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Abstract: There has been a growing interest in the design of environmentally affable and 

biocompatible nanoparticles among scientists to find novel and safe biomaterials. Panax ginseng 

Meyer berries have unique phytochemical profile and exhibit beneficial pharmacological activities 

such as antihyperglycemic, antiobesity, antiaging, and antioxidant properties. A comprehensive 

study of the biologically active compounds in ginseng berry extract (GBE) and the ability of 

ginseng berry (GB) as novel material for the biosynthesis of gold nanoparticles (GBAuNPs) 

and silver nanoparticles (GBAgNPs) was conducted. In addition, the effects of GBAuNPs 

and GBAgNPs on skin cell lines for further potential biological applications are highlighted. 

GBAuNPs and GBAgNPs were synthesized using aqueous GBE as a reducing and capping agent. 

The synthesized nanoparticles were characterized for their size, morphology, and crystallinity. The 

nanoparticles were evaluated for antioxidant, anti-tyrosinase, antibacterial, and cytotoxicity 

activities and for morphological changes in human dermal fibroblast and murine melanoma 

skin cell lines. The phytochemicals contained in GBE effectively reduced and capped gold and 

silver ions to form GBAuNPs and GBAgNPs. The optimal synthesis conditions (ie, temperature 

and v/v % of GBE) and kinetics were investigated. Polysaccharides and phenolic compounds 

present in GBE were suggested to be responsible for stabilization and functionalization of nano-

particles. GBAuNPs and GBAgNPs showed increased scavenging activity against 2,2-diphenyl-

1-picrylhydrazyl free radicals compared to GBE. GBAuNPs and GBAgNPs effectively inhibited 

mushroom tyrosinase, while GBAgNPs showed antibacterial activity against Escherichia coli 

and Staphylococcus aureus. In addition, GBAuNPs were nontoxic to human dermal fibroblast 

and murine melanoma cell lines, and GBAgNPs showed cytotoxic effect on murine melanoma 

cell lines. The current results evidently suggest that GBAgNPs can act as potential agents for 

antioxidant, anti-tyrosinase, and antibacterial activities. In addition, GBAuNPs can be further 

developed into mediators in drug delivery and as antioxidant, anti-tyrosinase, and protective 

skin agents in cosmetic products. Consequently, the study showed the advantages of using 

nanotechnology and green chemistry to enhance the natural properties of GBs.
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Introduction
The accelerated expansion of the studies in nanotechnology has resulted in an extensive 

set of nanoparticles that differ in size, shape, charge, capping layer, and stability. 
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However, the major challenge for scientists is the creation 

of novel nanoparticles without the use of toxic chemicals to 

eliminate the risks in cosmetic, pharmaceutical, and biomedi-

cal applications. Hence, harmless solvents, nontoxic reducing 

agents, and renewable materials are key in the production of 

environmentally affable and biocompatible nanoparticles.

Accordingly, green synthesis meets the requirements of 

nontoxic nanoparticles.1 Moreover, it increases the utiliza-

tion value of the particular organisms. In particular, plant or 

fruit extracts are more beneficial than fungal- or microbial-

mediated syntheses since they eliminate the time-consuming 

process of maintaining cells and avoid high cost that can 

be suitably restrained for extensive productions under non-

aseptic environments. In this study, we highlight the utiliza-

tion of ginseng berries (GBs) as both reducing and stabilizing 

agents to form multifunctional gold nanoparticles (AuNPs) 

and silver nanoparticles (AgNPs) by green chemistry.

Panax ginseng Meyer is a medicinal plant that belongs 

to Araliaceae family.2 It has penetrated the global market as 

health food and has been implemented as an active ingredi-

ent in herbal cosmetics. The major active components of 

P. ginseng are ginsenosides, a diverse group of steroidal 

saponins, which boast the ability to target a large number of tis-

sues and produce a cluster of pharmacologic responses. Phar-

macological effects of ginseng include anticancer, antistress, 

antifatigue, and antioxidant activities and aging-inhibitory 

effects.3 Ginseng also has other bioactive ingredients such as 

phenolic compounds, acid polysaccharides, and essential pro-

teins.4 These bioactive compounds are not evenly distributed 

along the structure of ginseng plant. Particularly, the content 

of bioactive compounds differs between ginseng roots, leaves, 

and berries.5 Phytochemical profile of GB is significantly 

different compared to ginseng root; it has been reported that 

ginsenoside Re is notably higher in GB than in the ginseng 

root.6 In addition, GB extracts (GBEs) are also a rich source 

of vitamin E, vitamin K, folic acid, and potassium.7 GB has 

been reported to possess antioxidation, anti-inflammation, 

collagen synthesis facilitation, skin wrinkle care, whitening, 

moisturizing, skin barrier improvement, and atopy alleviation 

effects.8 The growing studies of GBs seem to point to their 

health benefits in skin treatments. Among all the biological 

effects of GBE on skin, protective effects against photoaging 

and collagen synthesis are of remarkable importance. Collagen 

represents the main component of the extracellular matrix 

of dermal connective tissue. The matrix metalloproteinases 

(MMPs) play an important role in the reduction of collagen 

in the extracellular matrix of connective tissues. Interstitial 

collagenase (MMP-1) degrades the collagens, types I, II, and 

III.9 Yeom et al10 reported that GBE had antioxidant effect 

against oxidative stress and inhibited the expression of MMP-1 

in ultraviolet (UV)-irradiated human dermal fibroblast (HDF) 

cell lines; the study also confirmed that GBE’s main compound 

ginsenoside Re increased hyaluronic acid in HaCaT keratino-

cytes. A study by Jeon et al11 reported that GBE antioxidant 

activity is responsible for the increase of procollagen type I 

gene expression, the decrease of MMP-1 gene expression, and 

the suppression of tumor necrosis factor gene expression in 

HDF cells. The same author has reported that GBE efficacy 

increases after fermentation with lactic acid bacteria. Recently, 

Kim et al12 reported that the antimelanogenic activity of GB 

was related to the activation of the longevity gene foxo3a in 

human melanoma MNT1. In addition, the antiaging effects 

of GB caused a life span extension and reduced lipofuscin 

accumulation in Caenorhabditis elegans wild-type N2.

This study introduced the green synthesis of AuNPs and 

AgNPs based on the unique phytochemical profile of GBs. 

We propose that the synergetic bioreduction mechanisms of 

ginsenosides, phenolic compounds, acid polysaccharides, 

and proteins present in the aqueous extract of GBs are able 

to reduce and stabilize metal salts into nanoparticles, which 

are then targeted for potential applications in cosmetics. 

The assessment of this green synthesis will lead to more 

cost-effective and benign nanoparticles with functional bio-

logical applications. The boundless properties of AuNPs and 

AgNPs encourage their usefulness in a large number of envi-

ronmental and biomedical applications such as biomedical 

imaging, drug delivery, cosmetics, wound healing, and 

antibacterial agents.13

Materials and methods
Materials
Gold (III) chloride trihydrate (HAuCl

4
·3H

2
O), silver nitrate 

(AgNO
3
), and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were 

purchased from Sigma-Aldrich (St Louis, MO, USA). 

Arbutin and l-3,4-dihydroxyphenylalanin (l-DOPA) were 

obtained from Abcam (Cambridge, UK). Dulbecco’s Modi-

fied Eagle’s Medium (DMEM), high glucose, and pyruvate 

were purchased from Gibco (Waltham, MA, USA). Fetal 

bovine serum (FBS) and penicillin–streptomycin solution 

were purchased from GenDEPOT (Barker, TX, USA). 

Soluble MTT was purchased from Life technologies (Eugene, 

OR, USA). The standard neomycin (30 µg/disk) antibiotic 

disks were obtained from Becton, Dickinson, and Company 

(Seoul, South Korea). The strains Staphylococcus aureus 

(ATCC6538) and Escherichia coli (BL-21) were used for 

antimicrobial studies. The bacterial strains were cultured 

on nutrient agar media at 37°C and preserved at -70°C in 

glycerol stock vials for further study.
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Phytochemical analysis of GB
Analysis of the content of ginsenosides
Fresh P. ginseng Meyer berries were collected from 4-year- 

old P. ginseng plants from Gochang, Republic of Korea. 

The berries were subsequently dried and ground into fine 

powder. GB was subjected to high-performance liquid 

chromatography (HPLC) analysis according to a previ-

ously described method with slight modifications.4 Briefly, 

1 g of the dried GB powder was extracted three times with 

20 mL of 80% CH
3
OH–H

2
O at 80°C for 2 h. The solvent 

was evaporated at 40°C in a rotary evaporator. The extract 

was then dissolved in 1 mL of CH
3
OH, filtered through a 

0.45 µm filter, and then analyzed by HPLC (Agilent 1260, 

Palo Alto, CA, USA) analysis. Ginsenosides were resolved 

on a C
18

 column (50 mm × 3.0 mm, inner diameter 2.7 µm) 

with H
2
O (solvent A) and acetonitrile (solvent B) at A:B 

ratios of 83:17, 83:17, 71:29, 60:40, 30:70, 10:90, 10:90, 

83:17, and 83:17, with run times of 0, 6, 9, 14, 17, 18.5, 22, 

22.5, and 26 min, respectively. The flow rate was 1.0 mL/

min, and the detection wavelength was 203 nm.

Analysis of reducing sugars
The content of reducing sugars in GBE was estimated using 

dinitrosalicylic acid (DNS) reagent method as described in a 

previous report.4 GB CH
3
OH–H

2
O extract (1 mL) and DNS 

reagent (1 mL) were boiled in oil bath for 5 min and cooled to 

room temperature. Sample absorbance of the reaction mixture 

was measured at 550 nm by UV–visible (vis) spectrophotom-

eter. The content of reducing sugars was calculated from a 

calibration curve using glucose as a reference.

Analysis of total phenolic content
The Folin–Ciocalteu method was followed for the determi-

nation of total phenolic content of GB. Reaction mixture 

containing GB CH
3
OH–H

2
O extract (1  mL) and 10% 

Na
2
CO

3
 (1 mL) was incubated at room temperature for 3 min. 

Approximately 1 mL of Folin–Ciocalteu reagent (2 N) was 

added. The solution was kept in dark for 30 min, and then 

absorbance was measured at 750 nm. The content of total 

phenolic was calculated from calibration curves using gallic 

acid as a reference.

Analysis of acidic polysaccharides
One gram of dried GB powder was extracted in distilled 

water (DW) at 80°C for 1 h. Next, ethanol was added to 

the extraction, and the reaction mixture was shaken for 4 h 

to isolate polysaccharides. The solution was centrifuged, 

and the supernatant was removed, evaporated in a rotary 

evaporator at 40°C, and diluted in DW to make 1 mg/mL 

of the sample. Acidic polysaccharides were measured using 

m-hydroxydiphenyl method with slight modifications.14 

Approximately 0.2 mL of the sample was mixed with 1.2 mL 

of Na
2
B

4
O

7
⋅10H

2
–H

2
SO

4
 (12.5 mM), boiled in water bath 

at 100°C for 5 min, and cooled in ice bath. Then, 20 µL of 

m-hydroxydiphenyl reagent was added to the sample. The 

sample was shaken, and its absorbance was read at 520 nm 

by UV–vis spectrophotometer within 5 min.

Preparation of aqueous extract of 
P. ginseng Meyer berry
Approximately 10 g of GB powder was dissolved in 150 mL 

of sterile DW. The solution was autoclaved at 100°C for 

30 min. The slurry was filtered using Whatman filter paper. 

The total filtrate of GBE was stored at -20°C for further use 

in nanoparticle synthesis.

Green synthesis of AuNPs and AgNPs
AuNPs and AgNPs were synthesized as reported earlier 

with some modifications.15 Gold (III) chloride trihydrate 

(HAuCl
3
⋅3H

2
O) and silver nitrate (AgNO

3
) were used as 

precursor salts for the synthesis of AuNPs and AgNPs, 

respectively. 1) Nanoparticles were synthesized by adding 

gold and silver salts into 100 mL of GBE to reach a final con-

centration of 1 mM. 2) To study the effects of temperature, 

AuNPs and AgNPs were synthesized at different tempera-

tures (23°C, 40°C, 60°C, 80°C, and 90°C). The progress of 

the reaction was monitored by measuring the absorbance 

of the solution at regular time intervals. Finally, a color 

change in the solution indicated the formation of AuNPs 

and AgNPs in the respective reaction mixtures. After color 

change was observed, AuNPs and AgNPs were purified by 

physical methods. The reaction mixture was centrifuged 

at 10,000  rpm for 20 min to remove undesirable compo-

nents. Then, biosynthesized nanoparticles were purified by 

continuous washing with sterile DW and centrifugation at 

16,000 rpm for 15 min to obtain nanoparticles in pellet form. 

Finally, the purified nanoparticles were air dried overnight 

and obtained in powder form. Kinetics of the bioreduction 

was studied by recording UV–vis absorbance at the optimal 

temperature as a function of time.

Characterization of AuNPs from GB 
(GBAuNPs) and AgNPs from GB 
(GBAgNPs)
The purified nanoparticles were characterized by UV–vis 

spectrophotometer, field-emission transmission electron 

microscopy (FE-TEM), energy-dispersive X-ray spectrom-

eter (EDX), X-ray diffraction (XRD), selected area electron 
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diffraction (SAED), elemental mapping, particle size analyzer, 

and Fourier transform infrared (FTIR) spectrometer.

UV–vis spectra of synthesized nanoparticles were 

measured in the range of 300–800 nm by UV–vis spectro-

photometer. FE-TEM, EDX, SAED, and elemental mapping 

of nanoparticles were obtained by JEM-2100F electron 

microscope operated at a voltage of 200  kV. Droplets of 

purified nanoparticles were placed on carbon-coated copper 

grids and allowed to dry in an oven at 60°C.

The characterization of the crystal structure of the nano-

particles was analyzed by X-ray diffractometer (Bruker, 

Rheinstetten, Germany). X-ray diffractometer was operated 

at 40 kV, 40 mA, with CuKα radiation of 1.54 Å, scanning 

rate of 6°/min, and a step size of 0.02°. Samples were scanned 

over the 2θ range of 20°–80°. The average crystal size diam-

eter of metal nanoparticles was calculated by Debye–Scherrer 

equation: D =0.9λ/β cos θ, where D is the crystallite size in 

nm, λ is the wavelength of CuKα radiation in nm, β is the 

full width at half maximum (FWHM) in radians, and θ is the 

half of the Bragg angle in radians.

The particle size distribution of the nanoparticles suspended 

in DW was obtained by dynamic light scattering (DLS; Otsuka 

Electronics, Shiga, Japan). The hydrodynamic (Z-average) 

diameter and polydispersity index (PDI) were evaluated at 25°C. 

A dispersive medium of pure water with a refractive index of 

1.3328, viscosity of 0.8878, and dielectric constant of 78.3 was 

used as a reference. FTIR measurements of nanoparticles were 

performed on a PerkinElmer Spectrum One FTIR spectrometer 

in the range of 4,000–450 cm-1 and at a resolution of 4 cm-1.

In vitro stability studies of GBAuNPs 
and GBAgNPs
In vitro stability of the GBAuNPs and GBAgNPs was 

tested in the presence of DW, 20 mM of glycine–HCl buffer 

(pH 2.0), citric acid–sodium citrate buffer (pH 5.0), sodium 

phosphate buffer (pH 7.0), Tris–HCl buffer (pH 8.0), 5% 

NaCl, 10% NaCl, and 5% bovine serum albumin (BSA) solu-

tions. Approximately 100 µL of metal nanoparticle solution 

was added to 900 µL of the mentioned solvents and incubated 

at 37°C. The stability of nanoparticles was confirmed if there 

was no significant alteration in surface plasmon wavelength 

by UV–vis spectrophotometer.

In vitro biological activity of GBAuNPs 
and GBAgNPs
Free radical scavenging activity of GBAuNPs 
and GBAgNPs
The potential antioxidant activity of GBAuNPs, GBAgNPs, and 

GBE was determined based on free radical scavenging activity 

of the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH). Aliquots 

of 160 µL of 0.1 mM methanolic solution of DPPH were added 

to 40 µL of nanoparticle solution containing different concen-

trations (2–20 µg/mL) of GBAuNPs and GBAgNPs. Gallic acid 

was used as a positive control. Absorbance values at 517 nm 

were determined after 30 min by UV–vis spectrophotometer. 

The percent inhibition activity was calculated as follows:

Absorbace of control absorbance of sample

Absorbance of co

− 
rrntrol

×100

where “absorbance of sample” is the absorbance of the DPPH 

solution with nanoparticles and “absorbance of control” is 

the absorbance of the DPPH solution without nanoparticles.16 

Half maximal inhibitory concentration (IC
50

) values denoting 

the concentration of sample required to scavenge 50% DPPH 

free radicals were calculated graphically.

Effect of GBAuNPs and GBAgNPs on mushroom 
tyrosinase activity
The activity of mushroom tyrosinase was spectrophoto-

metrically determined as described earlier with minor 

modifications.17 l-DOPA (2 mM, 0.05 mL) in phosphate-

buffered saline (PBS; 50  mM, pH 6.8) and 0.05  mL of 

the same buffer with or without test sample were added 

to a 96-well microplate, and then 0.05 mL of mushroom 

tyrosinase (200 U/mL) was mixed. After incubating 

the mixture at 37°C for 30  min, the optical density was 

measured at 490  nm by Synergy 2 Multi-Mode Reader 

(Bio-Tek Instruments, Inc., Vinooski, VT, USA). 

The inhibition rate of tyrosinase was calculated as follows: 

% = [(A - B)/A] ×100, where A indicates the difference of 

absorbance without the sample and B indicates the absor-

bance with enzyme or sample. In this study, arbutin (25 and 

100 µg/mL) was used as a standard.

Antimicrobial activity of GBAgNPs against E. coli 
and S. aureus
The antimicrobial activity of nanoparticles was studied against 

E. coli, and S. aureus on Mueller-Hinton agar (MHA) plates 

using the disk diffusion method as previously reported.18 In 

this assay, the MHA plates were spread evenly with 100 µL 

of an overnight log culture of test organisms in lysogeny broth 

(LB) with an optical density of 0.1. Standard antibiotic disk of 

neomycin was maintained as control. Next, sterile paper disks 

were further impregnated by different concentrations of freshly 

prepared and purified AgNP and AuNP solution (15, 30, and 

45 µg/disk). The plates were incubated at 37°C for 24 h. After 

the incubation period, the zones of inhibition around each disk 

were compared according to the previous method.
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Cell viability assay of GBAuNPs and GBAgNPs in 
HDF and murine melanoma B16BL6 (B16) cell lines
HDF and B16 cell lines were obtained from the Korean 

Cell Line Bank (Seoul, Korea). Cell lines were cultured in 

DMEM supplemented with 10% FBS and 1% penicillin–

streptomycin at 37°C in a humidified 95% air/5% CO
2
 

atmosphere as described earlier.19,20 The cytotoxic effect 

of nanoparticles on cell viability was measured by MTT 

assay method. Cells were seeded at a density of 1×105 in 

96-well plate and cultured for 24  h. At 90% confluence, 

cells were treated with various concentrations of GBAuNPs 

or GBAgNPs (0.1–100 µg/mL) for 72 h. After 3 days of 

incubation, 10  µL of MTT assay solution (5  mg/mL in 

PBS) was added to each well and further incubated at 37°C 

for 3 h. Finally, 100 µL of dimethyl sulfoxide was added to 

dissolve the formazan crystals. The absorbance was mea-

sured at 570 nm with a reference wavelength of 630 nm by 

an ELISA reader.

Statistical analysis
All data are presented as mean ± standard error. All experi-

ments were independently performed for three times. The 

mean values of the treatment groups were compared with 

untreated groups using Student’s t-test. Statistical signifi-

cance was assigned at *P,0.05.

Results and discussion
The aim of this study was to design and develop biocompatible 

AuNPs and AgNPs for subsequent use in medical applications 

and to prove the direct intervention of phytochemicals in 

GBE for the production of novel and functional nanoparticles. 

To our knowledge, this is the first report on the biosynthe-

sis of AuNPs and AgNPs by GBE without the addition of 

hazardous solvents and capping agents. The biosynthesis of 

AuNPs and AgNPs employs the direct interaction of gold and 

silver salts conjointly with GBE. DW was utilized as solvent, 

and aqueous extract from berries of P. ginseng Meyer was 

selected as the reducing and stabilizing agent. Consequently, 

this reaction pathway satisfies all the conditions of a 100% 

green chemical process.21

Phytochemical analysis of GB
Specific details on the nature and chemical roles of different 

phytochemicals found in GB responsible for the produc-

tion of GBAuNPs and GBAgNPs are summarized in the 

following sections. The main phytochemicals present in 

GB are ginsenosides, acidic polysaccharides, polyphenols, 

and reducing sugars.22 The ginsenoside content of GBs was 

analyzed by HPLC and is shown in Figure 1. The HPLC 

profile of GBE showed that ginsenosides Re, Rd, Rg
2
, 

Rh
2
, and Rb

2
 were found to be the predominant saponins. 

Figure 1 Composition of ginsenosides in GBE.
Abbreviation: GBE, ginseng berry extract.
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Ginsenoside Re was found to be the most abundant 

ginsenoside in the berries. This result is in accordance to the 

previous study.22 One of the advantages is that GBE rich in 

ginsenoside Re promoted hyaluronic acid content in HaCaT 

cell lines.10 This study revealed that GBE is a rich source of 

polyphenols (403.3±0.03 µg/g), which promote the natural 

protection of skin against UV damage and antioxidant activ-

ity. Reducing sugars (5.02±1.70 mg/g) present in GBE are 

environmentally friendly and stabilizing agents. Our study 

confirms that the content of acidic polysaccharides in GBE 

was 136.7±5.70 μg/mL. Many pharmacological studies have 

shown that acidic polysaccharides from GBE have favorable 

biological properties, such as collagen production, antioxi-

dant, immunomodulation, and radioprotective effects.23,24

The various compositions of phytochemicals in GBE 

(Figure 2) provide functionalization and stabilization further 

onto the nanoparticle matrix. In addition, phytochemicals 

present in GBE are presumably responsible for the creation 

of a robust coating on AuNPs and AgNPs, thus rendering 

the nanoparticles stable against agglomeration.

Effect of temperature, kinetics, and GBE 
concentration of GBAuNP and GBAgNP 
synthesis by UV–vis spectroscopy
Reaction temperature and GBE concentration were opti-

mized for the large-scale bioreduction of HAuCl
4
–3H

2
O and 

AgNO
3
. The formation of AuNPs and AgNPs was confirmed 

by using UV–vis spectral analysis at different reaction 

temperatures, times, and GBE concentrations. The formation 

of nanoparticles was controlled by varying  temperature of 

synthesis and keeping the concentration of gold and silver salts 

(1 mM) and GBE (3% v/v) constant. Figure 3A and B illus-

trates the effect of temperature on the formation of GBAuNPs 

and GBAgNPs. It is observed that at ambient temperature 

(23°C), surface plasmon wavelengths of AuNPs and AgNPs 

could be observed at 540 and 444 nm, respectively, albeit 

with a slow reduction rate; total reaction times of AuNPs 

and AgNPs were completed in 270 min and 24 h, respec-

tively. When reaction temperature was raised to 90°C, major 

absorption peaks at 530 and 422 nm of both GBAuNPs and 

GBAgNPs became more significant. Increasing the reaction 

temperature greatly decreases the reaction times and leads to 

a decrease in nanoparticle size; the largest absorption peaks 

of AuNPs and AgNPs at 90°C were observed in 25 min and 

3 h, respectively. In addition to faster reaction times, shifts 

in surface plasmon wavelengths were also evident, meaning 

that at higher temperature (90°C), AuNPs and AgNPs became 

smaller in size.25 The wavelengths that registered at lower 

temperatures (23°C–60°C) indicated larger particle size in 

both nanoparticles. Moreover, the rate of gold reduction was 

much faster compared to that of silver ions. This is due to the 

fact that standard reduction potential of Au3+/Au is higher 

than Ag+/Ag.26  Furthermore, no detectible change in the 

peak intensity and the same intensity of ruby red color were 

observed after 25 min of incubation, suggesting a nano-sized 

distribution of AuNPs and completion of the bioreduction.

Figure 2 Phytochemical properties of Panax ginseng berry.
Abbreviations: GB, ginseng berry; UV, ultraviolet.
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Different concentrations of GBE (1%–8%, v/v) were 

adopted to find the optimal concentration of the extract. Con-

centrations of gold and silver salts (1 mM) and optimal reac-

tion temperature (80°C) were kept constant. Results showed 

that optimal concentration of GBE was 5% (Figure 3C and D). 

The intensity of peak is directly proportional to the concentra-

tion of nanoparticles in the solution.27 However, an increase 

in the wavelength of GBAuNPs from 530 to 544 nm was 

observed with further increase in the GBE (6%, v/v). Simi-

lar variation in wavelength from 426 to 434 nm was also 

observed in UV–vis spectra of GBAgNPs when the con-

centration of GBE was increased to 6% (v/v). Both results 

suggest the probability of increased particle sizes. Higher 

concentrations of fruit extract introduce more reducing and 

stabilizing agents into the reaction mixture, which result in 

a secondary reduction process on the surface of preformed 

nuclei and additional interactions between surface biomol-

ecules, resulting in larger particles. The reduction in gold and 

silver salts was visually observed from the color change of 

the reaction mixture. Reaction mixtures turned to purple and 

brown within 45 min and 3.5 h of incubation at 80°C, respec-

tively. The intense color change is the response of surface 

plasmon resonance due to the oscillation of free electrons 

in the conduction band of metal nanoparticles (Figure 3E 

and F).28 Finally, activation energy, E
a
, and rate constants, 

k, were calculated from Arrhenius equation to determine the 

optimal reaction temperature. The values of rate constants at 

different temperatures are shown in Table 1. As the reaction 

temperature is increased to 80°C, the rate constants became 

larger (ie, reduction becomes kinetically more agreeable). 

However, the rate constant at 90°C is less than the rate con-

stant measured at 80°C. This may be caused due to metal 

Table 1 Rate constants at different temperatures

Temperature (°C) 24 40 80 90

GBAgNPs GBAuNPs GBAgNPs GBAuNPs GBAgNPs GBAuNPs GBAgNPs GBAuNPs

k (min-1)a 1.10×10-3 2.26×10-2 3.30×10-3 4.05×10-2 1.82×10-2 3.20×10-1 1.72×10-2 1.97×10-1

Note: aValues are mean ± SD of triplicate measurements. 
Abbreviations: GBAgNPs, silver nanoparticles from ginseng berry; GBAuNPs, gold nanoparticles from ginseng berry; SD, standard deviation.

Figure 3 Reaction temperature and concentration of GBE have been successfully optimized to maximize the yield of nanoparticles.
Notes: Temperature-dependent evolution of UV–vis spectra of synthesized nanoparticles at a constant amount of GBE (3%, v/v) and 1  mM of gold and silver salts: 
(A) GBAuNPs and (B) GBAgNPs. Concentration-dependent evolution of UV–vis at 80°C of (C) GBAuNPs (D) GBAgNPs. Time-dependent evolution of UV–vis at 80°C, GBE 
5% concentration of GBE and the respective photograph which shows the color change pattern during nanoparticle synthesis of (E) GBAuNPs and (F) GBAgNPs.
Abbreviations: GBAgNPs, silver nanoparticles from ginseng berry; GBAuNPs, gold nanoparticles from ginseng berry; GBE, ginseng berry extract; OD, optical density; 
UV, ultraviolet; vis, visible.
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nanoparticle aggregation at higher temperature due to more 

frequent collisions.29 Furthermore, the activation energies of 

gold and silver bioreduction were calculated to be 33.60 and 

37.32 kJ/mol, respectively. The bioreduction of silver has a 

higher E
a
 value, and thus the reaction is more sensitive to 

temperature change than the bioreduction of gold.

Structural and morphological 
characterization of GBAuNPs and 
GBAgNPs and their particle size 
distributions
Structural properties, such as size and morphology, of AuNPs 

and AgNPs were determined by two independent techniques, 

such as FE-TEM and DLS. FE-TEM was used to determine the 

metallic core size of metal nanoparticles, while DLS was used 

to evaluate the hydrodynamic size (Z-average) of GB-coated 

AuNPs and AgNPs. FE-TEM measurements of GBAuNPs 

and GBAgNPs showed that the particles are spherical in shape 

with sizes varying from 5 to 10 and 10 to 20 nm, respectively. 

Size distribution analysis of GBAuNPs and GBAgNPs con-

firmed that nanoparticles are polydispersed (Figure 4A and 

B). DLS method was employed to calculate the hydrodynamic 

radii of nanoparticles coated with phytochemicals. The GBE 

phytochemical coatings on AuNPs caused substantial changes 

in the hydrodynamic radii of GBAuNPs and GBAgNPs. 

The hydrodynamic diameters of GBAuNPs and GBAgNPs as 

determined from DLS measurements gave values of 179 nm 

with PDI of 0.26 and 580 nm with PDI of 0.25, respectively, 

suggesting that much of the GBE phytochemicals (ginse-

nosides, acidic polysaccharides, polyphenols, and reducing 

sugars) were capped onto AuNPs and AgNPs.

EDX and elemental mapping analysis of 
GBAuNPs and GBAgNPs
The EDX analysis confirmed the presence of characteristic 

peaks of metallic gold and silver at 2.2 and 3.3 keV, respec-

tively (Figure 4C and D).30 EDX profile shows a strong gold or 

silver signal in the synthesized nanoparticles, while elemental 

mapping analysis of the purified GBAuNPs and GBAgNPs 

showed the maximum distribution of the gold and silver ele-

ments in the corresponding nanoparticles (Figure 4E and F). 

The resulting distribution patterns of the GBAuNPs and 

GBAgNPs were similar to the distribution patterns of AuNPs 

and AgNPs synthesized by using red ginseng root extract.31

XRD and SAED analysis of GBAuNPs 
and GBAgNPs
The XRD spectra were recorded for the identification 

of crystallinity exhibited by the synthesized materials. 

The synthesized GBAuNPs showed four major diffraction 

Figure 4 FE-TEM imaging shows that the particles are spherical in shape.
Notes: (A) GBAuNPs with sizes between 5 and 10 nm and (B) GBAgNPs with sizes between 10 and 20 nm. EDX spectrum of (C) GBAuNPs confirmed the presence of 
characteristic peak of metallic gold at 2.2 keV and (D) GBAgNPs characteristic peak of silver at 3.3 keV. Elemental mapping analysis of (E) GBAuNPs and (F) GBAuNPs 
showed maximum distribution of gold (green) and silver (red) elements in the corresponding nanoparticles.
Abbreviations: EDX, energy-dispersive X-ray spectrometer; FE-TEM, field-emission transmission electron microscopy; GBAgNPs, silver nanoparticles from ginseng berry; 
GBAuNPs, gold nanoparticles from ginseng berry. 
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peaks at 2θ values of 38.48°, 44.60°, 65.25°, and 78.21° 

which correspond to (111), (200), (220), and (311) planes, 

respectively (Figure 5A).

The synthesized GBAgNPs showed four diffraction peaks at 

2θ values of 38.37°, 45.85°, 63.98°, and 77.90° which cor-

respond to (111), (200), (220), and (311) planes, respectively 

(Figure 5B). The average crystallite sizes of GBAuNPs and 

GBAgNPs were found to be 4.24 and 1.69 nm, respectively. 

SAED pattern of GBAuNPs (Figure 5C) and GBAgNPs 

(Figure 5D) indicated a face-centered cubic crystal structure.32

FTIR analysis of GBAuNPs and GBAgNPs
The functionality of GBE and their nanoparticles was analyzed 

by FTIR analysis. Both FTIR spectra of GBE and the resulting 

nanoparticles (ie, GBAuNPs and GBAgNPs) are shown in 

Figure 6; few characteristic peaks were transmitted at the same 

wavenumbers, indicating that some phytochemicals contained 

in the extract were present on the surface of the nanoparticles. 

The characteristic peaks of polysaccharide and hydroxyl group 

of phenolic compounds structures due to O−H stretching are 

shown between 3,500 and 3,000  cm-1.20,26 C−H stretching 

between 3,000 and 2,800 cm-1 was due to C–H stretching vibra-

tion of methyl or methylene group.33,34 The pronounced peaks 

between 1,600 and 1,400 cm-1 represented carbonyl group 

stretching vibration of flavonoids and ester bonds in polyphe-

nolic compounds.35 Weak peaks between 1,500 and 1,032 cm-1 

corresponded to aromatic C−C groups and C−O functional in 

tanning/tannic acid.36 A peak between 1,200 and 1,000 cm-1 

Figure 5 XRD pattern for the identification of crystallinity exhibited by the synthesized materials.
Notes: (A) GBAuNPs and (B) GBAgNPs. SAED pattern indicated that an FCC crystal structure of (C) single GBAuNPs is spherical and (D) single GBAgNPs is spherical. 
Abbreviations: FCC, face-centered cubic; GBAgNPs, silver nanoparticles from ginseng berry; GBAuNPs, gold nanoparticles from ginseng berry; SAED, selected area 
electron diffraction; XRD, X-ray diffraction.

θθ

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2017:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

718

Jiménez Pérez et al

was found in association with the C−O−H and C−O−C band 

positions. Based on the FTIR spectral analysis for the surface 

adhered biomolecules and experimental work, polysaccharides, 

flavonoids, tannins, phenolic glycosides, and reducing sugars 

from GBE may be responsible for the reduction and subsequent 

stabilization of biosynthesized nanoparticles.

In vitro stability studies of GBAuNPs 
and GBAgNPs
The stability of GBAuNPs and GBAgNPs was evaluated by 

monitoring the wavelengths in the presence of DW, 5% NaCl, 

10% NaCl, 5% BSA, and different pH conditions (pH 

2.0–8.0) at 37°C. The wavelengths in DW, pH 2, pH 7, 

pH 8, 10% NaCl, and 5% BSA solution for GBAuNPs and 

GBAgNPs resulted in minimal wavelength shifts (0–5 nm) 

after 1 day of incubation at 37°C. In the case of GBAuNPs, 

there was no major shift in wavelength in all prescribed 

conditions after 1 month. However, GBAgNPs showed long-

term stability in DW and 5% BSA after 1 month. Our results 

confirmed that the GBAuNPs and GBAgNPs are intact and, 

thus, demonstrated excellent in vitro stability in biological 

fluids at physiological pH condition.

The current discovery of the unique chemical power of 

phytochemicals in GBE in initiating nanoparticle formation 

is of paramount importance in the context of the production 

of AuNPs and AgNPs for medical and technological appli-

cations under nontoxic conditions. One of the paramount 

prerequisites of utilizing AuNPs for in vivo imaging and 

therapy applications is that the nanoparticles can be produced 

and stabilized in biologically benign media.

Antioxidant activity of GBAuNPs 
and GBAgNPs
The results of our study revealed that the synthesized nanopar-

ticles exhibited free radical scavenging activity (Figure 7A). 

However, GBAgNPs showed the highest free radical scav-

enging activity (93.8%) compared to GBAuNPs (81.5%) and 

GBE (81%). In vitro DPPH radical scavenging assay showed 

that GBAgNPs (IC
50

 =1.85 μg/mL) had the highest level of 

antioxidant activity followed by GBE (IC
50

 =1.90 μg/mL and 

GBAuNPs (IC
50

 =1.96 μg/mL). The possible reason for high 

antioxidant activity of GBE may be correlated to the presence 

of copious bioactive compounds present in it. Moreover, the 

increased antioxidant activity of GBAgNPs can be credited 

Figure 6 FTIR spectra of (A) GBE, (B) GBAgNPs and (C) GBAuNPs.
Notes: The peaks of polysaccharide and hydroxyl group of phenolic compound structures due to O–H stretching are shown between 3,500 and 3,000 cm-1. C–H stretching 
between 3,000 and 2,800 cm-1 corresponds to methyl and methylene group, and peaks between 1,600 and 1,400 cm-1 represent carbonyl group stretching vibration of flavonoids 
and ester bonds in polyphenolic compounds. Weak peaks between 1,500 and 1,032 cm-1 corresponds to aromatic C–C groups and C–O functional in tanning/tannic acid.
Abbreviations: FTIR, Fourier transform infrared; GBAgNPs, silver nanoparticles from ginseng berry; GBAuNPs, gold nanoparticles from ginseng berry; GBE, ginseng berry 
extract.
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to the adsorption of existing bioactive compounds of GBE 

over spherically shaped nanoparticles having a larger surface 

area. The interaction of plant metabolites with metal ions 

during nanoparticle formation may result in improved free 

radical scavenging compounds. In addition, the electrostatic 

attractions between negatively charged phytochemicals and 

positively or neutrally charged AgNPs act synergistically to 

improve the bioactivity of plants.

Effect of GBAuNPs and GBAgNPs on 
mushroom tyrosinase inhibition
The inhibitory effect of GBE, GBAuNPs, GBAgNPs, and 

arbutin on the activity of mushroom tyrosinase for the oxida-

tion of l-DOPA was investigated by UV–vis spectrophotom-

eter. Table 2 shows the tyrosinase inhibitor concentration of 

the compounds leading to 50% activity loss (IC
50

). GBAgNPs 

showed the strongest inhibitory activity among the evaluated 

compounds. GBE and GBAuNPs have similar IC
50

. Further-

more, arbutin, a typical tyrosinase inhibitor, was found to be 

less effective on tyrosinase activity compared to the other 

studied samples. Anti-tyrosinase activity of AuNPs and AgNPs 

synthesized from GBE could be from flavonoids absorbed by 

AgNPs and AuNPs, the flavonoids are able to chelate the two 

copper units from the active site of the tyrosinase enzyme.37

Antimicrobial activity of GBAgNPs
Our study showed that the synthesized GBAgNPs had anti-

microbial activity against Gram-negative (E. coli) and Gram-

positive (S. aureus) bacterial strains (Figure 7B). Both strains 

Figure 7 AuNPs and AgNPs synthesized from GBE exhibited free radical scavenging activity.
Notes: (A) Comparative DPPH radical scavenging activity of gallic acid, GBAgNPs, GBAuNPs, GBE, and gold and silver salts. GBAgNPs showed the highest free radical 
scavenging activity (93.8%) compared to GBAuNPs (81.5%) and GBE (81%). AgNPs have antimicrobial activity against Gram-negative (E. coli) and Gram-positive (S. aureus) 
bacterial strains. (B) Antibacterial activity of GBAgNPs of various concentrations (1, 15 µg/disk; 2, 30 µg/disk and 3, 45 µg/disk) of synthesized GBAgNPs using GBE. 
Neomycin was used as assay control.
Abbreviations: AgNPs, silver nanoparticles; AuNPs, gold nanoparticles; C, control; DPPH, 2,2-diphenyl-1-picrylhydrazyl; E. coli, Escherichia coli; GA, gallic acid; GBAgNPs, 
AgNPs from ginseng berry; GBAuNPs, AuNPs from ginseng berry; GBE, ginseng berry extract; S. aureus, Staphylococcus aureus.

Table 2 Tyrosinase inhibitory activity using l-DOPA as substrate

Compound IC50
a (µg/mL)

GBAgNPs 0.4±0.1
GBAuNPs 6.6±0.3
GBE 7.7±0.6
Arbutin 8.3±0.1

Note: aValues are mean ± SD of triplicate measurements.
Abbreviations: GBE, ginseng berry extract; l-DOPA, l-3,4-dihydroxyphenylalanin; 
GBAgNPs, silver nanoparticles from ginseng berry; GBAuNPs, gold nanoparticles from 
ginseng berry; IC50, half maximal inhibitory concentration; SD, standard deviation.
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were susceptible toward different concentrations of GBAgNPs 

(1, 15 µg/disk; 2, 30 µg/disk; and 3, 45 µg/disk). The highest 

zone of inhibition for E. coli was 11 mm, and for S. aureus 

it was 12.3 mm treated with 45 µg/disk. Various report sug-

gested that the antimicrobial efficacy of nanoparticles is shape 

and size dependent; thus, the efficacy of GBAgNPs against 

bacterial pathogens can be attributed to different shapes and 

sizes of GBAgNPs synthesized by GBE.38 Moreover, the vari-

ous components of GBE attached on the surface of GBAgNPs 

play a major role in the antimicrobial efficacy.

In vitro cytotoxicity assay of GBAuNPs 
and GBAgNPs
The development of more effective and biocompatible 

nanoparticles is incumbent for treating particular diseases 

as well as maintaining their remediable properties as active 

drug carriers in cosmetics. AgNPs are strong candidates for 

possessing a broad spectrum of antimicrobial activities.39 

However, it is important to evaluate their cytotoxic effects 

on normal cells to ensure their safe use in humans. To assess 

the potential cytotoxicity of GBAuNPs and GBAgNPs, we 

selected normal HDF and murine melanoma B16 cell lines and 

exposed to them with different concentrations of GBAuNPs 

and GBAgNPs (1–100 µg/mL) for 72 h. Control wells were 

incubated with fresh culture media, and experiments were 

repeated in triplicates. For GBAuNPs-treated HDF and B16 

cells, there were no visible changes in the cell morphology 

between the treated cells with 1 µg/mL and control groups at 

different times (Figure 8A). Treated HDF and B16 cells with 

AgNPs (10 µg/mL) and AuNPs (10 and 100 µg/mL) could be 

identified by dark dense clusters as indicated with arrows in 

Figure 9A. In contrast, no cluster was found in control groups. 

Figure 8 Comparative study of the effect of GBAuNPs, GBE and HAuCl4·3H2O on cell viability and on the morphology of HDF and B16 cells.
Notes: Optical microscopy images (A) of HDF and B16 cell lines (40× magnification) at 72 h after treated with 1–100 µg/mL of GBAuNPs. Treated HDF and B16 cells with 
AuNPs (10 and 100 µg/mL) could be identified by dark dense clusters which are indicated with arrows; no cluster was found in control groups. Cytotoxicity effect of GBE and 
GBAuNPs on HDF (B) and B16BL6 (C) cell lines; GBAuNPs did not exhibit a significant cytotoxic effect on HDF and B16 cells. Cell viability was determined by MTT assay. 
Data are expressed as a percentage of sample-treated control and presented as mean ± SEM of three separate experiments. B16, murine melanoma B16BL6 cells.
Abbreviations: AuNPs, gold nanoparticles; GBAuNPs, AuNPs from ginseng berry; GBE, ginseng berry extract; HDF, human dermal fibroblast; SEM, standard error of the 
mean.

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2017:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

721

Cytotoxicity and antioxidant effect of ginseng berry nanoparticles

The quantity of nanoparticles observed corresponded to the 

concentrations of AuNP and AgNP treatment. Approximately 

100 µg/mL of GBAuNP-treated cells had the highest amount 

of nanoparticle clusters, while cells treated with lower concen-

tration of nanoparticles (1 and 10 µg/mL) had smaller amount 

of nanoparticle clusters. Previous studies have reported that 

AgNPs and AuNPs were uptaken by cells via the clathrin-

mediated endocytosis pathway.40,41 This finding suggests that 

GB-capped AuNPs and AgNPs could be taken up by HDF 

and B16 cells in a similar manner.

In our study, the cytotoxicity of GBAgNPs and GBAuNPs 

was evaluated by cell viability assay after 72 h. It was shown 

that GBAuNPs did not exhibit a significant cytotoxic effect 

on HDF and B16 cells at any concentrations (1–100 µg/mL; 

Figure 8B and C). However, cell proliferation of HDF and 

B16 cell lines was more sensitive to GBAgNPs; cell viability 

decreased with an increase in the concentration of GBAgNPs 

(Figure 9B and C). Cells treated with HAuCl
3
⋅3H

2
O and 

AgNO
3
 solutions, which were used as indicator of toxic-

ity (1–100  µg/mL), also demonstrated similar behavior 

(Figures 8B and C and 9B and C). In short, GBAgNPs were 

found to be toxic to B16 cells (IC
50

, 114.8 μg/mL), but com-

paratively less toxic for HDF cells (IC
50

, 148.6 μg/mL). Our 

results also indicated that GBAgNPs synthesized from GBE 

were less toxic than previously reported biogenic AgNPs and 

AuNPs.42,43 Hence, the current investigation suggests that at 

limited dosage, the GBE-mediated AgNPs can be used as 

effective skin drug delivery agents with minimum toxicity.

Conclusion
Considering the phytochemical profile and pharmacologi-

cal efficacies of P. ginseng berries in biomedicine, we have 

Figure 9 Comparative study of the effect of GBAgNPs, GBE and AgNO3 on cell viability and on the morphology of HDF and B16 cells.
Notes: Optical microscopy images (A) of HDF and B16 cell lines (40× magnification) at 72 h after treated with 1–100 µg/mL of GBAgNPs. Treated HDF and B16 cells with 
silver (10 µg/mL) could be identified by dark dense clusters which are indicated with arrows; no cluster was found in control groups. Cytotoxicity effect of GBE, GBAgNPs, 
and silver salts on HDF (B) and B16 (C) cell lines; cell viability decreased with an increase in the concentration of GBAgNPs. Cell viability was determined by MTT assay. 
Data are expressed as a percentage of sample-treated control and presented as mean ± SEM of three separate experiments. 
Abbreviations: B16, murine melanoma B16Bl6 cells; GBAgNPs, silver nanoparticles from ginseng berry; GBE, ginseng berry extract; HDF, human dermal fibroblast; MTT, 
3-(4,5-dimethyl-thiazol-2yl)-2, 5-diphenyl tetrazolium bromide; SEM, standard error of the mean.
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successfully exploited GBE to synthesize AuNPs and AgNPs 

with functional in vitro biological applications by green 

chemistry. GBAgNPs showed the highest level of DPPH 

radical scavenging activity followed by GBE and GBAuNPs. 

In addition, GBAgNPs possess strong anti-tyrosinase activity 

compared to GBAuNPs and GBE. 

However, the low IC
50

 value of GBAuNps and GBE 

confirmed that both compounds have higher anti-tyrosinase 

activity than arbutin. In addition, GBAgNPs exhibited 

effective antibacterial efficacy against E. coli and S. aureus. 

GBAuNPs were nontoxic to HDF and B16 cell lines. How-

ever, GBAgNPs were found to be toxic to B16 cells but com-

paratively less toxic to HDF cells. Thus, the current results 

suggested that the GB-capped AgNPs could act as potential 

agents for antibacterial, antioxidant, and anti-tyrosinase 

activities. Furthermore, GB-capped AuNPs can be used as 

antioxidant and protective skin agents in cosmetic products, 

and mediators in drug delivery. Consequently, the study 

showed the advantages of using nanotechnology and green 

chemistry to enhance the natural properties of GBs.
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