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Abstract

Aims of the study: the study aimed to estimate the antibacterial efficacy of biosynthesizing Ag
nanoparticles (Ag Nps) from pineapple extracts against some oral bacteria. Material and
methods: The aqueous and ethanolic extracts were prepared from pomace and core tissues of
pineapple fruit separately and the Ag Nps were synthesized by the addition of 5 mL of TmMolar
of an aqueous solution of silver nitrate waiting for color change from transparent to black, the
UV Spectrophotometer, EDX, SEM, and FTIR were used to characterize Ag Nps, turbidity
method was carried out for the antibacterial activity and the absorbance of 1/1,1/2 and 1/4
dilutions of the four extracts against oral bacteria [Enterococcus faecalis and Streptococcus
sanguis] was measured at 530 nm by vis-spectrophotometer. Results: Ag Nps were synthesized
and characterized, and all the prepared extracts and the nanoparticles had an antibacterial
effect against Enterococcus faecalis and Streptococcus sanguis, the best antibacterial effects of
Ag Nps biosynthesized from aqueous extract for both pineapple tissue pomace and core extract
and ethanolic pomace extract (0.00) followed by 0.114 ethanolic core extract against
Streptococcus sanguis, .022 ethanolic pomace extract against Streptococcus sanguis and 0.04
for ethanolic core extract against Enterococcus faecalis.Conclusion: The results showed the
sensitivity of Enterococcus faecalis and Streptococcus sanguis to biologically synthesized
nanoparticles made from the aqueous and ethanolic extracts, respectively, as well as the
sensitivity of both types of bacteria to the aqueous extract of pineapple more than the ethanolic
extract.
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1. Introduction

Nanotechnology is the use of the substance on an
atomic, molecular and supramolecular scale for
industrial purposes. A more general description of
nanotechnology was given later by the National
Nanotechnology = Authority,  which  defined
nanotechnology as the processing of matter with at
least one dimension in size from 1 to 100 nanometers
(M.

Metal nanoparticles have received much attention
because of their optical and magnetic properties.
Shape and size, mono dispersion and particle
morphology are vital for tuning these properties (2).
Silver nanoparticles are particles between 1 nm and
100 nm in size although described as “silver”, some
of them consist of a large proportion of silver oxide
due to the large proportion of silver atoms in the
surface (3).

Currently, most applications of silver nanoparticles
are in antibacterial (4) and antifungal (5),
biotechnology (6), textile engineering (7), water
treatment (8), and consumer products based on
silver nanoparticles (9). As for the medical fields,
silver nanoparticles have been used in the treatment
and preventive effect of many chronic and incurable
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diseases, the most important of which are in the
treatment of cancer, especially breast cancer, gland
cancer, Alzheimer’s and tooth decay treatments and
killing bacteria and other diseases (10). In dentistry,
it is an active component of Howe's solution used to
prevent and arrest caries. Silver nitrate solution with
sodium fluoride varnish to stop caries has been used
as a medical model for a caries management
strategy. Although the treatment results in
permanent black spots, this treatment protocol is
simple, painless, non-invasive and low-cost. It is well
accepted by many clinicians and patients, and thus
appears to be a promising strategy for caries control,
especially for young children, the elderly, and
patients with high caries risk or those with special
needs (11). Pineapple is a tropical fruit with a high
taste for its unique aroma and sweet taste. Famous
for being a flavorful fruit (12). Pineapple contains
large amounts of biologically active compounds,
dietary fiber, minerals and nutrients. Additionally,
pineapple has been shown to have various health
benefits including anti-inflammatory and antioxidant
activity, monitoring of nervous system function, and
healing of bowel movement (13). . It also contains a
protein known as bromelain purified from the crude
aqueous extract of the pineapple (bromelain family)
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Ananassa sativa (14) , as well as minerals such as
calcium, chlorine, phosphorous and sodium (15).
Bromelain acts as a defense protein that protects the
pineapple throughout the growth, and ripening
process (16), belongs to the class of proteases also
known as proteins or peptides, a group of enzymes
that catalyze proteolytic reactions in which the
breakdown of proteins into multiple smaller peptides
or single amino acids (17,18). More specifically, it is
classified as a cysteine protein also known as (a thiol
protein) because of the cysteine thiols in its active
site (19).The mechanism underlying the antimicrobial
activity of bromelain is thought that bromelain may
impede bacterial growth by hydrolysis of certain
peptide bonds in the bacterial cell wall (16). The cell
wall is damaged, allowing the cell Leakage, swelling
and opening (14). Bromelain also inhibits the growth
of some bacteria by preventing bacteria from
attaching to specific glycoprotein receptors on the
surface (20) and exhibits antimicrobial activity against
Gram-positive and Gram-negative bacteria, and is
well tolerated and considered a safe nutrient with no
serious adverse effects (21,22). It has already
received FDA approval for clinical use as an oral anti-
inflammatory and anticoagulant (23). It is well
tolerated orally even at high doses (up to 3 g/day) for
long treatment periods, up to several years (23).
Aims of study

The study aimed to:

Prepare aqueous and ethanolic extracts of pineapple
fruits.

2- Synthesize nanoparticles from pineapple fruit
extracts (aqueous and ethanolic) using silver nitrate
Ag2504.

3-Characterization of the synthesized nanoparticles
by Ultraviolet-visible spectroscopy (UV-Vis), Energy
Dispersive X-Ray Analysis (EDX), Scanning Electron
Microscope (SEM) and Fourier-transform infrared
spectroscopy (FTIR) .

4- Evaluation of the antibacterial effect of aqueous
and ethanolic extract of pineapple fruits and
nanoparticles synthesized from extracts with silver
nitrate Ag2NO3.

2. Materials and Methods

Fresh pineapple fruit was purchased from closed
local fruit shops in Mosul and stored at a moderate
temperature away from heat and sunlight. The fruit
was washed well to be used in the preparation of the
plant extract.

The aqueous extract of the pineapple fruit was
prepared by peeling the pineapple fruit and
separating the pomace from the core to obtain two
separate parts to prepare two extracts separately.
60g of both pomace and core were taken and placed
in an electric blender and 60 mL of distilled water
was added and mixed in the blender to obtain a
homogeneous extract, then filtered The extract using
a strainer, then we filter the extract using filter paper
to get rid of impurities and fine solids and obtain a
clear filtrate, then we sterilize the filtrate by using a
0.2 pm millipore filter, then it is kept in sterile tubes
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(24). The ethanolic extract of the pomace part and
core of the pineapple fruit is prepared by taking 60
g of both, adding 60ml of ethanol with a
concentration of 98% (25) , mixed with an electric
mixer, then the ethanol is evaporated using a rotary
evaporator, then the sample is dried by cooling to
preserve the active components of the pineapple,
using the Lyophilizer, to obtain a dry sample. Silver
nanoparticles were synthesized from the aqueous
and ethanolic extract of pineapple fruit (pomace and
core )with silver nitrate TmMolar We take a volume
of 5 mL of the extract in exchange for 5ml of the
chemical dissolved in a tube. When it interacts,
minutes are formed, and within hours a different
color change occurs Where the color of the silver
nanoparticles solution changes from transparent to
gray and then black as shown in Fig. no.1; dilutions
of nanoparticles 1/1, 1/2 and 1/4 are made to
diagnose its effect on bacteria.

Antimicrobial activity was carried out against
pathogenic oral bacterial strains Enterococcus
faecalis, Streptococcus, which were isolated from
oral swabs in the microbiology laboratory at the
University of Mosul, College of Dentistry.

Where the effect of the plant extract and the nano
synthesized on the bacterial activity of these two
strains was tested through a turbidity test using a
spectrophotometer.

We take 1g of the dry extract and dissolve it with 1mL
DMSO. We sterilize it using a millipore filter to obtain
a sterile ethanolic extract. We take 1/2 mL of the
sterilized extract and add it to 5ml of DMSO to
obtain a dilution of 1/10. Then we take 1/2mL from
the first dilution and add it to 5ml of DMSO to obtain
a 1/100 dilution .The ethanolic extract is used in
different  concentrations to  measure  the
effectiveness of the plant extract on the oral bacteria
Enterococcus faecalis and Streptococcus Sanguis.
The turbidity test was used to measure the
antibacterial activity of nanoparticles and the plant
extract of pineapple fruit against the pathogenic oral
bacteria, namely Streptococcus Sanguis and
Enterococcus faecalis. The turbidity test carried out
by preparing a Brain Heart Infusion broth culture
medium of 4 mL per tube, then the culture medium
distributed in tubes is sterilized in the device
autoclave, and dilutions of the plant extract are
made, where 3 dilutions were made, starting from
1/1,1/2, and 1/4 for each of the core and pomace.
A positive control is prepared. 4 mL of culture
medium and 0.1 mL of culture medium containing
activated bacteria are prepared for 24 hours. One
hour, negative control is prepared consisting of 4mL
culture medium and 0.1mL bacteria and antibiotics
Penicillin G, and vancomycin. Samples are prepared,
which consist of 4ml culture medium, 0.1mL bacteria,
and 0.1mL of plant extract used as an antibiotic.
Samples consisting of 4mL medium are prepared
from 0.1mL of bacteria and 0.1mL of nanoparticles
as an antibiotic after preparation are incubated for
24 hours in the incubation at 37 °C to be measured
the next day with a spectrophotometer. The results
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were analyzed statistically using ANOVA and Duncan
test and SPSS1 Version 25.

3. Results and discussion

Preparation and characterization of silver
nanoparticles

The first character appears as an indicator for the

presence of nanoparticles is the color change from
transparent to black as in Figure no.1:

-

Figure 1: Color change of the silver nanoparticles
solution

We note from the examinations under the scanning
electron microscope that the silver nanoparticles
prepared from the aqueous extract of the core of the
pineapple fruit are in the form of sticky and oval-
shaped particles with a magnification of 50um. Thus,
silver nanoparticles can be produced from
pineapple, as in Figure (2). It is shown in Figure (2)
for examining the sample under the EDX technique,
which shows the analysis of the elements of the
sample under examination, as the results showed the
presence of the highest percentage of silver
particles, which amounted to 78.74% and chlorine
21.26%.The silver nanoparticles prepared for
pomace from pineapple fruit under a scanning
electron microscope are in the form of sticky balls
with a magnification of 20pm. The EDX tests showed
the highest percentage of silver particles in the
sample, which was 76.34%, and also the presence of
other elements such as aluminum, 16.49%, and
chlorine, 7.17%, as in Figure (3)

Figure (2): a) Nano-silver under a scanning electron
microscope and EDX technique b) Nano-silver by FTIR
¢) Nano-silver absorption spectrum by UV- visible,
aqueous extract from core
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Figure (3): a) Nano-silver under a scanning electron
microscope and EDX technique b) Nano-silver by FTIR
¢) Nano-silver absorption spectrum by UV- visible,
aqueous extract from pomace.

As for the silver particles formed in the alcoholic
medium, we note from the examinations under the
scanning electron microscope that the silver
nanoparticles prepared from the core of pineapple
fruit are in the form of combined spherical porous
structures with a magnification of 50pm. And with the
presence of the highest percentage of silver particles
82.22% in the sample under examination, followed
by aluminum at 11.20%, then chloride at 6.58%, as
in Figure (4).As for the nano-silver prepared from
pomace under a scanning electron microscope in an
alcoholic medium, it will be in the form of clear balls
with a magpnification of 100 pm. The EDX technical
tests showed that the highest percentage of silver
particles in the prepared sample amounted to
76.01%, with the presence of the two elements
aluminum by 11.18% and chlorine by 12.81%, as in
Figure (5).

Figure (4): a) Nano-silver under a scanning electron
microscope and EDX technique b) Nano-silver by FTIR
¢) Nano-silver absorption spectrum by UV- visible,
ethanolic extract from core.



HIV Nursing 2023; 23(2): 715-720 Efficacy of Silver Nanoparticles Synthesized from Pineapple....

0

Figure (5): a) Nano-silver under a scanning electron
microscope and EDX technique b) Nano-silver by FTIR
¢) Nano-silver absorption spectrum by UV- visible,
ethanolic extract from pomace.

The appearance of black colouration confirmed by
UV-visible at 295-308 nm proved the existence of
silver nanoparticles. The FTIR result suggested that

sugars such as sucrose, glucose etc. could be
responsible for the bioreduction of the AgNO3.
From the kinetics studies, the formation of the
nanoparticles almost started from the second minute
The scanning electron microscope, which is referred
to as SEM, is one of the most important microscopic
imaging devices, which has many major and
important applications in the field of materials
science, medical sciences and various other natural
sciences, through which the surface of the sample is
accurately photographed using a stream of electrons
to give an image Very clear topography for the
studied sample.Silver nanoparticles and compounds
incorporated with silver have been shown to be very
toxic to microbes, with significant biocidal properties
on up to 16 species of bacteria, including bacteria,
fungi, and viruses (26).

Antibacterial effect against Enterococcus faecalis
and Streptococcus Sanguis

According to the results of the current study, in which
a spectrophotometer was used to measure the
turbidity of the medium (27), the aqueous extract of
pineapple tissue, core, pomace It showed stronger
antibacterial activity against the two isolated strains
than the alcoholic extract (Table 1).The results also
showed the bactericidal effect of biosynthetic
nanoparticles from the aqueous and alcoholic extract
of pineapple plant tissues as in (Table 2). Table 3 and
Table 4 show a comparison between the effect of
nanoparticles and aqueous and alcoholic extracts,
respectively

aqueous | ethanolic | aqueous | ethanolic |Control +ve Penicillin
Bacteria extract of | extract of | extract of | extract of (bacteria Vancomycin G
pomace pomace core core alone)
Enterococcus 0.137 "
P . 0.088 0 0.159 0.605 0 0
aecalis
Stresptoco.ccus 0.156* 0.504 0.021* 0.531 0.694 0.255 0.413
anguis
*significant The difference was considered significant at p < 0.05

Ag Nps Ag Nps from Ag Nps Ag Nps from
from . from . |Control +ve L
B . ethanolic ethanolic . . Penicillin
acteria aqueous aqueous (bacteria Vancomycin
extract of extract of G
extract of extract of alone)
pomace core
pomace core
Enterococcus 0* 0* 0* 0.04 0.605 0 0
faecalis ’ ’
Streptococcus o 0.022 0* 0.114* 0.694 0.255 0.413
Sanguis
*significant The difference was considered significant at p < 0.05

b . aqueous extract of | aqueous extract of |Ag Nps from aqueous £4g) M)z o
acteria aqueous extract of
pomace core extract of pomace core
Enterococcus faecalis 0.088 0 0* o*
Streptococcus Sanguis 0.156 0.021 0* 0*
*significant The difference was considered significant at p < 0.05
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- ethanolic extract of | ethanolic extract of |Ag Nps from ethanolic Ag Nps from
bacteria ethanolic extract of
pomace core extract of pomace core
Enterococcus faecalis 0.137 0.159 0* 0.04*
Streptococcus Sanguis 0.504 0.531 0.022* 0.114*
*significant The difference was considered significant at p < 0.05

Meanwhile, the advent of nanotechnology in the
twenty-first century has given rise to a new view on
the dental use of silver nitrate-type Ag NPs, which
exhibit antibacterial properties due to the slow
discharge of silver ions (28).The past few years have
also witnessed a remarkable development in the
clinical  applications of bio-nanomaterials in
healthcare and dentistry. Nanotechnology is a
valuable tool for the healthcare industry, and its
applications have led to a significant improvement in
modern medicine and dental practices (29). These
new nanomaterials can mimic the surface and
interface properties of dental tissues (30).The use of
nanoparticles in root-end sealants and fillings
provides increased strength and luster, similarly,
incorporation of antimicrobial nanoparticles into
restorative materials ensures protection against
caries forming bacteria and maintains a healthy oral
environment, in addition to a nanoparticle-based
system An attractive method for topical drug delivery
in gingivitis and oral squamous cell carcinoma (31).
Plant extracts are widely used as antimicrobial
agents. The effect of pineapple extract is attributed
to the presence of bromelain, which is considered
one of the most important factors that have been
widely used as an anti-inflammatory drug in the field
of medicine and dentistry. The discharge of silver
ions, which increases uptake and causes infection of
bacterial DNA and cytoplasm, is responsible for the
antibacterial activity. By interfering with bacterial
metabolism, the development of complexes
between silver nanoparticles and proteins may lead
to bacterial death. The bactericidal effect may come
from the interaction of the particles with bacterial
DNA, which inhibits cell proliferation (32). The results
of the current study show its antibacterial
effectiveness However, more clinical trials need to be
done in order to validate this hypothesis.

4. Conclusion

This study has shown that pineapple (core, pomace)
aqueous and ethanolic extracts have transformed
silver nitrate to nanoparticles with great stability, also
showed a good antibacterial effect on Enterococcus
faecalis , Streptococcus sanguis with an inhibition
rate of 100% compared to effect of vancomycin and
penicillin G.

References

Salama, H.; Rajiv, P.; Kamaraj, M.; Jagadeeswaran,
P.; Gunalan, S. and Sivaraj, R. (2012). Plants: green
719

route for nanoparticle synthesis. Int. Res. J. Biol. Sci.,
1(5): 85-90.

Suganthy, N., Ramkumar, V. S., Pugazhendhi, A.,
Benelli, G., & Archunan, G. (2018). Biogenic
synthesis of gold nanoparticles from Terminalia
arjuna bark extract: assessment of safety aspects and
neuroprotective  potential  via  antioxidant,
anticholinesterase, and antiamyloidogenic effects.
Environmental Science and Pollution Research,
25(11), 10418-10433.

Pandey, R., &Khuller, G.K. (2006). Nanotechnology
based drug delivery system(s) for management of
tuberculosis.  Indian  Journal of Experimental
Biology.Vol.44,pp.357-366.

KeniCota-R
Yuging.Ye.Carolina.V..Chaoyi.D.YiWang.José
A.Hernédndez-Viezcas. ~ Copper nanowires  as
nanofertilizers for alfalfa plants: Understanding nano-
bio systems interactions from microbial genomics,
plant molecular responses and spectroscopic studies
Author links open overlay panel . Science of The
Total Environment Volume 742, 10 November 2020,
140572
Zehuidu,TianyiZhan,HaiyangZhang,QianHe,ManYua
n,Xiaoning Lu . Preparation of functional bamboo by
combining nano-copper with hemicellulose and
lignin under high voltage electric field (HVEF) .
Carbohydrate Polymers . 250, 15 .2020, 116936
PoushaliDas.SayanGanguly.MadhuparnaBose.Subha
dipMondal. Amit

KumarDas.SusantaBanerjee .Narayan ChandraDasA
simplistic approach to green future with eco-friendly
luminescent carbon dots and their application to
fluorescent nano-sensor ‘turn-off' probe for selective
sensing of copper ions Author links open overlay
panel . Materials Science and Engineering: C Volume
75, 1 June 2017, Pages 1456-1464.

Pindn-Segundo E, Ganem-Quintanar A, Alonso-
Pérez V, Quintanar-Guerrero D. Preparation and
characterization of triclosan nanoparticles for
periodontal treatment. Int J Pharm 2005;294:217-32.
Sistematica DD, Gabriela SS, Daniela FR, Helia BT.
Copper nanoparticles as potential antimicrobial
agent in disinfecting root canals. A systematic
review. Int J Odontostomat 2016;10:547-54.

Prado JV, Vidal AR, Durén TC. Application of copper
bactericidal properties in medical practice. Rev Med
Chile 2012;140:1325-32.

Hans M, Erbe A, Mathews S, Chen Y, Solioz M,
Micklich F. Role of copper oxides in contact killing
of bacteria. Langmuir 2013;29:16160-6.
TahiraAktherMohd.ShahanbajKhanHemalathaS.Bios


https://www.sciencedirect.com/science/article/abs/pii/S0048969720340948#!
https://www.sciencedirect.com/science/article/abs/pii/S0048969720340948#!
https://www.sciencedirect.com/science/article/abs/pii/S0048969720340948#!
https://www.sciencedirect.com/science/article/abs/pii/S0048969720340948#!
https://www.sciencedirect.com/science/article/abs/pii/S0048969720340948#!
https://www.sciencedirect.com/science/article/abs/pii/S0048969720340948#!
https://www.sciencedirect.com/science/article/abs/pii/S0048969720340948#!
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697/742/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0144861720311097#!
https://www.sciencedirect.com/science/article/abs/pii/S0144861720311097#!
https://www.sciencedirect.com/science/article/abs/pii/S0144861720311097#!
https://www.sciencedirect.com/science/article/abs/pii/S0144861720311097#!
https://www.sciencedirect.com/science/article/abs/pii/S0144861720311097#!
https://www.sciencedirect.com/science/article/abs/pii/S0144861720311097#!
https://www.sciencedirect.com/science/journal/01448617
https://www.sciencedirect.com/science/journal/01448617/250/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/article/abs/pii/S0928493116324596#!
https://www.sciencedirect.com/science/journal/09284931
https://www.sciencedirect.com/science/journal/09284931/75/supp/C
https://www.sciencedirect.com/science/journal/09284931/75/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307144#!
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307144#!
https://www.sciencedirect.com/science/article/abs/pii/S2213343720307144#!

HIV Nursing 2023; 23(2): 715-720

ynthesis of silver nanoparticles via fungal cell filtrate
and their anti-quorum sensing against Pseudomonas
aeruginosa Author links open overlay panel Journal
of Environmental Chemical Engineering Volume 8,
Issue 6, December 2020, 104365

Maimunah Mohd Ali , Norhashila Hashim ,
Samsuzana Abd Aziz .et al. Pineapple (Ananas
comosus): A comprehensive review of nutritional
values, volatile compounds, health benefits, and
potential  food products. November 2020.
DOI:10.1016/j.foodres.2020.109675.

J. Spadaro, T. J. Berger, S. D. Barranco, S. E. Chapin,
and R. O. Becker, "Antibacterial effects of silver
electrodes with weak direct current,” Antimicrobial
Agents and Chemotherapy, vol. 6, no. 5, pp. 637-
642, 2019.

Schréder U. Effect of an extra-pulpal blood clot on
healing following experimental pulpotomy and
capping with calcium hydroxide. Odontol Revy
1973;24:257-68.

Lemon RR, Steele PJ, Jeansonne BG. Ferric sulfate
hemostasis: Effect on osseous wound healing. 1. left
in situ for maximum exposure. J Endod 1993;19:170-
3.

Havale R, Anegundi RT, Indushekar K, Sudha P.
Clinical and radiographic evaluation of pulpotomies
in primary molars with formocresol, glutaraldehyde
and ferric sulphate. Oral Health Dent Manag
2013;12:24-31.

Sanford, J. o ; Lancaster ; J. D. Biological and
chemical evaluation of the readily available sulfur
status of Mississippi soils . soil sci. Am. Proc. 1962,
26, 63-65.

Karl-Heinz Zapp "Ammonium Compounds" in
Ullmann's Encyclopedia of Industrial Chemistry 2012,
Wiley-VCH, Weinheim .

Ranly DM. Pulpotomy therapy in primary teeth: New
modalities for old rationales. Pediatr Dent
1994,16:403-9.

Mamo, J.; Assefa, F. Antibacterial and Anticancer
Property of Bromelain: A Plant Protease Enzyme from
Pineapples (Ananas comosus). Curr. Trends Biomed.
Eng. Biosci. 2019, 19, 60-68.

George, S.; Bhasker, S.; Madhav, H.; Nair, A,
Chinnamma, M. Functional Characterization of
Recombinant Bromelain of Ananas comosus
Expressed in a Prokaryotic System. Mol. Biotechnol.
2013, 56, 166-174.

Ramli, A.N.M.; Manas, N.H.A.; Hamid, A.AA.;
Hamid, H.A.; lllias, R.M. Comparative structural
analysis of fruit and stem bromelain from Ananas
comosus. Food Chem. 2018, 266, 183-191.
Hidayat, Y.; Hermawati, E.; Setiasih, S.; Hudiyono, S.;
Saepudin, E. Antibacterial activity test of the partially
purified bromelain from pineapple core extract
(Ananas comosus [L.] Merr) by fractionation using
ammonium sulfate acetone. In AIP Conference
Proceedings; AIP Publishing: Melville, NY, USA,
2018; Volume 2023, p. 020067.

Sarinya Poadang, Niti Yongvanich and Siriporn
Phongtongpasuk .Synthesis, Characterization, and
Antibacterial Properties of Silver Nanoparticles

Efficacy of Silver Nanoparticles Synthesized from Pineapple....

Prepared from Aqueous Peel Extract of Pineapple,
Ananas comosus. Department of Biotechnology,
Faculty of Engineering and Industrial Technology,
Silpakorn University, Nakornpathom, Thailand. Doi:
10.12982/cmujns.2017.0010.

Al-Hasso, Z. Y. K., Al-Katib, M. A., & Alrahman, G. Y.
A. (2022). Biosynthesis of gold Nanoparticles by
Lyngbya sp. Clone Zen / Mira 16S ribosomal RNA
gene and its antibacterial activity. International
Journal of Health Sciences, 6(S6), 10810-10819.
https://doi.org/10.53730/ijhs.v6nS6.12920

Grass G, Rensing C, Solioz M. Metallic copper as an
antimicrobial surface. Appl Environ Microbiol
2011,;77:1541-7

Cody Muhammad Kamel, Hassan Muthani, Hamed
Nader Muhammad Ibrahim (2018). Effect of alcoholic
extract of rosemary Rosmarinus officinalis and bee
propolis on inhibition of Staphylococcus aureus
biofilm bacteria Klebsiella pneumoniae isolated from
patients with urinary tract infection. Anbar University
Journal. Volume 12, Issue 1.

Samir A.Anu;j. Harsukh P.Gajera.Darshna
G.Hirpara.Baljibhai ~ A.Golakiya.The impact of
bacterial size on their survival in the presence of
cationic particles of nano-silver Author links open
overlay panel Journal of Trace Elements in
Medicine and Biology Volume 61, September 2020,
126517.
Fatemeh.O,Fahimeh.C,Maryam.H,Amir,A.RezvanRo
bati et al Recent advances in nanotechnology-based
drug delivery systems for the kidney. Journal of
Controlled Release . 321, 10 .2020: 442-462
Sulczewski, F. B., Liszbinski, R. B., Romao, P. R. T. &
Rodrigues Junior, L. C. Nanoparticle vaccines against
viral infections. Arch. Virol. 2018. 163, 2313-2325.
Landgraf, M. Targeted camptothecin delivery via
silicon  nanoparticles reduces breast cancer
metastasis. Biomaterials.2020. 240, 119791.

Borkow G, Gabbay J. Copper, an ancient remedy
returning to fight microbial, fungal and viral
infections. Curr Chem Biol 2009;3:272-8.

720


https://www.sciencedirect.com/science/journal/22133437
https://www.sciencedirect.com/science/journal/22133437
https://www.sciencedirect.com/science/journal/22133437/8/6
https://www.sciencedirect.com/science/journal/22133437/8/6
https://doi.org/10.53730/ijhs.v6nS6.12920
https://www.sciencedirect.com/science/article/abs/pii/S0946672X20300821#!
https://www.sciencedirect.com/science/article/abs/pii/S0946672X20300821#!
https://www.sciencedirect.com/science/article/abs/pii/S0946672X20300821#!
https://www.sciencedirect.com/science/article/abs/pii/S0946672X20300821#!
https://www.sciencedirect.com/science/article/abs/pii/S0946672X20300821#!
https://www.sciencedirect.com/science/journal/0946672X
https://www.sciencedirect.com/science/journal/0946672X
https://www.sciencedirect.com/science/journal/0946672X/61/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S0168365920301176#!
https://www.sciencedirect.com/science/article/abs/pii/S0168365920301176#!
https://www.sciencedirect.com/science/article/abs/pii/S0168365920301176#!
https://www.sciencedirect.com/science/article/abs/pii/S0168365920301176#!
https://www.sciencedirect.com/science/article/abs/pii/S0168365920301176#!
https://www.sciencedirect.com/science/article/abs/pii/S0168365920301176#!
https://www.sciencedirect.com/science/journal/01683659
https://www.sciencedirect.com/science/journal/01683659
https://www.sciencedirect.com/science/journal/01683659/321/supp/C

