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Abstract

Morinda citrifolia commonly called as Noni belongs to Rubiaceae family was used for synthesis of Ag and ZnO
nanoparticles using Green synthesis method. Noni has unique medicinal properties which help in normalization of
abnormally functioning cells by delivering the bio-chemical nutrients. Synthesized Ag and ZnO nanoparticles have been
applied on to jean fabric by dip and cure method. Nanoparticles were characterized by different methods such as UV-
VISIBLE, FTIR, SEM, EDS, TEM and a comparative study of antimicrobial activity were done. Application of Ag and ZnO
nanoparticles to jean fabric may reduce bacterial infections and blocks UV rays. Zone of inhibition of silver was almost

similar to zinc oxide nanoparticles but comparative to silver, zinc oxide was cost effective and less toxic.

Keywords: Noni (Morinda citrifolia); Silver (Ag) and Zinc oxide (Zn0) nanoparticles; UV- VISIBLE; FTIR; SEM; EDS;
TEM

Abbreviations: FTIR: Fourier Transform Infrared Energy Dispersive Spectroscopy; TEM: Transmission
Spectroscopy; SEM: Scanning Electron Microscopy; EDS: Electron Microscopy; SPR: Surface Plasmon Resonance;
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Introduction

Morinda citrifolia (Noni) is also known as Indian
Mulberry which is green small tree bearing flowers and
fruits throughout the year. Noni plant contains several
vitamins, minerals, and micro and macro nutrients and
also provides with chemicals like proxeronine, xeronine,
scopolitin, anthraquinones, damnacanthal which helps the
body in various ways from cellular to organ level [1].

Morinda citrifolia (Noni) fruit juice is an alternative
medicine for several diseases such as arthritis, diabetics,
high blood pressure, muscle aches and pains, menstrual
problems, headaches, heart diseases, AIDS, cancer, gastric
ulcers, sprains, mental depression, senility, poor
digestion, atherosclerosis, blood vessel problems and
drug addiction [2,3]. Several pharmacological functions
have been reported from fresh fruit extracts of noni such
as analgesic [4], anti - inflammatory [5], antioxidant [6,7],
immunomodulatory [8], anti - tumour [9],
hepatoprotective [10], lowering of blood pressure and
vasodilatory [11,12], cardio protective [13], antifungal
[14], phyto estrogenic [15], wound healing [16],
insulinotrophic [17] and anti - osteoporotic activity [18].
Few reports have been reported on the use of noni for
CNS disorders such as anxiolytic and sedative [19],
nontropic [20], antiepileptic [21], neuroprotective effect
against stress - induced cognitive impairment [22] and
some neuropharmacological effects [23].

Nanotechnology is a branch concerned with synthesis
of nanoparticles of various sizes, shapes and compositions
which involves in several applications. Green synthesis of
nanoparticles is one of the ways of production of various
metal and metal oxide nanoparticles such as cost effective
and eco-friendly.

Now a day’s most of the men and women are using
jean pants and trousers and it is quite difficult to wash
these clothes every day or after every use. If they are
coated with silver and zinc oxide nanoparticles, they may
be free of bacteria because both Ag and ZnO nanoparticles
have tremendous antibacterial activity and also used for
medical applications like wound dressing etc. Hence in
the present study the production of Ag and ZnO
nanoparticles using noni extract and comparison of their
antibacterial study of nanoparticle coated jean fabric
using dip, dry and cure method was observed.

Materials and Methods

Materials

Noni fresh fruits obtained from the trees present in
the campus of GITAM (Deemed to be University),
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Visakhapatnam, Silver nitrate (AgNOs) was purchased
from Hi Media laboratories Pvt Limited, Mumbai, India.
Zinc sulphate (ZnS04) was purchased from Thermo Fisher
Scientific India Pvt Limited, Delhi, India. Jean fabric.

Methods

Preparation of Plant Extract

Fresh fruits were washed, chopped with in to small
pieces, known amount of fruit pulp (100 gm) was taken
and ground with 100 ml of distilled water and the filtrate
was stored for further purpose [24].

Preparation of 1M Silver nitrate 1M AgNO3 solution

1M concentration of AgNO3 solution was prepared by
dissolving 169 gms of AgNO3 in 1000 ml of distilled water
and stored in amber coloured bottle to avoid oxidation of
silver.

Synthesis of Silver Nanoparticles (Procedure I)

Synthesis of silver nanoparticles was done using 10ml
of noni fruit extract was added with 90ml of 1M silver
nitrate (AgNO3) aqueous solution.

Synthesis of Zinc Oxide Nanoparticles (Procedure II)

Synthesis of Zinc oxide nanoparticles was done using
30 ml of noni fruit extract was added with 70 ml of 1M
Zinc sulphate (ZnSo4) aqueous solution.

Characterization of Nanoparticles

Silver nanoparticles and Zinc oxide nanoparticles were

characterized by the following methods.

a) Visual observation: Aqueous fruit extract of Noni was
mixed with 1M silver nitrate and zinc oxide solution
and kept aside (in dark for silver for 4 hours and
exposed to sunlight for 6 hours or heating at 60°c for
30 minutes) for observing colour change.

b) UV-Visible Spectroscopy (UV-VIS): The formation of Ag
and ZnO nanoparticles were confirmed by spectral
analysis  using  UV-Visible  spectrophotometer
SHIMAD]JU - 1800.

c) Fourier Transform Infrared Spectroscopy (FTIR): FTIR
was used to know the biological components present in
the nanoparticles and components involved in the
nanoparticle formation. FTIR spectroscopy used for
analysis was FTIR BRUKER by KBr pelleting method.

d) Scanning Electron Microscopy (SEM): To know
morphology of the formed nanoparticles JSM-6610
SEM instrument equipped with a Thermo EDS
attachment was done. A small amount of Ag and ZnO
nanoparticles fine powder sample was coated on SEM
grid and examined [24].
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e) Energy Dispersive Spectroscopy (EDS): To know the
presence of elemental composition such as Ag and Zn
were tested using EDS analysis.

f) Transmission Electron Microscopy (TEM): TEM
analysis was done using TEM instrument JEOL 1200 EX
operating at 120kv voltage. Thin film of the sample
were prepared on a carbon coated grid by dropping a
very small amount of the sample on the grid, extra
solution was removed using a blotting paper. Later on,
film on the TEM grid was allowed to dry by placing it
under a mercury lamp for 5 minutes for the
characterization of size and shape of synthesized silver
nanoparticles [25].

g) Antibacterial activity: Antibacterial activity of the
synthesized silver and zinc oxide nanoparticles was
checked, using the agar well diffusion assay method
[25]. Muller Hinton agar was poured in to sterilized
Petri plates and bacterial test organisms were grown. 6
mm diameter of agar wells (well size equal to size of
the fabric) was prepared. Then coated fabrics were
inserted in to wells along with control and incubated at
37°C for 24-48 hours. A clear zone of inhibition was
observed and measurements were recorded later [26].

Coating of Nanoparticles on to Jean Fabric

The fabric was sterilized and dried in the hot air oven
at 60°C for 5 min. Dried jean fabric was immersed in 0.5%
acrylic binder for 2 min. and dried again for 1 minute.
Measured and seizure piece of jean fabrics were dipped in
to 0.5 ml of 1M Ag and ZnO nanoparticles for 20 minutes

and air dried for 15 minutes and then cured at 100°C for 5
minutes. Such coated fabrics were subjected for
antibacterial activity.

Results and Discussion

The results and interpretations of the characterization
of synthesized Ag and ZnO nanoparticles have been
discussed here such as UV, FTIR, FESEM, and EDAX.

Visual Observation: A colour change from pale yellow
to reddish brown was observed in silver nanoparticles
and light brown colour in zinc oxide nanoparticles. Colour
change in silver nanoparticles is based on Surface
Plasmon Resonance (SPR) [27].

UV-VISIBLE Spectroscopy: UV-VISIBLE absorption
spectra shows that the maximum peak at 426 nm for
silver nanoparticles and 360 nm for zinc oxide
nanoparticles.

FTIR Analysis: (Figures 1 & 2) shows various peaks of
conformation different bonds at their frequency range as
follows. FTIR of Ag nanoparticles have shown a peak at
3421.47 which may represent O-H group stretching and
deformation, where peaks at 1631.41 and 690.75
correspond to Ag-O stretching and deformation [28]. FTIR
of ZnO nanoparticles have shown a peak at 3447.95 may
be O-H stretching mode of hydroxyl group and peaks at
1557.51 and 1332.93 were due to asymmetrical and
symmetrical stretching of the zinc carboxylate [29-31].
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Figures 1 & 2: FTIR Analysis.

ZnO nanoparticles

SEM Analysis and EDAX: In Figures 3 & 4 SEM photo
shows the morphology of nanoparticles as spherical and
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EDAX photographs represents the elemental compounds
presence (Ag and Zn) in the Figure 5.
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Ag nanoparticles ZnO nanoparticles

Figure 3 & 4: SEM Analysis.
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Figure 5: EDS Analysis of Ag & ZnO nanoparticles

TEM Analysis: The size and shape of the nanoparticles
were determined through this analysis Figure 6.

Figure 6: TEM Analysis.

Antibacterial Activity: Silver and Zinc Oxide
nanoparticles exhibited good antibacterial properties
against bacterial pathogens such as Staphylococcus aureus
with 34 and 30 mm zone of inhibition, Streptococcus
aeruginosa with 31 and 28 mm zone of inhibition and

Pseudomonas aeruginosa with 28 and 26 mm zone of
inhibition (Figures 7-10).

Figure 7: Streptococcusdisc inserted with Ag
nanoparticle coated jean cloth.

Figure 8: Staphylo coccusdisc inserted with ZnO

nanoparticle coated jean cloth.

Kantipriya K, et al. Silver and Zinc Oxide Nanoparticle Impregnated Jean Cloth Using Morinda Citrifolia
(Noni) Fruits - Comparison of Antibacterial Activity. Nanomed Nanotechnol 2018, 3(4): 000150.

Copyright© Kantipriya K, et al.




Nanomedicine & Nanotechnology Open Access

e
Figure 9: Pseudomonas aeruginosa disc inserted with
ZnO nanoparticle coated jean cloth.

Figure 10: Strepto coccus disc inserted with silver
nanoparticle coated jean cloth.

Conclusion

Green, eco-friendly and rapid formation of Ag and ZnO
nanoparticles were synthesized by Morinda citrifolia
(Noni) fruit extract and characterization have been
performed. The development of colour change in the
nanoparticles was confirmed by UV - Spectroscopy.
Identification of functional groups in fruit which was
responsible for reduction of nanoparticles was observed
by FTIR analysis. Size and morphology of the
nanoparticles were observed by SEM & TEM. Presence of
elemental silver and zinc were confirmed by EDS. The
silver and zinc oxide nanoparticles synthesized using
Noni fruit extract exhibited great inhibition against
bacterial pathogens. It is observed that zinc oxide
nanoparticles possess good antibacterial activity almost
similar to silver nanoparticles and ZnO nanoparticles was
cost effective and more environmental friendly when
comparative to Ag nanoparticles. Present trend of men
and women was usage of jeans for their convenience.
Maintenance (washing and cleaning) of jean pants and
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trousers were very difficult and so the possible benefits

and advantages of this application:

» About nanoparticle preparation - easy to handle, fast
reaction, less time consuming, simple conversion, less
toxic and low cost.

» Application - coating of nanoparticles on to jean fabric
may reduce bacterial and fungal infections such as rash,
irritation, reddishness of skin and allergic conditions
etc.

» Blocks UV rays and so it may act as anti UV. Avoids sun
burns and also possess self-cleaning activity.
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