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ABSTRACT. The development of cost-efficient and sustainable methods for 
the synthesis of nanomaterials still remains a scientific challenge. The aim 
of this study was to investigate the green synthesis of silver nanoparticles 
using aqueous extract of Galium verum L. (GV) as a potential source of 
biomolecules able to reduce the silver ions and stabilize them. Reaction 
parameters such as concentrations of AgNO3, extract to AgNO3 ratio, 
temperature, pH, and reaction time were optimized. The synthesis of silver 
nanoparticles (GV-AgNPs) using different parameters was monitored by 
ultraviolet-visible spectroscopy (UV-Vis). Fourier transform infrared spectroscopy 
(FTIR) results showed the presence of functional groups that act as reducing 
agents and stabilize the GV-AgNPs. Atomic force microscopy (AFM) confirmed 
that the particles were round-shaped with a diameter of about 25 nm. The 
GV-AgNPs show different antimicrobial activity depending on the type of 
sample and depending on the microbial strain tested. 
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INTRODUCTION 

The production techniques of metallic nanoparticles and their applications 
made nanotechnology one of the most studied fields in the last decades [1, 2]. 
Metal nanoparticles have attracted considerable attention due to their diverse 
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applications in different fields such as biomedicine (fast diagnosis, imaging, 
tissue regeneration drug delivery, and development of new medical products) [3], 
catalysis [4], and electronics [5]. Generally, the synthesis of silver nanoparticles 
is carried out using physicochemical techniques such as autoclaving [6], 
gamma-ray radiation [7], and use of microemulsions [8], electrochemical 
techniques [9], chemical reduction [10], laser ablation [11], microwave 
irradiation [12], and photochemical reduction [13]. The synthesis has limitations 
such as the use of toxic chemicals and generation of hazardous waste, high 
functional cost, and energy requirement. Green nanotechnology has been 
developed as an alternative to the use of environmentally harmful processes 
and products [14]. Plant extracts can be used to obtain silver nanoparticles 
without the need for harmful reducing and capping chemicals, and high 
temperatures. The use of plant extracts for the synthesis of silver nanoparticles 
provides a low-cost, non-toxic, environmentally friendly method. There are 
several studies that report the synthesis of silver nanoparticles by exploiting 
the reducing capacity of flavonoids, phenolics, proteins, and carbohydrates 
from plants with pharmacological properties [15, 16]. 

Galium verum L., also known as Lady`s Bedstraw, belonging to 
the Rubiaceae family, is a perennial herb widely used throughout history in 
traditional medicine as diuretic, choleretic and treatment for gout and 
epilepsy [17]. Galium verum L. extracts are known to have antimicrobial and 
antioxidant properties [18, 19], improve in vivo cardiac function in rats, preserve 
the functional and morphological properties of the heart, and prevent 
coronary dysfunction after ischemia [20], and reveal a growth-inhibiting effect 
on chemo-sensitive and -resistant laryngeal carcinoma cell lines [21]. Galium 
verum L. extracts have been studied for their chemical composition, a variety 
of bioactive substances have been identified, such as iridoid glycosides [22], 
flavonoids [23, 24], and phenolic acids [25, 24].  

Beyond the use of this plant for medicinal purposes and taking into 
account its chemical composition, Galium verum L. extract was chosen for 
the synthesis of silver nanoparticles.  

The novelty of this study was the use for the first time of Galium verum L. 
extract as a source of biomolecules that can act as a reducing agent and 
stabilizer in the synthesis of silver nanoparticles in a highly sustainable 
manner and the testing of the antimicrobial activity of the obtained nanoparticles. 
The aim of the present study was to investigate the green synthesis of silver 
nanoparticles using the aqueous extract of Galium verum L. aerial parts, to 
optimize the reaction parameters, to characterize the obtained nanoparticles, 
and to evaluate their antimicrobial activity against Gram-positive, Gram-negative 
strains and fungal strain. To the best of our knowledge, the synthesis of GV-
AgNPs and their antimicrobial activity have not been previously reported.  
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RESULTS AND DISCUSSION 

To obtain GV-AgNPs, different parameters were evaluated, namely, 
silver salt concentration, temperature, volume ratio of plant extract to silver 
salt solution, pH value of the solution, and reaction time. The formation of 
silver nanoparticles was monitored by UV–Vis spectroscopy, which is the main 
tool used to study the synthesis. The formation of silver nanoparticles was 
first visually observed by the color change from yellow to dark brown due to 
the excitation of surface plasmon resonance (SPR) of the nanoparticles [26]. 
The reduction of silver ions using GV extract was confirmed by the UV-Vis 
spectrum, which showed a characteristic surface plasmon resonance peak 
at 411 nm, which was in agreement with the literature data [27]. This peak 
provides information on the morphology of the obtained silver nanoparticles. 

The absorption peak of the GV-AgNPs was broad and less intense 
when the concentration of AgNO3 was 1 mM, as shown in Figure 1 (A), which 
indicates that silver nanoparticles were agglomerated. By increasing the 
concentration of AgNO3, an increase in the intensity of the peak was observed. 
The absorption peak was 409 nm and became sharper. This suggests that 
obtained GV-AgNPs were relatively smaller as the AgNO3 concentration 
increased to 10 mM. In Figure 1 (B) the effect of temperature variation on 
silver nanoparticle synthesis is presented. By increasing the temperature, the 
absorption peak was shifted from 421 nm at 30 ºC and 424 nm at 50 ºC to 
409 nm at 70 ºC. The disappearance of broadening and an increase in 
intensity of the absorption peak were also observed. The broad and shifted 
peak to longer wavelengths was attributed to agglomeration or an increase 
in size of the nanoparticles [28, 29]. 

 

 
Figure 1. UV-Vis spectra: Effect of concentration and temperature on silver 

nanoparticles synthesis: (A) different concentrations of AgNO3, extract to AgNO3 
ratio = 1:20, T = 70 ºC, pH = 8, reaction time = 4 h; (B) 10 mM AgNO3,  

extract to AgNO3 ratio = 1:20, pH = 8 at different temperatures 
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The absorption peak of the GV-AgNPs was broad and less intense 
when extract to AgNO3 volume ratios used in synthesis were 1:5 and 1:10, 
as shown in Figure 2 (C). The GV-AgNPs obtained with a 1:20 ratio between 
extract and AgNO3 showed a strong and sharp absorption peak at 411 nm. 

Based on other studies that confirm that an alkaline medium was 
favorable for the silver nanoparticles [30], pH = 8 was chosen to obtain GV-
AgNPs, but the synthesis was also tested at pH 6 and pH 10, as illustrated 
in Figure 2 (D). By increasing the pH value of the reaction media, the 
absorption peak was shifted from 429 nm at pH = 6 to 411 nm at pH = 8 and 
414 nm at pH = 10. The obtained silver nanoparticles at pH = 8 were smaller, 
and the absorption peak was sharp. The absorption peak shifts towards 
shorter wavelengths when the size of nanoparticles decreases [29], and an 
increase in the intensity peak means an increase in the concentration of 
nanoparticles [31].  

 

 
Figure 2. UV-Vis spectra: Effect of extract to AgNO3 ratio and effect of pH on silver 

nanoparticles synthesis: (C) different extract to AgNO3 ratio, 10 mM AgNO3,  
pH = 8, T = 70 ºC, reaction time = 4 h; (D) extract to AgNO3 ratio = 1:20,  

10 mM AgNO3, T = 70 ºC, reaction time = 4 h at different pH values 
 
 

The effect of the reaction time on GV-AgNPs synthesis is presented 
in Figure 3. 

The intensity of the absorption peak increased after 4 hours, indicating 
an increase in the concentration of silver nanoparticles with time [32], while 
at 6 hours the intensity of the absorption peak decreased. 

The optimum parameters for the green synthesis of GV-AgNPs were 
AgNO3 concentration 10 mM, 1:20 volume ratio of Galium verum L. extract 
to AgNO3, pH 8, temperature 70 ºC and reaction time 4 h. 
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Figure 3. UV-Vis spectra: Effect of reaction time on silver nanoparticles synthesis: 
(E) 10 mM AgNO3, extract to AgNO3 ratio = 1:20, pH = 8, T = 70 ºC 

 
 

Fourier transformed infrared spectroscopy was used to identify the 
organic molecules from the aerial parts extract of the plant that act as reducing 
agents of the silver ions and stabilize the obtained silver nanoparticles. The 
FTIR spectra of Galium verum L. aqueous extract and silver nanoparticles 
obtained by the green synthesis are shown in Figure 4.  

 
 

 
 

Figure 4. FTIR spectra for Galium verum L. extract and silver nanoparticles 
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The results of the FTIR analysis for both Galium verum L. extract and 
silver nanoparticles (GV-AgNPs) are presented in Table 1. The assignment 
of stretching and bending vibrations was carried out in accordance with the 
literature data.  
 

Table 1. FTIR absorption bands assignment of Galium verum L. extract and 
obtained silver nanoparticles 

Wavenumber (cm-1) Assignment Functional groups 
 

References 
GV       GV-AgNPs 
3255        3273 OH stretch Alcohols/Phenols        [33] 
2925        2924                    CH stretching/ OH stretch Alkanes/Alcohols (acid) [34, 35] 
                1726 C=O stretch         Carbonyl compounds        [35] 
1595        1635 C=O and C=C stretching          Unsaturated Ketones            [35, 36, 37] 
1518        1539              C=C stretch  Aromatic compounds [38, 34] 
                1454 CH bending/ C=C stretch Alkanes/Aromatic compounds [34, 35] 
1396         CH bending Alkanes [35] 
1363        1379              CH bending Alkanes [34] 
1259        1236              C-O-C stretch  Ethers/Esters [33, 35] 
1028        1024 C-O stretch Alcohols [36] 
810 C=C bending/C-Cl stretching Alkanes/Halo compounds [34] 
766 C=C bending/C-Cl stretching Alkanes/Halo compounds [34] 
 
 

In both the extract and GV-AgNPs FTIR spectra the presence of 
different functional groups that are involved in the synthesis and stabilization 
of silver nanoparticles was observed (Figure 4). In the Galium verum L. 
extract spectrum, the absorption band at 3255 cm-1 was attributed to OH 
stretching vibrations of the phenols, and the band at 2925 cm-1 was attributed 
to CH2 asymmetric stretching vibrations or OH stretching in acid functional 
groups. The band at 1595 cm-1 can be attributed to C=O and C=C stretching 
vibrations in α, β-unsaturated ketones. The absorption peaks between 1300 
and 1600 cm-1 show the presence of C=C stretch in a ring and CH bending 
from aromatic compounds and alkanes (CH2 and CH3 bending). The bands 
at 1259 cm-1 were attributed to C-O-C stretch in ethers and esters, and the 
sharp one at 1028 cm-1 to C-O stretch in alcohols. The bands at 810 cm-1 and 
766 cm-1 were assigned to C=C bending vibrations in alkanes and C-Cl 
stretching in halo compounds. The FTIR spectrum of the extract was compared 
with the GV-AgNPs spectrum. Some shifts were observed as follows: OH, 
C=O and C=C, C=C, CH, C-O-C, C-O groups were shifted from 3255, 1595, 
1518, 1363, 1259 and 1028 cm-1 to 3273, 1635, 1539, 1379, 1236 and 1024 
cm-1. It was observed that nanoparticles showed a new band at 1726 cm-1 
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corresponding to carbonyl stretching vibrations in aldehydes or ketones. The 
stretching bands related to the carbonyl groups at 1635 cm-1 and 1726 cm-1 
may be indicating the involvement of hydroxyl groups in the reduction of Ag+ 
to Ag0 resulting in oxidized polyphenols that act as capping agents and 
stabilize the formed silver nanoparticles [39, 40]. Galium verum L. extracts 
contain phenolic acids such as chlorogenic acid, caffeic acid, ferulic acid, 
coumaric acid, and flavonoids [41-43]. Many studies have mentioned the role 
of polyphenols from plant extracts in the green synthesis of silver nanoparticles 
that can reduce and stabilize them [44-47].  

The atomic force microscopy (AFM) was used for the topographic 
characterization of the self assembled GV-AgNPs onto solid substrate. The 
general aspect of the formed thin film is uniform and smooth, indicating a uniform 
adsorption of the nanoparticles from the liquid dispersion, Figure 5a.  

 

 
Figure 5. AFM images of synthesized GV-AgNPs; scanned area 2 µm x 2 µm; 1 µm x  

1 µm; 0.5 µm x 0.5 µm: (a, c, e) 2D-topography; (b, d, f) three-dimensional profiles 
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It ensures a low surface roughness of 1.61 ± 0.28 nm, which is well 
correlated with the flat aspect of the three-dimensional profile presented in 
Figure 5b. A closer look to the self assembled structure can be observed at 
the scanned area of 1 µm x 1 µm in Figure 5c. The nanoparticles appear well 
individualized without marginal coalescence, allowing observation of their 
rounded shape. The lack of submicron clusters, which would have been formed 
at a high coalescence gradient, indicates an increased efficiency of the 
nanoparticles to hit and penetrate the membranes of the pathogen agent 
causing their death.  

The three-dimensional profile in Figure 5d reveals the nanoparticles 
deposition mode on specific areas of the targeted microorganism surface. 
The local roughness is situated around 1.62 ± 0.16 nm, it is significantly low as 
a thin film but its efficacy must to be proved by the antimicrobial testing results.  

The nanostructural detail taken at the scanned area of 0.5 µm x 0.5 µm, 
Figure 5e, allows the proper measuring of the nanoparticles diameter, which 
is about 25 ± 3 nm. 
 The silver nanoparticles obtained by the use of Majorana hortensis 
extract were characterized by AFM, and the size of nanoparticles was in the 
range of 50 and 95 nm [48]. The literature data show that 25 nm is an ideal 
diameter for antibacterial purposes [15, 16]. The perfect individualization of 
the adsorbed nanoparticles is observed better in the three-dimensional 
profile in Figure 5e, revealing their adhesion mode on the pathogen cell 
membrane. 

Evaluation of antimicrobial activity 
After the end of the incubation period at 37 °C, the zones of inhibition 

(mm) for the tested microbial strains were determined. It was observed that in 
all bacterial strains, the control sample CN10 (gentamicin) showed inhibition 
between 12 and 22 mm. For the Candida albicans strain, the control sample 
VOR1 (voriconazole) showed a stronger inhibition of 28 mm (Figure 6, Figure 7). 
The Galium verum extract showed a slight inhibition compared to the chosen 
control (CN10 for bacterial strains and VOR1 for fungal strain). However, 
Galium verum species can be used as a good source of polyphenols with 
antibacterial properties. 

The diameter of the inhibition zone in microbial strains after the 
incubation period is presented in Figure 7. 

For Gram positive bacterial strains, different diameters of inhibition 
were recorded. At Staphylococcus aureus ATCC 25923, inhibition was noticed 
only at the sample with GV-AgNPs (12 mm). At Enterococcus faecalis ATCC 
29212, both samples showed inhibition, but the GV extract sample showed 
higher inhibition (15 mm) than the GV-AgNPs sample. 
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Figure 6. The diameter of the inhibition zones (mm) of the tested samples  
(E = GV extract, N = GV-AgNPs, CN = gentamicin, VOR = voriconazole) 

 

 
 

Figure 7. The diameter of the inhibition zone in microbial strains after the incubation 
period (E = GV extract, N = GV-AgNPs, CN = gentamicin, VOR = voriconazole) 

 

For Gram negative bacterial strains, different inhibition diameters were 
recorded. At Escherichia coli ATCC 25922, both samples showed slight inhibition. 
In the Pseudomonas aeruginosa ATCC 27853 strain, only the sample with 
GV-AgNPs showed a slight inhibition (10 mm). It was observed that the Gram 
negative strains tested showed less inhibition than the Gram positive ones. 
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In the fungal strain Candida albicans ATCC 10231, the tested samples 
showed a slight inhibition (sample E = 10 mm and sample N = 11 mm) compared 
to the control sample (VOR), which recorded an inhibition of 28 mm. 

CONCLUSIONS 

The present study reports the green synthesis of silver nanoparticles 
using Galium verum L. extract as a source of biomolecules capable of 
the reduction and stabilization of the nanoparticles obtained. By optimizing 
the reaction parameters and using sustainable raw materials such as Galium 
verum L. extract, this process provides an easy way to obtain silver nanoparticles. 
UV-Vis spectroscopy was used to confirm the presence of the characteristic 
SPR peak at 411 nm, indicating the synthesis of GV-AgNPs. The presence 
of functional groups involved in the synthesis and stabilization of the GV-AgNPs 
was identified by FTIR spectroscopy. The topographic characterization of the 
GV-AgNPs by AFM indicated well individualized nanoparticles of rounded 
shape and with a diameter of about 25 nm.  

The self assembly of the GV-AgNPs onto the solid surface indicates 
an efficient mode of targeting the membrane of the pathogen agent facilitating 
their antibacterial action.  

The antimicrobial activity of GV-AgNPs was evaluated using an 
antimicrobial diffusion test on Gram positive, Gram negative bacterial strains, 
and fungal strain. Following these experiments on Galium verum L. extract 
and GV-AgNPs it can be stated that they show different antimicrobial activity 
depending on the type of sample and depending on the microbial strain tested.  

The synthesis of GV-AgNPs by the green process is a promising tool 
for new research strategies due to its potential for various medical applications. 

EXPERIMENTAL SECTION 

Materials  
The aerial parts of Galium verum L. were collected in June 2024 during 

the flowering period from Florești, Cluj County, România. The plant was identified 
at the “Alexandru Borza” Botanical Garden from Cluj-Napoca, and the voucher 
specimen (no. 674506) was deposited in the CL Herbarium Musei Universitatis 
Napocensis, Cluj-Napoca. Silver nitrate (AgNO3) was purchased from Merck 
România and was of analytical grade. Ultrapure water (18.2 MΩ cm ionic 
purity at 25 ºC) produced in the laboratory by means of a Simplicity system 
(Millipore; Bedford, MA, USA) was used in all experiments.  
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Preparation of aqueous extract 
Aerial parts of the collected plant were washed with running tap water 

and dried in the shade at room temperature. The dried plant was ground to 
powder. 100 mL of ultrapure water was added to 10 g of plant powder and 
boiled for 20 minutes. The cooled extract was filtered with Whatman filter 
paper no. 1 and stored at 4 ºC until further use.  

Green synthesis of silver nanoparticles 
For the synthesis of silver nanoparticles, 2.5 mL of plant extract was 

added to a 50 mL silver nitrate solution of different concentrations (1 mM, 
5 mM, 10 mM). The reactions were effectuated at 30, 50, 70 ºC. The volume 
ratios of extract to silver nitrate solution used in nanoparticle preparation 
were 1:5, 1:10, and 1:20. Different pH values (6, 8, 10) were investigated. 
The reaction was monitored by UV-Vis spectroscopy at 2 h, 4 h, and 6 h. 

The best results were obtained as follows: extract (2.5 mL) was 
added to a 10 mM AgNO3 solution (50 mL) using a 1:20 volume ratio of 
extract to AgNO3 solution, and then pH of the reaction mixture was adjusted 
to 8 using a 0.1 M NaOH solution. After 4 hours of stirring at 70 ºC, the 
obtained nanoparticles were purified by centrifugation for 20 minutes, washed 
three times with ultrapure water, and then lyophilized. 

Characterization of the GV-AgNPs 
The synthesis of AgNPs was monitored by UV-Vis spectroscopy 

using a Specord 205 Spectrophotometer (Analytik Jena, GMbH, Germany). 
The sample was diluted with ultrapure water, and then the UV-Vis spectra were 
recorded using ultrapure water as the blank. The identification of functional 
groups involved in both plant extract and silver nanoparticles was performed 
by Fourier transform infrared spectroscopy (FTIR) using FTIR 610 spectrometer 
(Jasco Corporation, Tokyo, Japan), equipped with an ATR attachment (attenuated 
total reflectance) with a horizontal ZnSe crystal (Jasco PRO400S) in the 4000-
500 cm-1 wave number range. The resolution of the spectra was 4 cm-1 and 
scans were repeated of 100 times. All FTIR spectra were registered at room 
temperature.  

The nanoparticles were transferred onto a solid substrate (e.g. a 
glass slide) by vertical adsorption for 20 seconds, followed by natural drying. 
Nanoparticles aspect and their self-assembly ability on solid substrate were 
investigated with Atomic Force Microscopy (AFM). It was effectuated with a 
JEOL JSPM 4210 Scanning Probe Microscope operated in tapping mode 
using NSC 15 Hard cantilever with a resonant frequency of 325 kHz and 
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a force constant of 40 N/m. The nanoparticles size and surface roughness were 
measured with specific software, WinSPM 2.0 produced by Jeol Company, 
Japan, according to the procedures previously described in literature [49, 50]. 

Antimicrobial activity evaluation of the GV-AgNPs 
Antimicrobial diffusion test. Staphylococcus aureus ATCC 25923, 

Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, 
Enterococcus faecalis ATCC 29212 and Candida albicans ATCC 10231 from 
Microbiology Lab (Faculty of Biology and Geology, UBB, Cluj-Napoca) were 
used in this research. Bacterial strains were cultivated on Nutrient Agar, while 
Candida was grown on Sabouraud Agar medium [51]. Then the bacterial 
culture was suspended in saline on 0.5 McFarland turbidity, and it was 
swabbed uniformly across an agar plate (Mueller Hinton-Oxoid). 

The plates were dried for 15 minutes at 37 ˚C. For the samples to be 
tested, wells were made in the culture medium with sterile tips of 5 mm 
diameter. Then, in these wells, sterile cotton swabs were placed. Out of the 
tested samples (E = GV-extract, N = GV-AgNPs) 100 µL were placed in each 
well. CN10 = gentamicin (for bacterial strains) and VOR1 = voriconazole (for 
Candida strain) were used as control. The incubation time was 48 hours at 
37 ˚C. The reading was made by measuring the diameter of the zone of 
inhibition that appeared around the well with the sample on the culture 
medium: the larger the diameter of the zone of inhibition, the greater the 
sensitivity of the bacteria to the respective antibacterial substances [52]. 
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