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Abstract: 

Terminalia bellerica (Gaertn.) Roxb. which is also known as baheda or bahera it is one of the 

most deciduous trees in the Combretaceae family. It is used for the preparation of triphala, an 

Indian herb. The present study was aimed to compare phytochemicals, antimicrobial activity 

and antidiabetic activity activities in pulp, seed and seedcoat of T. bellerica collected from 

Mohali, Punjab. Extracts of different solvents, viz., hexane, methanol and aqueous were 

prepared using cold maceration method. Preliminary phytochemical analysis revealed the 

presence of most of the phytochemicals in all the parts, however, alkaloids were absent in all 

solvent extracts of seeds. Phenols were found to be absent in hexane extract of pulp and seed. 

Total phenolic content was found to be highest in aqueous extract of seed coat (154.22±2.33 

mg/g GAE) and methanol extract of seed (119.06±6.65 mg/g GAE). Among all extracts, 

methanolic extract of seed coat showed lowest MIC (3.125 µg/mL) against both tested gram-

positive bacteria (B. subtilis, and S. aureus), while, methanolic pulp extract was found to be 

more effective against K. pneumoniae and P. aeruginosa with MIC of 3.125 µg/mL. Hexane 

extract of pulp showed higher inhibitory activity against E. coli with least MIC (3.125 µg/mL). 

Aqueous extract of seed coat showed strong in vitro antidiabetic activity with IC50 value of 

3.92 µg/mL as compared to that of standard drug, metformin (14.5 µg/mL). The results of the 

present study showed therapeutic applications of seed coat of T. bellerica fruits. However, 

further studies are needed to isolate the phytocompounds responsible for their biological 

activities. 
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Introduction:  

For millennia, medicinal plants have been an integral part of both traditional and modern 

medicine (Thirumalai and al. 2009; Saini and al. 2022). A significant portion of the population 

relies on medicines made from natural ingredients since they are risk-free, efficient, and simple 

to get (Azaizeh and al. 2003; Katewa and al. 2004). As a result, medicinal plants have become 

an integral component of the human health care system (WHO 2002). Furthermore, medicinal 

plants have received increased attention due to their effectiveness, the increased expense of 

conventional drugs, and cultural preferences (Tabuti and al. 2003). Because of the advent of 

multiple drug resistance and the adverse effects of synthetic medications, there has been a 

remarkable surge in the hunt for powerful antimicrobials and antioxidants that are derived from 

plants (Sharma and al. 2012). Additionally, phenolic compounds found in plants act as 

powerful antioxidants to scavenge free radicals and donate hydrogen to cells, thereby 

protecting them from several diseases (Chew and al. 2011). Diabetes is one of the serious 

metabolic disorders that affect millions of live (Joshi, and Parikh 2007; Kumar and al. 2013). 

Previous studies revealed that diabetes-related oxidative stress led to various macro and 

microvascular problems (Kawahito and al. 2009; Ferdinando and Michael 2010). Most of the 

traditional medicines used to treat diabetes are ineffective and have serious side effects (Gupta 

and al. 2016). These constraints have motivated the use of medicinal plants as cost-effective 

antidiabetic medicines with fewer adverse effects (Atanasov and al. 2015). 

 

Terminalia is a genus of large trees (upto 40 m high) of the flowering plant family 

Combretaceae, comprising around 200 species distributed across humid, semi-humid, tropical 

regions of the world. Approximately 24 different species of Terminalia have already been 

reported from various states and Union Territories of India (Srivastav 2003). Terminalia 

bellerica Roxb. (Combretaceae) is a large deciduous tree that is abundant in the moist valleys 

of India and its fruits are frequently used in Indian traditional medicinal system (Chopra and 

al. 1956). Fruits of T. bellerica are one of the ingredients of “Triphala”, an Ayurvedic 

formulation that is believed to encourage health, immunity and long life (Tarasiuk and al. 

2018). Several bioactive compounds such as β-sitosterol, gallic acid, ellagic acid, ethyl 

gallate, chebulagic acid, arjungenin, belleric acid, bellericoside have been reported from 

fruits of T. bellerica (Dhanani and al. 2014; Fahmy and al. 2015; Sobeh and al. 2019; Gupta 
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and al. 2020). Fruits are useful in the treatment of asthma, bronchitis, hepatitis, diarrhea, piles, 

dyspepsia, eye diseases, hoarseness of voice, and scorpion-sting and also used as hair tonic 

(Rastogi and Mehrotra 2004; Singh 2011). Decoction of the green fruit is useful in the 

treatment of cough (Deb and al. 2016). Fruit pulp is used in dysenteric-diarrhea, leprosy, piles, 

and dropsy (Singh and al. 2018). Partially ripe fruit acts as purgative and fruit kernel are 

narcotic. T. bellirica fruit is used in the treatment of menstrual disorder in Bangladesh. 

Appreciable antimicrobial activity has been associated with the triterpenoid compounds present 

in the fruits (Deb and al. 2016). Bark gum and kernel oil show purgative actions, while seed oil 

exhibits anti-rheumatic activity (Ghani 2003). The leaves enhance appetite, relieve piles, lower 

cholesterol and blood pressure, boost immunity and prevent ageing and also improve the 

body’s ability to resist against pathogens (Kumar and Khurana 2018). Keeping in mind the vast 

importance of T. bellerica fruits, the present study was aimed to compare the phytochemical 

composition, and biological activities such as antimicrobial and antidiabetic activity in various 

solvent extracts of different parts of T. bellerica fruits. 

Materials and Methods:  

Chemicals and Solvents  

All of the chemicals used in this study were of analytical grade. Nutrient broth used for 

antibacterial activity was obtained from Himedia Labs, Mumbai. The chemicals such as DNS 

(dinitrosalicylic acid), Folin-ciocaltaeu reagent, sodium potassium tartrate, mono sodium 

phosphate, disodium phosphate, and solvents such as n-hexane, methanol, dimethyl sulphoxide 

(DMSO) etc. were obtained from Loba Chemie Pvt. Ltd., Mumbai. Gallic acid was purchased 

from Himedia Labs, Mumbai. 

 

Microbial Strains  

Bacterial strains (Bacillus subtilis, MTCC441, Staphylococcus aureus, ATCC25922; 

Escherichia coli, ATCC29213; Klebsiella pneumoniae, MTCC39 and Pseudomonas 

aeruginosa, MTCC424), used in this study were obtained from Institute of microbial 

technology (IMTECH), Chandigarh. Bacterial strains were maintained at 35±2° C on nutrient 

agar (NA) media.   
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Collection and Preparation of samples 

The authentic fruit samples of Terminalia bellerica were collected from herbarium garden of 

Mohali region of Punjab, India. The collected samples were cleaned properly and washed by 

running tap water to remove the dust and remaining residue and then different parts of fruits 

such as pulp, seed coat, and seed were separated. All the parts were completely dried in an 

incubator at 37 °C for 24-48h and then converted to fine powder using an electric grinder. The 

fine powders of different parts were stored in tight glass containers for the further research. 

 

Preparation of extracts  

The dried powder of each part of fruit (5 g) of T. bellerica were cold macerated in n-hexane, 

methanol and autoclaved distilled water (50 mL) in a conical flask, plugged with cotton wool 

and then kept on a rotary shaker at 120 rpm for a week to ensure complete extraction. The 

extracts were filtered through Whatman No.1 filter paper and then centrifuged (4000× g for 5 

min). The supernatant was collected and allowed to evaporate at 40 oC to yield thick and 

viscous residues as crude extracts. The dried crude extracts were stored at 4 °C in air-tight 

bottles till use (Kumar and al. 2018). 

 

Qualitative analysis of phytochemicals 

Phytochemicals play an important role in the treatment of different types of diseases and 

disorders and are still used in both traditional and modern medicine. Different phytochemical 

tests for the detection of various phytocompounds such as phenolics, tannins, flavonoids, 

phytosteroids and saponins were used as per standard methods (Khandelwal 2007; Guleria and 

al. 2016; Kumar and al. 2021). 

Quantitative analysis of total phenols (TPC) 

For the analysis of TPC of sample extracts, Folin ciocalteau reagent method was used 

(Singleton and al. 1999; Chandel and al. 2019; Guleria and al. 2020; Sharma and al. 2021; 

Gautam and al. 2021). The amount of TPC was calculated from calibration curve of gallic acid 

(5-100 μg/ml) and expressed in terms of gallic acid equivalents (GAE) per gram of extract using 

following equation-  

                                                     TPC = (c × V)/m 
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Where TPC is total content of phenolic compounds, mg/g plant extract, in GAE, c is the 

concentration of gallic acid established from the calibration curve (mg/ml), V is the volume of 

extract in ml and m is the weight of crude plant extract in g. 

Antimicrobial activity in fruit extract of Terminalia bellerica by using broth dilution 

method 

The minimum inhibitory concentration was analyzed by most widely accepted serial dilution 

microplate procedure using ampicillin as positive control (Kumar and al. 2018; Sharma and al. 

2022). In this method, extracts of different solvents (100 µl) (1mg/ml, w/v) were serially 

diluted using nutrient broth and then 10 µl bacterial culture (OD600~0.2) was added to each 

well. DMSO was used as solvent control in both cases. The micro plates were incubated 37°C 

for overnight. After incubation, 2,3,5-triphenyterrazolium chloride dye (10 µl of 5 mg/ml) was 

added to each well and again incubated at 37°C for 2 h. The change in the color was observed 

visually. The MIC was determined by change in the color of dye from purple to pink or 

colorless. The lowest concentration at which color change was taken as the MIC value.   

 

Determination of in vitro antidiabetic activity   

Anti-diabetic potential of different parts of T. bellerica fruits was evaluated using in vitro α-

amylase inhibition method. In this procedure, the enzyme solution was prepared by dissolving 

α-amylase in 20 mM phosphate buffer (pH-6.9) at the concentration of 0.5 mg/ml. The reaction 

mixture containing 1 ml of extracts of various concentrations (20, 40, 60, 80 µg/ml) was then 

incubated at 25°C for 10 minutes with the addition of 1mL of starch (0.5%) solution. The 

reaction was terminated by addition of 2 mL of dinitrosalicylic acid (DNS, color reagent), and 

heating the reaction mixture in a boiling water bath for 5 min. The absorbance was measured at 

540 nm using spectrophotometer (Subramanian and al. 2008; Aljarah and Hameed 2018). 

Metformin (20-80 µg/mL) was used as standard drug in this experiment. The inhibition 

percentage was calculated using the given formula- 

Percentage inhibition = AControl – A Sample × 100/AControl 

Where Acontrol is the absorbance of the control reaction (containing all reagents except the test 

sample) and Asample is the absorbance of the test sample. The experiment was performed in 

duplicated and results were calculated as mean ± S.D. 
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Results and Discussions:  

Preliminary phytochemical analysis: 

 

The results of qualitative analysis of solvent extracts of various parts of T. bellerica fruits are 

listed in Table-1. Most of the phytochemicals were found to be present in all the parts, 

however, alkaloids are absent in all solvent extracts of seeds. Phenols were found to be absent 

in hexane extract of pulp and seed. All the parts of T. bellerica fruits lack saponins and 

proteins. Similar to our study, Hazra (2019) have also compared the phytochemicals of various 

parts of T. bellerica fruits from Kolkata, West Bengal and reported the presence of most of the 

secondary metabolites in epicarp and mesocarp of fruit. The presence of alkaloids, phenol, 

tannins and flavonoids in different solvent extracts of T. bellerica fruits collected from 

Coimbatore, Tamil Nadu was reported by Devi and al. (2014). Study from Chandel and al. 

(2016) have reported the presence of alkaloids, phenolics, tannins, flavonoids, carbohydrates, 

glycosides, phytosterols, phytosteroids, saponins, and proteins in ethanolic extract of T. 

bellerica fruits from Himachal Pradesh, India. Some of the important phytocompounds 

reported in fruits of T. bellerica were listed in table-2. 

 

Table-1: Qualitative analysis of phytochemicals in various parts of T. bellerica fruits. 

Phytocompounds 

Pulp Seed coat Seed  

Aq Meth Hex Aq Meth Hex Aq Meth Hex 

Alkaloids + + + + + + - - - 

Phenols + + - + + + + + - 

Flavonoids + + + + + + + + + 

Carbohydrates + + + + + + + + + 

Glycosides + + + + + + + + + 

Saponin - - - - - - - - - 

Proteins - - - - - - - - - 

Phytosteroids + + + + + + + + + 

 

Aq-Aqueous extract, Meth-Methanol extract, Hex-Hexane extract. (+) indicate presence, while 

(-) indicates absence of phytochemicals. 
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Table-2: Summary showing pharmacological properties of the major compounds from T. 

bellerica fruits. 

Compound name Structure Pharmacological Properties References 

Ethyl gallate 

 

 

Antimicrobial, antioxidant, anti-

inflammatory activity 

Pfundstein 

and al. 2010) 

Gallic acid 

 

 

Antibacterial, anti-inflammatory, 

antimutagenic, cardioprotective, 

antioxidant, anticancer, 

hepatoprotective, neuroprotective 

activity, antidiabetic activity 

Jadon and al. 

2007; Latha 

and Daisy 

2011 

Tellimagrandin II 

 

 

Antioxidant, antimicrobial, 

anti –inflammatory activity 

Pfundstein 

and al. 2010 

Terflavin B 

 

 

Anti-HIV-1, antimalarial, and 

antifungal activity 

Pfundstein 

and al. 2010 

Bellericagenin A 

 

 

Antimicrobial activity, 

antioxidant activity 

Mahato and 

al.1992 
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Arjungenin 

 

 

Cardioprotective, Antioxidant Varghese and 

al. 2015; 

Mohanty and 

al. 2019 

 

 

 

Variation in the total phenolic contents in fruit extracts of T. bellerica  

The extract of T. bellerica was further estimated by using spectrophotometric methods of total 

phenolics illustrated in Fig-1. Total phenolic content revealed to be highest in aqueous extract 

of seed coat (154.22±2.33 mg/g GAE) followed by methanol extract of seed (119.06±6.65 

mg/g GAE). Least amounts of phenols were found to be present in hexane extract of pulp 

(21.63±1.81 mg/g GAE), seed (20.77±1.63 mg/g GAE), and seed coat (8.06±1.46 mg/g GAE) 

(Fig. 1). Study from Hazra (2019) have showed the presence of higher TPC in epicarp 

(139±0.09 mg GAE per gram dry weight) and mesocarp (135±0.12 mg GAE per gram dry 

weight) as compared to that of seed (0.65±0.02 mg GAE per gram dry weight) of T. bellerica 

fruits from Kolkata, West Bengal, India. Chandel and al. (2016) have also showed higher 

amount of TPC in ethanolic extract of whole fruits (177±0.19532 mg/g GAE) from Himachal 

Pradesh, India. 

 

 

Fig:1: Variation of phenolic content in various parts of Terminalia bellerica fruit extracts. 

Values were calculated from standard curve of gallic acid and were expressed as mg/g GAE. 

The values are mean±S.D. of two experiments. 
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Analysis of antimicrobial activity using broth dilution method 

Broth dilution method was used to analyze the lowest concentration of the assay antimicrobial 

agent (minimum inhibitory concentration, MIC) that inhibits the visible growth of the 

bacterium which is being examined under defined test condition. The results of broth dilution 

were expressed in table-2 and it was observed that among all extracts, methanolic extract of 

seed coat showed lowest MIC (3.125 µg/mL) against both tested gram-positive bacteria (B. 

subtilis, and S. aureus). Methanolic pulp extract was found to be more effective against K. 

pneumoniae and P. aeruginosa with MIC of 3.125 µg/mL. However, hexane extract of pulp 

showed higher inhibitory activity against E. coli with least MIC (3.125 µg/mL). the 

antimicrobial activity of T. bellerica fruits was also reported in previous studies (Devi and al. 

2014; Chandel and al. 2016). Study from Dharmaratne and al. (2018) reported antibacterial 

activity (MIC 0.25–4 mg/mL) against all strains of MRSA, MDR Acinetobacter spp. and 

MDR P. aeruginosa by aqueous and methanol extracts. None of the extracts exhibited activity 

against MDR K. pneumoniae (MIC > 5 mg/mL). Kumar and al. (2021) have reported good 

antibacterial activity with ZOI between 13 to 18 mm and MIC ranging from 6.25 to 1.56 

µg/mL against tested bacteria. Aqueous and ethanolic extract of T. bellerica fruits showed 

strong antibacterial activity (MIC-4 to >32 µg/m) against imipenem and meropenem 

resistant Pseudomonas aeruginosa strains (Thirunavukkarasu and al. 2021). 

Table-3: Growth inhibitory activity of various solvent extracts of T. bellerica fruits. 

Values were expressed in µg/mL. 

 

                      

Bacterial 

strains  

             Hexane Methanol   Aqueous  

Pulp Seed 

coat 

Seed Pulp Seed 

coat 

Seed Pulp Seed 

coat 

Seed 

B. subtilis 12.5 12.5 12.5 6.25 3.125 6.25 6.25 12.5 12.5 

S. aureus 25 25 25 6.25 3.125 6.25 12.5 6.25 6.25 

E. coli 3.125 12.5 12.5 12.5 6.25 25 6.25 12.5 12.5 
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K. pneumoniae 50 50 6.25 3.125 6.25 12.5 12.5 12.5 6.25 

P. aeruginosa 12.5 12.5 12.5 3.125 6.25 6.25 6.25 6.25 6.25 

 

 

 

 Fig. 2: Broth dilution assay performed in microtiter plates (Plate-A and Plate-B). The 

change in purple color of dye indicates the growth of bacteria and was read as MIC of that 

extract. 1-hexane, 2-methanol, and 3-aqueous extract. 

 

In vitro antidiabetic activity of T. bellerica fruits 

Antidiabetic potential of various solvent extracts of T. bellerica fruits was evaluated using α-

amylase inhibition method. It was found that aqueous extract of seed coat and seed showed 

least IC50 value of 3.92 µg/mL and 24.86 µg/mL as compared to that of standard drug, 
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metformin (14.5 µg/mL). However, different solvent extracts of various parts of fruits and 

metformin were found to show dose dependent α-amylase inhibition activity (Fig. 3). Similar 

to our reports, the ethyl acetate extract of T. bellerica fruits exhibited comparatively better α-

amylase inhibitory activity (IC50-43.5 μg/mL) as compared to that of its aqueous extract (IC50- 

74.8 μg/mL) (Gupta and al. 2020), which was further validated by in vivo antidiabetic study. 

 Methanolic fruit extract of T. bellerica was able to inhibit α-amylase (IC50 value 45.20 g/mL) 

and α-glucosidase (IC50 value 175.35l g/mL) significantly than that of standard compound 

acarbose (Nampoothiri and al. 2011). The antidiabetic effect of T. bellirica fruit was attributed 

to presence of octyl gallate (Latha and Daisy 2013) and gallic acid (Latha and Daisy 2011). 

 

  

 

 

Fig. 3: Dose-dependent anti-diabetic activity shown by various extracts of different parts 

of T. bellerica fruits and standard drug, Metformin. 

 

Conclusions: 

According to the findings of the study, different portions of T. bellerica fruit contain significant 

amounts of phytochemicals, as well as antibacterial and α-amylase inhibitory action. Among all 

three portions, seed coat and seed of T. bellerica were found to be superior than that of pulp of 

T. bellerica.  To comprehend the therapeutic effect of T. bellerica fruits, however, we still 

require additional substantial research to fill in the gaps in our existing body of knowledge. 

 



Arabian Journal of Medicinal & Aromatic Plants        Medicinal properties of different parts of Terminalia bellerica fruits 

 

 AJMAP V8N3  2022                                                                                                                                              126 

 

References: 

1. Alam M.B, Zahan R, Hasan M, Khan M.M, Rahman M.S, Chowdhury N.S, Haque 

M.E. (2011). Thank You, a good research antioxidant, antimicrobial and toxicity 

studies of the different fractions of fruits of Terminalia belerica Roxb. Global Journal 

of Pharmacology, 5(1), 07-17. 

2. Aljarah A.K, Hameed I. H. (2018). In vitro anti-diabetic properties of Methanolic 

extract of Thymus vulgaris using α-glucosidase and α-amylase inhibition assay and 

determination of its bioactive chemical compounds. Indian Journal of Public Health 

Research & Development. 9(3), 388-392. 

3. Atanasov A.G, Waltenberger B, Pferschy-Wenzig E.M, Linder T, Wawrosch C, Uhrin 

P, Temml V, Wang L, Schwaiger S, Heiss E.H, Rollinger J.M. (2015). Discovery and 

resupply of pharmacologically active plant-derived natural products: A review. 

Biotechnology advances, 33(8), 1582-1614. 

4. Azaizeh H, Fulder S, Khalil K, Said O. (2003). Ethnobotanical knowledge of local Arab 

practitioners in the Middle Eastern region. Fitoterapia, 74(1-2), 98-108. 

5. Chandel S.R, Dev K, Khosla P.K. (2016). Comparative antioxidant potential of leaves 

and Fruit Extracts of Terminalia bellerica Roxb from Himachal Pradesh. International 

Journal of Pharmaceutical Sciences Review and Research, 38, 216-222. 

6. Chew Y.L, Chan E.W, Tan P.L, Lim Y.Y, Stanslas J, Goh J.K. (2011). Assessment of 

phytochemical content, polyphenolic composition, antioxidant and antibacterial 

activities of Leguminosae medicinal plants in Peninsular Malaysia. BMC 

Complementary and Alternative Medicine, 11(1),12. 

7. Deb A, Barua S, Das B. (2016). Pharmacological activities of Baheda (Terminalia 

bellerica): A review. Journal of Pharmacognosy and Phytochemistry, 5, 19-197. 

8. Devi P.N, Kaleeswari S, Poonkothai M. (2014). Antimicrobial activity and 

phytochemical analysis of fruit extracts of Terminalia bellerica. International Journal of 

Pharmacy and Pharmaceutical Sciences. 6(5), 639-642. 

9. Dhanani T, Shah S, Kumar S. (2014). A validated high-performance liquid 

chromatography method for determination of tannin-related marker constituents gallic 

acid, corilagin, chebulagic acid, ellagic acid and chebulinic acid in four Terminalia 

species from India. Journal of Chromatographic Science. 53, 625-632. 



Arabian Journal of Medicinal & Aromatic Plants        Medicinal properties of different parts of Terminalia bellerica fruits 

 

 AJMAP V8N3  2022                                                                                                                                              127 

 

10. Dharmaratne M, Manoraj A, Thevanesam V, Ekanayake A, Kumar NS, 

Liyanapathirana V, Abeyratne E, Bandara BM. (2018). Terminalia bellirica fruit 

extracts: in-vitro antibacterial activity against selected multidrug-resistant bacteria, 

radical scavenging activity and cytotoxicity study on BHK-21 cells. BMC 

complementary and alternative medicine. 18(1), 1-2. 

11. Fahmy N.M, Al-Sayed E, Singab A.N. (2015). Genus Terminalia: A phytochemicals 

and Biological Review. Medicinal & Aromatic Plants. 4, 218.  

12. Ferdinando G, Michael B. (2010). Oxidative stress and diabetic complications. 

Circulation Research. 107:1058-70 

13. Ghani A. (2003). Medicinal plants of Bangladesh with chemical constituents and uses. 

2nd edn. Asiatic Society of Bangladesh, Dhaka, Ramna.  

14. Guleria S, Dev K, Khosla P.K. (2016). Comparative analysis of phytochemicals and 

antioxidant activities of fruit and leaves of Terminalia chebula from Himachal Pradesh. 

IJBPAS. 5(6), 1195-1206.  

15. Gupta A, Kumar R, Bhattacharyya P, Bishayee A, Pandey AK. (2020). Terminalia 

bellirica (Gaertn.) roxb. (Bahera) in health and disease: A systematic and 

comprehensive review. Phytomedicine. 77, 153278. 

16. Gupta A, Kumar R, Pandey A.K. (2020). Antioxidant and antidiabetic activities of 

Terminalia bellirica fruit in alloxan induced diabetic rats. South African Journal of 

Botany. 130, 308-315. 

17. Gupta P, Bala M, Gupta S, Dua A, Dabur R, Injeti E, Mittal A. (2016). Efficacy and 

risk profile of anti-diabetic therapies: Conventional vs traditional drugs—A mechanistic 

revisit to understand their mode of action. Pharmacological research, 113, 636-674. 

18. Hazra K. (2019). Phytochemical investigation of Terminalia bellirica fruit inside. Asian 

Journal of Pharmaceutical and Clinical Research.12(8), 191-194. 

19. Jadon A, Bhadauria M, Shukla S. (2007). Protective effect of Terminalia belerica Roxb. 

And gallic acid against carbon tetrachloride induced damage in albino rats. Journal of 

ethnopharmacology. 109, 214-218. 

20. Joshi S.R, Parikh R.M. (2007). India-diabetes capital of the world: now heading 

towards hypertension. Journal of Association of Physicians, India. 55, 323-324.  

21. Katewa S.S, Chaudhary B.L, Jain A. (2004). Folk herbal medicines from tribal area of 

Rajasthan, India. Journal of ethnopharmacology. 92(1), 41-46. 



Arabian Journal of Medicinal & Aromatic Plants        Medicinal properties of different parts of Terminalia bellerica fruits 

 

 AJMAP V8N3  2022                                                                                                                                              128 

 

22. Kawahito S, Kitahata H, Oshita S. (2009). Problems associated with glucose toxicity: 

Role of hyperglycemia-induced oxidative stress. World Journal of Gastroenterol. 2009; 

15(33):4137-42.  

23. Khan I, Ullah Z, Shad A.A, Fahim M, Öztürk M. (2022). In vitro antioxidant, 

anticholinesterase inhibitory, and antimicrobial activity studies of Terminalia chebula 

(Retz) and Terminalia arjuna (Roxb). South African Journal of Botany. 146, 395-400. 

24. Khandelwal K. (2008). Practical pharmacognosy. Pragati Books Pvt. Ltd. 

25. Kumar A, Goel M.K, Jain R.B, Khanna P, Chaudhary V.  (2013). India towards 

diabetes control: Key issues. Australas Medical Journal. 6(10), 524-531.  

26. Kumar V, Chandel S.R, Guleria S, Sharma N, Sourirajan A, Khosla P.K, Dev K. (2021). 

Comparative analysis of phytochemicals, antimicrobial and antioxidant activity of 

different species of Terminalia from Himachal Pradesh, India. Vegetos. 34(3), 528-539. 

27. Kumar V, Sharma N, Sourirajan A, Khosla P.K, Dev K. (2018). Comparative 

evaluation of antimicrobial and antioxidant potential of ethanolic extract and its 

fractions of bark and leaves of Terminalia arjuna from north-western Himalayas, India. 

Journal of Traditional and Complementary Medicine. 8, 100-106. 

28. Kumar, N., Khurana, S.M.P. (2018). Phytochemistry and medicinal potential of the 

Terminalia bellirica Roxb. (Bahera). Indian Journal of Natural Product Resource. 9, 97-

107. 

29. Latha R.C, Daisy P. (2011). Insulin-secretagogue, antihyperlipidemic and other 

protective effects of gallic acid isolated from Terminalia bellerica Roxb. in 

streptozotocin-induced diabetic rats. Chemico-biological interactions. 189(1-2), 112-

118.   

30. Latha R.C, Daisy P. (2013). Therapeutic potential of octyl gallate isolated from fruits of 

Terminalia bellerica in streptozotocin-induced diabetic rats. Pharmaceutical Biology. 

2013;51(6):798-805.  

31. Mahato SB, AK, Kundu AP. (1992). Pentacyclic triterpenoid sapogenols and their 

glycosides from Terminalia bellerica. Tetrahedron. 48, 2483-94. 

32. Mohanty IR, Borde M, Kumar C S, Maheshwari U. (2019). Dipeptidyl peptidase IV 

Inhibitory activity of Terminalia arjuna attributes to its cardioprotective effects in 

experimental diabetes: In silico, in vitro and in vivo analyses. Phytomedicine. 57, 158-

165. 



Arabian Journal of Medicinal & Aromatic Plants        Medicinal properties of different parts of Terminalia bellerica fruits 

 

 AJMAP V8N3  2022                                                                                                                                              129 

 

33. Nampoothiri S.V, Prathapan A, Cherian O.L, Raghu K.G, Venugopalan V.V, 

Sundaresan A, (2011). In vitro antioxidant and inhibitory potential of Terminalia 

bellerica and Emblica officinalis fruits against LDL oxidation and key enzymes linked 

to type 2 diabetes. Food Chemistry and Toxicology. 49, 125-131. 

34. Pfundstein B, El Desouky SK, Hull WE, Haubner R, Erben G, Owen RW. (2010). 

Polyphenolic compounds in the fruits of Egyptian medicinal plants (Terminalia 

bellerica, Terminalia chebula and Terminalia horrida): characterization, quantitation 

and determination of antioxidant capacities. Phytochemistry. 71, 1132-48 

35. Rastogi R.P, Mehrotra B.N. (2004). Compendium of medicinal plants central drug 

research institute (CDRI), Lucknow and National institute of communication and 

information resources. New Delhi. Pp. 406. 

36. Saini R, Sharma N, Oladeji O.S, Sourirajan A, Dev K, Zengin G, El-Shazly M, Kumar 

V. (2022).Traditional uses, bioactive composition, pharmacology, and toxicology of 

Phyllanthus emblica fruits: A comprehensive review. Journal of ethnopharmacology. 

282, 114570. 

37. Sharma J, Gairola S, Gaur R.D, Painuli R.M. (2012). The treatment of jaundice with 

medicinal plants in indigenous communities of the Sub-Himalayan region of 

Uttarakhand, India. Journal of ethnopharmacology. 143(1), 262-291. 

38. Sharma S, Kumar V, Attri C, Sourirajan A, Dev K. (2022). Comparison of 

Phytochemicals, Antioxidant, and Antimicrobial Activities of in vitro Propagated and 

Wild Grown Potentilla Nepalensis, an Endemic Medicinal Plant from North Western 

Himalayas. Journal of Herbs, Spices & Medicinal Plants. 1-3.  

39. Singh A.S. (2011). Herbalism phytochemistry and ethnopharmacology. Science 

Publishers. 357-361 

40. Singh MP, Gupta A, Sisodia S.S. (2018). Ethno and modern pharmacological profile of 

Baheda (Terminalia bellerica): A review. The Pharmaceutical and Chemical Journal. 5, 

153-162. 

41. Sobeh M, Mahmoud M.F, Hasan R.A, Abdelfattah M.A.O, Osman S, Rashid H, El 

Shazly A.M, Wink M. (2019). Chemical composition, antioxidant and hepatoprotective 

activities of methanol extracts from leaves of Terminalia bellirica and Terminalia 

sericea (Combretaceae). Peer J. 7, e6322.  



Arabian Journal of Medicinal & Aromatic Plants        Medicinal properties of different parts of Terminalia bellerica fruits 

 

 AJMAP V8N3  2022                                                                                                                                              130 

 

42. Srivastav P.K. (2003). Tree improvement studies in genus Terminalia Linn. P Natl A 

Sci India B. 73, 951-1042. 

43. Subramanian R, Asmawi M.Z, Sadikun A. (2008). In vitro alpha-glucosidase and alpha-

amylase enzyme inhibitory effects of Andrographis paniculata extract and 

andrographolide. Acta biochimica polonica. 55(2), 391-398. 

44. Tabuti J.R, Lye K.A, & Dhillion S.S. (2003). Traditional herbal drugs of Bulamogi, 

Uganda: plants, use and administration. Journal of ethnopharmacology. 88(1), 19-44. 

45. Tarasiuk A, Mosińska P, Fichna J.  (2018). Triphala: current applications and new 

perspectives on the treatment of functional gastrointestinal disorders. Chinese medicine. 

13(1), 1-1. 

46. Thirumalai T, Kelumalai E, Senthilkumar B, David E. (2009). Ethnobotanical study of 

medicinal plants used by the local people in Vellore District, Tamilnadu, India. 

Ethnobotanical leaflets. (10), 10. 

47. Thirunavukkarasu B, Purushothaman N, Valli S. (2021). Antibacterial activity of 

Terminalia chebula and Terminalia bellerica fruit extracts against imipenem and 

meropenem resistant Pseudomonas aeruginosa strains. Medicinal Plants-International 

Journal of Phytomedicines and Related Industries. 13(4), 616-621. 

48. Varghese A, Savai J, Pandita N, Gaud R. (2015). In vitro modulatory effects 

of Terminalia arjuna, arjunic acid, arjunetin and arjungenin on CYP3A4, CYP2D6 and 

CYP2C9 enzyme activity in human liver microsomes. Toxicology Report. 2, 806-816. 

49. World Health Organization. (2002). WHO monographs on selected medicinal 

plants (Vol. 2). World Health Organization. 

 

 

 

Arabian Journal of Medicinal and Aromatic Plants 

www.ajmap.info          ISSN 2458-5920  

http://www.ajmap./

