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Abstract. The purpose of this study was to characterize AgNP, and determine
antioxidant and antibacterial activities. This research is exploratory descriptive
research. The characterizationmethod usedPSA (Particle SizeAnalysis) andFTIR
(Fourier Transform Infrared Spectroscopy). The antioxidant activity method uses
the DPPH (1.1-diphenyl-2-picrylhydrazyl). The antibacterial activity test used the
inhibition zone test with paper disc diffusion (Kirby and Bauer Method), the MIC
test used the tube dilution method, and the MBC test used the total plate count
method. The results of the research onPSAcharacterization showed that character-
ization AgNPs Gelidium spinosum has a size of 107.1 nm, while the FTIR results
showed that AgNPsG. spinosum had 7 spectral peaks at wave numbers 466.37 and
534.83(-(CH2)n), 714.11 and 874.27 (C-H aromatic rings), 1035.43 (C-O alco-
hols, ethers, carboxylic acids, and esters), 1406.24 (C-H alkanes), 1644.42 (C=C
alkenes), and 3323.07 (O-H hydrogen bonds in alcohols and phenols). The results
of the antioxidant activity of AgNPsGelidium spinosum an IC50 value of 18.34±
5,147 ppm, while the antibacterial inhibition zone test on the sample of AgNPsG.
spinosum against E. coliwas included in the strong category with an average value
of the diameter of the inhibition zone 10.18 mm different from the others sam-
ple in the medium category. The results of the minimum inhibitory concentration
(MIC) inG. spinosumAgNPs were 18.75 ppm, while theG. spinosum extract was
37.5 ppm. The result of theminimumbactericidal concentration (MBC) onAgNPs
G. spinosum was 18.75 ppm, and the extract of G. spinosum is 37.5 ppm. Based
on the results of this study AgNPs Gelidium spinosum had strong antioxidant and
antibacterial activity against gram-positive and gram-negative bacteria.
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1 Introduction

Indonesia has goodmarine potential to be developed, one of which is seaweed. Indonesia
contributed nearly 40%of theworld’s seaweed.Meanwhile, according to trademap data,
Indonesia became the first seaweed exporting country with a contribution of 30% of total
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world exports, about 213 thousand tons.Most of the red algae are easily found in shallow
ocean waters and public waters. Red algae usually live in warm temperatures in tropical
areas such as Indonesia, one of which is the algae Gelidium spinosum [1, 2]. Gelidium
spinosum has the characteristics the fibrous holdfast, and talus cylindri, some talus has
branches such as small protrusions. The thallus has a curved, pointed tip and some are
rounded, and is purplish-red to deep purple [3, 4].

Algae has secondary metabolites and pigments. One of the secondary metabolites
contained is a phenol, terpenoid, and tannin group. Phenol compounds have an efficient
antioxidant role [5, 6].

The natural antioxidants in plants are obtained from phenols and their derivatives,
such as flavonoids, coumarins, derivatives of hydroxamic compounds, tocopherols, and
organic acids [7]. These metabolites have also been reported to have antibacterial,
cytotoxic, antitumor, antiviral, and antifungal activities [8] Steroids and tannins can
inhibit bacterial growth by changing the permeability of the bacterial cell membrane,
microsomes, and lysosomes so that bacteria will lysis or be destroyed [9, 10].

Based on the potential of these macroalgae, many technologies are being developed
that can utilize natural resources through technology are nanoparticles. Nanoparticle
technology can be used widely in various fields such as biomedical, ecosystem, elec-
tronics, and cosmetics [11] Nanoparticles have the advantage of increasing the affinity
of the system, which is caused by increasing the contact surface area [12]. The a nano-
size of ± 1–100 nm. This nanomaterial has a slightly different character than the pure
material [13].

Nanoparticles are a good delivery system, canward off excessmoisture, good absorp-
tion, and can increase the penetration of active substances. One type of nanomaterial
that is often used in the research is silver nanoparticles [14]. Green synthesis is one of a
method for synthesizing nanoparticles using metabolite compounds in plants as biore-
ductants. Extraction of plant will obtain enzymes, proteins, flavonoids, and terpenoids
as bioreducing and stabilizer agents for nanoparticles [15] Silver nanoparticles also have
more effective antibacterial agents than zinc, copper, and titanium. This is due to the
highly reactive nature of silver ionization so that it can bind to proteins on cell walls and
bacterial cell membranes so cells will be damaged and die. The research also produced
AgNPs that were synthesized from the Gelidium amansii which can effectively inhibit
the growth of various gram-negative bacteria (P. aeruginosa, V. parahamolyticus, E. coli
and A. hydrophila) and gram-negative bacteria (B. pumilus and S. aureus) [16].

FTIR (Fourier Transform Infrared Spectroscopy) analysis is used to identify the
functional groups present in a compound. The wavelength of the absorbed light is an
important feature of chemical bonds which can be seen by annotating the spectrum. The
spectrum formed from the absorption of infrared waves to determine chemical bonds in
a compound under study [17]. The infrared spectrum is generated from the transmission
of light that passes through the sample, measuring the light intensity with a detector and
comparedwith the intensity without the sample as a function of wavelength. The infrared
spectrum obtained is then plotted as a function of energy intensity, wavelength (µm) or
wave number (cm−1). FT-IR has advantages such as high sensitivity and speed, increased
optical output, activating all frequencies measuring metabolites simultaneously, and
efficient data interpretation (Selamat et al., 2021) [18, 19].
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The research about the characteristics of antioxidant and antibacterial tests on silver
nanoparticles (AgNPs) using the Gelidium spinosum red algae has never been encoun-
tered before, so this research needs to be carried out with the purpose of testing the
physical and phytochemical characterization using PSA (Particle Size Analyzer) and
FT-IR (Fourier Transform Infrared Spectroscopy) to determine the functional groups
of algae nanoparticles (AgNPs) and for determining the antioxidant and antibacterial
activity of silver nanoparticles synthesized using the Gelidium spinosum red algae.

2 Material and Method

Thematerials used in this studywere dry algae ofGelidium spinosum (fromalgae farmers
in Pangasan Beach, Pacitan, East Java), Silver nitrate (AgNO3) (Merck), distilled water,
DPPH solution, ascorbic acid, isolates of Staphylococcus aureus and Escherichia coli
bacteria. The results of sub-cultures from the Microbiology Laboratory of UINMalang,
NB (Nutrient Broth) media, NA (Nutrient Agar) media, BaCl2.2H2O 1.175%, H2SO4
0.36 N, plastic wrap, aluminum foil, cotton, gauze, 70% alcohol, absolute ethanol, and
chloramphenicol.

2.1 Extraction of Gelidium Spinosum

The algae extraction used a research reference by Rajivghandi et al., (2020) with a
modification, the algae Gelidium spinosum is dried, then cut into small pieces, put in
a blender, and mashed. Then filtered through a 0.01 mm Whatmann. Samples were
weighed as needed (10 g). After that, the sample was dissolved with 100 ml of distilled
water (1:10 g/ml ratio). Then homogenized with a stirrer at a temperature of 30 °C for
± 15 min. It was put into a 15 ml tube and centrifuged at 4000 rpm at 4 °C for 15 min.
After that, the supernatant was taken from the extraction of Gelidium spinosum.

2.2 Synthesis of Silver Nanoparticles (AgNPs) Gelidium spinosum

The synthesis of silver nanoparticles with a modification, taking 100 ml of 1 mM silver
nitrate (AgNO3) and 100 ml of Gelidium spinosum algae extract (1:1 ratio). The color
change was observed after 1 h when the solution turned yellow-brown at room temper-
ature, indicating that nanoparticles had been formed. Then the solution was centrifuged
for 30 min at 20 °C. Then the centrifuged pellets were dried in an oven at 45 °C for
24 h and then the pellets were pulverized, the AgNPs Gelidium spinosum ready for
characterization, antioxidant and antibacterial tests [9].

2.3 Physical Characterization Using PSA (Particle Size Analysis)

The procedure in the particle size characterization used the PSA (Particle Size Analysis),
the first PSA tool is heated for about 20 min. After that, turn on the computer device that
is connected to the tool. Then start to make settings on the tool. The standard solution of
20 dilutions was shaken using a vortex mixer for ±1 min. Then put it in a clean cuvette
until it is filled 2/3 of the cuvette. After that, the cuvette containing the standard solution
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is inserted into the tool and closed with a sensor. Before beingmeasured, the temperature
is conditioned first at 25 °C by pressing the “Temp.Panel” menu. The standard starts to
be measured by pressing the “Auto1” menu. Then the tool will automatically measure
the size of the particle as much as six times the measurement. The same procedure was
carried out for standard solutions of 200 dilutions and 2000 dilutions. The next procedure
uses an automatic method with a sharp distribution form. The procedure is the same as
in the first automatic method, but the distribution graph settings are replaced with sharp
shapes [10].

2.4 Characterization of Function Groups Using FT-IR (Fourier Transform
Infrared Spectroscopy)

The characterization of the functional groups of silver nanoparticles using FT-IR. The
silver nanoparticle was centrifuged at 3500 rpm for 15 min, after which the pellet was
re-dispersed in deionized water. The processes of centrifugation and redispersion with
deionizedwater were repeated three times to ensure a better separation of the free entities
ofmetal nanoparticles. The purified pelletswere then dried and powderedwith potassium
bromide for FT-IR spectroscopic measurements. The spectrum is recorded using FT-IR
and the transmittance mode operates at a resolution of 4/cm [20, 21].

2.5 Antioxidant Activity

Testing of antioxidant activity used DPPH method with modifications [22]. First, the
concentration series was determined, then 500 µl of sample solution (50 ppm, 100 ppm,
150 ppm, 200 ppm, and 250 ppm) and 500 µl of DPPH solution were taken into the
tube and made with 3 replications. Then the solution was incubated at room tempera-
ture for 30 min in the dark. Then read the absorbance of the solution using a UV-Vis
spectrophotometer at a wavelength of 517 nm and the reading was repeated 3 times [23].

Preparation of a serial solution for ascorbic acid (positive control) was carried out as
a standard by making a stock solution of ascorbic acid by dissolving 0.5 mg of ascorbate
in 100ml of distilled water. The concentrations tested were 2 ppm, 4 ppm, 6 ppm, 8 ppm,
and 10 ppm, so the volume of ascorbate taken was 40 µl, 80 µl, 160 µl, and 200 µl and
dissolved in distilled water up to 10 ml. This antioxidant test using the DPPH method is
then calculated using the following formula:

% inhibition = A blanko− A sampel

A blanko
× 100% (1)

2.6 Antibacterial Activity

The test of the inhibition zone of S. aureus and E. coli with several modifications, using
the Kirby and Bauer method [24]. Then the disc paper was inserted into 200 µl of the
sample with several levels of concentration (25 ppm, 50 ppm, 75 ppm, and 100 ppm) and
soaked for about 30 min. After that, the paper discs were placed on the surface of solid
agar (NA) media which had been given a bacterial suspension solution and incubated at
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37 °C for 24 h. The test was repeated 3 times. Then the clear zone that appears around the
paper disc is observed and its diameter is measured with a caliper and recorded and then
entered into the table and the average inhibition zone is calculated with the following
formula [21]:

Inhibitory zone diameter = Clear zone diameter− Paper disc diameter (2)

The MIC test method was carried out by tube dilution method using sterile test
tubes containing NB (Nutrient Broth) media with several modifications [16, 25], 200 µl
of Gelidium spinosum AgNPs solution was included in the first well. Then, gradual
dilutions were carried out (75 ppm; 37.5 ppm; 18.75 ppm; 9.375 ppm; 4.6875 ppm, and
2.34375 ppm) by taking 100 l of the test solution from the first well and adding it to
the next well which was filled. 100 µl of NB medium successively up to the last tube.
Next, the microbial suspension was adjusted with Mac solution. Farland 0.5 was added
to all wells as much as 100 µl and incubated at 37 °C for 24 h. The lowest concentration
of antibacterial in clear wells indicated that there was no bacterial growth and was
reported as a MIC result. Furthermore, the MBC test was carried out by inoculating the
suspension from each well as much as 100 µl with the pour plate method on NA media
and carried out three times. Then, it was incubated at 37 °C for 24 h. The minimum
concentration of wells that did not contain bacterial growth was reported as the result
of MBC. Furthermore, the number of bacterial colonies was calculated using a digital
colony counter and entered into the Total Plate Count with the following formula:

�cell = �colony × 1

fp
(3)

3 Result and Discussion

3.1 Physical Characterization Using PSA (Particle Size Analyzer)

The particle size distribution of silver nanoparticles (AgNPs) formed in this study had an
average size of 107.1 nm after analysis using the Particle SizeAnalyzer (PSA), which can
be seen in Fig. 1. This shows that the red algae extract Gelidium spinosum can produce
silver nanoparticles. By following the opinion of Ahdyani et al., (2020) that particles
measuring 10–1000 nm can be called nanoparticles. The treatment carried out during
the manufacture of nanoparticles can affect the size and shape, such as temperature,
AgNO3 concentration, pH, and the method used. Mustari, et al., (2019) added that
plant extraction will obtain enzymes, proteins, flavonoids, and terpenoids as bioreducing
agents and stabilizer agents in the synthesis of nanoparticles [26].

3.2 Characterization of Function Group Using FTIR (Fourier Transform
Infrared Spectroscopy)

The results of the functional group characterization using FT-IR on all samples on
Gelidium spinosum nanoparticles, Gelidium spinosum extract and AgNO3 based on



50 E. S. Savitri et al.

the wave absorption values are presented in the form of a spectrum graph as shown in
Fig. 2.

Based on the functional groups in the FITR results onAgNPs andGelidium spinosum
extract (Fig. 2) it is known that there are several functional groups whose spectra shifted
but not too widely, namely (529.12 to 534.83), (713.11 to 714.11), (1032.58 to 1035.43),
(1404.82 to 1406.24), (1641.57 to 1644.42) and (3311.66 to 3323.07). In addition, there
are functional groups that are not found in nanoparticles but are found in Gelidium
spinosum extract, namely in spectrum 1143.82 which shows the C-O-C ether func-
tional group, and spectrum 2926.59 which shows the C-H alkane functional group. All
functional groups contained in AgNPs Gelidium spinosum are also found in Gelid-
ium spinosum extract. Examples are the C-H aromatic functional groups and the O-H
alcohols and phenols. These functional groups are the constituents of flavonoid com-
pounds and their derivatives. According to Harborne (2006) functional groups of polar
compounds such as functional groups C-H aromatic and O-H alcohol will be easily
dissolved by polar solvents [17]. By following the opinion of Alfaridz (2018) that two
aromatic groups combined by a carbon bridge (C6-C3-C6) become the basic structure

Fig. 1. Particle Size Distribution of AgNPs Gelidium spinosum

Fig. 2. Spectrum peak values of FTIR A) Gelidium spinosum extract; B) AgNPs Gelidium
spinosum; C) AgNO3
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of flavonoid compounds [27]. Flavonoid derivatives are produced by a combination or
interaction between the structure of the aromatic functional group with other groups.
The flavonoids have antibacterial, anti-inflammatory, antioxidant, and cytotoxic activity
[28].

The results of the phytochemical characterization of AgNO3 using FTIR are pre-
sented in Fig. 2 in the form of an IR spectrum graph with different peak values. Based
on the results of these peak values, it shows that there are C=O acyl halide and S=H
sulfur groups in AgNO3 compounds that are not present in the peak values of Gelidium
spinosum nanoparticles. This indicates that both groups were reduced by bioactive of
Gelidium spinosum during the synthesis of silver nanoparticles. The FTIR results on
AgNO3 showed that there were missing peaks, are the amine and thiocarbonyl groups
because they were reduced by a capping agent from the bioactive plant compound
Reinwardtia indica [29].

3.3 Antioxidant Activity

Based on the results of the tests carried out, the results obtained are different IC50 values
between nanoparticles and Gelidium spinosum extract shown on Table 1.

Table 1 shows that the IC50value ofGelidiumspinosum silver nanoparticles (AgNPs)
is 18.34± 5.147 ppm,which is smaller than the IC50 value ofGelidium spinosum extract
of 19.57 ± 6.051 ppm, but larger than the positive control in the form of ascorbic acid,
which is 1.808 ± 0.0067 ppm. The results of Gelidium spinosum silver nanoparticles
(AgNPs) are included in the very strong category, so it can be said that the formation of
Gelidium spinosum AgNPs can increase antioxidant activity in degrading free radicals.
The IC50 value of Gelidium spinosum AgNPs has a lower value than the extract, this
is due to the effectiveness of nanoparticles in degrading DPPH molecules so that their
antioxidant activity is stronger than the extract form. The principal of the DPPHmethod
is that the lower the IC50 value, the greater role of antioxidants. The radical in DPPH
is organic nitrogen, which is dark purple in color, when it is reduced it will turn yellow
[30].

That bioactive compounds in plants or algae can be capping agents and catalysts to
produce high antioxidant activity so that silver nanoparticles have better activity when
compared to non-nano particles or extracts [31]. That certain functional groups contained
in bioactive compounds can be attached to the AgNP surface, thus AgNP becomes stable
[32]. The synthesized silver nanoparticles (AgNPs) showed potential antioxidant activity
through the DPPH test [33]. These AgNPs also show potential antibacterial activity

Table 1. Antioxidant activity of AgNPs, Extract, and Ascorbic Acid

SAMPLE IC50 (ppm) CATEGORY
(Febrianti, et al., 2017)

AgNPs 18.34 ± 5.147 Very Strong

Extract 19.57 ± 6.051 Very Strong

Ascorbic acid 1.808 ± 0.0067 Very Strong
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against pathogenic bacteria, so it clearly shows that the AgNPs produced by green
synthesis can produce effective antioxidants as well as antibacterial agents. The results
showed that the antioxidant potential of AgNPs increased from 5–15% concentration.

3.4 Antibacterial Test

The antibacterial tests in this research included the zone of inhibition test, the minimum
inhibitory concentration test (MIC), and the minimum bactericidal concentration test
(MBC). The results of the inhibition zone test are presented in Table 2.

Based the results of the inhibition zone test in Table 2 and Fig. 3, it shows that
the highest average diameter of the inhibition zone is found in Gelidium spinosum
nanoparticles (AgNPs) inhibit E.coli bacteria with a value of 10.18 mm which belongs
to the strong category compared to the other samples. The diameter between 10–20 mm
is included in the strong category. Samples of Gelidium spinosum nanoparticles inhibit
S.aureus,Gelidium spinosum extract inhibitE.coli andGelidium spinosum extract inhibit
S.aureus had an inhibition zone diameter of a medium category with a successive value
of 6.50 mm 8.34 mm, and 8.28 mm. The diameter of the barriers ranging from 5–10 mm
is included in the medium category [34].

Ibrahemm et al., (2016) in their research also stated that AgNPs synthesized using
the algae Acantophora specifera could inhibit E.coli bacteria indicated by an inhibition
zone value of 19.5 mm with a strong category [35]. This is because AgNPs compounds
can degrade bacterial cell membranes by absorption of silver ions by bacteria, which
is followed by disruption of ATP formation in the process of metabolism and DNA
replication and direct damage to bacterial cell membranes. In addition, another factor
that allows for increasing the antibacterial activity of nanoparticles is the role of silver.
The silver nanoparticles have been used as a detector, catalyst, surface coating agent,
and antibacterial. It also has stable properties and potential applications in antibacterial
agents, catalysts, and optical sensor detectors [36].

Table 2. Inhibition zone diameter of extract Gelidium spinosum, AgNPs Gelidium spinosum,
chloramphenicol dan aquadest

No Sample Bacteria Inhibition zone (mm) Category
[34]

1. Extract Gelidium spinosum E.coli 8,34 Moderate

2. Extract Gelidium spinosum S. aureus 8,28 Moderate

3. AgNPs Gelidium spinosum E.coli 10,18 Strong

4. AgNPs Gelidium spinosum S. aureus 6,50 Moderate

5. chloramphenicol E.coli 13,52 Strong

6. chloramphenicol S. aureus 13,23 Strong

7. Aquadest E.coli 0,00 None

8. Aquadest S. aureus 0,00 None
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Fig. 3. Inhibition zone diameters a) Extract Gelidium spinosum against E.coli; b) Extract Gelid-
ium spinosum against S.aureus; c) AgNPs Gelidium spinosum against E.coli; d) AgNPs Gelid-
ium spinosum against S.aureus; e) Chloramphenicol against E.coli; f) Chloramphenicol against
S.aureus; g) Aquades against E.coli; and h) Aquadest against S.aureus

Samples of E.coli and S.aureus bacteria had different average diameters of inhibition
zones, both in the extract, Gelidium spinosum nanoparticles, and chloramphenicol. The
samples tested inhibit E.coli bacteria had a larger diameter of inhibition zone than the
samples with S.aureus. This is due to differences in the structure of the bacterial cell
walls between gram-positive and gram-negative bacteria. The cell walls of gram-positive
bacteria are composed of peptidoglycan which is simpler than gram-negative bacteria,
so that antibacterial substances are easy to penetrate the cell wall and interfere with
bacterial metabolism which will cause the bacteria to lyse and die [37].

The minimum inhibitory concentration test is used to identify the concentration that
is effective in inhibiting the growth of microorganisms. The way to observe the MIC test
is to observe the number of bacterial colonies that grow [38]. The results of the minimum
inhibitory concentration test are presented in Table 3.

Based on the data from the MIC test results presented in Table 3 it is known that
Gelidium spinosum nanoparticles inhibit E.coli and S.aureus bacteria have a minimum
inhibitory concentration of 18.75 ppm,while samples ofGelidium spinosum extract have
a minimum inhibitory concentration of 37.5 ppm. This is known from the observation of
the clarity of the test solution. The turbidity will be seen in the tube that does not contain
antibacterial substances so that the bacteria are still alive, while the black line visible
on the negative control tube is still visible (clear) because the tube does not contain
antibacterial substances [39]. Gelidium spinosum has alkaloids, saponins, phenolics,
and flavonoids that have the potential as antibacterial [40]. Then according to the silver
nanoparticles are antibacterial against gram-positive andgram-negative bacteria, because
silver ions (Ag+) easily penetrate bacterial cell walls so that even in small concentrations
they can inhibit bacterial growth [41].
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Table 3. Minimum inhibitory concentration of samples

Sample Bacteria Concentration (ppm)

75 37,5 18,75 9,375 4,375 2,34375

AgNPs G.spinosum E. coli - - - + ++ +++

AgNP G.spinosum S. aureus - - - ++ ++ ++

Extract G.spinosum E. coli - - + + ++ ++

Extract G.spinosum S. aureus - - ++ ++ ++ +++

Chloramphenicol E. coli - - - - - -

Chloramphenicol S. aureus - - - - - -

Aquadest E. coli ++ ++ ++ +++ +++ +++

Aquadest S. aureus ++ ++ ++ ++ +++ +++

(-) trasnparent; (+) low roily; (++) roily; (+++) very roily

This minimum bactericidal concentration test was carried out to determine the small-
est concentration of antibacterial substances that could kill 99.9% of the total colonies in
the final inoculum that appeared after incubation for 24 h [39]. The results of the MBC
test are presented in Table 4.

Based on the data from the MBC test results in Table 4, it shows that the minimum
bactericidal concentration of E.coli and S.aureus bacteria in the Gelidium spinosum
nanoparticle (AgNPs) sample is 18.75 ppm, while for the Gelidium spinosum extract
sample is 37.5 ppm. Samples of nanoparticles and also extracts of Gelidium spinosum
have antibacterial activity when viewed from the results ofMBC even though at different
minimum concentrations, this is because there are antibacterial substances present in the
sample, causing bacteria to be inhibited or even die.

The presence of phenol in the algae Gelidium spinosum causes the microbial cell
membrane to be damaged, so that antibacterial substances will enter the bacteria and
interfere the activity of peptidoglycan transpeptidase, and ultimately cause the bacteria
to lyse [1, 42]. In addition, silver nanoparticles also play a role in killing bacteria. The
silver nanoparticles will stick to the cell membrane and penetrate bacterial cells so that
they will interfere with bacterial metabolism. In addition, the antibacterial mechanism
of silver nanoparticles is molecular, namely the interaction between silver ions and
sulfhydryl thiol groups in proteins. Silver ions will replace hydrogen cations (H+) from
sulfhydryl thiol groups to produce more stable S-Ag groups on the surface of bacterial
cells. This can inactivate proteins, decreasemembrane permeability, and lead the cellular
death [36].
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Table 4. Minimum Bactericidal Concentration (MBC)

Sample Bacteria Concentration (ppm)

75 37,5 18,75 9,375 4,375 2,343

AgNPs G.spinosum E. coli 0 0 0 X X X

AgNPs G.spinosum S. aureus 0 0 0 X X X

Extract G.spinosum E. coli 0 0 X X X X

Extract G.spinosum S. aureus 0 0 X X X X

Chloramphenicol E. coli 0 0 0 0 0 0

Chloramphenicol S. aureus 0 0 0 0 0 0

Aquadest E. coli 1,36 x 104 1,7 x 104 X X X X

Aquadest S. aureus X X X X X X

X = too much to count (> 250 colonies)

4 Conclusion

Red algae extract Gelidium spinosum can be a bioreductant in the synthesis of silver
nanoparticles (AgNPs) which produces nanoparticles with an average size of 107.1 nm
based on the results of PSA (Particle Size Analyzer) testing. This is because in the
Gelidium spinosum red algae there are chemical compounds or secondary metabolites
such as terpenoids and flavonoids that can be used as bioreductants.

Functional group characterization using FTIR resulted in 8 peak values on AgNPs
Gelidium spinosum, namely –(CH2)n functional group, C-H aromatic ring, C-O alcohol,
ether, carboxylic acid and ester, C-H alkane, C=C alkene, and O-H hydrogen bonds
in alcohol and phenol. There are two functional groups are reduced by Ag+ ions in
the synthesis of AgNPs Gelidium spinosum, namely the C-O-C ether and C-H alkane
functional groups. As for the extract, there are aromatic O-H, C-H, and C=C groups
which indicate that there are flavonoid compounds as bioreductants of AgNPs.

Antioxidant activity of AgNPs Gelidium spinosum has inhibitory activity with IC50
value with a value of 18.34 ± 5.147 ppm classified as very strong category. The antiox-
idant activity of silver nanoparticles (AgNPs) of Gelidium spinosum algae was stronger
than that of the extract although it was still in the same category, which was very strong.
This is because silver nanoparticles have a high surface expansion yield to provide
maximum contact with the environment.

AgNPs Gelidium spinosum can inhibit E. coli bacteria are included in the strong
category with an average inhibition zone diameter of 10.18 mm, compared to the extract
samples. The results of MIC and MBC on AgNPs Gelidium spinosum were 18.75 ppm,
while that of G. spinosum extract was 37.5 ppm. This indicates that AgNPs Gelidium
spinosum has a stronger antibacterial activity than G. spinosum extract.
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