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Abstract 

Coconut shell botanically represents the hard endocarp from the fruit of Cocos nucifera Linn. It is the 

usually discarded part of the plant with folklore claim in metabolic disorders. Being an inexpensive and easily 

available natural product with ethnomedicinal significance, it seems highly relevant to scientifically validate 

the pharmaceutical implications of the drug. Till date, the new drug development strategies based on quality 

and efficacy parameters for the crude drug sample of Coconut shell has not been developed. The present study 

was intended to develop and scientifically validate the quality, purity, safety, potency and efficacy parameters 

of Coconut shell and thereby exploring the new drug development strategies for the drug. Materials and 

methods: The study focused on the screening of Coconut shell based on macroscopic, microscopic, 

organoleptic, histo-chemical and HPTLC studies. Results: Characteristic presence of thin walled fibres, 

fibrosclereids, lignins and tannins were observed in the microscopic analysis of Coconut shell. HPTLC studies 

also exemplified the detailed bioactive chemical profile of Coconut shell. Conclusion: The study outcome 

suggests Coconut shell as a novel reliable source of bioactive phytoconstituents with broad prospective in new 

drug development process. 
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1. Introduction 

Plants and plant based products are globally recognized sources of bioactive compounds [1]. Herbal 

drugs and their wide application in primary healthcare system is increasing tremendously in world wide. [2]. 

Nowadays, in the New drug development strategies, the therapeutic agents derived from natural products were 

given prime focus [3].Nevertheless, natural products also encounters challenges in this regard, particularly 

pertaining to the characterization and optimization of chemical compounds [4].   

Coconut palm is honored as one among the most versatile trees of the entire world and virtually every 

part of the coconut palm can be used by humans in some manner and has significant economic value [5]. 

Coconut shell botanically represents the hard endocarp from the fruit of Cocos nucifera Linn [6]. It is the 

usually discarded part of the plant with folklore claim in metabolic disorders. Being an inexpensive and easily 

available plant based product with ethnomedicinal significance, comprehensive studies on the medicinal 

prospects of Coconut shell receives ample contemplation nowadays. However, research updates on the new 

drug development strategies based on quality, purity, safety and efficacy parameters of Coconut shell is not 

available till date.The present research work was carried out to develop and scientifically validate the quality 

and efficacy parameters of Coconut shell in the perspective of new drug development process. The present 

studyis focused on the screening of dried ripe Coconut shell based on macroscopic, microscopic, organoleptic 

and HPTLC studies. 

2. Materials and Methods 

Collection andauthentication of test drug 

Ripe coconuts (Cocos nucifera Linn.) were procured from a single plot at Calicut during the month of 

April- May. The drug was botanically identified and authenticated(Acc. No. DG/21-22/353) in the 

Pharmacognosy laboratory, Banaras Hindu University. The fruits were furtherbroken and dried well in proper 

sunlight. After proper drying and removal of the white kernel, the coconut shells(endocarp) were collected as 

taken as the crude drug for this study.  

Preparation of test drug powder  

The roughexternal surfaces of Coconut shells were scraped well to remove the outer fibers. This ripe 

dried Coconut shell was then manually broke in to small pieces,crushed and pulverized to obtain the coarse 

powder of test drug. The powdered sample wasfurther subjected to microscopic analysis,histochemical 

studies, analysis of physicochemical andphytochemical parameters. 

1.Macroscopic characterization of test drug  

The crude drug sample of Coconut shell was subjected to detailed macroscopic characterization and 

themorphological characters including size, shape, texture, fracture and nature of striations present on both 

surfaces weredocumented.  

2. Organoleptic characterizationof test drug 

Organoleptic evaluation refers to evaluation of individual drug based onits characteristic colour, 

taste,odour, texture etc. The organoleptic characters of Coconut shell was assessed based on sensory 

observations as per standard methods[7]. 

3. Powder microscopy of test drug 

One pinch of powdered crude drug sample of the test drug was taken in a microscopic slide. Then it 

was warmed with addition of few drops of chloral hydrate and mounted in glycerin. After mounting, Zeiss 

AXIO trinocular microscope was used for viewing the slides. The characteristic features were noted and 

photographed under bright field light using the attached Zeiss Axio Cam camera.Scale-bars are used to 

indicate the magnifications of figures [8]. 

The presence of cellulose cell walls, aleurone grains, calcium carbonate, fats, lignified cell walls, 

inulin, mucilage, cuticular cell walls, starch, tannins, oils and resins in the test drug were analyzed by staining 

of powdered test drugas per standard guidelines[9].The test drug powder was stained using Iodine solution in 

order to identify the presence of starch grains; phloroglucinol and concentrated hydrochloric acid (HCl) for 

the identification of lignified cells and 5% ferric chloride (FeCl3) for detection of tannins. 

 

 



PARAMEDICON-INNOVATIONS IN MODERN / TRADITIONAL HEALTH SCIENCES AND MEDICAL TECHNOLOGY 

Organized by Pharmacy (AY.) Course, Faculty of Ayurveda, Institute of Medical Sciences & Medical 

Laboratory Technology Course, Ddu, Kaushal Kendra, Rajiv Gandhi South Campus, Barkachha, Mirzapur 

Banaras Hindu University 

JOAASR Vol. 4 No. 4 (Conference Proceedings) APRIL 2022 

21 
 

4.HPTLCcharacterization of test drug 

Methanol extraction of Coconut shellwas done and 20 μl of the extract was applied on a pre-coated 

silica gel 60 F254on aluminium plates (10x10 cm) to a distinct band width of about 8 mm. The Linomat 5 

Thin Layer Chromatography applicator was used for test drug application on TLC plates. The solvent system 

containing Toluene:Ethyl acetate: Formic acid: Methanol (7:5:1:0.5)was used for developing the plates in 

CAMAG Twin trough chamber (10 x 10 cm). The visualization of these developed plates were done under 

254nm and 366 nm. The plates were then derivatized using Anisaldehyde reagent and further densitometry 

scanning was done under 254, 366 and 540 nm.CAMAG Linomat 5, CAMAG Reprostar 3andCAMAG Thin 

Layer Chromatography Scanner 3 were the HPTLC instrumentations employed in this study.HPTLC photo 

documentation, densitometry scan andcolour of distinct spots along with corresponding Rf values of the test 

sample were recorded as per standard procedures[10]. 

Observation and results: 

1. Macroscopic analysis 

Coconut shell which represents the endocarp forms the hard inner layer that surrounds the seed. The 

shape of Coconut shellis ovoid and about 0.8 – 1.2 cm thick, three angled, outer surface brown, somewhat 

rough due to shallow reticulated striations, transversely broken; with a large central cavity. The fracture is 

short and the shell is striated in length by three protruding sutures on the outer surface. 

2. Organoleptic evaluation 

The powder of Coconut shell is dark brown colour in appearance with no characteristic smell. The drug is 

predominantlyof astringent taste and possess fibrous texture. 

3. Powder microscopy  

By microscopic analysis, the fine characteristic features were identified and documented as the distinct 

parameters representing the crude drug sample. Thin walled fibers were abundantly seenin the test 

drug.Sclerieds and fibrosclerieds were also present.Spiral vessels,pitted parenchyma cells and Starch 

grainswere also identified in the crude drug sample. 

The appearance of characteristic red colour by the addition of Phloroglucinol + Conc. HClto the 

powdered sample indicated the presence of lignins in the test drug.Addition of Ferric chloride (5%) has given 

peculiar dark blue colour corresponding to the tannins present in Coconut shell. Appearance of blue colour by 

the addition of Iodine indicated the starch grains present in the test drug. 

4. HPTLC characterization of the sample 

The solvent system containing Toluene: Ethyl acetate: Formic acid: Methanol in the ratio of 7:5:1:0.5; 

v/v resulted in remarkable separation of the bioactive compounds. The Rf values and areas of different peaks 

obtained in the HPTLC characterization of Coconut shell at 254and 366nm were mentioned in the table 1. 

Densitometry scan at UV 254 nm in HPTLC of Coconut shell revealed 8 peaks in the methanol extract (Figure 

1). The Rf were 0.29, 0.35, 0.40, 0.50, 0.73 for the major peaks with a maximum area of 3682.9AU obtained 

for the 6th peak (Table 1). At UV 366 nm, the drug exhibited 7 distinct peaks. The Rf were 0.28, 0.35 and 

0.55 for the major peaks (Figure 2).The maximum area of 5939.2 AU is observed for the highest peak with 

the R value of 0.55. 

 Discussion 

Coconut palm is recognized as one of the most versatile trees and virtually every part of the coconut 

palm can be used by humans in some manner and has got significant economic value [11]. Being an 

inexpensive and easily available natural product from our surroundings, comprehensive studies on the new 

drug development strategies of Coconut shell receives ample contemplation nowadays. 

  Powder microscopy of Coconut shell indicates the large number of thin walled fiberspresent in the 

hard endocarp of fibrous drupe (Coconut fruit). Organoleptic evaluation itself depicts the fibrous texture of 

test drug. Microscopic study offered a methodological approach that allowed the chemical analysis of cells 

and tissues of drugs in relation to their structural organization [12]. The lignins presentin the dried endocarp 

of Coconut shell was exemplified in the microscopic staining of test drug. As per previous reports, Coconut 

shell serves as a natural Lignocellulose material (Lignin -29.4% and cellulose- 26.6%) [13]. 
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Figure 1. Densitometry scan of test drug at 254 nm 
 

Figure 2. Densitometry scan of test drug at 366nm 

  

Table 3. Rf values and areas in the HPTLC of Coconut shell powder at 254nm and 366nm. 

 

 

 

 

 

 

 

 

 

Lignins are endowed with antioxidant potential and are having diverse pharmacotherapeutic implications in 

the prevention of lifestyle disorders [14].The peculiar dark blue colour observed in the microscopic analysis 

of Coconut shell on addition of Ferric chloride corresponds to the tannins present in the crude drug sample of 

Coconut endocarp. Organoleptic evaluation suggests the drug to be of predominantly astringent taste that 

indicates the significant tannin content of Coconut shell. The correlation between tannin content of herbs and 

astringent intensity was already established by previous studies [15]. Studies have already established the fact 

that plants endorsed with high tannin content are supposed to have enormous potential as therapeutic agent in 

wide range of disorders [16]. The presence of tannins in other parts of Cocos nucifera including its 

inflorescence and corresponding therapeutic implications were already reported in previous studies [17]. 

The HPTLC fingerprint profile served as an important technique employed for elucidating the new 

drug development strategies of Coconut endocarp.Chromatographic procedures represent the effective 

analytical tool in new drug development process for the characterization of value-added bio-active compounds 

from herbal drugs [18]. In this study, the comprehensive bioactive chemical profile and quality standards of 

Coconut shell were derived by employing the HPTLC fingerprint profiling of the test drug.The eight distinct 

peaks observed in the densitometry scan at 254 nm indicates the probable presence of value added bioactive 

chemical constituents in the test drug. The peaks with Rf values of 0.2, 0.3 and 0.4 depicts the phenolic 

contents present in Coconut shell.The endocarp oftest drug may contain some major flavonoid compounds 

which can be inferred from the peaks with Rf value of 0.50 and 0.55 at 254 and 366nm respectively. Since the 

maximum area was noted at these specific Rf values at both the wavelengths, the particular flavonoid may be 

the major chemical constituent of Cocos nucifera endocarp that can be further isolated and validated in the 

254nm 366nm 

Peak Rf  Value 
Area 

(AU) 
Peak 

Rf  

Value 

Area 

(AU) 

2 0.29 3425.5 AU 2 0.28 5718.1 AU 

3 0.35 2477.1 AU 3 0.35 2185.5 AU 

4 0.40 2015.5 AU 7 0.55 5939.2 AU 

6 0.50 3682.9 AU    

8 0.73 2875.3 AU    
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perspective of new drug development. Various other useful parts of Coconut tree were already reported to be 

a rich source of flavonoid and phenolic compounds that are responsible for the diverse therapeutic potentials 

attributed to the respective parts of the plant [19].All these findings justifies the scope of new drug 

development approach based on Coconut shell and its applications in herbal drug industry. 

Conclusion 

The present study exemplified Coconut shell as a noval natural source of bioactive constituents like 

phenols, flavonoids and tannins that can be integrated in the new drug development strategy.  

Acknowledgement 

We are extremely grateful to CCRAS(Central Council for Research in Ayurvedic Sciences; Ministry 

of AYUSH) for funding this project and for all the technical support and expert guidance given for this study. 

We would like to thank the Department of Dravyagunavijnana, Faculty of Ayurveda, IMS, Banaras Hindu 

University for rendering all the Laboratory facilities.We are grateful to the Quality Assurance wing, Research 

& Development Department, Aryavaidyasala, Kottakkaland Centre for Medicinal Plant Research (CMPR), 

Kottakkal, Kerala for the laboratory facilities provided for this project. 

Conflict of Interest 

The authors declare no conflict of interest. 

Funding Support 

This project was funded by CCRAS (Central Council for Research in Ayurvedic Sciences; Ministry 

of AYUSH) under AYUSH-NET Ph.D. fellowship scheme. 

References 

[1]. Rajesh R, Singh SA, Vaithy KA, Manimekalai K, Kotasthane D, Rajasekar SS. The effect of mucuna 

pruriens seed extract on pancreas and liver of diabetic wistar rats. Int J Cur Res Rev. 2016 Feb 

21;8(4):61-7. 

[2]. Ekor, Martins. "The growing use of herbal medicines: issues relating to adverse reactions and 

challenges in monitoring safety." Frontiers in pharmacology vol. 4 177. 10 Jan. 2014, 

https://doi.org/10.3389/fphar.2013.00177  

[3]. Sreekala V, Vijaykishan B, Rajasekar S, Rajesh R. Phytochemical analysis and in vitro DPPH assay 

of ethanolic extract of Mucuna pruriens seed. International Journal of Current Pharmaceutical 

Research. 2020 Nov 15:93-6. https://doi.org/10.22159/ijcpr.2020v12i6.40300  

[4]. Thomford, Nicholas Ekow et al. "Natural Products for Drug Discovery in the 21st Century: 

Innovations for Novel Drug Discovery." International journal of molecular sciences vol. 19,6 1578. 25 

May. 2018, https://doi.org/10.3390/ijms19061578  

[5]. Kalman DS, Feldman S, Krieger DR, Bloomer RJ. Comparison of coconut water and a carbohydrate-

electrolyte sport drink onmeasures of hydration and physical performance in exercise-trained men. J 

Int Soc Sports Nutr. 2012 Jan 18;9(1):1. https://doi.org/10.1186/1550-2783-9-1  

[6]. Manisha Debmandal and Shyamapada Mandal.Coconut (Cocos nucifera L.: Arecaceae): In health 

promotion and disease prevention. Asian Pacific Journal of Tropical Medicine.Mar;4(3):241-7. 

https://doi.org/10.1016/S1995-7645(11)60078-3  

[7]. Fitzgerald, Martin et al. "Medicinal Plant Analysis: A Historical and Regional Discussion of Emergent 

Complex Techniques." Frontiers in pharmacology vol. 10 1480. 9 Jan. 2020, 

https://doi.org/10.3389/fphar.2019.01480  

[8]. Alam, Fiaz, and Qazi Najam Us Saqib. "Pharmacognostic study and development of quality control 

parameters for fruit, bark and leaf of Zanthoxylum armatum (Rutaceae)." Ancient science of life vol. 

34,3 (2015): 147-55. https://doi.org/10.4103/0257-7941.157159  

[9]. Konarska, Agata et al. "Histochemical and Phytochemical Analysis of Lamium album subsp. album 

L. Corolla: Essential Oil, Triterpenes, and Iridoids." Molecules (Basel, Switzerland) vol. 26,14 4166. 

8 Jul. 2021, https://doi.org/10.3390/molecules26144166  

[10]. Gupta, Priyanka et al. "Qualitative HPTLC phytochemical profiling of Careya arborea Roxb. bark, 

leaves and seeds." 3 Biotech vol. 9,8 (2019): 311. https://doi.org/10.1007/s13205-019-1846-x  

https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.22159/ijcpr.2020v12i6.40300
https://doi.org/10.3390/ijms19061578
https://doi.org/10.1186/1550-2783-9-1
https://doi.org/10.1016/S1995-7645(11)60078-3
https://doi.org/10.3389/fphar.2019.01480
https://doi.org/10.4103/0257-7941.157159
https://doi.org/10.3390/molecules26144166
https://doi.org/10.1007/s13205-019-1846-x


PARAMEDICON-INNOVATIONS IN MODERN / TRADITIONAL HEALTH SCIENCES AND MEDICAL TECHNOLOGY 

Organized by Pharmacy (AY.) Course, Faculty of Ayurveda, Institute of Medical Sciences & Medical 

Laboratory Technology Course, Ddu, Kaushal Kendra, Rajiv Gandhi South Campus, Barkachha, Mirzapur 

Banaras Hindu University 

JOAASR Vol. 4 No. 4 (Conference Proceedings) APRIL 2022 

24 
 

[11]. Lima EB, Sousa CN, Meneses LN, Ximenes NC, Santos Júnior MA, Vasconcelos GS, Lima NB, 

Patrocínio MC, Macedo D, Vasconcelos SM. Cocos nucifera (L.) (Arecaceae): A phytochemical and 

pharmacological review. Braz J Med Biol Res. 2015 Nov; 48(11):953-64. 

https://doi.org/10.1590/1414-431x20154773  

[12]. Pradhan Mitra, Prajakta, and Dominique Loqué. "Histochemical staining of Arabidopsis thaliana 

secondary cell wall elements." Journal of visualized experiments : JoVE ,87 51381. 13 May. 2014, 

https://doi.org/10.3791/51381  

[13]. Mangesh D Teli, Pintu Pandit, Santanu Basak. Coconut shell extract imparting multifunction 

properties to ligno-cellulosic material. Journal of Industrial textiles.Vol 47,Issue 6(2018). 

https://doi.org/10.1177/1528083716686937  

[14]. Bo Jiang, Hi Chen, Huifang Zhao. Structural features and antioxidant behavior of lignins successively 

extracted from ginkgo shells (Ginkgo biloba L). Int J Biol Macromol. 2020 Nov 15;163:694-701. 

https://doi.org/10.1016/j.ijbiomac.2020.07.027  

[15]. Han, Xue et al. "A Novel Quantitative Prediction Approach for Astringency Level of Herbs Based 

on an Electronic Tongue." Pharmacognosy magazine vol. 13,51 (2017): 492-497. 

https://doi.org/10.4103/pm.pm_455_16  

[16]. Tannins from Acacia mearnsii De Wild. Bark: Tannin Determination and Biological 

ActivitiesMolecules 23(4):837.2018; https://doi.org/10.3390/molecules23040837  

[17]. Lima, E B C et al. "Cocos nucifera (L.) (Arecaceae): A phytochemical and pharmacological review." 

Brazilian journal of medical and biological research = Revista brasileira de pesquisas medicas e 

biologicas vol. 48,11 (2015): 953-64. https://doi.org/10.1590/1414-431x20154773  

[18]. Sasidharan, S et al. "Extraction, isolation and characterization of bioactive compounds from plants' 

extracts." African journal of traditional, complementary, and alternative medicines : AJTCAM vol. 8,1 

(2011): 1-10. https://doi.org/10.4314/ajtcam.v8i1.60483  

[19]. Nyayiru Kannaian, Udaya Prakash et al. "Phytochemical composition and antioxidant activity of 

coconut cotyledon." Heliyon vol. 6,2 e03411. 13 Feb. 2020, 

https://doi.org/10.1016/j.heliyon.2020.e03411  

https://doi.org/10.1590/1414-431x20154773
https://doi.org/10.3791/51381
https://doi.org/10.1177/1528083716686937
https://doi.org/10.1016/j.ijbiomac.2020.07.027
https://doi.org/10.4103/pm.pm_455_16
https://doi.org/10.3390/molecules23040837
https://doi.org/10.1590/1414-431x20154773
https://doi.org/10.4314/ajtcam.v8i1.60483
https://doi.org/10.1016/j.heliyon.2020.e03411

