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 A simple, environmentally friendly, inexpensive, and one-step alternative method was reported 

for the green biosynthesis of silver nanoparticles (AgNPs) operating the Spirogyra sp. extract as a 

reducing and stabilizing substance. Concentration of AgNO3 and reaction time were optimized to 

prepare AgNPs under controlled conditions. The synthesized silver nanoparticles were 

characterized by UV-Vis absorption spectroscopy, fourier transform infrared spectroscopy (FT-

IR), transmission electron microscopy (TEM), energy dispersive X-ray analysis (EDX), and 

elemental mapping. The TEM analysis showed that the average particle size of AgNPs was 18.3 

nm. Structural details of silver nanoparticles elucidated by Selected Area Electron Diffraction 

(SAED) based on TEM images. In addition, biological activity tests were applied to 

nanoparticles and algal extracts to determine antioxidant activity (3 different tests: DPPH (1,1-

diphenyl-2-picrylhydrazil) radical scavenging activity, total phenolic content (TPC) and total 

flavonoid content (TFC)) and α-glucosidase enzyme inhibition. Antioxidant activity and α-

glucosidase enzyme inhibition values of silver nanoparticles are higher than the values of 

Spirogyra sp. extracts.   

 

 

1. Introduction 

High-tech materials advanced on the nano-scale, that 

have many benefits as compared with the research 

performed on the macro-scale, are actively used in many 

fields such as medicine, biotechnology, environment, 

energy, defense industry, textile, electronics and space 

research. Nanotechnology is typically well-known as a 

crucial branch of science that objectives natural and 

synthetic practical materials, that have a size distribution 

on the scale of nanometers (10-9 m) and feature attracted 

the eye of many scientists in the modern century. 

Nanotechnology involves understanding the basic physics, 

chemistry, biology, and technology of nanometer-scale 

materials.  In recent decades, advances in nanotechnology 

have accelerated, with numerous engineered nanoparticles 

(NPs) having outstanding optical, magnetic, catalytic, and 

electrical properties being produced. Thanks to the 

development and diversification of nanoparticles, which 

are at the core of the field of nanotechnology, final 

products with pre-designed functional properties can be 

obtained. Nanostructures are the subject of all 

nanotechnological applications everywhere in nature and 

the dimension of nanoparticles determines their 

characteristic properties [1]. In the context of nanosciences 

and nanotechnologies, it is widely accepted to focus on 

units of size [2]. Nano-sized particles have a larger surface 

area/volume ratio and surface molecule fraction, making 

them unique materials because of  superior 

physicochemical properties like optical property [3], 

magnetic property [4], catalytic property [5], and 

antimicrobial property [6] at the nano-size compared to the 

bulk materials with the same chemical composition [7, 8]. 

Among the nanoparticles, silver nanoparticles (AgNPs) 

are widely used in scientific research due to unique 

predictable properties. About 5000 years ago, people of 

many races such as Greeks and Egyptians used silver to 

keep meals products safe [9]. In many dynasties in ancient 

times, the use of silver ware and utensils for various 

purposes such as eating, drinking, and storage various 

foods were quite common all over the world, in all 

probability because of the information of antimicrobial 

action [10]. It is mentioned in the Indian Ayurvedic 

medicine book known as “Charak Samhita” in the medical 
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literature that some metals such as silver have therapeutic 

potentials. As before, silver utensil is still used for the 

preparation of "panchamrit" in the worship of Hindu 

religion [11]. Also, silver was widely used as an 

antimicrobial agent until the determination of antibacterial 

effect of penicillin by Alexander Fleming 70 years ago. 

Silver nanoparticles (AgNPs) commonly used in 

scientific research, are also preferred in different 

application areas of biomedical material [12], drug 

delivery [13], water treatment [14], agriculture (food 

storage-containers) [15], textile [16], energy [17], 

cosmetic [18] because of their particular properties such as 

good electrical conductivity, antifungal, antimicrobial, 

antiviral, antibacterial, anti-inflammatory, anticancer, 

photoelectrochemical, antibiofilm, and enzyme activity. 

AgNPs are synthesized by numerous strategies, together 

with chemical reduction, impregnation, laser ablation, 

ultrasonic radiation, and explosion. Since the potent 

reducing and capping agents often utilized by the chemical 

methods are deadly to humans, and the environment, there 

is a desire to synthesize AgNPs in additional economical 

and eco-friendly manners. Some chemicals known to be 

toxic, such as sodium borohydride [19], citrate [20] or 

ascorbate [20], are widely used as reducing agents. In this 

classical preparation methods, the usage of several 

synthetic reactants as precursors, diverse of chemicals as 

reducing agent, large quantities of surfactants as 

stabilizing agents and, carcinogenic solvents firstly 

changed into dangerous to the living life, and then the 

future of the world. As a sub-branch of nanotechnology, 

the nanobiotechnology approach based on nanoparticle 

synthesis using herbal extracts, which has made significant 

progress in recent years, arouses interest as a popular 

research area. In this context, the procedures used have a 

green synthesis perspective, thus providing energy savings 

by bringing a very effective and environmentally friendly 

approach compared to classical methods, as well as being 

more cost-effective compared to conventional materials, 

offers a very interesting and innovative alternative to 

researchers working in this field. The production of silver 

nanoparticles by the green synthesis method has also 

paved the way for their use in biological systems.  

The principle of green chemistry was first mentioned in 

the book "Green Chemistry" written by Anastas and 

Warner in 2000 [21]. The book "Green Chemistry" 

contains 12 principles that should be applied to limit the 

release of hazardous chemicals into the environment and 

human exposure to them. The headlines that stand out in 

principles of green chemistry are: -preventing the 

production of waste,- limiting energy usage - need 

materials in synthesis strategies have nominal or no 

toxicity to the surroundings or individual,- Organic 

solvents and auxiliary chemicals should not be used, -

Using Renewable Raw Materials,   - Performing Real-

Time Analysis for Pollution Prevention. Moreover, the 12 

of principles were explained in detail by Gałuszka et al. in 

2012 [22]. The main issue emphasized by both working 

groups is the use of agricultural products as reducing and 

limiting agents. Biosynthesis of AgNPs consist of bacteria 

like Escherichia Coli (E. coli) [23], yeast like 

Saccharomyces cerevisiae [24], fungi like Coriolus 

versicolor [25] and Penicillium brevicompactum [26],  

Algal Species like Caulerpa racemose [27], Gracilaria 

corticata [28] and Laminaria japonica [29] and plant/plant 

extracts like tea [30], Artemisia quttensis [31], Gardenia 

Jasminoides Ellis [32] and P. granatum L. [33]. 

Plants show biological activities because of their rich 

phenolic compounds content. Therefore, besides their use 

as food, plants are also widely used for medicinal purposes 

[34]. One of the applications used to more effective 

biological activity values of plant compounds is to form 

metal nanoparticles from plant compounds [35]. 

Biological activity determination studies on macroscopic 

terrestrial plants are more than other groups of organisms. 

However, algae, which contribute to the primary 

production of aquatic ecosystems, have an important place 

among organism groups in terms of biological activity 

[36].  

Silver nanoparticles are usually formed in the presence 

of AgNO3 salt solution. Ag+ ions originating from the 

silver nitrate salt are first reduced to Ag atoms by reducing 

agents. Then, the reduced Ag atoms create several 

nucleates. Finally, the nucleates carried out in tiny clusters 

grow the particles. The size and shape of the nanoparticles 

can be controlled with the presence of atoms based on the 

concentration ratio of silver salt to reducing agent. The 

present study regarding the synthesis and characterization 

of AgNPs using the aqueous alga Spirogyra sp. and, their 

antioxidant and enzyme activities. This study purpose to 

form a new biological source for the synthesis of silver 

nanoparticles besides evaluating their antioxidant and 

enzyme activities of silver nanoparticles by comparing 

with that of the algal extract. There are limited studies in 

which algae are used as a source for silver nanoparticle 

production. [27-29, 37]. It should be especially noted that 

silver nanoparticles have been synthesized the usage of  

the Spirogyra varians in a study by Salari et al., and the 

antibacterial properties of  was studied  through measuring 

the inhibition zone, MIC and MBC [38].  In our study, the 

algal extracts could be available as reducing and 

stabilizing substance to make stable AgNPs operating a 

green chemistry road as a different method over other toxic 

chemical reducing substance.  
 

2. Materials and Methods 

2.1. Materials 

All chemical compounds are of analytical grade and do 

not need any purification before using in the study. The 
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standart solution of silver nitrate (AgNO3, 1000 mg/L)) 

was bought from Merck. The silver nitrate solutions 

(1mM, 2 mM and 3 mM) were prepared in deionized 

water. The deionized water was achieved by using the 

Sartorius Milli-Q system (arium 611UV; Sartorius AG, 

Göttingen, Germany). Also the filter paper is Whatman 

No. 1.  The chemical for bioactivity tests were purchased 

from Sigma Aldrich (chemicals of DPPH, gallic acid and 

α-Glucosidase enzyme), Merck (chemicals of folin-

ciocalteu and quercetin) and Biosynth Carbosynth (4-

nitrophenyl-α-D-glucopyranoside). 

The algal sample (Spirogyra sp.) was collected from a 

spring in Torul district of Gümüşhane province. The 

collected algal biomass were washed with deionized water 

a couple of times to clear from the dust and particles. Next 

procedure is an drying under the sun to remove the 

ultimate moisture from the algae Spirogyra sp.. The well-

dried algae were easily pulverized by hand crumbling. 

 

2.2. Preparation of Spirogyra sp. extract 

The Spirogyra sp. extract was carried out according to 

the similar methods described earlier with modifications 

[29, 32]. The algal extract was obtained by placing 7.5 g 

of fine powders together with 100 mL of deionized water: 

For the preparation of the algal extract, at first, this 

Spirogyra sp. aqueous solution was heated until boiling. 

After boiling, it was incubated at 60ºC in water bath for 30 

minutes. The mixture changed its color from watery to 

darkish brown. The algal extract was given time to cool 

down to room temperature, filtered using filter paper. 

Also, to take away the suspended particles, this extract was 

centrifuged at 10000 rpm for 10 minutes. The filtrate 

volume was finally maintained to 50 mL with deionized 

water. The stock filtrate of the Spirogyra sp. was stored 

further as a reducing substance for the biosynthesis of 

AgNPs in refrigerator at 4 ◦C.  

 

2.3. Biosynthesis of silver nanoparticles (AgNPs) 

The Spirogyra sp. extract was biologically served as 

reducing substance in the synthesis of silver nanoparticles. 

For the reduction of Ag+ ions, the algal extract was added 

to aqueous solution of AgNO3 (45 mL) and heated at 60 ºC 

under magnetic stirring at 500 rpm/min for 2 h (C-MAG 

HS7 digital magnetic stirrer, IKA Co., Staufen, Germany) 

[29]. The incubation of the reacting solution in a dark place 

protects against the excitation of nanoparticals’ atoms by 

light energy at room temperature.  

In many studies, the effect of different AgNO3 

concentrations on the biosynthesis of AgNPs has been 

studied [18, 23, 33].AgNPs were also synthesized with 

various concentration of AgNO3 (1mM, 2 mM and 3 mM) 

by ensuring the concentration of the extract the same (5 

mL, 7.5% w\v). For all AgNO3 concentrations, the color 

of the reaction mixtures was changed shortly after the 

addition of the algae extract, demonstrating the presence 

of specified reduction reaction. As the reduction reaction 

continues, the initial slightly yellowish color of the 

solution mixture turned to gray, brown and finally reddish 

color. The strong absorbance created by the excitation of 

the nanoparticle surface plasmons causes the change in 

color which was the strongest evidence for the formation 

of the silver nanoparticle [39, 40]. The reduction reactions 

in the formation of silver nanoparticles were observed with 

the changes in their color of the reaction mixtures 

including different AgNO3 concentrations and also were 

spectrophotometrically monitored as a function of time of 

reaction (1 h, 3 h, 24 h, 48 h and 72 h) on a 

spectrophotometer [29,32].  

For the purification of AgNPs, the reaction mixture of 

AgNPs were centrifuged at 10000 rpm for 15 min: The 

aqueous silver nanoparticle solution was centrifuged and 

then the supernatant solution was decanted. The resulting 

pellet was redispersed in deionized water and centrifuged 

again. The process of centrifugation and redispersion was 

iterated three times for the supporting separation of AgNPs 

from the freely available proteins/enzymes. 

 

2.4. Characterization of silver nanoparticles 

UV–vis spectral analyzes were done by Shimadzu UV-

vis spectrophotometer (UV-1800 UV, Japan).  4 mL of the 

aqueous solutions of AgNPs were pipetted into a 1 cm 

quartz cell and subsequently analysed using UV-Vis 

absorption spectrophotometer with a resolution of 1.0 nm 

between 200 and 800 nm at room temperature.  

The surface functional groups of AgNPs were 

investigated by Fourier transform infrared spectroscopy. 

The spectral analyzes were done with Perkin-Elmer 

Spectrum Two FTIR spectrometer in a spectral range of 

400–4000 cm−1 at room temperature. AgNPs was purified 

before FT-IR spectra of was recorded: 20 mL of 

bioreduced AgNPs solution using 1mM AgNO3 after 24 h 

of reaction was centrifuged at 10000 rpm for 15 min. 

Subsequent to the centrifugation, a novel solution mixture 

was prepaired by dispersing the pellet in 20 mL of 

deionized water to remove any proteins/enzyme molecules 

that are freely found in the solution of the silver 

nanoparticles. Three replicates were performed in both the 

centrifugation and the dispersion. Furthermore, FTIR 

spectra of the Spirogyra sp. extract was recorded. The 

aqueous Spirogyra sp. solution was removed from water 

by rotary evaporation before FT-IR spectra of was 

recorded.  

Transmission electron micrographs were performed at 

200 kV by using a Talos F200S microscope (FEI, USA) in 

the Research Laboratory of Bayburt University. 1.5 mL of 

AgNPs solution after 24 h of reaction was removed from 

water by heating at 60ºC. Then, AgNPs was dried with N2 

gas and redispersed with alcohol treating by an ultrasonic 

probe for about 10 s. Two drops of the AgNPs solution was 
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poured on a carbon-coated copper grid. The grid was kept 

at room temperature until the solvent disappeared before 

the morphological images of AgNPs were acquired. 

 

2.5. Antioxidant activity of extract and silver 

nanoparticles of Spirogyra sp. 

2.5.1. DPPH radical scavenging activity 

The DPPH antioxidant activities of extract and silver 

nanoparticle of the algae were measured in three parallel 

based on method of Brand-Williams [41], it was also 

determined sample reagent blanks. In the study, 750 µL of 

100 µM methanolic DPPH radical solution was added onto 

750 µL sample solutions. The mixture was vortexed and 

incubated at room temperature for 60 minutes. At the end 

of the period, it was determined at 517 nm absorbance with 

spectrophotometer. 

 The change of absorbance of DPPH radical in 

different sample concentration was measured. The graph 

was plotted based on absorbance corresponding to the 

concentrations. The results were expressed as the IC50 

value. Lower IC50 values indicate higher radical 

scavenging potential. 

 

2.5.2. Total phenolic content (TPC) 

Total phenolic contents of the extract and the silver 

nanoparticle were determined according to the method of 

Slinkard and Singleton [42] using Folin-Ciocalteu reagent. 

Firstly, 50 µL of the sample (the solution of extract and 

synthesized silver nanoparticle) was diluted with 2.5 mL 

of distilled water. Then 250 µL of 0.2 N Folin-Ciocalteu 

reagent and 750 µL of Na2CO3 (7.5%) was on the mixture, 

respectively. It was vortexed. After the tubes were kept at 

room temperature for 2 h, absorbance values were 

determined at 765 nm. 

The antioxidant standard of gallic acid (500-250-125-

62.5-31.25 µg/mL) was used to draw the standard 

calibration graphic. The amounts of phenolic compounds 

in the samples were calculated in gallic acid equivalents 

(GAE µg/mL). 

 

2.5.3. Total flavonoid content (TFC) 

Method developed by Fukumoto and Mazza [43] was 

applied to determine the flavonoid contents of extracts and 

the nanoparticle. As in the other tests, the sample 

measurments were carried out in three parallels. In 

addition, measurements were also made for sample and 

reagent blanks. First of all, 250 µL equal amounts of 

samples were pipetted into the tubes. Then 2.1 mL of 

methanol was added to all tubes. Finally, 50 µL of 1M 

ammonium acetate (CH3COONH4) and 10% aluminum 

nitrate (Al(NO3)3
.9H2O) were transferred to the tubes, 

respectively, except the sample blank and vortexed. At the 

end of the 40 minutes incubation period, absorbance 

values were read at 415 nm. 

Quercetin was used as the antioxidant standard. 

Quercetin (0.25 mg/mL). It was prepared at six different 

concentrations and absorbance values-concentration 

graphs were drawn. According to the graphic, the total 

amount of flavonoid substance in the samples was 

determined as quercetin equivalent (QAE µg/mL). 

 

2.6. % α-Glucosidase enzyme inhibition 

The α-glucosidase inhibitory activities of extract and 

silver nanoparticle of the Spirogyra sp. were determined 

with modified method which developed by Zhipeng Yu et 

al. [44]. Firstly, 650 μL of phosphate buffer (pH: 6.8 and 

0.1 M)  was transferred onto 20 μL sample in test tubes. 

Then, 30 μL of α-glucosidase enzyme (Saccharomyces 

cerevisiae, lyophilized powder, ≥ 10 units/mg protein) 

prepared in phosphate buffer was added to mixture. After 

that it was incubated at 37 °C for 10 minutes, 75 μL of 

substrate (4-Nitrophenyl-α-D-glucopyranoside) was 

added. This time, the mixture was kept at 37 °C for 20 

minutes, then 650 μL of 1M Na2CO3 was added and the 

reaction was stopped. As in α-glucosidase, the control 

solution was also prepared. Absorbance values of the 

mixture were measured at 405 nm in a UV-vis 

spectrophotometer. The % inhibition values of the samples 

were calculated according to the following Equation (1) 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  [(
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
)] × 100      (1) 

Acontrol: The absorbance value of the control solution 

Asample: Absorbance value of the sample extract 

 

3. Results and Discussion 

3.1. Synthesis and characterization of the AgNPs 

A one-step green chemistry-based approach involving 

the algal (Spirogyra sp.) biosynthesis method was 

performed to synthesis silver nanoparticles (Figure 1). 

When the algal extract was placed in Ag+ solution, the 

colorless mixture became reddish color as Ag+ was 

reduced to silver metal (Ag0) through the algal extract. 

 In this study, the prepared AgNPs was characterized by 

UV-Vis spectroscopy, FT-IR spectroscopy, and 

transmission electron microscopy (TEM).  

After adding the algal extract to the Ag+ solution, the 

formation of AgNPs was visually noticed by the color 

change of the reaction mixtures. At the end of the reaction, 

the transparent color of the silver nitrate solution changed 

to reddish color forming a colloidal dispersion, verifying 

the growth of silver particles. The formation of colloidal 

AgNPs was also confirmed by UV−vis spectroscopy: 

Figure 2 consists of the UV-Vis absorption spectra for both 

the algal extract solution and AgNPs solution.  
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Figure 1. Schematic representation for the green biosynthesis of AgNPs from Spirogyra sp. 

 

The spectra of the algal extract solution indicated the 

absence of an SPR peak. The location of SPR peaks are 

particularly attached to the size and shape of the 

nanoparticles, surface charge and, environmental medium 

conditions. The free electrons belonging to groups such as 

-OH and -COOH as well as -NH2 on the surface of silver 

nanoparticles interact with the incident light in UV-Vis 

spectrophotometry is the most important factor for the 

decision of the SPR particularities of AgNPs. SPR 

emerged when the wavelength of incident light combined 

with the vibration frequency of free electrons, and intense 

absorption peaks were exhibited in UV-Vis spectra. 

Surface plasmon resonance, SPR, to be briefly expressed, 

is a physical phenomenon that develops due to the 

vibrational movements that occur on the metal surface 

when plane polarized light hits a metal surface and is 

reflected. As seen in Figure 2, AgNPs has a SPR 

absorption peak at about 488 nm which has been 

documented for various silver nanoparticles [1, 45, 46]. It 

is well known that Ag nanospheres have only one SPR 

peak. In the study, the synthesized-AgNPs consist of 

spherical- and oval-shaped. In addition to the surface 

plasmon resonance, the other peak at 378 nm may 

attributed to the presence of contaminating proteins in the 

AgNPs solution. In the typical algal (Spirogyra sp.) 

synthesis,three different concentrations of aqueous AgNO3 

solutions (1 mM, 2 mM and 3 mM) were used to prepare 

AgNPs keeping the algal extract concentration constant (5 

mL, 7.5% w\v ). The reduction of the Ag+ at different 

concentrations by the constant amounts of aqueous the 

algal extract were also monitored as a function of time of 

reaction by UV–Vis spectroscopy measurements and the 

spectra obtained are shown in Figure 3. 

So, the changes of SPR absorption peak with the 

concentration of AgNO3 were examined as a function of 

time from Figure 3. In Figure 3a, it was observed that for 

1mM of AgNO3 a broad peak recorded at about 480 nm 

appeared as a shoulder in the UV-Vis spectra after 24 h of 

reaction and increased in intensity and shifted from 480 

nm to 488 nm until 72 h of reaction.  

 
Figure 2. UV−vis spectra of the water-diluted Spirogyra sp. 

extract solution and the synthesized AgNPs solution using 1mM 

AgNO3 at the end of 24 h of reaction 

      

 

   
Figure 3. The reduction of the Ag+ at different concentrations 

by the constant amounts of aqueous Spirogyra sp. extract were 

also monitored as a function of time of reaction by UV–vis 

spectroscopy measurements. The spectra obtained as a function 

of time in the presence of 1mM  (a)  2 mM (b) and 3 mM (c) of 

AgNO3. 
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In addition to the SPR absorption peak corresponding to 

the excitation of longitudinal plasmon vibrations, another 

peak at about 370 nm was also seen due to probably 

contaminating proteins in the presence of 1mM of AgNO3 

that increased in intensity with 8 nm of shift until 72 h of 

reaction. Similar changes in the absorbance band, such as 

increase in intensity and band-shifted, were also observed 

in the presence of 2 mM and 3 mM of AgNO3 (Figure 

3b,c). 

In order to observe which concentration (1 mM, 2 mM 

and 3 mM of AgNO3) would be more appropriate for the 

reduction of Ag+ ion, the absorbance values of synthesized 

AgNPs solutions at about 488 nm were plotted against the 

time of reaction (in Figure 4). From the graph, it could be 

clearly seen that the greatest increase in absorbance of the 

SPR peak were obtained with AgNO3 at 1 mM 

concentration. Choosing the lowest concentration of 

AgNO3 will also be much more useful in terms of less 

silver accumulation in the environment. 

 

 
Figure 4. Time dependent-absorption for the reduction of the 

Spirogyra sp. extract with different values (1.0 mM, 2.0 mM 

and 3 mM) of AgNO3 concentrations at the SPR peak of 488 

nm 

 

 
Figure 5. a) Visual appearance of the beaker containing the 

Spirogyra sp. extract and AgNO3 added the Spirogyra sp. 

extract solution (1mM, 2mM and 3mM). b) UV-Vis spectra 

showing the effect of different conc. of AgNO3 concentration 

on the AgNPs. The reaction time was 24 h 

Furthermore, the color change of AgNPs solution to 

reddish color visually noticed was completed at the end of 

24 h (in Figure 5a) which was determined as ideal reaction 

time. At the end of 24 h of reaction time, the UV-Vis 

spectra showing the effect of different concantration of 

AgNO3 concentration on the AgNPs, could be seen from 

Figure 5b. 

The size, shape, morphology and distribution of AgNPs 

was determined by using the High Resolution 

Transmission Electron Microscopy (HRTEM) technique. 

TEM images of AgNPs reveals that, the nanoparticles have 

two different shapes as spherical or oval shaped (Figure 6). 

Also, the dispersed silver nanoparticles consist of 

spherical- and oval-shaped in variable size. The size is 

substantially ranged between 8.9 and 23.0 nm as shown in 

Figure 6a. The histogram in Figure 6a inset reveals the 

particle size of AgNPs. The average particle size 

determined from 123 dark shaded areas considered to be 

particles in the image in Figure 6a is 18.3 nm.  

 

 

 
Figure 6. TEM image of spherically- and oval- shaped AgNPs 

at 500 nm (a) and 20 nm (b). Inset in (a) is the histogram related 

to the diameter of AgNPs in (a) 
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Figure 7. HRTEM images of AgNPs at 10 nm (a) and of spherically-shaped AgNPs at 2 nm which is marked in red in (a) showing 

fringer spacing of 0.23 nm (b). Inset in (b) is its corresponding SAED 

Selected-area electron diffraction (SAED) and high 

resolution (HR) TEM studies were used to explain the 

crystal structure of the AgNPs. Figure 7a-b showed 

HRTEM images of AgNPs at 10 nm and 2 nm 

magnifications. Well-resolved lattice fringes with an 

interplanar spacing of 0.23 nm of spherical silver were 

verificated by HRTEM measurement (in Figure 7b) 

obtained from the particle which was red-marked in the 

image at 10 nm in Figure 7a.  Also, SAED pattern of the 

particle was given in the inset of Figure 7b.  The SAED 

pattern with bright spots on the rings clearly supported the 

crystalline structure of AgNPs. 

In the energy dispersive X-ray analysis (EDX) analysis of 

AgNPs given in Figure 8  showed a peak of silver which 

was observed at 3 keV from the silver atoms in AgNPs. 

The peak proved the presence of silver nanoparticles. 

Because, metallic silver nanocrystals have a characteristic 

optical absorption peak at about 3 keV [47]. The other 

peaks based on carbon and copper arose because of the 

carbon coated copper grid of TEM. Furthermore, AgNPs 

were also characterized by elemental mapping results 

represent the distribution of elements.   

 
Figure 8. EDX spectrum of AgNPs. Inset the TEM micrograph 

of silver nanoparticles pellet solution for silver elements 

According to elemental mapping results given in Figure 8 

inset, the bright spot in the electron micrograph region of 

synthesized AgNPs proved the elemental silver atom. 

FT-IR spectroscopy measurements were performed to 

reveale the functional groups that bound on the silver 

surface and involved in the biosynthesis of silver 

nanoparticles. The Spirogyra sp. extract displays a number 

of absorption peaks, stating its complex nature. In the FT-

IR spectra of the Spirogyra sp. extract (Figure 9a), the 

intense and broad band in the range of 3500 – 3200 cm-1 

belongs to the O–H stretching, which is usually 

characteristically observed in phenols and hydrogen 

bonded alcohols. Therefore, the peak of 3264 cm-1 stands 

for the stretching vibrations of –OH [48].  

 

 
Figure 9. The FT-IR spectra of  the Spirogyra sp. extract (a) and 

AgNPs (b) 

047         Basoglu and Akar, International Advanced Researches and Engineering Journal 07(01): 041-051, 2023 



 

 
The band of 2935 cm−1 is assigned to the stretching 

vibration of aliphatic C–H bonds from –CH3 and –CH2 

functional groups. The absorption peak at around 1574 cm-

1 could be attributed to the stretching vibration of C=O, 

C=N, and C=C. The stretching vibration of C–N appears 

at 1401 cm-1. The peaks in the 1000-1200 cm-1 region are 

assigned to the stretching vibration of C–O–C group. So, 

the sharp and broad absorption peak of 1025 cm-1 could be 

contributed to the stretching vibration bands of symmetric 

C–O groups such as O=C–O, C–O–C and epoxide. The 

FT-IR study of the algal extract demonstrates the presence 

of –C=O/–C=C/–C=N,  –OH (hydroxyl), C–O/C–N and –

N–H (amine) groups in the algal extract. It is well known 

that this functional groups especially carboxy, hydroxy 

and amide groups take part in the reduction of Ag+ ion to 

metallic silver. 

In case of the silver containing the Spirogyra sp. extract 

(AgNPs), the spectrum (Figure 8b) show medium or strong 

absorption peaks at 3282, 2920, 1627 and 1150/1075/1024 

cm−1 suggesting –OH [48], aliphatic –CH stretching [49], 

C=O stretching frequency [50] and C–O stretching of 

ethers, phenols and epoxide [51]. Comparison of the 

spectra of Spirogyra sp. extract and AgNPs suggested that 

in silver containing the Spirogyra sp. extract (AgNPs) O–

H, C=H stretching frequency shifted from 1574 to 1627 

cm−1 to produce nanoparticles. In case of AgNPs, the 

stretching frequencies of –OH, aliphatic –CH and C=O 

shifted from 3284, 2935 and 1574 cm−1 to 3282, 2920 and 

1627 cm−1, respectively. Otherwise, clearly more 

absorption peaks were formed on broad spectral range of 

1400–1025 cm−1 on AgNPs indicating interactions 

between the silver nanoparticles. 

 

3.2. Antioxidant activity and α-Glucosidase Enzyme 

inhibition of the extract and AgNP of Spirogyra sp. 

Determination of antioxidant activity (or capacity) of 

samples of various is based on different methodologies and 

assays. In the study were used three antioxidant activity 

methods with different mechanisms. The antioxidant 

activity values of the Spirogyra sp. extracts for DPPH 

TPC, TFC tests were determined as 21.78 (mg/mL IC50), 

80.03 (GAE µg/mL) and 0.015 (QAE µg/mL), 

respectively. The values in the silver nanoparticles 

(AgNPs) were also measured as 17.20 (mg/mL IC50), 

97.61 (GAE µg/mL) 0.027 (QAE µg/mL). In addition,  

values of % α-glucosidase enzyme inhibition were 

determined as 44.70 in the algal extract and 63.50 in silver 

nanoparticules (Table 1).  

Antioxidant activity and α-glucosidase enzyme inhibition 

values of silver nanoparticles are higher than algal 

extracts. Bedlovičová et al. [52]  pointed out that 

antioxidant activity values of silver nanoparticles were 

always not higher than plant extracts. The higher 

antioxidant activity of silver nanoparticle than plant 

extracts may be associated with content and the amount 

and variety of chemical compounds of the plant. In one 

study, silver nanoparticles were synthesized using various 

phenolic compounds (such as flavonoids, benzoic acids, 

cinnamic acids). The antioxidant capacities of structurally 

different phenolic compounds were evaluated. The 

hydroxylation of the aromatic ring appeared to play an 

important role in forming silver NPs. The high degree of 

hydroxylation in the chemical structures of phenolic 

compounds showed a high radical scavenging capacity and 

a tendency to reduce Ag+ to AgNPs [53]. α-glucosidase 

enzyme is a key enzyme for non-insulin treatments of 

diabetes because of that it catalyzes the final step in the 

digestion process of carbohydrates [54]. Some studies 

indicated that plant silver nanoparticles have remerkable 

α-glucosidase enzyme inhibition [55, 56]. 

 

4. Conclusion 

Silver nanoparticle synthesis is based on the reduction 

procedure performed by a chemical or biological reducing 

agent. Biosynthesis of AgNPs consist of bacteria, yeast, 

fungi, algal species and plant/plant extracts. In this study, 

the Spirogyra sp. extract was considered as an appropriate 

substance for the green biosynthesis of AgNPs.  The algal 

extract acted as both a reducing and stabilizing agent. The 

green approach, based on silver nanoparticle synthesis 

using the Spirogyra sp. extracts, is highly remarkable in 

terms of being energy-saving (heated at only 60 ºC for 2 

h), more cost-effective (not require any commercial 

chemicals other than AgNO3)  and environmentally 

friendly (carry out in an aqueous medium without the use 

of any toxic chemicals and organic solvents). The UV-vis 

spectra primarily showed that AgNPs has a SPR 

absorption peak at about 488 nm. The concentration of 

AgNO3 and reaction time were optimized to prepare 

AgNPs. So, the greatest increase in absorbance of the SPR 

peak of AgNPs were obtained with AgNO3 at 1mM 

concentration. Choosing the lowest concentration of 

AgNO3 is much more useful in terms of less silver 

accumulation in the environment. The color change of 

AgNPs solution to reddish color visually noticed was 

completed at the end of 24 h which was determined as ideal 

reaction time. FTIR spectroscopy confirmed the surface 

modification of the Spirogyra sp. extract and AgNPs by 

water-soluble biomolecules.  

The FT-IR study of the Spirogyra sp. extract 

demonstrates the presence of –C=O/–C=C/–C=N,  –OH 

(hydroxyl), C-O/C-N and –N-H (amine) groups in the 

Spirogyra sp. Extract [17, 23, 26]. This functional groups 

take part in the reduction of Ag+ ion to metallic silver. 

TEM images of AgNPs reveals that, the nanoparticles have 

two different shapes as spherical or oval shaped. The 

analysis of TEM confirmed that the average particle size 

of AgNPs was 18.3 nm.
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Table 1.  Enzyme inhibition and antioxidant activity of the Spirogyra sp. extract and AgNP 

Samples Enzyme inhibition Antioxidant activity 

 % α-Glucosidase DPPH 

(mg/mLIC50) 

TPC 

(GAE µg/mL) 

TFC 

(QAE µg/mL) 

Spirogyra sp. extract 44.70 ± 0.12 21.78 ± 0.11 80.03 ± 0.19 0.015 ± 0.01 

AgNPs 63.50 ± 0.23 17.20 ± 0.07 97.61 ± 0.27 0.027 ± 0.03 

Well-resolved lattice fringes with an interplanar spacing 

of 0.23 nm of spherical silver were verificated by HRTEM 

measurement. The SAED pattern with bright spots on the 

rings clearly supported the crystalline structure of AgNPs. 

EDX analysis of AgNPs showed that the peak at 3 keV 

from the silver atoms proved the presence of silver 

nanoparticles. Furthermore, the elemental mapping results 

of AgNPs represented the distribution of elements. 

According to this results, the bright spots in the electron 

micrograph region of AgNPs proved the elemental silver 

atom. 

The antioxidant activity values of the algal extracts for 

DPPH TPC, TFC tests were determined as 21.78 (mg/mL 

IC50), 80.03 (GAE µg/mL) and 0.015 (QAE µg/mL), 

respectively. In addition, the values of the same tests were 

measured as 17.20 (mg/mL IC50), 97.61 (GAE µg/mL) 

0.027 (QAE µg/mL) for AgNPs. Furthermore,  values of 

% α-glucosidase enzyme inhibition were determined as 

44.70 in the Spirogyra sp. extract and 63.50 in AgNPs. 

Antioxidant activity and α-glucosidase enzyme inhibition 

values of silver nanoparticles are higher than the values of 

Spirogyra sp. extracts. 
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Nomenclature 

AgNPs : Silver nanoparticles 

FT-IR : Fourier transform infrared spectroscopy  

TEM : Transmission electron microscopy  

EDX : Energy dispersive X-ray analysis  

SAED : Selected area electron diffraction  

DPPH : 1,1-diphenyl-2-picrylhydrazil 

TPC : Total phenolic content  

TFC : Total flavonoid content  

UV-Vis : Ultraviolet–visible  

IC50 : Half-maximal inhibitory concentration 

GAE : Gallic acid equivalent 

MIC : Minimum inhibitory concentration  

MBC : Minimum bactericidal concentration  

QAE : Quercetin antioxidant equivalent 
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