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Background: Cocos nucifera (L) is a widespread tall plant and found to havelot of important pharmacolog-
ical applications and it is very less toxic in nature. The water of the endocarp has high antioxidant activ-
ity, and its fiber was reported to have antibacterial, ant parasitic and anti-inflammatory properties. The
oil derived from its edible parts have been used in cooking, in the preparation of the soaps and cosmetics
etc. The water within can be processed to produce alcohol. Once the endocarp was crushed and the
extract were removed it can used as a feed material and as a natural organic fertilizer. Herein, we report
the novel method of utilizing the residue of the deoiled seed cake of Cocos nucifera (L) for preparing the
metal oxides as a reducing agent and to test its antimicrobial level against human pathogens.
Methods: The method adopted in this investigation is the fermentation process of preparing the Cocos
nucifera (L) extract by utilizing the water as the medium for the extraction process under room temper-
ature.
Results: Structural nature and morphology of the synthesized samples were carried out using XRD and
SEM analysis and the results revealed that ZnO belongs to hexagonal shape with primitive lattice cell
arrangement and NiO had cubic structure with FCC lattice arrangements. The results of the average crys-
talline size of prepared nanoparticles using XRD and SEM were alike. Molecular bonding and stability
were analyzed using FTIR instrumentation based on UV absorption and Tauc plot the bandgap of ZnO
and NiO was calculated as 3.15 eV and 3.64 eV. Elemental composition was identified using EDAX anal-
ysis. Antibacterial assay was carried out against human pathogens including S.aureus, B.subtilis, E.coli and
K.pneumoniae in comparison to the standard drug Gentamycin and the synthesized specimens ZnO and
NiO showed the moderate activity with the zone of inhibition of about of 8 mm, 10 mm, 12 mm and
8 mm against the human pathogens.
Conclusion: Our results showed that the antimicrobial properties of the Cocus nucifera (L) mediated ZnO
and NiO have moderate activity against the standard drug Gentamycin, three different doses were tested
against the disease causing pathogens including S.aureus, B.subtilis, E.coli and K.pneumoniae. The zone of
inhibition was found to be minimum. This may be attributed to the reason that even after the removal of
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the edible compounds from the seed of Cocos nucifera (L), the residue or the waste product found to have
a moderate antimicrobial function against pathogens.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Synthesis of the nanoparticles by usingagrowastes, plant leaf
extracts, fruit extracts becoming an interesting and fascinating in
the field of nanotechnology. Chemical methods were harmful,
and it may be cost effective (Barzinjy et al., 2020). Fermentation
is one of the traditional methods that we use in our daily life for
instance preparation of butter milk and curd from the raw milk
is a perfect example for the fermentation process. Making bever-
ages and fruit wines is also prepared by the fermentation process
(Sharma et al., 2020). It may be aerobic or anaerobic method based
on the need. During fermentation process active enzymes and bac-
teria were produced and these organisms have beneficial activity
(Sunilkumar, 2021). For instance, supply of macronutrients can
be enhanced by the fermented deoiled cakes, agro wastes in the
field of agriculture (Guo et al., 2021). NPs were synthesized using
sugarcane bagasse, straw, paddy husk etc., were reported by the
researchers (Fernández-Cegrí et al., 2013). Deoiled cakes like coco-
nut, peanut, neem cake is reported to be rich in nutrients, fibers,
vitamins, and minerals in appreciable ratio andit contains a large
group of phytochemicals including flavonoids, alkaloids, phenols,
tannins, and other notable bioactive compounds (Amrutha,
2020). When the cake is fermented these bioactive compounds will
be activated in the presence of beneficial microorganisms and
become enzyme activated materials for metabolic activities
(Anand et al., 2020). When metal oxide nanoparticles were pre-
pared by using these fermented extracts, the bioactive compound
will act as a good reducing or capping agents in the preparation
of NPs (Angel Ezhilarasi et al., 2018; Bhuyan et al., 2015; Biswal
and Misra, 2020). There are many more reports including plant,
leaf, and waste extract published in this method of green synthesis.
The green synthesis method is a cost effective and good yield of
nanoparticles. Several researchers have demonstrated the produc-
tion of metal oxides based on the leaf extracts, seed extracts, flower
extracts, fruit peel extracts. These materials are eco-friendly and
nontoxic in nature. For example, Rana et al., studied the nickel
doped ZnO and they tested against disease causing pathogens
and the results revealed that Ni doped Zn exposed to direct sun-
light enhanced the antibacterial activity with lower concentration.
Nanocomposites is another fascinating material in the field of nan-
otechnology, this may be prepared by any methods based on the
precursor, doping material (Kaviyarasu et al., 2016; Kaviyarasu
et al., 2020; Kaviyarasu et al., 2017; Magdalane et al., 2019;
Maria Magdalane et al., 2018; Panimalar et al., 2020). Thambidurai
et al., synthesized NiO-ZnO nanocomposites through altered molar
ratios by co-precipitation method and showed a higher activity of
the nanocomposites against pathogens (Thambidurai et al., 2020).

Recent interest on the synthesis of metal oxide nanoparticles
was mainly focused on replacing the commercial drugs and curing
the diseases by applying the NPs as in a specific way by means of
targeted drug delivery becomes one of the emerging trends in the
medical field. Even the short term and long-term diseases can be
diagnosed and treated with the help of nanoparticles (Dayakar
et al., 2017). Linguraju et al., Showed an effective activity of E.het-
erophylla (L.) leavesmediated NiO NPs with lung cancer lines and
hepatocarcinoma cell lines and also they have tested the non-
toxic ability of the sample on human erythrocytes and coagulation
activity on PPP and PRP was tested (Lingaraju et al., 2020). Tyagi
et al., showed the Ciprofloxacin conjugated ZnO NPs prepared by
2

chemical method and they compared the activity of the pre proof
oxides, nanoparticles and ciprofloxacin conjugated ZnO Nps
against multiple bacterial pathogens and found that there was an
2.9 fold increase and 2.8 fold increase against E.coli and Streptococ-
cus spp. when compared with the standard drug (Tyagi et al.,
2020). Surwave et al., studied the modification in the outside
sheath structure of the test bacteria haemophilus influenza by
the application of ZnO NPs with two different sizes of morphology.
Results indicated that the membrane was altered by the wild
strain, and they arrived at a conclusion that the effect is concentra-
tion and size dependent and TEM results revealed that the antibac-
terial activity was decreased with increase of negative charge on
the outer membrane is increased (Surwade et al., 2020). Sohail
et al., demonstrated a multifaceted therapeutic agent zinc oxide
using neemand the sample was tested against levofloxacin resis-
tant strains and showed a better antioxidant and enzyme inhibi-
tion as compared with standard drugs (Sohail et al., 2020).
Herein, we report the combined method ofgreen approach with
fermentation process of preparing ZnO and NiO nanoparticles
mediated by the aqueous extract of Cocos Nucifera (coconut de-
oiled cake). The purpose of this study is to investigate theantimi-
crobial property of the metal oxides ZnO and NiO by the biogenic
method of preparation.
2. Materials and method

For this experimental study nickel nitrate hexahydrate and zinc
nitrate hexahydrate was used as the starting material and no pre-
cipitating chemicals were used in this study, deionized water was
utilized for the preparation of precursor and other solutions which
is needed (Elumalai and Velmurugan, 2015; Ezhilarasi et al., 2016;
Haider et al., 2020). All the chemicals were used directly deprived
of any purification. Method adopted here is the fermentation of the
reducing agent Cocus nucifera (L). Coconut oil cake naturally con-
tains very high fiber content and as well as nitrogen content
(Helan et al., 2016). It was widely used as antibiotics and in the
production of industrial enzymes (Isa khan et al., 2020; Pitchai
and Rajeswari, 2017).
3. Experimental study

3.1. Preparation of Cocos nucifera (L) deoiled cake extract

Coconut deoiled cake was purchased from the local market and
it was dried in the direct sunlight for 12 h to remove micro impu-
rities present in the sample. Dried deoiled cake was crushed into a
fine powder by mechanical grinding and the powder was sieved
using an 80 lm wire mesh and the ungrained parts were removed
(Zorkipli et al., 2016; Paulkumar et al., 2014; Suresh et al., 2015).
About 15 g was weighed and mixed to 100 ml of deionized water
and was continuously stirred well for about 6 h continuously at
room temperature to get a blended mixture of the cake (Theophil
Anand et al., 2019). The mixture was fermented for 48 h in an air-
tight container and kept undisturbed. Afterwards the fermented
mixture was again agitated well and filtered with Whattmann fil-
ter paper. From this solution mixture about 50 ml was taken for the
next step (Ramesh et al., 2021).
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3.2. Preparation of ZnO and NiOnanoparticles

In this study about 50 ml of 1 mol zinc nitrate and nickel nitrate
precursor solutions were prepared separately by using deionized
water. For preparing ZnO, around 50 ml of the prepared Cocus nuci-
fera (L) extract was mixed and continuously stirred for 4 h at ambi-
ent temperature, a pale white sample was obtained, and it was
centrifuged at 5500 rpm and the sediment was separated and
washed thrice with distilled water (Ramesh et al., 2021; Darrudi
et al., 2013; Mishra and Sharma, 2015). Afterwards, the sample
was heated in the microwave oven at 80 �C 4 h. Dried sample
was calcinated at 400 �C in the muffle furnace for 3 h and ash col-
ored the sample was obtained (Rajiv et al., 2013). A similar proce-
dure was followed for the preparation of NiO, whereas the heating
and calcination temperature was maintained as 110 �C and 500 �C
as per the previous reports and the color of the sample was found
to be greenish black which indicates the physical formation of
Fig. 1. Experimental preparation of Cocus nucife

Fig. 2. XRD pattern of Cocos nucifera (L) m
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nanoparticles (Bhuyan et al., 2015), experimental steps of prepara-
tion of NPs as given in the Fig. 1.

4. Results

4.1. Powder x-ray diffraction studies

The powder XRD study was utilized to recognize the shape,
crystalline size, grid steady, and to discover the nature of the sam-
ple. In this investigation of the sample was recorded with the 2h
value range from 20� to 80� and is given in the Fig. 2(a-b). The
(hkl) values were indexed and the prominent peaks were identi-
fied. The crystal plane (100), (002), (101), (103), and (112) was
perfectly matched with the standard JCPDS card (89–1397). The
structure was found as hexagonal with primitive lattice structure
(Elamathi et al., 2020; Selvarajan and MohanaSrinivasan, 2013).
From the calculation based on the lattice parameter the average
ra (L) mediated ZnO and NiO nanoparticles.

ediated ZnO and NiO nanoparticles.
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crystalline size was founded 11.01 nm by using Debye-Scherer for-
mula. Similarly, the (hkl) values of the NiO NPs were indexed and
the prominent peaks were identified. The crystal plane (111),
(200), (220), (311), and (222) was perfectly matched with the
standard JCPDS card (78-0429) and the physical structure found
to be cubic with FCC structure (DasS et al., 2018). From the calcu-
lation based on the lattice parameter the average size of the crys-
talline was calculated as 16.7036 by using Debye-Scherer formula.
4.2. FTIR spectroscopic analysis for molecular bonding

The FTIR investigation study was utilized to discover molecular
bonding of the phytochemicals, bioactive compounds with the pre-
cursor molecule by the absorption of photon energy of the IR radi-
ations (Sudhasree et al., 2014). The spectrum was investigated
within the domain range 4500 cm�1 to 500 cm�1. FTIR image Cocos
nucifera (L) extract mediated ZnO and NiO nanoparticles as shown
in the Fig. 3(a-b). The extreme of the broadband uniting at the
Fig. 3. (a-b). FTIR spectrum of Cocus nucifera

Fig. 4. (a-b). UV–visible spectrum an
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reach is 3680 cm�1 is because of the –OH vibration of phenols.
Peaks at 2212 cm�1 and 1782 cm�1 was assigned the vibrational
of C–H of the protein molecule (Bhuyan et al., 2015). The C-N bond-
ing of aliphatic amines bunch is perceived at 1579 cm�1 and
1098 cm�1. The Zn-O molecular binding was witnessed at
478 cm�1 and 630 cm�1 (IndraPriyatharesini et al., 2020). In the
spectrum of NiO, absorption peaks were detected at 3663 cm�1,
3385 cm�1, 1588 cm�1, 1740 cm�1 and these values are assigned
to OH vibration of phenolic compounds, H–O–H stretching vibra-
tion of the molecules. C-N vibration was observed at 607 cm�1

and the molecular binding confirmation of Ni-O was obtained at
468 cm�1 and 580 cm�1 within the fingerprint region (Gordon
et al., 2011).
4.3. UV–visible spectroscopic studies

The development of zinc oxide and nickel oxide nanoparticles is
confirmed by UV–visible spectroscopy investigation. Sample was
(L) mediated ZnO and NiO nanoparticles.

d Tauc plot of ZnO nanoparticles.



Fig. 5. (a-b). UV–visible spectrum and Tauc plot of NiO nanoparticles.

Fig. 6. (a-b). SEM and EDAX of ZnO nanoparticles; and (c-d) are SEM and EDAX of NiO nanoparticles.
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Fig. 7a. Antimicrobial analysis of ZnO against pathogens.

Fig. 7b. Antimicrobial analysis of NiO against pathogens.
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irradiated with UV-light photons in the range 200 nm to 800 nm at
room temperature (Rajith Kumar et al., 2020). Recored UV–visible
spectrum and Tauc plot of ZnO and NiO is shown in the Fig. 4(a-b) &
Fig. 5(a-b). Both the samples exhibited the absorption in the blue
shift region and is mainly attributed to the reason that the decrease
in the particles size due to quantum confinement of the photo gen-
erated electron and hole carriers caused the absorption of wave-
length of radiation in the blue shift (Sudhasree et al., 2014) and
the absorption peaks were identified at 395 nm and 308 nm con-
firmed the formation of metal oxides ZnO and NiO. Based on the
UV absorption Tauc plot was drawn for both the samples and the
calculated bandgap is 3.15 eV and 3.64 eV for the ZnO and NiO
and it is corelated with the previous reports (Pillai et al., 2020).

4.4. Surface morphology and elemental composition

The morphological features of cocos nucifera (L) extract medi-
ated zinc oxide and nickel oxide nanoparticles was examined by
the scanning electron microscopy ambient. Range and size of the
particle distribution was not uniform. The SEM image of both the
samples exhibited inhomogeneous distribution of rock shaped
and spheroid like particles with few agglomerates and this may
be due to bioactive compounds of the cocos nucifera (L) cake inter-
acted with the precursor during preparation effected in the modi-
fication of the morphology of the synthesized specimen
(Ifeanyichukwu et al., 2020; Govarthanan et al., 2016). Avereage
size of ZnO and NiO were calculated as 28 nm to 59 nm and
19 nm to 28 nm respectively. The prepared sample was examined
by EDAX analysis and expected elements of Zn and O were present
in the atomic ratio 77.67% and 2.33% and there is no impurities in
the zinc oxide nanoparticles. Similarly in the case of NiO its about
70.38% of Ni and 29.62% of O were identified without any addi-
tional impurities. SEM image and EDAX spectrum of the synthe-
sised samples were given in the Fig. 6(a-d).

4.5. Antimicrobial assay

The main aim of the study is to examine the samples antimicro-
bial activity of the cocos nucifera (L) mediated ZnO and NiO
nanoparticles. In general the derivatives which obtained from
coconut is a good antibiotic and it has been used for curing many
disorders (Lalithamba et al., 2018). Herein we tested the prepared
Fig. 8. Mechanism of metal oxides ZnO and NiO using the deoiled cake residue of
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metal oxides with disease causing bacterias by disc diffusion
method (Roopan and Elango, 2015). The nanosized particle, easily
penetrates the tough and rigid cell wall of bacteria to effects the
vital molecular pathways (Elango et al., 2017). Here the sample
was tested against human causing pathogens including S.aureus,
B.subtilis, E.coli and K.pneumoniae with the reference drug Gen-
tamycin (50 mg). The antibacterial activity of the test samples were
carried out by disc diffusion method. The target microorganism
were cultured in Nutrient broth and incubated for 24 hrs. The petri
dishes containing Mueller Hinton agar (MHA) medium were cul-
tured with diluted bacterial strain. The prepared discs were placed
on the culture medium. The diameter of the clear zone around the
disc was measured and expressed in millimeters as its antibacterial
activity. The results revealed that average activity of the ZnO and
NiO over the drug with the zone of inhibition of 8 mm,10 mm,
12 mm and 8 mm against the pathogens. Antimicrobial study of
the sample is shown in Fig. 7(a-b) for the ZnO and NiO
nanoparticles.
5. Discussion

In this study, we tried to synthesis of metal oxides ZnO and NiO
using the deoiled cake residue of the Cocos nucifera (L) by the pro-
cess of fermentation with a greener approach. The unused deoiled
cakes samples were collected, and it was fermented for 48 h for
preparing the extracts. Cocos nucifera contains vitamins, minerals,
bioactive compounds, antioxidant materials (Mariselvam et al.,
2014). During the deoiling process the edible part of the seed is
being crushed by mechanical means and the extracts was isolated
as milk and oil according to our need. The milk and oil found to
have medicinal properties and it can be mixed with other medici-
nes to make embrocation’s. The composition of the oil contains the
compounds like capric acid, caprylic acid, caproic acid, lauric acid,
myristic acid, palmitic acid etc. Similarly, the edible part and the
milk contains much more nutrients like proteins, carbohydrates
etc., (Santos et al., 2013; Parasuraman et al., 2019). All these essen-
tial ingredients will be removed during the process of deoiling
which involves boiling, heating, and pressurizing the edible parts
and thus the cake residue is obtained as a byproduct and it have
been used as a feed for the livestock in general. The high light of
this experimental study is we synthesized the metal oxides by
the process of fermentation of the cake residue. Once the oil was
the Cocos nucifera (L) by the process of fermentation with a greener approach.
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extracted from the edible part of any seeds like peanut, coconut,
sesame etc., then it will be considered as a waste, and it contains
only a minimum nutrient and may be used as feed for the cattles
or as a fertilized in general. Here in this study the cake residue
was fermented in a suitable condition in a dark and covered con-
tainer was activated by the enzymes which modifies the nutrient
level and the potential of the available nutrients and then the
extract was filtered and used directly for the preparation of the
metal oxides which acts as a bio reducing agent and hence the
mechanism of the antibacterial activity was found to be present
and moderate against the human pathogens even after the removal
of the nutrients of the Cocus nucifera (L) (Naskar et al., 2013; Uddin
et al., 2020; Renuka et al., 2020; Siddhardha et al., 2020). The
graphical abstract of the mechanism is given in the below Fig. 8.

6. Conclusion

In this experimental work are successfully synthesized ZnO and
NiO nanoparticles by using the green synthesis method of an eco-
friendly approach by utilizing Cocus nucifera (L) seed cake extracts.
The biomolecules present in the coconut deoiled cake extract act as
the stabilizing agent formation of the ZnO and NiO nanoparticles.
The physical structure of ZnO nanoparticle is a hexagonal system
and primitive lattice structure and NiO nanoparticle is cubic sys-
tem and face-centered lattice structure revealed by X-ray diffrac-
tion analysis. The FTIR investigation showed the functional
groups, the optical bandgap energy was based on the UV studies.
Morphological studies and elemental composition were carried
out using SEM and EDAX instrumentation. Antimicrobial studies
of the samples against bacteria revealeda moderate zone of inhibi-
tion with respect to standard drug gentamycin and this may be due
to the reduced nutrients of the cake residue which modified the
activity of the metal oxides.
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