9.54±0.59 3.65±0.25
4. Tender coconut milk 3.37±0.16 8.42±0.44 4.46±0.14
5. Ripened coconut water 1.15±0.13 2.20±0.38 2.02±0.62
6. Tender coconut water 1.98±0.21 1.43±0.17 3.71±0.11
Values are expressed as mean±SD (n=3). TPC: Total phenolic content, TFC: Total 
flavonoid content, TAC: Total alkaloid content. GAE: Gallic acid equivalent,  
QE: Quercetin equivalent, AE: Atropine Equivalent

Table 1. Comparison of phytochemical screening between different parts of the coconut fruit

S. No. Test for Test Ripened 
coconut husk

Tender 
coconut husk

Ripened 
coconut milk

Tender 
coconut milk

Ripened 
coconut water

Tender coconut 
water

1. Alkaloids Wagner’s test + + ‑ ‑ ‑ ‑
Hager’s test + + ‑ ‑ ‑ ‑

2. Amino acids Ninhydrin test ‑ ‑ ++ ++ ++ +++
3. Carbohydrates Molisch’s test ‑ ‑ ++ ++ ++ ++

Fehling’s test ‑ ‑ + + +++ +++
4. Flavonoids Shinoda test + + + + ‑ ‑
5. Glycosides Froth formation test ++ ++ + + ‑ ‑
6. Tannins Ferric chloride test +++ +++ ‑ ‑ ‑ ‑
7. Terpenoids Salkowski test + + ‑ ‑ ‑ ‑
8. Phenols Ferric chloride test + + ‑ ‑ ‑ ‑
9. Starch Iodine test ‑ ‑ ‑ ‑ ‑ ‑
“+++” : Strong presence; “++” : Moderate presence; “+” : Weak presence; “‑” : Absent

Table 3: Results of DPPH assay for standard and different 
coconut fruit parts

S. No. Sample % RSA
1. Ascorbic acid 60.58±0.11
2. Ripened coconut husk 49.34±0.46
3. Tender coconut husk 56.13±0.52
4. Ripened coconut milk 36.18±0.33
5. Tender coconut milk 47.12±0.25
6. Ripened coconut water 16.05±0.84
7. Tender coconut water 20.14±0.52
Values are mean±SD (n=3). DPPH: 2,2‑diphenyl‑1‑picrylhydrazyl, RSA: Radical 
scavenging activity

tender coconut milk, ripened coconut water, and tender coconut 
water. Phytochemical tests were conducted. The results showed 
ripened and tender coconut husks indicated the presence of tannins 
in very high quantity, while glycosides were present in moderate, 
and alkaloids, terpenoids, flavonoids, and phenols were present in 
low quantity. Ripened and tender coconut milk contained moderate 
amounts of amino acids and carbohydrates, while low quantities of 
glycosides and flavonoids [21]. Ripened and tender coconut water 
showed the presence of carbohydrates and amino acids in very high 
quantity.

Determination of TPC was conducted, which showed among these 
six, ripened coconut milk contained the highest amount, which was 
6.76  mg gallic acid equivalent (GAE)/g, followed by ripened coconut 
husk 3.52 mg GAE/g. Then TPC for tender coconut milk was 3.37 mg 
GAE/g, for tender coconut husk was 2.02 mg GAE/g, for tender coconut 
water was 1.98 mg GAE/g, and for ripened coconut water was 1.15 mg 
GAE/g.

When TFC was determined, it showed tender coconut husk 
demonstrated the highest amount, which was 15.42 mg QE/g, followed 
by ripened coconut husk 11.72  mg QE/g, ripened coconut milk 

9.54  mg QE/g, tender coconut milk 8.42  mg QE/g, ripened coconut 
water 2.20 mg QE/g, and tender coconut water 1.98 mg QE/g.

For TAC, the highest amount was found in ripened coconut husk 
12.44 mg AE/g, then tender coconut husk 5.04 mg AE/g, tender coconut 
milk 4.46 mg AE/g, ripened coconut milk 3.65 mg AE/g, tender coconut 
water 3.71 mg AE/g, and ripened coconut water 2.02 mg AE/g. To check 
for antioxidant activity, the DPPH assay was performed. DPPH assay 
showed that tender coconut husk had the maximum radical scavenging 
activity, which was 56.13% [16], then ripened coconut husk 49.34%, 
tender coconut milk 47.12%, ripened coconut milk 36.18%, tender 
coconut water 20.14%, and lastly ripened coconut water 16.05%.

To check for antidiabetic activity, α-amylase and α-glucosidase assays were 
done. α-amylase inhibition assay showed tender coconut milk had the 
highest IC50 value, which was 5102.05 µg/mL, followed by ripened coconut 
milk 4291.00  µg/mL, ripened coconut water 3538.76  µg/mL, tender 
coconut water 3334.38  µg/mL, tender coconut husk 1079.77  µg/mL, 
ripened coconut husk 821.45 µg/mL, and IC50 value for standard acarbose 
was 604.50 µg/mL. Higher the IC50, the lower the antidiabetic potential. 
So, by analyzing these IC50 values, antidiabetic potential was determined. 
Standard acarbose had the highest antidiabetic potential. Among the 
coconut fruit parts, ripened coconut husk and tender coconut husk showed 
maximum antidiabetic activity [16], while tender coconut water and ripened 
coconut water showed moderate antidiabetic activity, and ripened coconut 
milk and tender coconut milk showed low to no antidiabetic activity.

Fig. 1: Comparison of half-maximal inhibitory concentration 
values for α-amylase and α-glucosidase inhibition assays among 
coconut fruit parts. Acarbose was used as the standard. IC50: Half 

maximal inhibitory concentration
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Table 4: % Inhibition for α‑amylase inhibition assay for standard and different coconut fruit parts

S. 
No.

Concentration 
(µg/mL)

% Inhibition

Standard 
acarbose solution

Ripened 
coconut husk

Tender 
coconut husk

Ripened 
coconut milk

Tender 
coconut milk

Ripened 
coconut water

Tender coconut 
water

1. 100 27.15±0.71 26.22±0.28 22.27±0.52 6.73±0.38 10.10±0.49 12.93±0.24 11.12±0.57
2. 500 53.23±0.43 47.84±0.92 40.15±0.63 12.67±0.29 14.28±0.71 19.86±0.66 17.25±0.14
3. 1000 67.77±0.11 57.45±0.26 53.39±0.58 19.45±0.75 19.56±0.56 23.11±0.82 27.39±0.87
4. 1500 75.57±0.27 67.64±0.33 62.31±0.65 22.93±0.62 21.72±0.37 27.53±0.36 29.90±0.71
5. 2000 86.55±0.28 74.82±0.41 65.38±0.17 25.39±0.37 25.23±0.48 34.44±0.11 32.30±0.65
Values are expressed as mean±SD (n=3)

Table 6: Comparison of IC50 value for α‑amylase and 
α‑glucosidase inhibition assay

S. 
No.

Sample IC50 value for 
α‑amylase 
(µg/mL)

IC50 value for 
α‑glucosidase 
(µg/mL)

1. Acarbose 604.50 830.46
2. Ripened coconut husk 821.45 1172.82
3. Tender coconut husk 1079.77 1196.76
4. Ripened coconut milk 4291.00 3423.34
5. Tender coconut milk 5102.05 1999.70
6. Ripened coconut water 3538.76 2006.29
7. Tender coconut water 3334.38 1644.19
IC₅₀: Half maximal inhibitory concentration. IC₅₀ values were calculated from 
mean % inhibition data of triplicate experiments, without error margins

Table 5: % Inhibition for α‑glucosidase inhibition assay for standard and different coconut fruit parts

S. 
No.

Concentration 
(µg/mL)

% Inhibition

Standard 
acarbose solution

Ripened 
coconut husk

Tender 
coconut husk

Ripened 
coconut milk

Tender 
coconut milk

Ripened 
coconut water

Tender coconut 
water

1. 100 17.12±0.43 14.32±0.53 23.15±0.66 2.13±0.13 8.44±0.72 8.11±0.84 10.11±0.42
2. 500 40.97±0.15 27.67±0.58 35.31±0.26 4.76±0.42 25.83±0.47 18.40±0.47 26.89±0.69
3. 1000 55.00±0.72 50.46±0.43 47.33±0.58 17.02±0.94 29.39±0.63 21.07±0.39 36.22±0.74
4. 1500 85.59±0.64 61.15±1.02 63.15±0.92 22.20±0.14 41.80±0.48 46.18±0.84 50.54±0.88
5. 2000 87.58±0.72 72.79±0.58 69.94±0.51 28.33±0.65 48.34±0.92 47.22±0.45 54.15±0.57
Values are expressed as mean±SD (n=3)

they can serve as cost-effective, natural candidates for further study in 
diabetes management.

AUTHORS’ CONTRIBUTION

The first author conducted the research, performed the experiments, 
analyzed the data, and prepared the manuscript. The corresponding 
author conceptualized the work. The co-authors provided academic 
guidance, supervision, and reviewed the final manuscript.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

FUNDING

This study was carried out without any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. However, 
the authors sincerely thank Guru Nanak Institute of Pharmaceutical 
Science and Technology for providing the necessary laboratory 
facilities and infrastructure to carry out the research work successfully. 
We also gratefully acknowledge the institution for extending financial 
support in the form of a student scholarship, which greatly facilitated 
the progress of this study.

REFERENCES

1.	 Indrawati T, Hakim ZR, Hutabarat R, Djamil R, Sianturi S, Dwita MI, 
et al. Optimization of sugarcane (Saccharum officinarum L.) juice 
microfiltration for storage stability and antihyperglycemic activity. Int J 
App Pharm. 2024;16(3):31-9. doi: 10.22159/ijap.2024.v16s3.06

2.	 Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, 
Siddiqi H, Uribe KB, et al. Pathophysiology of type 2 diabetes mellitus. 
Int J Mol Sci. 2020  Aug;21(17):6275. doi: 10.3390/ijms21176275, 
PMID 32872570

3.	 Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, 
et al. IDF Diabetes Atlas: Global, regional and country-level diabetes 
prevalence estimates for 2021 and projections for 2045. Diabetes Res 
Clin Pract. 2022 Jan;183:109119. doi: 10.1016/j.diabres.2021.109119, 
PMID 34879977

4.	 Nabrdalik K, Skonieczna-Żydecka K, Irlik K, Hendel M, Kwiendacz H, 
Łoniewski I, et al. Gastrointestinal adverse events of metformin 
treatment in patients with type 2 diabetes mellitus: A systematic review, 
meta-analysis and meta-regression of randomized controlled trials. 
Front Endocrinol (Lausanne). 2022  Sep;13:975912. doi: 10.3389/
fendo.2022.975912, PMID 36187122

α-glucosidase inhibition assay showed ripened coconut milk had the 
highest IC50 value, which was 3423.34  µg/mL, followed by ripened 
coconut water 2006.29 µg/mL, tender coconut milk 1999.70 µg/mL, 
ripened coconut water 1644.19 µg/mL, tender coconut husk 1196.76 
µg/mL, and ripened coconut husk 1172.82 µg/mL. IC50 value for 
acarbose standard was 830.46  µg/mL. Standard acarbose had the 
highest antidiabetic potential. Among the coconut fruit parts, tender 
coconut husk and ripened coconut husk showed maximum antidiabetic 
activity, while tender coconut water, ripened coconut water, and tender 
coconut milk showed moderate antidiabetic activity, and ripened 
coconut milk showed low to no antidiabetic activity.

CONCLUSION

This study was a comparison of the phytochemical and antidiabetic 
activity of six different parts (ripened and tender coconut husk, milk, 
and water) of C. nucifera L. Antidiabetic activity through α-amylase and 
α-glucosidase inhibition assays showed that both ripened and tender 
coconut husks had significant inhibition, which is comparable to the 
standard drug acarbose, showing strong antidiabetic potential. Both the 
ripened and tender coconut milk showed low to minimal antidiabetic 
activity, while coconut water demonstrated moderate activity.

From this study, we can conclude that when six parts of the coconut 
fruit were compared, ripened and tender coconut husks demonstrated 
the most promising phytochemical and antidiabetic properties, and 



158

Asian J Pharm Clin Res, Vol 18, Issue 9, 2025, 154-158
	 Saha et al.

5.	 DeFronzo RA, Abdul-Ghani M. Type  2 diabetes can be 
prevented with early pharmacological intervention. Diabetes 
Care. 2011  May;34  Suppl  2:S202-9. doi: 10.2337/dc11-s221, 
PMID 21525456

6.	 Stottlemyer BA, McDermott MC, Minogue MR, Gray MP, Boyce RD, 
Kane-Gill SL. Assessing adverse drug reaction reports for antidiabetic 
medications approved by the food and drug administration between 
2012 and 2017: A  pharmacovigilance study. Ther Adv Drug Saf. 
2023 Jun;14:20420986231181334. doi: 10.1177/20420986231181334, 
PMID 37332887

7.	 Kalra S, Sahay R, Gupta Y. Sodium glucose transporter 2 (SGLT2) 
inhibition and ketogenesis. Indian J Endocrinol Metab. 2015  Jul-
Aug;19(4):524-8. doi: 10.4103/2230-8210.157859, PMID 26180770

8.	 Devi M, Gayathri P, Begum S. Pharmacological activity of Cocos 
nucifera L. during different stages of maturation. Int J Pharm Res Appl. 
2022;7(4):1851-8. doi: 10.35629/7781-070418511858

9.	 DebMandal M, Mandal S. Coconut (Cocos nucifera L.: Arecaceae): 
In health promotion and disease prevention. Asian Pac J Trop 
Med. 2011  Mar;4(3):241-7. doi: 10.1016/S1995-7645(11)60078-3, 
PMID 21771462

10.	 Lima EB, Sousa CN, Meneses LN, Ximenes NC, Santos 
Júnior MA, Vasconcelos GS, et al. Cocos nucifera (L.) (Arecaceae): 
A  phytochemical and pharmacological review. Braz J Med Biol 
Res. 2015  Nov;48(11):953-64. doi: 10.1590/1414-431X20154773, 
PMID 26292222

11.	 Wang L, Qiu XM, Gui YY, Xu YP, Gober HJ, Li DJ. Bu-Shen-Ning-Xin 
Decoction ameliorated the osteoporotic phenotype of ovariectomized 
mice without affecting the serum estrogen concentration or uterus. 
Drug Des Dev Ther. 2015 Aug;9:5019-31. doi: 10.2147/DDDT.S89505, 
PMID 26357466

12.	 Imtilemla I, Bareh V, Barbhuiya SB, Sailo L. Preliminary phytochemical 
screening and in vitro antioxidant activity of the methanolic extract 
of Lindernia ruellioides. Asian J Pharm Clin Res. 2020;13(9):141-6.  
doi: 10.22159/ajpcr.2020.v13i9.38498

13.	 Pant DR, Pant ND, Saru DB, Yadav UN, Khanal DP. Phytochemical 
screening and study of antioxidant, antimicrobial, antidiabetic, anti-

inflammatory and analgesic activities of extracts from stem wood 
of Pterocarpus marsupium Roxburgh. J  Intercult Ethnopharmacol. 
2017  Apr;6(2):170-6. doi: 10.5455/jice.20170403094055, 
PMID 28512598

14.	 Pandey LK, Sharma KR. Analysis of phenolic and flavonoid content, 
α-amylase inhibitory and free radical scavenging activities of some 
medicinal plants. ScientificWorldJournal. 2022  Oct;2022:4000707. 
doi: 10.1155/2022/4000707, PMID 36225946.

15.	 Prajapati D, Makvana A, Patel M, Chaudhary R, Patel R. 
Spectrophotometric method for the determination of total alkaloids 
in selected plant parts. J  Pharmacogn Phytochem. 2024;13(5):491-4. 
doi: 10.22271/phyto.2024.v13.i5g.15117

16.	 Muritala HF, Akolade JO, Akande SA, Abdulazeez AT, Aladodo RA, 
Bello AB. Antioxidant and alpha-amylase inhibitory potentials of Cocos 
nucifera husk. Food Sci Nutr. 2018  Jul;6(6):1676-83. doi: 10.1002/
fsn3.741, PMID 30258612

17.	 Emojevwe V, Jeroh E. Anti-diabetic effects of the Cocos nucifera 
(coconut) husk extract. J Med Appl Biosci. 2012;4:16-25. doi: 10.13140/
RG.2.2.14402.27844

18.	 Nadhiya K, Mahalakshmi P, Kalaivani P. In vitro assessment of ethanolic 
extract of Cucumis maderaspatanus leaves as an α-amylase and 
α-glucosidase inhibitor. Asian J Pharm Clin Res. 2024;17(11):109-15. 
doi: 10.22159/ajpcr.2024v17i11.52075

19.	 Elshemy MA. Antidiabetic and anti-hyperlipidemic effects of virgin 
coconut oil in rats. Egypt J Vet Sci. 2018;49(2):111-7. doi: 10.21608/
ejvs.2018.3548.1036

20.	 Pinto IF, Silva RP, Chaves Filho B, Dantas LS, Bispo VS, Matos IA, 
et al. Study of Antiglycation, hypoglycemic, and nephroprotective 
activities of the green dwarf variety coconut water (Cocos nucifera L.) 
in alloxan-induced diabetic rats. J  Med Food. 2015  Jul;18(7):802-9. 
doi: 10.1089/jmf.2014.0046, PMID 25651375

21.	 Karunasiri AN, Gunawardane M, Senanayake CM, Jayathilaka  N, 
Seneviratne KN. Antioxidant and nutritional properties of 
domestic and commercial coconut milk preparations. Int J Food 
Sci. 2020  Aug;2020:3489605. doi: 10.1155/2020/3489605, PMID 
32832538


