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Abstract 
Background: In many coconut industries, the outer layer of thin brown skin 
of coconut kernel known as testa is peeled out as a byproduct. Despite the 
testa is rich in fat and plenty of polyphenolic compounds, it has been underu-
tilized either as animal feed, serving as raw materials for bio-diesel produc-
tion or discarded directly. Anticipating coconut testa (CT) as a natural source 
of multiple phyto-chemicals, its exploitation for the pharmacological activity 
or utilization as value added product is required which may reduce the dis-
posal costs as well. Methods: Secondary metabolites from CT were extracted 
sequentially with different organic solvents based on polarity in the soxhlet 
apparatus followed by extraction with sterilized water. The crude dried ex-
tracts thus prepared were evaluated for qualitative screening of phytochemi-
cals and quantitative estimation of total phenols, flavonoids and tannin con-
tent. Moreover, the antioxidant, anti-inflammatory and anti-microbial activi-
ties were also investigated. Results: Phytochemicals screening revealed the 
presence of polyphenolic compounds in methanolic fraction including phenols 
(822.60 ± 16.36 mg/g), flavonoids (103.30 ± 9.78 mg/g) and tannin (663.50 ± 
19.26 mg/g), whereas non-phenolic compounds were present in other fractions. 
While methanolic fraction showed invariably the highest anti-oxidant activity 
in multiple assay methods, non-phenolic compounds in aqueous and chloro-
form fractions exhibited high anti-inflammatory activity. Antimicrobial activity 
was observed by both phenolic and non-phenolic compounds. Conclusion: 
The findings of the study reveal that CT is a rich source of various polyphenolic 
and non-phenolic natural antioxidants, anti-inflammatory and antimicrobial 
compounds. These findings are promising and form the basis to identify the 
number of active components and their characterization. 
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1. Introduction 

Coconut (Cocos nucifera L.) belongs to the family Arecaceae [Palmae] and the 
subfamily Cocoideae is an important monocotyledon plant widely grown in the 
tropic and sub-tropics [1]. Further, certain religious and traditional values of 
coconut in most parts of India and other South East Asian countries have fared 
the production and productivity of coconut in these countries much better than 
many other countries. The coconut palm is sometimes referred to as ‘great nut of 
India’ owing to the use of all of its parts in some way or the other in coco-
nut-growing areas. Apart from the use of coconut water, the natural sterile liq-
uid from the young immature coconuts as a beverage; the kernel is used as the 
source of food and oil. Further, the wastes such as shell or coir are also used as 
raw materials for many industries for the production of shell-activated carbon or 
fibers for car seats and other household materials [2] [3] [4]. With the increasing 
demand for coconut oil, preparation of desiccated coconut powder or other 
products such as coconut cream and milk powder, the thin brown skin of coco-
nut kernel known as testa is peeled out and processed in many coconut indus-
tries and the byproduct testa is usually underutilized. Of the more than 93 coun-
tries growing coconut Worldwide, India ranks 3rd by producing about 12,000 - 
14,000 metric tons coconut annually, which contributes to about 19.3% of total 
coconut production of the World [5]. In an estimate, it has observed that the 
coconut testa (CT) constitutes about 18% of the total dry weight of kernel [6] 
and that about 23.7 thousand tons testa are produced in Hainan Island annually 
[4]. The worldwide production of this waste is even more and requires alterna-
tive ways for its re-utilization as valuable products. Several studies have been 
conducted to assess the bio-active potential or nutritional value of coconut testa. 
Studies have shown that the testa is rich in fat [7] and contains plenty of poly-
phenolic compounds with a potent antioxidant capacity [8] [9]. Polyphenolic 
compounds ranging from simple phenolic acids to polyphenols such as flavono-
ids, tannins, anthocyanins, etc. are important plant derived phytochemicals 
which have anti-oxidant and anti-ageing property and have been shown to im-
prove physical fitness or degenerative diseases like cancer, diabetes, hypertension 
and cardiovascular problems [10] [11] [12] [13]. However, the use of testa is large-
ly limited either as an animal feed [14], serving as raw material for bio-diesel pro-
duction [15] or discarded directly despite being a rich source of polyphenol com-
pounds. The fact that plant secondary metabolites including polyphenolic com-
pounds being diverse, different classes of compounds are soluble only in specific 
solvent system [16] and the extraction yields depends on methods adopted, nature 
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of plant materials and presence of various compounds [17] [18] [19]. A previous 
study examining for identification of suitable solvent system for maximum extrac-
tability from the coconut testa has revealed significant differences in total phenolic 
content (TPC) and total flavonoid content (TFC) with antioxidant potential in 
various solvent systems studied [9]. However, to date, only ethanolic extract of de-
fatted coconut testa has been analyzed for the qualitative and quantitative deter-
mination of phytochemicals [20]. Moreover, the ethanolic extract of testa has been 
found to possess anti-hyperglycaemic activity [8], exhibit inhibition effect on the 
oxidation of human low-density lipoprotein [21] or evaluated for cosmeceutical 
potentials [22] [14]. Further, the ethanolic extract of coconut testa has been shown 
to contain more natural anti-oxidants compared to kernel oil [20]. The oil extracts 
of testa have also been proved to be protective against oxidative damage induced 
by reactive oxygen species [23] [21]. Despite the fact of testa as a natural source 
of multiple phyto-chemicals, its exploitation for potential human health benefits 
is yet to be achieved. Utilization of coconut testa as value added product may 
have the economic and environmental impacts of reducing the disposal costs. 

Therefore, in the present study secondary metabolites from coconut testa 
(CT) were extracted sequentially using organic solvents [Petrolium benzene, 
chloroform, ethyl acetate and methanol] and water based on polarity in soxhlet 
apparatus and evaluated for qualitative screening of phytochemicals. Besides, 
with the aim at exploring the potential benefit, the different solvent extracts of 
coconut testa were evaluated for quantitative estimation of total phenols, flavo-
noids and tannin content. Moreover, the antioxidant activity, anti-inflammatory 
activity and anti-microbial activity were also investigated. 

2. Materials and Methods 
2.1. Collection of Sample 

Healthy coconuts were collected in sterile plastic bags from the different locality 
of Baripada, Mayurbhanj, Odisha and processed to peel off the thin, brown outer 
covering of kernel called the testa with the help of a scraper. These peeled off 
testa were then allowed to shed dry for 10 - 15 days followed by pulverization 
into coarse powder using the blender. 

2.2. Extraction of Metabolites from Selected Plant Parts 

The powdered coconut testa (CT) of about 30 gm was used for crude extract 
preparation by sequential extraction with different solvents of 300 ml based on 
polarity [such as petroleum benzene, chloroform, ethyl acetate and methanol] 
using soxhlet apparatus at 50˚C and for 12 cycles for extraction with each sol-
vent. The aqueous extract was prepared by mixing the dried, left out CT after 
methanol extraction with sterilized water at 200 rpm in room temperature (RT) 
for 16 - 18 hours. The solvent extracts thus obtained were then allowed to eva-
porate in RT nearly for 15 - 20 days or till complete evaporation was ensured. 
The crude dried extracts of various solvents were then collected in sterile vials, 
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labeled and kept at RT until further use. 

2.3. Phytochemical Screening 

Preliminary qualitative screening for the presence of various phytochemicals was 
carried out using the protocols of Sheel et al. [24], Nanna et al. [25], Mishra et al. 
[26], and Sharma et al. [27]. 

2.4. Estimation for Total Phenolic Content 

The total phenolic content in various solvent fractions of CT was determined 
based on Ebrahimzadeh et al. [28], with partial modification. Briefly, each of the 
solvent extracts and gallic acid was reconstituted to a concentration of 1 mg/ml 
with 10% DMSO in distilled water, except for aqueous extract which was dis-
solved with water only. Then, 1 ml of various concentrations of gallic acid [100 - 
500 μg/ml at 100 μg interval] in distilled water was mixed with 5 ml of Fo-
lin-Ciocalteau’s (FC) phenol reagent [diluted to 10 fold with water]. After 3 mi-
nutes, 4 ml of 7.5% [w/v] Na2CO3 in water was added to the mixture and incu-
bated in dark for 20 min at room temperature [25˚C]. Similarly, 1ml [100 μg/ml] 
of various solvents extract in triplicates was processed. The absorbance was read 
against the blank containing FC reagent, Na2CO3 and water without any extract or 
gallic acid at 760 nm. A calibration curve was constructed from the absorbance of 
known concentrations of Gallic acid. TPC was calculated from the calibration eq-
uation for gallic acid y = 0.006x + 0.348, R2 = 0.976 [where y is absorbance and x 
is the concentration of gallic acid in μg/ml] for each extract in triplicates and ex-
pressed as mg of gallic acid equivalents [mg GAE]/g of plant extract. 

2.5. Estimation for Total Flavonoid Content 

The total flavonoid content was determined by the Aluminum chloride colori-
metric method described by Islam et al. [29], with minor modification as de-
tailed below. Quercetin was used instead of gallic acid as standard. Dilution of 
plant extracts and quercetin were carried out as mentioned previously in this pa-
per for total phenol estimation. To 0.5 ml of various concentration of quercetin 
[25 - 400 μg/ml at two fold dilution] and plant extracts [100 μg/ml], 1.5 ml of 95% 
ethanol was added followed by addition of 0.1 ml of 10% aluminum chloride and 
0.1 ml of 1 M potassium acetate buffer. Then, 2.8 ml of distilled water was added 
to the reaction mixture and it was incubated for 30 min at room temperature, after 
which its absorbance was read at 415 nm against the blank [which does not con-
tain either quercetin or CT extract]. A calibration curve was constructed from the 
absorbance of different known concentrations of Quercetin. TFC was calculated 
from the calibration equation for quercetin y = 0.004x + 0.103, R2 = 0.996 and the 
results were expressed as mg of quercetin equivalents per g of extract. 

2.6. Estimation for Total Tannin Content [TTC] 

The total tannin content in each of the solvent fraction of CT was determined 
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following the protocol of Makker et al. [30], with modification as described. 
Briefly, 1 ml of various concentration of tannic acid [3.125 - 100 μg/ml with two 
fold dilution] or triplicate solvent extracts [50 μg/ml] in 50% methanol were 
mixed with 2 ml of 1 mg BSA/ml in acetate buffer [0.2 M, PH 4.8]. The blank 
had 1 ml of 50% methanol mixed with 2 ml BSA. After incubation at RT for 30 
minutes, these were centrifuged at 3000 g for 15 minutes. The supernatant was 
discarded in all and to the pellet 1 ml of 1% SDS, 3 ml of 7% triethanolamine in 
1% SDS and 1 ml of ferric chloride [0.01 M in 0.1 M HCl] were added. This was 
followed by incubation at RT for 30 minutes and the absorbance was recorded at 
510 nm against the blank. From the calibration curve constructed by absorbance 
of different known concentrations of tannic acid, TTC was calculated from the 
equation for tannic acid y = 0.002x + 0.085, R2 = 0.994 and expressed as mg of 
tannic acid equivalents per g of solvent extract. 

2.7. In Vitro Antioxidant Activity 
2.7.1. DPPH Assay 
The scavenging activity of different solvent extracts to DPPH [2,2-diphenyl-1-picryl 
hydrazyl] radical was measured following the method as described in Chang et 
al. [31], with slight modification. About 1.5 ml of different concentrations of test 
extract [3.125 - 100 μg/ml] in 10% DMSO was mixed with 1.5 ml of DPPH [0.1 
mM] solution in methanol. A mixture containing the equal volume of DPPH 
and 10% DMSO served as control. The samples were incubated in dark at RT for 
30 minutes and absorbance was recorded at 517 nm against methanol as a blank. 
Ascorbic acid, gallic acid, quercetin, tannic acid and BHT were taken as positive 
controls. Percent DPPH inhibition was calculated using the following formula: 

[ ] [ ]{ } [ ]% DPPH inhibition OD control OD sample OD control 100 = − ×   (1) 

2.7.2. ABTS Assay 
The ABTS [2,2’-Azino-bis-[3-ethyl]benzothiazoline]-6-sulfonic acid diammo-
nium salt] assay was carried out following the method described in Re et al. [32]. 
Briefly, the reaction was initiated by adding 0.3 ml of various concentrations 
[3.125 - 100 μg/ml at two fold dilution] of solvent extracts in 10% DMSO with 
2.7 ml of diluted ABTS [prepared by reacting 7 mM ABTS and 2.45 mM potas-
sium persulfate at room temperature in the dark for 16 h and the ABTS working 
solution was obtained by further dilution with methanol to give an absorbance 
of 0.85 ± 0.20 at 734 nm]. The control sample had 0.3 ml of 10% DMSO mixed 
with 2.7 ml of ABTS. The absorbance was read at 734 nm against a blank [a 
mixture of 10% DMSO and ethanol] after 60 minutes of incubation in dark at 
RT. The percentage of inhibition was calculated using Equation (1). Ascorbic 
acid, gallic acid, tannic acid, quercetin and BHT were used as positive controls. 

2.7.3. Phosphomolybdate Assay 
Phosphomolybdate assay was carried out by the method proposed by Prieto et 
al. [33]. To 0.4 ml of various concentrations of [3.125 - 100 μg/ml] of different 
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solvent extracts of CT in 10% DMSO, 4 ml of phosphomolybdate reagent [0.6 M 
sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate] 
was added. The control sample had 0.4 ml 10% DMSO/ distilled water [for as-
corbic acid/aqueous extract] instead of solvent extract. The test tube containing 
the reaction mixtures were covered with aluminum foil and incubated at 95˚C 
for 90 minutes. The mixture was then allowed to cool down to room tempera-
ture and the absorbance was recorded at 695 nm against the blank. Blank was 
run using the same procedure, which had either 10% DMSO or water [for ascor-
bic acid/aqueous extract]. The reductions of Mo [VI] to Mo [V] by various sol-
vent fractions of coconut testa were calculated as ascorbic acid equivalent. 

2.7.4. Metal Chelating Assay 
The metal chelating assay was carried out by the method reported in Dinis et al., 
[34]. In this method, to 1ml of various concentrations [312.5 - 10,000 μg/ml in 
two fold dilution] of solvent extract, 0.5 ml of 2 M ferrous chloride and 2 ml of 5 
mM ferrozine solution were added. The solution was mixed thoroughly and in-
cubated in dark at room temperature for 10 minutes. The control was run in the 
same process except that distilled water replaced solvent extract. The absorbance 
was read at 562 nm against distilled water as a blank. EDTA was used as a stan-
dard metal chelator. Percent of inhibition was calculated using Equation (1). 

2.7.5. Reducing Power Assay 
Antioxidant capacities of different solvent fractions of CT were measured in re-
ducing power assay according to a method reported by Oyaizu, [35]. To 1 ml of 
each of the solvent extracts of various concentrations [62 - 1000 μg/ml in two 
fold dilution] in 10% DMSO, 2.5 ml of sodium phosphate buffer [PH 6.6] and 
2.5 ml of potassium ferricyanide [1% w/v] were added and mixed well. After in-
cubation for 20 minutes at 50˚C, 2.5 ml of trichloroacetic acid was added and the 
whole mixture was centrifuged at 3000 rpm for 10 minutes. To 2.5 ml of the su-
pernatant, 2.5 ml of distilled water and 0.5 ml of ferric chloride [0.1% w/v in dis-
tilled water] solution were added and the absorbance was measured at 700 nm 
against the blank. Blank for each solvent extract was run using the same proce-
dure but replacing the extracts with an equal volume of solvent [10% DMSO or 
water]. Quercetin and ascorbic acid were used as positive controls 

2.7.6. CUPRAC Assay 
CUPRAC assay was carried out according to the method proposed by Karaman 
et al. [36]. 1 ml of Cupric chloride [10 mM] solution added with equal volume of 
freshly prepared ethanolic neocuproine [7.5 mM] solution and ammonium ace-
tate buffer [1 M, PH = 7] were mixed thoroughly with 0.5 ml of different con-
centrations of each of the solvent extract of CT [62.5 - 1000 μg/ml]. Then, the 
total volume of the reaction mixture in each of the test tube was adjusted to 5.0 
ml with distilled water and mixed well. The tubes were stoppered and kept at 
room temperature. Absorbance was measured at 450 nm against a reagent blank 
after 30 min. Ascorbic acid and quercetin were used as positive controls. In-
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creased absorbance of the reaction mixture in reducing power assay and CUPRAC 
assay indicates increased reduction capability. 

2.8. Antimicrobial Activity 

The test pathogens such as two bacterial strains, Escherichia coli [MTCC 443] 
and Staphylococcus aureus [MTCC 737] and one fungal pathogen, Candida al-
bicans [MTCC 227] were obtained from Institute of Microbial Technology 
[IMTECH] Chandigarh, India. Antimicrobial activity was carried out by agar 
cup method [37] in Nutrient agar [NA] plates for bacteria and in potato dextrose 
agar [PDA] plates for fungi. The overnight grown pathogens were diluted with 
sterile saline [0.85% NaCl] and the absorbance was adjusted to 0.08 - 0.12 at 625 
nm [which corresponds to (1 - 2) × 108 CFU/ml of bacteria or (1 - 5) × 106 
CFU/ml of C. albicans]. About 100 μl of these microbial suspensions were 
spread on to the entire surface of respective plates. Then, a hole [6 - 8 mm] was 
punched with a sterile tip and 100 μl of different solvent extracts [10 mg/ml] and 
standard antibiotics such as Azithromycin for bacteria [10 μg/ml] and Flucona-
zole for fungi [10 μg/ml] were introduced into these wells. All these activities 
were carried out in aseptic condition in a laminar air hood. Following this, the 
plates were incubated at 37˚C for 24 hours and the zone of inhibition was meas-
ured in mm. 

2.9. In Vitro Anti-Inflammatory Activity 

The anti-inflammatory activity was assessed by membrane stabilization of heat 
induced or hypotonic induced haemolysis of human RBCs as per the method de-
scribed in Shinde et al. [38] and inhibition of heat induced albumin denaturation 
following the protocol of Mizushima et al. [39] with some minor modifications. 

2.9.1. Preparation of HRBC Suspension 
About 3 ml of blood from a healthy volunteer was freshly collected in a hepari-
nized vial and centrifuged at 1000 rpm for about 2 minutes at RT. After removal 
of supernatant, to the red blood cell pellet equal volume of isotonic solution [154 
mM NaCl in 10 mM sodium phosphate buffer, where the later contains 0.26 g of 
NaH2PO4∙2H2O, 1.15 g of Na2HPO4 and 9.0 g of NaCl in 1 litre of water] of pH 
7.4 was added, mixed gently and centrifuged at 1000 rpm for 2 minutes. Follow-
ing this, the supernatant was discarded and the process was repeated twice. Fi-
nally, the RBC pellet was reconstituted to a 10% [v/v] suspension with normal 
saline [0.9% NaCl] and kept at 4˚C until further use. 

2.9.2. Heat Induced Haemolysis 
The plant extracts and control drug ibuprofen were constituted to 1 mg/ml with 
10% DMSO in normal saline. Eleven centrifuge tubes of 15 ml capacity were 
taken, 10 were made into two sets of five centrifuge tubes, labeled as 1 to 5 in 
each set. In each set, 2 ml of isotonic solution was mixed with 2 ml of plant ex-
tract of various concentrations [0.062 - 1 mg/ml with two fold dilutions] and 0.5 
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ml of 10% HRBC solution. In tube 0.2 ml of normal saline was taken instead of 
plant extract, which served as a control sample. One set including the tube la-
beled with 0 was incubated at 40˚C [heated sample] while another set was at 4˚C 
[unheated sample]. After 20 minutes of incubation, these samples were centri-
fuged for 10 minutes at 1000 rpm in RT and the absorbance of supernatant was 
recorded against the blank [normal saline] at 540 nm. This process was carried 
out twice for each of the solvent extracts of CT and ibuprofen. The percentage 
inhibition of haemolysis was calculated as 

2 1

3 1

OD OD
1 100

OD OD
−

− ×
−

                      (2) 

where OD1 = Absorbance of test sample unheated, OD2 = absorbance of test 
sample heated and OD3 = absorbance of control sample heated. 

2.9.3. Hypotonic Induced Haemolysis 
In hypotonic induced haemolysis of HRBC also, 11 number of centrifuge tubes 
of 15 ml capacity were taken and named as described for heat induced haemoly-
sis. However, in one set labeled as 1 - 5, 2 ml of different concentrations of the 
solvent extract [0.062 - 1 mg/ml] were taken while in another set, 2 ml of ibu-
profen of corresponding concentration [0.062 - 1 mg/ml] were taken. 2 ml of 
normal saline was taken in a centrifuge tube labeled as “0”. In all these eleven 
centrifuge tubes, 2 ml of hypotonic solution [50 mM NaCl in 10 mM sodium 
phosphate buffer] was added followed by the addition of 0.5 ml of 10% HRBC 
solution. After 10 minutes of incubation at RT, these were centrifuged at 1000 
rpm for 10 minutes and the absorbance of the supernatant was recorded against 
the blank [normal saline] at 540 nm. 

The percentage inhibition of haemolysis was calculated as per Equation (1). 

2.9.4. Heat Induced Albumin Denaturation 
The inhibition potential of various solvent fractions of CT to heat induced al-
bumin denaturation was carried out as per Mizushima et al., [39] with modifica-
tion and compared to the known anti-inflammatory drug ibuprofen. To 2 ml of 
various concentrations [100 - 1600 μg/ml] of solvent extract/ibuprofen dissolved 
in DMSO, 0.2 ml of 1% bovine serum albumin [BSA] in water and 2.8 ml of 
phosphate buffer saline [PH 7.4] were added. In the control, 2 ml of DMSO 
was taken instead of extract/ibuprofen, whereas in the blank BSA and ex-
tract/ibuprofen were replaced by water and DMSO respectively. These were then 
incubated at 37˚C for 30 minutes followed by 5 minutes incubation at 70˚C. The 
absorbance of the turbid solution was recorded at 660 nm against the blank and 
percentage inhibition of protein denaturation was calculated as per Equation (1). 

3. Statistical Analysis 

Data generated from quantitative assays were expressed as mean values with 
standard deviation. The percentage yield of the different solvent extract of CT 
was determined as % yield = W1/W2 × 100, where W1 is the weight of dry ex-
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tract after evaporation of the solvent used for extraction and W2 is the weight of 
the CT powder initially taken. The TPC, TTC and TFC were calculated from MS 
Excel software and using the formula: T = C × V/W, where; T: total content 
[Phenol/flavonoid/tannin compounds] in mg/g of solvent extract calculated as 
gallic acid/quercetin/tannic acid equivalents, C: the concentration of the Phe-
nol/flavonoid/tannin established from the calibration curve of gallic ac-
id/quercetin/tannic acid as described in method section in mg/ml, V: the volume 
of extract in ml, W: weight of solvent extract in g. Comparison among mean 
values was made by unpaired t-test and a P value of < 0.05 was considered as 
significant. Linear regression analysis was used to calculate EC50 values using the 
formula Y = MX + C, where Y represents 50% inhibition, M represents the 
co-efficient [slope], X represents the EC50 and C is the intercept. All analyses 
were run in triplicates unless otherwise stated. 

4. Results 

Petroleum benzene [PB: 13.88 gm] and aqueous fractions [Aq: 3.6 gm] resulted 
in the highest amount of total extractable compounds followed by ethyl acetate 
[EA: 1.8 gm] and methanol [1.46 gm], whereas the extraction yield with chloro-
form [CH: 0.25 gm] was significantly less [P < 0.01] as compared to all other 
solvent fractions. The qualitative analysis of phyto-chemicals in different solvent 
extracts of coconut testa is shown in Table 1. The results showed that alkaloids 
were present in all solvents extracts except for methanol. The PB and EA extracts 
contained glycosides, fats and oil. Saponin was found in PB and CH fractions, 
whereas sterol was observed only in PB fraction. Interestingly, polyphenolic 
compounds [phenols, flavonoids, tannin, lignin, coumarin and quinones] were 
exclusively obtained in methanolic fractions. Lignin was also present in CH and 
EA fractions whereas resin was obtained only in EA fraction. 

4.1. Total Phenolics, Flavonoids and Tannin Contents 

Estimation of phenolics, flavonoids and tannin contents in various solvent ex-
tracts of coconut testa showed their presence only in methanolic fractions, both 
in qualitative and quantitative tests [negative values were obtained]. The total 
phenolics content in methanolic fractions was found to be [822.60 ± 16.36] mg 
gallic acid equivalent/g, flavonoid contents to be [103.30 ± 9.78] mg quercetin 
equivalent/g and tannin to be [663.50 ± 19.26] mg tannic acid equivalent/g. 

4.2. In Vitro Antioxidant Activity 

The antioxidant activities of various solvent extracts of coconut testa were investi-
gated by in vitro scavenging ability to free radicals such as DPPH and ABTS, reduc-
tions of molybdenum from Mo [VI] to Mo [V], chelating of Fe2+, reductions of cu-
pric ion [CUPRAC assay] and ferric ions [reducing power assay] using standard 
oxidants as positive control. The EC50 values were determined for DPPH, ABTS, 
Phosphomolybdenum and metal chelating assays where low EC50 represents  
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Table 1. Qualitative screening of phytochemicals in different solvent fractions of CT 

PHYTOCHEMICAL TEST PB CH EA Methanol Aqueous 

ALKALOIDS Dragendorff’s Test + + +++ − − 

Mayer’s Test + ++ + − + 

Hager’s Test ++ ++ + − + 

Tanic acid Test − − ++ − ++ 

FeCl3 Test + + ++ − ++ 

Wagner’s Test − + − − − 

GLYCOSIDES Kellar Kiliani Test + − − − − 

Molisch’s test + − ++ − − 

Conc. H2SO4 Test ++ − − + − 

Legal’s test ++ + ++ − − 

TANNINS Gelatin test − − − +++ − 

Pot.dichromate test − − − ++ − 

Alkaline Reagent test − − − ++ − 

Fecl3 test − − − +++ − 

Lead acetate test − − − ++ − 

FLAVONOID FeCl3 Test − − − +++ − 

Alkaline Reagent test − − − ++ − 

Shinoda’s Test − − − + − 

STEROLS Salkowski test + − − − − 

Liberman burchard test + − − − − 

FATS & OILS Stain test (using Filter paper) + − − − + 

Saponification test + − + − − 

PHENOLS FeCl3 Test − − − +++ − 

Elagic Acid test − − − ++ − 

LIGNINS Furfuraldehyde test − + + + − 

Labat test − − − + − 

QUINONES Alcoholic KOH Test − − − + − 

SAPONIN Foam Test +++ ++ − − − 

Cumarin Cumarin test + − − + − 

Resin CuSO4 test − − ++ − − 

Phytochemicals screening was carried out according to the methods provided in Sheel et al. [24], Nanna et 
al. [25], Mishra et al. [26], and Sharma et al. [27]. “+” indicates presence and “−” indicates absence. The in-
crease in + sign indicates the intensity. 

 
stronger antioxidant activity (Table 2). In CUPRAC and reducing power assays, the 
anti-oxidant activities increased with absorption value at respective wavelengths. 

4.2.1. DPPH˙ Scavenging Activity 
The results showed that chloroform [EC50 = 2.37] and methanolic extracts [EC50 
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= 2.63] of the testa had the similar ability to scavenge DPPH˙ free radicals, which 
were higher than the known anti-oxidants BHT [EC50 = 3.02] and tannic acid 
[EC50 = 3.74]. While 78% of inhibition was noted for methanolic extracts, 80% in-
hibition was observed by chloroform extracts at a concentration of 12.5 μg/ml. 

4.2.2. ABTS˙+ Scavenging Activity 
In all the extracts tested, only methanolic extracts had the highest anti-oxidant 
activity with an EC50 value of 2.57, which is lowest among all including the 
known anti-oxidants gallic acid [EC50 = 4.4], quercetin [EC50 = 5.67], tannic acid 
[EC50 = 5.15], BHT [EC50 = 13.12] and ascorbic acid [EC50 = 23.14]. The ethyl 
acetate extracts also showed potent anti-oxidant activity with an EC50 = 8.67. At 
a concentration of 12.5 μg/ml, while methanolic extract exhibited an inhibition 
of 83.57%, gallic acid inhibited 74.28%, quercetin and tannic acid inhibited 
72.14% and 72.85% respectively, ascorbic acid 62.85% and BHT 67.85%. 

4.2.3. Phosphomolybdenum Assay 
In phosphomolybdenum assay, the reductions of Mo [VI] to Mo [V] by various 
solvent fractions of coconut testa were calculated as ascorbic acid equivalent. 
The results showed the presence of effective antioxidants activity in petroleum 
benzene [EC50 = 112.73 μg/ml] and methanolic fractions [EC50 = 149.16 μg/ml] 
of testa which corresponds to the EC50 value of 51.79 μg/ml of reference chemi-
cals, ascorbic acid (Table 2). The ethyl acetate fraction had the least activity. 

4.2.4. Metal Chelating Assay 
Assessment of various solvent extracts of coconut testa for their chelating ability 
of ferrous ions revealed that only methanolic and aqueous fractions had the power 

 
Table 2. Radical scavenging activity of different solvent extracts of coconut testa. 

Plant extracts/control 
EC50 value 

ABTS DPPH PM Assay‡ Metal chelating* 

Petroleum benzene 94.86 26.37 112.73 ----------- 

Chloroform 37.60 2.36 403.01 ----------- 

Ethyl Acetate 8.67 29.83 610.72 ----------- 

Methanol 2.57 2.63 149.16 4.17 

Aqueous 65.66 29.56 430.36 25.52 

Ascorbic acid 23.14 1.66 51.79 ----------- 

BHT 13.12 3.02 ----------- ----------- 

Gallic acid 4.40 1.96 1026.24 ----------- 

Quercetin 5.67 0.073 ----------- ----------- 

EDTA ----------- ----------- ----------- 0.16 

Tannic acid 5.15 3.74 ----------- ----------- 

‡: ascorbic acid equivalent values for different concentration of solvent extracts were analyzed for IC50 esti-
mation. *: metal chelating activity were exhibited by methanolic and aqueous extracts of coconut testa (val-
ues are expressed in mg/ml), all other values are expressed in μg/ml. 
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to reduce iron ion Fe [III] into Fe [II] in a dose-dependent manner. The EC50 for 
the chelation of iron ion by methanolic fractions was found to be 4.17 mg/ml 
and for aqueous fraction was 25.52 mg/ml as against the EDTA which had an 
EC50 of 0.162 mg/ml. 

4.2.5. Reducing Power and CUPRAC Assays 
Figure 1(a) and Figure 1(b) show the reducing ability of various solvents frac-
tions of coconut testa for ferric ion and cupric ion in reducing power assay and 
CUPRAC assay respectively using quercetin and ascorbic acid as control. The dose 
response curve [62.5 - 1000 μg/ml] of various solvent extracts including the con-
trol showed the increased reduction of ions with an increase in the concentration 
of each extract and control samples. However, in both the assays the methanolic 
fraction showed the highest reducing ability compared to all other solvent extracts. 
In reducing power assay, although the methanolic fraction had comparatively low 
anti-oxidant activity than quercetion and ascorbic acid within the concentration  

 

 
ASC: Ascorbic acid, Q: Quercetin, CPB: Petroleum benzene, CEA: Ethyl acetate, CM: Methanol, 
CCH: Chloroform, CA: Aqueous, OD: Optical density. 

Figure 1. Reducing ability of coconut testa in reducing power assay (a) and CUPRAC as-
say (b). 
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range of 125 - 500 μg/ml, this activity was comparable at 1000 μg/ml. However, in 
CUPRAC assay the methanolic fraction exhibited high-reduction activity com-
pared to the control, quercetion and ascorbic acid at all range of studied concen-
tration. Besides, the ethyl acetate fraction also showed high anti-oxidant activity 
than quercetion and ascorbic acid at a concentration beyond 500 μg/ml. 

4.3. Anti-Microbial Assay 

The screening results for antimicrobial activity of different solvent extracts 
against two bacterial strains; one gram positive such as Staphylococcus aureus, 
and one gram negative such as Escherichia coli, and one fungal strain Candida 
albicans are presented in Table 3. The results indicated that petroleum benzene, 
chloroform and methanolic fractions of coconut testa had antibacterial and an-
tifungal activity against all tested pathogens with a maximum zone of inhibition 
obtained for the methanolic fraction. However, while aqueous extract showed 
antibacterial activity against S. aureus only with a maximum zone of inhibition 
[17.33 mm] which is highest compared to all other solvent extracts, ethyl acetate 
fraction did not exhibit any antimicrobial activity against the test pathogens at a 
concentration of 10 mg/ml. 

4.4. Anti-Inflammatory Assay 

Investigation for anti-inflammatory activity of different solvent fractions of CT 
by membrane stabilization of heat and hypotonic solution induced human red 
blood cell haemolysis and inhibition of heat induced albumin denaturation assay 
revealed that aqueous fraction had the highest anti-inflammatory activity com-
parable to that of the known anti-inflammatory drug ibuprofen followed by the 
CH fraction and methanolic fraction (Table 4). The PB and EA fractions had the 
least activity. The heat induced HRBC assay for the EA extract could not be car-
ried out due to lack of the extract as the percentage yield of EA fraction was very 
very less. 

 
Table 3. Antimicrobial activity of different solvent fractions of CT. 

CT extract S. aureus E. coli C.albicans 

PB 10.00 ± 1.414 15.00 ± 2.00 20.00 ± 1.00 

CH 11.33 ± 0.57 16.33 ± 3.21 22.33 ± 0.577 

Methanol 12.33 ± 0.577 17.66 ± 1.15 24.66 ± 0.577 

EA NZ NZ NZ 

Aqueous 17.33 ± 2.08 NZ NZ 

Azithromycin 22.33 ± 1.52 23.66 ± 0.57 ------ 

Fluconazole ------ -------- 22.66 ± 1.52 

PB: Petrolium benzene extract, CH: Chloroform extract, EA: Ethyl acetate extract. The zones of inhibition 
were measured in millimeter. Values are obtained in triplicates and expressed in mean ± standard devia-
tion. NZ: no zone. 
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Table 4. Anti-inflammatory activity of different solvent fractions of CT. 

Samples 
EC50 (μg/ml) 

Hypotonic HRBC Heat induced HRBC BSA 

PB 393.63 ± 31.29 1003.60 ± 22.10 1729.12 ± 57.20 

CH 71.59 ± 11.27 105.96 ± 19.86 71.25 ± 12.39 

EA 2132.19 ± 349.20 1978.00 ± 457.30 1709.12 ± 71.20 

Methanol 214.58 ± 21.16 129.07 ± 8.91 226.05 ± 19.26 

Aqueous 53.20 ± 6.12 20.81 ± 6.70 50.20 ± 7.90 

IP 40.30 ± 4.60 71.59 ± 9.86 24.26 ± 5.90 

PB: Petrolium benzene extract, CH: Chloroform extract, EA: Ethyl acetate extract and IP: ibuprofen. Values 
are expressed in mean ± SD after the results were obtained in triplicates. For heat induced haemolysis assay, 
EA extract was not available at the time of experiment. 

5. Discussion 

The present investigation shows that CT contains a diverse group of phyto-
chemicals such as alkaloids, glycosides, saponin, sterol, phenols, flavonids, tan-
nin, quinines, lignin, resin, coumarin, fats and oil. However, previous phyto-
chemical screening studies have reported the presence of phenolic compounds 
[phenols, flavonids, tannin and triterpenes], saponin and glycosides in CT ex-
tract with 70% ethanol [20] [40]. While saponin was found in PB and CH extract 
in the present study, it was reported in the ethanolic fractions along with carbo-
hydrates and proteins [20]. We documented for the presence of more number of 
phytochemicals because of the use of different solvents of varying polarity in the 
sequential extraction process which has extracted all of the solvent soluble com-
pounds. Otherwise, these phytochemicals would have gone unextracted with the 
use of a single solvent or few solvent systems of similar polarity as observed pre-
viously. CT is anticipated as a potential source of polyphenolic compounds as 
evidenced by a significant increase in the total phenol content of coconut milk 
obtained from the grating with testa [41]. Besides, increased phenolic contents in 
coconut oil extracted from the kernel with testa had been observed compared to 
white coconut kernel alone [23] and the oil extracted from coconut testa was 
rich in phenolic compounds [7]. In a recent study, it has been observed that the 
extractability of phenolics and flavonoid compounds from CT were found to be 
affected largely by the polarity and acidification of the solvents used in extrac-
tion and that the maximum yield of total phenolic compounds [167 mg GAE/g] 
was obtained with 80% acidified acetone [9]. Several other studies also evidence 
for aqueous acetone as the efficient solvent system in extracting phenolic com-
pounds in different plant species [42] [43] [44] [45]. So far, the maximum ex-
tractability of total phenolic content from CT were obtained with 80% acidified 
acetone [9] followed by 44.61 mg GAE/g with 70% ethanol [8], 0.78 to 2.41 mg 
GAE/g with aqueous extract of fermented coconut testa [14], 1.9 mg GAE/100g 
with 80% methanol [7] and 1.3 g/100g with ethanol as a solvents [20]. However, 
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in the present study we documented the total phenolic content of CT to be as 
high as 822.6 mg GAE/g in the methanolic fraction. Previous sequential extrac-
tion studies with soxhlet also reveal high phenolic content in the methanolic 
fraction from various parts of Moringa oleifera [46] and of Caesalpinia digyna 
root [47]. The fact that polyphenolic compounds in plants are mostly found in 
conjugated forms with glycosides, proteins and sugars which are soluble in the 
specific solvent system [16] [48] [49]. The present finding of enhanced phenolic 
content in the methanolic fraction during sequential extraction with different 
solvents of varying polarity could be explained by the sequential elimination of 
solvent soluble non-polar compounds and interfering unwanted non-phenolic 
substances such as wax, fats, terpenes, etc. This is partially evidenced by the re-
moval of almost all glycosides, sterol, saponin, resin, fats and oil before extrac-
tion with methanol (Table 1). The lack of phenolic compounds in non-polar 
organic solvents indicates the absence of more complex forms of polyphenolic 
compounds in the CT. Further, the finding of polyphenols compound exclusive-
ly in methanolic fraction can be attributed to the polar nature of the phenolic 
compounds of CT, although methanol can also dissolve non-polar compounds 
for being amphiphilic in nature. However, the absence of phenolic compounds 
in aqueous fraction as well suggests that very polar phenolic acids [such as ben-
zoic, cinnamic acids] could be present in negligible or undetected amounts or 
maybe absent completely. Our study represent that the sequential soxhlet extrac-
tion process adopted here could be a potential tool of isolating maximum phe-
nolic compounds at least from CT and has an added advantage of separating 
phytochemicals in different solvent fractions which could be utilized in purifica-
tion post extraction. 

In order to accurately measure the effectiveness of antioxidants potential of 
various solvent extracts of CT, we evaluated the anti-oxidant activities through 
different methods of multiple reaction characteristics viz. DPPH and ABTS rad-
ical scavenging activity, Phosphomolybdate, CUPRAC and ferric reducing pow-
er assays—based on the single electron transfer, and metal chelating assay based 
on co-ordinate complex formation with the metal ions inhibiting the transfer of 
electrons [50] [51]. The results of various antioxidant assays are given in Table 
2. To date, this is the first study to report and compare the anti-oxidant activities 
of different solvent fractions of coconut testa. The results showed that metha-
nolic fraction of the CT had invariably the highest anti-oxidant activity than all 
other solvent fractions in almost all assay methods except in phosphomolybdate 
assay where PB fraction showed the highest activity [EC50 = 112.73] followed by 
methanolic fraction [EC50 = 149.16]. In some cases, the methanolic fraction re-
vealed anti-oxidant activity similar to or even greater than the known an-
ti-oxidants (Table 2). This is not surprising, as the methanolic fraction exclu-
sively contained the polyphenol compounds and that total phenolic content and 
anti-oxidant activities of various plant extracts including the CT were reported 
to be in direct positive co-relationship [46] [52] [53]. However, more or less the 
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constant presentation of highest anti-oxidant activities in multiple assay me-
thods, which involve different reaction mechanism, PH conditions and vary ac-
cording to compound type (hydrophilic and lipophilic) [54] [55] by methanolic 
fraction indicates it to be a source of multiple phenolics and flavonoids of potent 
anti-oxidant activities. This is further supported by a recent identification of 
about 28 polyphenolics comprising of 16 phenolic acids and 12 flavonoids from 
the CT [9]. Considering the methanolic fraction of the present study as the ex-
clusive source of polyphenolic compounds of CT, we expect for the presence of 
even more number of polyphenolics in this fraction which is yet to be characte-
rized. Interestingly, the exhibition of potent anti-oxidant activities by the CH 
fraction [EC50 = 2.369 in DPPH assay] and EA fraction [EC50 = 8.67 in ABTS as-
say] along with PE fraction suggest that bioactivity of CT in terms of an-
ti-oxidant activities can also be contributed by non-polyphenolic compounds 
and are not limited to polyphenolic compounds only. Similar, high anti-oxidant 
activities by non-phenolic compounds also have been reported by previous stu-
dies on pomegranate [56] and Buddleja asiatica [57]. Our study brings attention 
to different solvent fractions of CT containing phenolic and non-phenolic com-
pounds to be a source of natural antioxidant and ensure that the CT can be bet-
ter exploited for the medicinal benefit of the human. 

It is established that lysosomal secretion of various enzymes and denaturation 
of proteins [where the later is usually the basis of the autoimmune disorder in-
cluding rheumatoid arthritis] are well documented cause of inflammation [58] 
[39]. Therefore, stabilizing the lysosomal membrane or preventing the release of 
lysosomal enzymes along with inhibition of protein denaturation have been con-
sidered as a measure of anti-inflammatory activity for plant extracts or drugs. 
Owing to the structural analogy of human red blood cell [HRBC] with lysosomal 
membrane [59] [60] [61], the in vitro anti-inflammatory activity of various sol-
vent extracts of CT was determined by percentage inhibition of hypotonicity or 
heat induced HRBC membrane lysis. Besides, the ability of different solvent ex-
tracts to inhibit heat induced albumin denaturation was studied. Our results 
showed that the aqueous fraction had the comparable anti-inflammatory activity 
with the known drug ibuprofen followed by the CH fraction and that both of 
these fractions derived from CT do not contain any polyphenolic compounds. 
We observed some anti-inflammatory activity of methanolic fraction containing 
polyphenolic compounds. However, these activities were less than that of 
aqueous and CH fraction. Although anti-inflammatory activities are usually at-
tributed to the polyphenolic compounds present in the plant extracts [4] [62] 
[63] [64], there are limited studies [65] [66] including ours which witness 
non-polyphenolics as potent anti-inflammatory compounds. In the absence of 
any mechanistic study, the resistance to cell lysis of these CT derived com-
pounds could be due to alteration of the surface charges of the cells preventing 
or promoting physical interaction with different agents involved in the haemoly-
sis of red blood cells [67], expansion of membrane or shrinkage of the cell or by 
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interaction with membrane proteins thereby increasing the surface area/volume 
ratio which needs to be investigated. Moreover, alteration of ion influx into 
erythrocytes cannot be ruled out as a change in volume and deformability of 
erythrocytes has been shown to be correlated with intracellular calcium ion con-
tent [68] [69]. 

To the best of our knowledge, no previous report exists evaluating the antimi-
crobial activity of CT. Further, antimicrobial activity of plant extracts have been 
shown to vary with the solvent used for extract preparation [70] [71] [72] and 
bacterial [gram positive or gram negative] and fungal pathogen tested. There-
fore, we assessed the antimicrobial activity of various solvent fractions of CT us-
ing two bacterial [S. aureus and E. coli] and one fungal pathogen [C. albicans]. 
The results indicated that aqueous extract did not show any activity against the 
gram negative E. coli and fungal pathogen, though it had the highest antibacteri-
al activity compared to all other solvent fractions against the gram positive S. 
aureus. Earlier studies also suggest gram-negative bacteria to be generally more 
resistant to various drugs and antibiotics than gram-positive bacteria [73] and 
these differences in susceptibility by the aqueous fraction in the present study 
could be explained by the differences in cell wall composition or drug resistant 
genes on plasmids they inherited with. However, fractions of coconut testa ob-
tained with organic solvents [PB, CH and methanol] had antibacterial and anti-
fungal activity against all tested pathogens with the maximum zone of inhibition 
obtained for methanolic fraction. In most of the cases, organic extracts have 
been shown to exhibit greater antimicrobial activity compared to aqueous ex-
tract [74], although this is not universal. This suggests that relatively hydro-
phobic nature of the compounds in CT had the ability to kill both gram positive 
and gram negative bacteria along with fungal pathogens. 

6. Conclusion 

Overall, our study reveals that CT is a rich source of various polyphenolic and 
non-phenolic natural antioxidants, anti-inflammatory and antimicrobial com-
pounds. Although the number of active components and their chemical and phys-
ical nature in each extract are unclear, the findings of the study are promising and 
can form the basis to exploit the CT for therapeutic benefits. Further research is 
warranted to characterize the individual component of the active principle. 
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Highlights of the Study 

 We report and compare the anti-oxidant, anti-inflammatory and an-
ti-microbial activities of different solvent fractions of coconut testa.  

 The present study documents the maximum extractability of phenolics and 
flavonoid compounds from CT exclusively in the methanolic fraction and the 
phenolic content reported to be highest among all previous studies on CT.  

 The methanolic fraction containing the phenolics had invariably the highest 
anti-oxidant activity in almost all assay methods. Anti-oxidant activity was also 
exhibited by solvent fractions containing the non-polyphenolic compounds.  

 The sequential soxhlet extraction process adopted here could be a potential 
tool of isolating maximum phenolic compounds at least from CT.  

 The findings of the study reveal that CT is a rich source of various poly-
phenolic and non-phenolic natural antioxidants, anti-inflammatory and 
antimicrobial compounds. 
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