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Abstract : Goroho banana is one of plantain type, locally grown crops in North Sulawesi and
potential as excellent source bioactivities including antioxidant phytochemical content and
macronutrients. The silver nanoparticles have made by mixing goroho banana peel extract with
silver nitrate solution (10 M) at roomtemperature. The silver nanoparticles were characterized
using spectrophotometer UV-Vis and infrared (IR), while the morphology and particle size
have determined by SEM (Scanning Electron Microscope). The anti-photooxidative activity of
silver nanoparticles with the concentration 40; 60100and200mg/mL were evaluated in linoeat
acid emulsion system that containing 5 pg/mL erythrosine as sensitizer and illuminated with
fluorecent 4000 lux for 5 hours. TheUV-Vis spectra shows that surface plasmon resonance
(SPR) at wavelength 423-442 nm. It proves that there was a reduction of silver ion (Ag®) to
silver (Ag®) and indicates the formation of silver particles. The spectra of IR at 4302 cm™
shows that the presence of hidroxyl groups (OH) from polyphenol compounds in goroho
banana peel extracts while the IR spectras of silver nanoparticles at the ribbon 3448 cm™. The
characterization with SEM shows that silver nanoparticles have sized by the range at 254-768
nm; 41-98 nm and 53-90 nm. On assessment with the silver nanoparticles having effect on
singlet oxygen guenching at all of concentration levels compared to banana goroho extract. The
results of this research proves that antioxidant of banana goroho peels extract can act as an
agent to synthesized silver nanoparticles possess singlet oxygen quenching acitivity.

Keywords : banana goroho peels, silver nanopartikel, characterization, singlet oxygen
guenching.

Introduction

Singlet oxygen induces a unique oxidation process by attacking directly the electron-rich compounds
without the free radical involvement. The oxidations of biological components (proteins, lipids, vitamins and
DNA) induced by singlet oxygen are associated with various pathological events such as pigmentation, cataract,
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skin aging and cancer” Whereas, the oxidation reaction of food components can leads to nutritional losses,
production of possible toxicants that make food less acceptable or unacceptable to consumers®. Both the
oxidation system in various types of endogenous and foods are very susceptible to photooxidation during
storage under light, especially when photosensitizers such as chlorophylls, riboflavin, erythrosine, myoglobin
and phorphorine present in the systems*>®. The sensitizer can transfer its light energy to chemical energy and
begin oxidation reaction. Rawls and Van Santen’reported that singlet oxygen participated in the initiation step
of oil oxidation and the reaction rate of singlet oxygen with linoleic acid is about 1450 times greater than that of
triplet oxygen.

The undesirable photosensitized lipid oxidation can be reduced by quenching singlet oxygen.
Tocopherols, carotenoids, and ascorbic acid can be used for the practical reduction of singlet oxygen oxidation
of oils and other oil-soluble components®. Tocopherols can be also act antioxidant in autocatalytic condition
but, their singlet oxygen-quenching abilities are not effective as the carotenoid. B-carotene is an active ‘O,
quencher in soybean oil° (Lee and Min, 1990). The bleached and unbleached rosemary oleoresins had
quenching effect in the soybean oil on light-sensitised oxidation™.

In recent years, the use of nanotechnology to healthy benefits is a promising alternative in food and
medical field, such as faster diagnosis, bioavailability, drug delivery and tissue regeneration. The use of green
synthesis of nanoparticles isevolving and essential approach in nanotechnology. Among plant biological system
is much preferable to the biosynthesis of nanoparticles because of the richness of plant divert that provider
phytochemicals and antioxidant properties. It is well known that the plant has been used by humans long ago to
treat many diseases™’. The process of biosynthesis of metal nanoparticles by biological agents, is influenced by
several factor, including organism types, and concentration of reducers of precursors. Biological agent is
thought to be reducing, stabilizing, or both in the process of farming nanoparticle biosynthesis are thought to
involve secondary metabolic compounds from plants, such as flavonoids and triterpenoids*2.Besides, this is also
due to the abundances of hydroxyl and amino groups that present in these plant resources as reducing and
capping agent.Many study had been reported and proved that various spices extracts of plant was good reducing
agents that potential for preparing silver nanoparticels such as Ocimum sanctum,Camellia sinensis,Morinda
pubescens,Cymbopogon citrates, and Rhododendron dauricum *3*4**%7 The silver nanoparticles are also
reported to be nontoxic to human®,

The banana plant is classified as a great perennial treelike, tropical herb of the genus Musa and the
family Musaceae. Banana is one of fruit that much comsumption in the worldwide for better fresh (common
banana)orin process (plantain). The plantain is a type of banana, usually cooked before eating, known as Musa
paradisiaca. Goroho banana is one of a type of plantain, locally grown crops in North Sulawesi and that are not
familiar to people outside North Sulawesi, compared to other varieties of banana. The utilization of banana
fruits as food material resulting banana peels which is often ignore or as waste product. Gorohobanana and sap
peel are a phenolic, flavonoid, saponin, and tannin phytochemical containing biomass which recommended to
be used as active antioxidant compound®.The other research reported that peel extracts of nine varieties banana
in India exhibited antioxidant and phytochemical content which are rich in compounds with free radical
scavenging activity’’. Besides, banana feel of Musa sapientum indicated the presence of glucoce, fructose,
sucrose and maltose®.Sundaram et al.?suggest that the unripe banana peel sample had higher antioxidant
potency than ripe and leaky ripe.

In the present study, phytochemicals antioxidant extracted from goroho banana peel has been used to
synthesize silver nanoparticles. The abundances of phenolic groups present in the antioxidants extract is
expected to reduce silver ions to silver metal so that antioxidant constituents in present goroho banana peel can
be interaction with metallic surface by capping agent through phenolic extracts. The objective of this research
was to synthesize silver nanoparticles using goroho banana, characterization by UV-visible spectrophotometry,
infrared (IR), scanning electron microscope (SEM) and determine singlet oxygen quenching activity.

Materials and Methods

Goroho banana was collected from a local market in Manado, North Sulawesi, Indonesia. The Folin-
Ciocalteu reagent, ethanol, Tween 20, silver nitrate, sodium carbonate, and erythrosine used in this experiment
were purchased from Merck(Darmstadt, Germany). The linoleic acid and gallic acid were purchased from
Sigma Chemical Co. (St. Lois, MO).Deionized water was used throughout the reaction.
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Preparation of plant extract

Goroho banana was washed to remove impurities, dried at room temperature then sliced into small
pieces using stainless steel knife. About 1 g of fresh banana peel was boiled in 50 mL of deionized water for
15min and cooling was filtered using filter paper (Whatman No. 1), furthermore this treatment is called sample
A. After that the extract was centrifuged at 3000 g for 10 min and then stored in screw tube at 5°C until
examined. The same procedure was done for extracting3g (sample B) and 5g (sample C) fresh banana peel.

Synthesis of silver nanoparticles

Silver nanoparticles were synthesized from the aqueous peel extract of goroho banana by reducing
silver nitrate. Banana peel extract (20, 60, 100 and 200 mg/ml) was used to reduce 10 mL of 1 mM silver nitrate
solution. The appearance of reddish brown color after 60 minutes indicates the formation of silver nanoparticles
and the solution was centrifuged at 12000 rpm for 15 min. The recovered nanoparticle sample was used for
characterization and singlet oxygen quenching studies.

Characterization of silver nanoparticles

Silver nanoparticles that have been synthesized are than characterized to determine the characteristics
of silver nanoparticles. Analysis performed for characterization using UV-Vis (Shimadzu Seri 1800),FTIR
Spectroscopy was measured using spectrum FT-IR in the scanning range 450-4000cm™(Shimadzu FTIR),
scanning electron microscope (SEM) and the SEM. This instrument helped to check the presence of various
elements in the powdered nanoparticles.

Determination of total phenolic content

To detect the involvement of phenolic content in reducing and capping agents for silver nanoparticles,
20; 60, 100 and 200 mg/mLsolution containing silver nanoparticles was prepared. Procedure was determined
using modified Folin-Ciocalteu colorimetric method from Li et al.?®. Each sample solution (0.1 mL) was added
to Folin-Ciocalteu reagent (0.1 mL, 50%) in a test tube and then this mixture was vortexed for 3 minutes. After
intervals of 3 minutes, 2 mL of Na,CO3; 2% solution was added. After incubation at room temperature for
30min, the mixture was kept in the dark for 30 minutes. The supernatant was measured using a
spectrophotometer at 760 nm. The standard curve was prepared using different concentrations of gallic acid and
the results were expressed as gallic acid equivalents in milligrams per milligram extract.

Determination of singlet oxygen quenching activity

The procedure of singlet oxygen quenching activity determination was based on Suryanto et al.*, with

minor modification. This procedure was to study the effects of banana peel extract and silver nanoparticles on
photosensitized oxidation of linoleic acid emulsion. Linoleic acid (1.5 g) was added with 0.2 mL of Tween 20
and 1.8 mL of distilled water. The emulsion was then stirred for 3 minutes at room temperature. After that,
samples were added with 16 mL distilled water and stirred for 30 minutes. Banana peel extract and silver
nanoparticles (20, 60, 100, and 200 mg/ml) were added 10 mL of the emulsion that contained 5 pg/mL of
erythrosine as a photosensitizer. Emulsion samples (10 mL) were transferred into a 30 mL serum bottle. The
bottles were airtight sealed with Teflon septa, wrapped with aluminum and then placed in the light box. The
light intensity of the sample level was 4,000 lux, at room temperature. The light storage box consisted of two
rectangular chambers: a glass chamber (60 cm x 30 cm x 50 cm) for sample storage and the wooden box (70 cm
X 50 cm x60 cm) for light sources to the glass chamber was 12 cm. Samples were placed on the wire netting
which was10 cm above the bottom of glass chamber. The light source, 65-watt cool white fluorescence lamps
(Philips)was placed on the 4,000 lux. The temperature of the light storage box was kept constant at room
temperature. Photooxidation stability of linoleic acid was evaluated by analyzing samples periodically for
conjugated diene hydroperoxides and the conjugated diene absorbance was measured at 234 nm. Results were
calculated as hydroperoxide in millimoles per kilogram of oil using an absorptivity of 26000 for linoleate
hydroperoxides23.Samples of oil-in-water emulsion (0.30 pL) were into the tube and dissolved with 5 mL of
ethanol absolute, the absorbance was measured at 234 nm. Hydroperoxide value will be measured every time
interval of an hour. The experiment was carried out in triplicate.
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Result and Discussion
Synthesis of silver nanoparticles

The formation of silver nanoparticles can be detected with observing the color changes of prepared
solutions. Figure 1 shows that the color changes from pale yellow to yellowish-brown during the reaction,
indicating the synthesis of silver nanoparticles, whereas the silver nitrate solution without addition of banana
peel extract and banana peel extract using as control. In this study is color change occurred a few minutes. This
color formation was due to the presence of the surface plasmon resonance, an optical characteristic of silver
nanoparticles”.Many food and medicinal plants containing phytochemical compounds such as phenolic, tannin,
flavonoid, alkaloids, glycocides, and amino acid have been reported to possess strong ability to act as reducing
and capping agents for silver nanoparticles??"# 293031

Figure 1. Change of color synthesis of silver nanoparticles. Note: Extract (1 g goroho banana peel), 1 g
(sample A), 3 g (sample B) and 5 g sample C

Alhabsyi et al.*® and Kurniawan et al.**reported that peel and gum of banana goroho contain of

phenolic, flavonoid and tannin having antioxidant properties. The availability of this compound with redox
properties makes banana peel extract possesses ability for green synthesis of nanoparticles colloids so that plays
role to reduce Ag* to Ag’. According to Ahmad et al.**that mechanism for the reduction of silver in plant
extracts is releasing of an electron when formation of phenolic radicals from phenolic reduces the silver ions or
electron released during glycolysis for conversion of NAD to NADH led to transformation of AgNOzto form
nanoparticles. Therefore, the color change shows the process of the reduction of silver ions for initiation of
forming silver nanoparticles.

Characterization of silver nanoparticles

Spectra UV-Vis is used to determine the characterization of the nanoparticles formed by peak
absorption spectrum. Characterization of colloidal silver nanoparticles is using a spectrophotometer UV-visible
at wavelength (200-800 nm). Goroho banana peel extract (GBPE) has a peak absorbance spectrum at 276 nm
wavelength of 0.89 presented in Figure 2. The UV-visible spectrum obtained with change after the AgNO;
solution was mixed with BPE and obtained the absorbance peak at 426.50-452.00 nm (Figure 2) which is the
silver nanoparticles absorption area in observation for 60 minute. The results are significantly different than the
maximum absorption wavelength for GBPE. It means that there has been a reduction process (Ag®) to (AgP).
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Figure 2. UV-visible spectra of silver nanoparticles synthesized using goroho banana peel extracts. Note:
1. Goroho banana peel extract (GBPE), silver nanoparticles (40 mg/mL), 2.silver nanoparticles (60
mg/mL), 3. silver nanoparticles (100 mg/mL), 4. silver nanoparticles (200 mg/mL.).

Figure 2 shows the wavelength values resulting from the synthesis values resulting from the synthesis
of silver nanoparticles undergo significant changes over time so that it can be concluded that the resulting silver
nanoparticles are relatively stable. While for extract value of GBPE have time order that is the amount of silver
nanoparticles that have been formed increase along with the increase of time. A large absorbance corresponds to
number of nanoparticles formed. The process of silver nanoparticles is suspected because of the ability of
phenolic compounds to reduce silver ions (Ag®) into silver nanoparticles. When it is in its ion form, Ag will
repel each other because of the charge of a similar charge, but after it is reduced to Ag’, the aromatic charge of
Ag became neutral, allowing the Ag intermediate Ag approach each other and interact with each other through
the bond between the metals to form a cluster of nanosize.

Silver nanoparticles with infrared (IR)

The spectra of FTIR has used to determine the interaction of functional groups found in goroho banana
peel extracts by silver nanoparticles before and after the reduction process of Ag* to Ag® ions. The result of
FTIR spectra could used to identify the probably of functional groups which a part to reduce silver ions. Based
on figure 3 shows that the banana peel extracts (BPE) seen a shift on wavelength from banana goroho extracts
after and before reduced.The spectra of FTIR shows that the band has wided and strong on wave numbers
1620,21 cm™ and 1404,14 cm™ made by the presence of aromatic groups (C=C) in goroho banana peels extract.
The band has wided and strong on wave numbers 3402,43 cm™ shows that typical absorption of hydroxyl
groups (-OH) from polyphenolic groups in goroho banana peels extract. The peek of wave numbers 1743,65
cm™ shows that the absorb of carbonyl group (C=0). The spectrum on wave numbers 1080,14 and 1103,28 cm™
be found the absorb of ether group. While on the spectrum of silver nanopartikel (SNP) the result of reduce
using by banana peels extract shows a shift in numbers on -OH, C=0 and C-O groups with wave numbers have
continually 3448,72 cm™, 1604,77 cm™, 1072,42 cm™, and 1026,13 cm™.
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Figure 3. The spectra of FTIR by goroho banana peels extract (GBPE) and silver nanoparticles (SNPs)

The shift of wave numbers clearly visible between the spectra of BPE and SNPs, what vibrations OH
groups of SNPs have missed the absorb compared at BPE. The shift of wave numbers shows that there is
interaction between functional groups with silver nanoparticel cause oxidation due to the reduction process of
silver nanoparticles. The absorb of number wave 1026,13 cm™ shows there is absorb Ag* ions that formed
metalopolymer. Modrzejewska et al.**explaining there is change in the fingerprint area on lower wave numbers
(650-400cm™) allows a reduction reaction on Ag* to AgP ions. It’s indicated by a weak absorption peak in wave
numbers 540,07 cm™.Carillo-Lopez et al.?*(2004), explain that -OH groups of terpenoids and flavonoids in leaf
extracts had a part in the reduction of silver ions and -COO group participates in stabilization of nanoparticles.
The other research also explain that -OH groups participates in reduction-oxidation process, carbonyl and
carboxylate groups involved stabilization particles®®*” (Huang et al., 2007; Cruz et al., 2012). From the result of
characterization FTIR could conclude that the interaction between silver nanoparticles of banana peels extract
has occured by O atoms on OH groups of phenolic compounds.

Characterization of silver nanoparticles with SEM

Scanning electron microscope (SEM)analysis aims to show morphology particles and sample has
analyzed by SEM could seen on Figure 4. The characterization by SEM shows silver nanoparticlesat different
concentrationshave a size with the ranged 254-768 nm (A); 41-98 nm (B) and 53-90 nm (C).Based on the
results obtained, it was found that the particle size distribution of silver nanoparticles of sample A was lower
than sample B and sample C. As samples concentration is increased, the average of particle sizes which
analyzed using scanning electron microscope will increased.
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Figure 4. The morphology analysis of silver nanoparticles using by SEM with enlargement 10000 and
30000 times (scale of 0,5-1 um).Note: 1 g (sample A), 3 g (sample B) and 5 g sample C

The morphology of silver nanoparticles have analyzed by SEM is white between fiber. The goroho
banana peels extract containing phenolic content, flavonoid and steroid what have antioxidant activity could
reduce Ag* to Ag’. Phenolic is the most dominant compound shown in the phytochemical test of goroho banana
peels extract. Phenolic compound in banana peels extract is a group of hydrolyzed tannins with gallic acid as its
basic structure.

The total phenolic contents of silver nanoparticles

The total phenolic contents of goroho banana peels extract (GBPE) and silver nanoparticles (SNPs)
have evaluated with concentration 40; 60, 100 and 200mg/mL. If the addition of AgNO; solution in GBPE
could decrease phenolic total content of SNP solution, indicating phenolic compounds were involved in the
reducing agent. Figure 5 shows total phenolic contentof GBPE and SNPs. The results indicate that GBPE
showed a higher phenolic total content than SNP, whereas at the same concentration levels, GBPE showed also
higher phenolic total content than SNPs. The phenolic total content of GBPE and SNPs increased with
increasing concentration (p<0.05). It means that there are involved phenolic compounds to reduce silver ions
(Ag") into synthesis of silver nanoparticles. Besides, it is also possible of nonphenolic compounds are involved
in syntheses of silver nanoparticles. Some study reported that plant extract is known to contain flavonoid,
phenolic, tripenoid, phloroglucinol dialdehyde diterpene derivatives are responsible in the syntheses and
stabilization of silver nanoparticles'”*
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Figure 5. Total phenolic contents of silver nanoparticles (SNP) and banana peels extract (GBPE)

Alhabsyi et al.*reported that goroho banana peel was extracted with three solvents (methanol, ethanol
and acetone) containing more phenolic components and act as antioxidant. Therefore, these components present
in GBPE are good electron donors and could reduce with silver ions to form silver nanoparticles by converting
Ag" to Ag’.The mechanism of the plant phenolic may be explained to syntheses of silver nanoparticles in the
plant extract®.

Singlet oxygen quenching activity of silver nanoparticles

The effects of 40, 60, 100, and 200 mg/ml silver nanoparticles and peel extract of goroho banana on
peroxide value of linoleic acid emulsion which exposed with 4000lux light are presented in figure 6. Silver
nanoparticles (SNPs) of 200 mg/mL showed the highest effect in singlet oxygen quenching followed by
concentration of 140, 100, 60, and 20 mg/mL for Shexposurefluorescent light (p<0.05). It means that SNPs act
as singlet oxygen quenching in photooxidation linoleic acid with presence of sensitizer erythrosine during 5h
light exposure. Min and Boff “stated that singlet oxygen can be produced by triplet oxygen with the presence of
light and sensitizer. The presence of sensitizer can increase oxidation reaction, make it absorb energy from light
to form hydroperoxide by photooxidation reaction. Photooxidation of singlet oxygen in linoleic acid generate
hydroperoxide at conjugated double bond 9-OOH and 13-OOH and unconjugated 10-OOH and 12-OOH.
Autooxidation of triplet oxygen on linoleic acid produce hydroperoxide at position conjugated 9-OOH and 13-
OOH™".The structure 1,4-pentadiena inside linoleat makes it very easy to oxidize. There is double bond fatty
acids weaken C-H bond on carbon atoms close to double bond so that the release of H is easier.
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Figure 6. Singlet oxygen quenching activity of silver nanoparticles (SNPs) and banana peels extract
(BPE)

The obtained peroxide values were used to calculate the percentage of singlet oxygen quenching
(Figure 6). Silver nanoparticles showed the highest singlet oxygen quenching compared by banana peel extract
at all level of concentration. Singlet oxygen quenching of SNPs 200, 100, 60, and 40 mg/mL were 49.44; 37.44;
30.63 and 14.24% respectively, while GBPE were 31.44; 25.39; 20.36 and 10.82%. SNPs of concentration at
200 mg/mL are effective nanoparticles to stabilize singlet oxygen generation from erythrosine sensitizer as
showed by the increasing of singlet oxygen inhibition. It means that the concentrationaffects the silver
nanoparticles to prevent photooxidation in linoleic acid emulsion. Therefore the silver nanoparticles play role in
influnceby photooxidationwith better precentage than banana peel extract.

Conclusions

Based on this result, the antioxidant of goroho banana peel extract possess the ability to synthesize
silver nanoparticles colloidal solution of 423-442nm at room temperature for 30 minute. The FTIR spectra
revealed the presence of different functional groups like hydroxyl (O-H stretch), Alkanes (-C-H- stretch),
Alkene (C=C- stretching), Aromatic (C=C stretching), Alkane (-C-H bending), Ether (C-O stretching), Alkene
(=C-H bending).The characterization of silver nanoparticles by SEM studies revealed the range at 254-768 nm
(A); 41-98 nm (B) and 53-90 nm (C). Silver nanoparticles possess the ability as singlet oxygen quencher. The
enhancement of silver nanoparticles concentration showed stronger singlet oxygen quenching compared with
peel extract of goroho banana.

Acknowledgement
We are thankful for the support of Sam Ratulangi University, The Ministry of Research, Technology

and Higher Education, The Republic of Indonesia, for this research through Basic Research Grant for financial
year of 2018.

References

1. Davis KJ, Goldberg Al. Protein damaged by oxygen radicals are rapidly degraded to extracts of red
blood cells. Journal of Biology Chemistry. 1987. 262: 8227-8234.



Edi Suryanto et a//International Journal of ChemTech Research, 2019,12(1): 258-268. 267

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Meucci F, Mordente A, Martorana GE. Metal-catalyzed oxidation of human serum albumin:
conformational and fungtional changes, implications in protein aging. Journal of Biology Chemistry.
1991. 266: 4692-4699

Yang TS, Min DB. Quenching mechanisms and kinetics of ascorbic acid on the photosensiting effect of
synthetic food colorant FD&C Red No. 3. Journal. of Food Science. 2009. 74: 718-722.

Jung MY, Kim JP, Kim, SY. Methanol extract of Coptis japonica Makino reduces photosensitized
oxidation of oils. Food Chemistry. 1999. 67: 261-268.

Huang R, Choe E, Min DB. Kinetics for singlet oxygen formation by riboflavin photosensitizion and
the reaction between riboflavin and singlet oxygen. Journal of Food Science. 2004. 69: 726-732.
DeRosa MC, Crutchley RJ. Photosensitized singlet oxygen and its applications. Coordination
Chemistry Reviews. 2002. 234: 351-371.

Rawls HR, Van Santen PJ. Possible role of singlet oxidation in the initiation of fatty acid autoxidation.
Journal of American Oil and Chemist’s Society. 1970. 47: 121-125.

Lee KH, Jung MY, Kim SY. Quenching mechanism and kinetics of ascorbyl palmitate for the reduction
of the photosensitized oxidation of oils. Journal of American Oil and Chemist’s Society. 1997. 74:
1053-1057.

Lee, S-H, Min DB. Effects, quenching mechanism, and kinetic of carotenoids in chlorophyll-sensitized
photooxidation of soybean oil. Journal of Agricultural and Food Chemistry. 1990. 380: 1630-1634.

Hall 111 C, Cupppett. S. The effects of bleached and unbleached rosemary oleoresins on light-sensitized
oxidation of soybean oil. Journal of American Oil and Chemist’s Society.1993. 70: 477-482.

Bunghez IR, Patrascu MEB, Badea N, Doncea SM, Popescu A, lon RM. Antioxidant silver
nanoparticles green synthesized using ornamental plants. Journal of Optoelectronics and Advanced
Materials. 2012. 14: 1016-1022.

Shankar SS, Rai A, Ahmad A, Sastry MJ. Rapid synthesis of Au, Ag and bimetallic Au shell
nanoparticles using Neem, Journal of Colloid And Interface Science. 2004. 275: 496-502.

Mallikarjun K, Narsimha G, Dillip GR, Praveen B, Shreedhar B, Lakshmi S, Reddy VS, Raju DP.
Green synthesis of silver nanoparticles using Ocimum leaf extract and their characterization. Digest
Journal of Nanomaterials and Biostructures. 2011. 6: 181-186.

Loo YY, Chieng BW, Nishibuchi, M, Radu S. Synthesis of silver nanoparticles by using tea leaf extract
from Camellia sinensis. Journal of Nanomedicine. 2012. 7: 4263-4267.

Mary NE, Inbathamizh L. green syntheses and characterization of nano silver using leaf extract of
Morinda pubescens. Asian Journal of Pharmaceutical and Clinical Research. 2012. 5: 159-162

Singh RP, Magesh S, Rakkiyappan C. Rapid biosynthesis of silver nanoparticles using cymbopogon
citratus (lemongrass) and its antimicrobial activity. Nano-Micro Letters. 2011. 3:189-195

Mittal AK, Kaler, A, Banerjee, U.C. Free radical scavenging and antioxidant activity of silver
nanoparticles synthesized from flower extract of rhododendron dauricum. Nano Biomedicinal
Engenering. 2012. 4: 118-124.

Jeong SH, Yeo SY, Yi SC. The effect of filler particle size on the antibacterial properties of
compounded polymer/silver fibers. Journal of Materials Science. 2005. 40: 5407-5411

Suryanto, E. Antioksidan dalam pisang goroho: Fitokimiadan Kesehatan. Putra Media Grafindo,
Bandung, 2015.

Baskar R, Shrisakthi S., Sathyapriya B, Shyampriya R, Nithya R, Poongodi P. Antioxidant potential of
peel extracts of banana varieties (Musa sapientum). Food and Nutrition Sciences. 2011. 2: 1128-1133
Chandraju S, Mythily R, Kumar CSC. Extraction, isolation and identification of sugars from banana
peels (Musa sapientum) by HPLC coulpled LC/MS instrument and TLC analysis. Journal of Chemical
and Pharmaceutical Research. 2011. 3: 312-321.

Sundaram S, Anjum S, Dwevedi P, Rai GK. Antioxidan activity and protective effect of banana peel
against oxidative haemolyses of human erythrocyte at different stages of repining. Applied
Biochemistry and biotechnology. 2011. 164: 1192-1206

Li XC, Lin J, Gao Y, Han W, Chen D. Antioxidant ability and mechanism of Rhizoma Atractylodes
macrocephala. Molecules. 2012. 17: 13457-13472.

Suryanto E, Momuat L.I, Rotinsulu H, Mewengkang DS. Anti-photooxidant and photoprotective
activities of ethanol extract and solvent fractions from corn cob (Zea mays).International Journal of
ChemTech Research. 2018. 11:25-37.



Edi Suryanto et a/ /International Journal of ChemTech Research, 2019,12(1): 258-268. 268

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Carrillo-Lépez LM, Zavaleta-Mancera HA, Vilchis-Nestor A, Soto-Hernandez RM, Arenas-Alatorre J,
Trejo-Téllez LI, Gémez-Merino F. 2014. Biosynthesis of silver nanoparticles using Chenopodium
ambrosioides. Journal of Nanomaterials. 1-9

Li S, Shen Y, Xie A, Yu X, Qui L, Zhang L, Zhang Q. Green synthesis of silver nanoparticles using
Capsicum annuum L. extract. Green Chemistry. 2007. 9: 852-858.

Ahmad N, Sharma S, Alam MK. Rapid synthesis of silver nanoparticles using dried medicinal plant of
bacil. Colloids and Surfaces B. 2010. 81: 81-86

Prasad R, Swamy VS. Antibacterial activity of silver nanoparticles synthesized by bark extract of
Syzygium cumini. Journal of Nanoparticles. 2013. 1-6

Azmi AA, Ahyat NM. Green synthesis of silver nanoparticles using rhizome extract of galangal,
Alpinia galangal. Malaysian Journal of Analytical Sciences. 2015. 19: 1187-1193

Ajitha B, Reddy YAK, Reddy PS. Green synthesis and characterization of silver nanoparticles using
Lantana camara leaf extract. Materials Science and Engineering C. 2015. 49: 373-381.

Logeswari, Silambarasan S, Abraham J. Synthesis of silver nanoparticles using plants extract and
analysis of their antimicrobial property Peter. Journal of Saudi Chemical Society. 2015. 19: 311-317
Alhabsyi DF, Suryanto E, Mewengkang D. Aktivitas antioksidan dan tabir surya dari kulit buah pisang
goroho (Musa acuminate L.). Pharmacon. 2014. 3: 2302-2493.

Kurniawan JC, Suryanto E, Yudistira A. Analisis fitokimia dan uji aktivitas antioksidan dari getah kulit
buah pisang goroho (Musa acuminate L.). Pharmacon. 2013. 10: 23-28.

Ahmad N, Sharma S, Singh VN, Shamsi SF, Fatma A, Mehta BR. Biosynthesis of silver nanoparticles
from Desmodium triflorum: A novel approach towards weed utilization. Biotechnology Research
International. 2011. 1-8.

Modrzejewska Z, Dorabialska M, Zarzycki R, Wojtasz-Pajak A. The mechanism of sorption of Ag” ion
on chitosan microgranules: IR and NMR study.Progress on Chemistry and Application of Chitin and Its
derivates. 2009. 49-64.

Huang J, Li Q, Sun, D, Lu Y, Su Y, Yang X, Wang H, Wang Y, Shao W, He N, Hong J., Chen J.
Biosynthesis of silver and gold nanoparticles by novel sundried Cinnamomum camphora leaf.
Nanotechnology, 2007. 18: 105104-105114.

Cruz D, Rodriguez M, L'opez JM, Herrera VM, Orive AO, Creus AH, Metallic nanoparticles and
surface plasmons: a deep relationship, Avances en Ciencias e Ingenier a. 2012. 3: 67-78.

Poinern GEJ, Chapmn P, Shah M, Fawcett D. Green biosynthesis of silver nanocube using the leaf
extracts from Eucalyptus macrocarpa. 2013. Nano Bulletin. 2: 1-7.

Abdel-Aziz SM, Shaheen MS. El-Nekeety AA, Abdel-Wahhab, MA. Antioxidant and antibacterial
activity of silver nanoparticles biosynthesized using Chenopodium murale leaf extract. Journal of Saudi
Chemical Society. 2014. 18:365-363.

Min DB, Boff JM. Chemistry and reaction of singlet oxygen in foods. Food Science and Food Safety.
2002. 1: 58-72.

Frankel EN. Lipid oxidation. The Oily Press. Dundee, Scotland, 2005.

kK %k Xk %k k


https://www.sciencedirect.com/science/journal/13196103
https://www.sciencedirect.com/science/journal/13196103/19/3

