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Abstract: SCOBY disc is a unique structure of bacteria and fungi. It was known in the mid-Seventies in Egypt as “Tea fish.” To the 

author’s knowledge, no reports since then were published to use them in producing nanoparticles worldwide. The addition of 1mM 

of (HAuCl4.3H2O) solution into the cell-free extract (CFE) of SCOBY disc grew on black tea medium, resulted in gold nanoparticles 

AuNPs at 25ºC (Au3+→Au0) momentarily. The surface plasmon resonance peaks of the gold colloidal solution produced showed an 

absorption peak at 530 nm. (TEM) exhibited AuNPs in spherical and triangle shapes (12 to 35 nm). X-ray diffraction reflected four 

distinct peaks at 2θ = 38.1°, 44.3°, 64.5°, and 77.7°. All four peaks corresponded to standard Bragg reflections (111), (200) , (220), 

and (311) of face center cubic. (FTIR) analysis showed the presence of two amide groups in 1721 & 1033 respectively, which 

appeared to be responsible for the stability of gold nanoparticles. The mean particle size and polydispersity index (PDI) of AuNPs 

induced by SCOBY were 61.23 ± 0.416 with a negative charge -10.2 ± 1.73 mV that cause electrostatic repulsion among the 

nanoparticles and good colloidal stability. Moreover, the effect of AuNPs on inducing apoptosis in liver cancer cells HepG2. 3-(4,5-

dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide (MTT) assay showed that AuNPs produced had selective toxic effects to 

HepG2 cells with IC-50 value 176 µM/mL compared to control cells. These results suggested the use of those green synthesized 

AuNPs in cancer treatment and further studies are recommended. 
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1. Introduction 

SCOBY is the commonly used acronym for 

"symbiotic culture of bacteria and yeast," and is formed after 

the completion of a unique symbiotic fermentation process of 

acetic acid bacteria (AAB) and yeast to form beverages such 

as kombucha [1]. The biofilm of cellulose that embraces 

bacteria and yeast of the SCOBY disc is a by-product of 

kombucha tea fermentation. Several studies on the kombucha 

SCOBY are being carried out to exploit all the possibilities of 

dealing with this cellulose as a suitable raw material in fields of 

food technology, biomaterial preparation, fashion, textile 

industries, and environmental biotechnology [39]. To the 

author’s knowledge, this is the first use of the SCOBY disc to 

induce gold nanoparticles. SCOBY disc of kombucha is 

composed of yeast and acetic acid bacteria especially, 

Gluconacetobacter xylinum which forms a cellulose pellicle on 

tea broth [41]. 

 It is produced by fermenting tea using a "symbiotic colony 

of bacteria and yeast" SCOBY. Actual contributing microbial 

populations in SCOBY cultures vary, but the yeast component 

generally includes Saccharomyces and other species, and the 

bacterial component almost always includes Gluconacetobacter 

xylinus to oxidize yeast-produced alcohols to acetic and other 

acids [2]. The SCOBY disc of kombucha had been used for ages 

in many countries, especially in Japan, Russia, China, and 

Eastern Europe as a starter in the fermentation process of tea 

broth. Nowadays, the yield beverage from the fermentation of 

tea by SCOBY Kombucha is generally regarded as a universal 

natural medicament popular and consumed for having a 

strengthening effect on the human body health [42]. Kombucha 

SCOBY is described as a “miraculous medicament that cures 

every condition” [43]. It is supposed to improve vision, purify 

the body, the strengthen immune system, and decrease the risk 

of cancer [42].  

Gold nanoparticles are of interest mainly due to their 

stability under atmospheric conditions, resistance to oxidation, 

and biocompatibility [3, 4]. Therefore, the development of 

techniques for the synthesis of gold nanoparticles, of well-

defined size and shape, is a great challenge. Different chemical 

methods developed to control the physical properties of the 

particles for their different applications. Most of these methods 

are still in the development stage, and problems are often 

experienced with the stability of the nanoparticle preparations, 

control of the crystal growth, and aggregation of the particles [5, 

6]. There is increasing pressure to develop clean, nontoxic, and 

environmentally safe technologies. Microbial resistance against 

heavy metal ions has been exploited for biological metal 

recovery via the reduction of the metal ions or the formation of 

metal sulfides [3]. Recently, microorganisms such as fungi and 

bacteria were shown to be attractive alternative ways to 

synthesize gold nanoparticles [7]. Metal nanoparticle synthesis 

depends on the reducing agent, which reduces the state  

(Au3+→Au0)[8]. It is worth mentioning that silver nanoparticles 

were induced using the SCOBY disc by M. Shanmugavel et al. 

in 2017 [44]. 

 

https://sjsci.journals.ekb.eg/
https://doi.org/10.21608/sjsci.2023.201834.1073
file:///C:/Users/lenovo/Downloads/muhamedsci@yahoo.com
https://en.wikipedia.org/wiki/Symbiotic_bacteria
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Yeast
https://en.wikipedia.org/wiki/Symbiotic_fermentation
https://en.wikipedia.org/wiki/Acetic_acid_bacteria
https://en.wikipedia.org/wiki/Yeast
https://en.wikipedia.org/wiki/Kombucha


 

©2023 Sohag University    sjsci.journals.ekb.eg  Sohag J. Sci. 2023, 8(3), 353-360 354 

2. Materials and methods: 

2.1. SCOBY of kombucha  

The SCOBY disc was kindly provided by Prof. M. Hossam 

Aboul-Nasr Fig.1. Then the SCOBY was activated and 

fermented every 2 weeks to get a new batch of SCOBY. 

2.2. Growth conditions 

The SCOBY disc was grown aerobically in a liquid black tea 

media. The biomass was harvested after 7 days of growth, 

followed by extensive washing with deionized water to remove 

any medium component from the biomass. 

2.3. Cell filtrate extract preparation 

SCOBY biomass (10 gm fresh weight) was brought in 

contact with 100 mL of sterilized deionized water for 72 h at 

28oC in an Erlenmeyer flask and agitated in a rotary shaker (120 

rpm) in dark condition. After the incubation, the cell-free extract 

was obtained using Whatman filter paper No.1. 

2.4. Chemicals: 

2.4.1. Gold chloride solution Preparation   

Trihydrated tetrachloroauric acid (HAuCl4.3H2O) 

(purchased from Sigma Aldrich)  was used for the synthesis of 

gold nanoparticles by adding 0.0357g of (HAuCl4.3H2O) to 100 

mL sterilized deionized water to produce 1mM aqueous 

solution. 

2.5. Biosynthesis of gold nanoparticles  

The SCOBY disc of kombucha was inoculated into the 

sterile liquid black tea medium and incubated at room 

temperature for 7 days. Further, the SCOBY was collected, 

washed, suspended in sterile distilled water (DW), and agitated 

(120 rpm) at room temperature for 72 h. The supernatant (cell-

free extract) collected after centrifugation was used for the 

synthesis of nanoparticles. An equal volume of 1 mM (HAuCl4) 

solution was mixed with cell-free extract (CFE) and agitated 

(120 rpm) in the dark at room temperature. Simultaneously,     1 

mM (HAuCl4) solution was maintained as a control under 

similar conditions. To probe the role of biomolecules (acting as 

reducing agents) present in the (CFE), one set of experiments 

was also performed where heat-treated (CFE) was challenged 

with 1 mM (HAuCl4) solution. The formation of gold 

nanoparticles was routinely monitored by visual inspection as 

well as recording the UV-Visible spectra of the reaction mixture 

[40].  

2.6. Characterization of gold nanoparticles:                                                                                                                                                                                   

To determine the characterization of nanoparticles, many 

techniques are used: The surface area, core size, solubility, 

particle size distribution, aggregation, zeta potential, adsorption 

potential, shape, size of the interactive surface, and the 

intercalation and dispersion of nanoparticles [9].  

2.6.1. UV-Vis spectra analysis 

 Characterization of AuNPs by visual observation for change 

in color from pale yellow to red-purple considered as the first 

observation for the gold nanoparticles synthesis and further 

formation of AuNPs was confirmed by UV-visible spectroscopy 

for the appearance of characteristic surface plasmon resonance 

(SPR) band of AuNPs [10]. The biotransformation of 

(Au3+→Au0) was also observed by sampling aliquots (2 mL) of 

the aqueous solution at different time intervals and measuring 

the UV-Vis spectra of the solution. The synthesized AuNPs 

were proven by sampling the reaction mixture at regular terms 

and the absorption spectra were scanned at the wavelength from 

400 to 700 nm using JENWAY 7315 spectrophotometer, UK. 

Spectroscopic analysis of several weeks-old samples was also 

carried out to check the stability of the synthesized gold 

nanoparticles. 

2.6.2. Transmission electron microscopy (TEM) 

The size and shape of the synthesized AuNPs were 

determined using a transmission electron microscope (TEM) 

model JEM100CX11 JEOL (Japan). A 10-fold diluted sample 

of the synthesized AuNPs was mounted on carbon-coated 

copper grids and held in a vacuum for the night before being 

loaded into the specimen holder. The size of the AuNPs was 

determined at 100KV (0.23 nm resolution), Electron 

Microscopy Unit, Assiut University, Assiut, Egypt.  

2.6.3. (FTIR) spectroscopy analysis  

To examine the potential functional groups involved in 

biosynthesis, the (FTIR) spectrum of the prepared sample was 

recorded in a Bruker, Alpha-A, Germany in the range of 4000 – 

400 cm−1 at a resolution of 4 cm-1. Fourier transform infrared 

spectroscopy (FTIR) was applied for the analysis of the obtained 

AuNPs [11]. Dried sample of the synthesized gold nanoparticles 

has been dried by using a simply modified method developed by 

M. B. Aboul Nasr et al. [12], where chloroform was mixed with 

an aqueous sample of gold nanoparticles solution in a ratio of 

(1: 1) for one hour. The aqueous solution separated from the 

gold nanoparticles found on the surface of the chloroform was 

removed by a micropipette and then evaporated chloroform to 

obtain the dried sample of AuNPs at room temperature. 

2.6.4. Particle size analysis 

The mean particle size and polydispersity index (PDI) of the 

nanoparticles were measured using a Zetasizer Nano ZS 

instrument (Malvern Instruments, Worcestershire, UK) 

equipped with a backscattered light detector operating at 173°. 

The Zeta-potential values were measured by laser Doppler 

anemometry using Malvern Zetasizer Nano series ZS. The 

sample was diluted in distilled water and measured at 25°C in 

Fig. 1: (A) Label of shipping bag (Poly mailers) from USA. (B) 

SCOBY disc of kombucha 

A B 
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triplicates (equilibrium time of 120 s and 15 runs). The sample’s 

volume used for measurements was kept constant. 

2.6.5. Zeta potential measurement 

The suspension of the synthesized gold nanoparticles was 

diluted 10 times and the diluted sample was allowed to filter 

through a 0.22 μm syringe-driven filter unit. The filtered sample 

of gold nanoparticles was considered to measure the Zeta 

potential using the same instrument for (DLS).   

2.6.6. X-ray diffraction XRD 

The crystallinity of samples was evaluated by wide-angle X-

ray diffraction (WAXD) analysis using XDL 3000 powder X-

ray diffractometer, (Ain Shams University) operated with Cu Kα 

radiation (λ = 0.15418 nm). Diffraction patterns were recorded 

over a (2θ). Range of 20-80 in continuous mode. Data were 

collected with steps of 0.021° (2θ) [13]. 

2.7. Anticancer activity of gold nanoparticles against HepG2 

cell lines: 

2.7.1. Cytotoxicity assay 

To check the cytotoxic effect of the biosynthesized gold 

nanoparticles on tumors, the cytotoxic activity of the attained 

gold nanoparticles based on SCOBY disc was detected (in vitro) 

and considered at one concentration (0.5mM) against human 

liver cancer cell lines HepG2. The cytotoxic effect of (0.5mM) 

concentration of AuNPs was determined using 3-(4,5-dimethyl 

thiazol-2-yl)-2,5-diphenyl- tetrazolium bromide (MTT) assay. 

2.7.2. Cell culture  

The liver hepatocellular adenocarcinoma HepG2 cell line 

was obtained from the GIBCO (Grand Island Biological 

Company), USA. Cells were cultured in RPMI-1640 medium 

supplemented with 10% fetal bovine serum (FBS), 100 U/mL of 

penicillin, and 100 μg/mL of streptomycin and were incubated 

in a humidified atmosphere containing 5% CO2 and  95 % air at 

37°C according to the guide book of the cell line bank. 

2.7.3. Cell Viability and AuNPs IC50 Evaluation  

Liver cancer cell lines-HepG2 cytotoxicity was determined 

according to AshaRani et al. in which cell plates  96-wells  were 

incubated at 37oC. The supernatant was decanted after four 

hours and plates were incubated in the dark for 30 min at 37oC. 

The absorbance wavelength 570 nm was read using microplate 

reader Elx-800-Biotek, and the viability percentage in addition 

to the IC50 value was determined [14].  

3. Results and discussion:  

3.1. Biosynthesis of gold nanoparticles: 

3.1.1. Visual observation 

Our results revealed that the SCOBY supernatant color 

changed exceptionally from pale yellow to purple color 

momentarily when the gold chloride was added Fig. 2. The 

SCOBY disc of kombucha was used to investigate its ability to 

synthesize AuNPs. The extracellular synthesis of AuNPs using 

the cell-free extract (CFE) of the SCOBY was verified first 

visually and the intensity of color increased up in five seconds 

to dark purple. It is well known that the appearance of purple 

colours in the reaction mixture indicates the formation of AuNPs 

[15-17]. Fig. 2 shows conical flasks with a (CFE) of SCOBY 

disc before and after the reaction with AuCl4
− ions. The cell-free 

extract (CFE) has a pale-yellow color before the reaction with 

the gold ions which changes to purple on completion of the 

reaction. 

 

3.2. Characterization of the gold nanoparticles: 

3.2.1. UV-Vis spectra analysis 

Vis-UV absorbance  of the gold nanoparticles colloidal 

solution usually ranges from 510 to 560 and the SCOBY disc 

supernatant reflected purple color due to their (SPR) of gold 

nanoparticles resulting in spectroscopic signature shown in Fig. 

3. The reduction of chloroauric acid was subjected to spectral 

analysis using the UV–visible spectrophotometer, which 

showed an absorbance peak at 530 nm Fig. 3, which was specific 

for gold nanoparticles reported by V. C. Verma et al. [18].  

 

Also, M. B. Aboul-Nasr et al. reported that the UV-visible 

spectra of AuNPs solution of Aspergillus ochraceus strain 

AUMC 14355 were observed at 546 nm [19]. Our results  agreed 

with the previous finding of R. Vijayakumar et al. using extracts 

of Crocus sativus that showed an absorbance band at 549 nm 

[20]. Our results agreed with the standard peak resonance wave 

length confirmed by V. Nachiyar et al. [21] at 535 nm. These 

results reflected a spherical shape of AuNPs. More or less, the 

same results were obtained by H. Hang & X. yang at 525 nm 

[22]. That yielded a triangular shape of the gold nanoparticles 

that located at 540 nm [22]. 

Fig. 2: Shows conical flasks with a cell-free extract (CFE) of kombucha 
SCOBY disc (A) before and (B) after reaction with AuCl4

− ions for 5 

second. The (CFE) has a pale yellow colour before reaction with the gold 

ions which changes to purple on completion of the reaction. 

A B 

Fig. 3: Shows the UV/Vis spectra recorded for the reaction solution of 
the (CFE) of black tea-SCOBY disk as positive control, gold chloride as 

negative control and AuNPs. 
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3.2.2. Transmission electron microscope (TEM) Analysis 

The (TEM) showed that gold colloidal solutions produced 

by the SCOBY disc are variable. They embraced spherical, 

triangle, and hexagonal shapes with sizes ranging from 14.2 to 

39.5 nm Fig. 4.  

Similar results were obtained with Candida albicans where 

the size of the gold nanoparticles were found to be in the range 

of 15 – 30 nm [23]. Other studies conducted by V. C. Verma et 

al. [18] also substantiate these results wherein an endophytic 

fungus Aspergillus clavatus was used for the synthesis of gold 

nanoparticles. The gold nanoparticles AuNPs were stabilized by 

the proteins that prevent their aggregation; this is in agreement 

with the UV/vis spectroscopy measurements which showed the 

gold solutions to be exceptionally stable. The (TEM) results of 

our AuNPs indicate that it was indeed possible to synthesize 

gold particles of nanoscale dimensions and tolerable 

monodispersity by using the kombucha SCOBY disc. The gold 

nanoparticles synthesised with SCOBY disc were small in size 

and monodisperse. Similar results were also reported using 

Sumac extract for synthesizing of AuNPs by H. Shabestarian et 

al. [24]. 

3.2.3. Dynamic light scattering (DLS) analysis: 

3.2.3.1 Particle size 

 It is important to mention that the average particle size of 

AuNPs produced in this study was found to be of 61.23 ± 0.416 

nm size using a particle size analyzer. Extracellular reduction of 

the metal ions by SCOBY resulted in the rapid formation of the 

highly stable gold nanoparticles of 61.23 ± 0.416 nm 

dimensions. The nanoparticles were not in direct contact within 

the aggregates, indicating stabilization of the nanoparticles by 

capping agents. The (DLS) investigation showed AuNPs 

produced in this work with 0.399 ± 0.019 Polydispersity Index 

(PDI) value (Table 1). Polydispersity Index (PDI) refers to the 

distribution of size populations within a sample and the obtained 

single peaks indicated good quality of the synthesized gold 

nanoparticles is good Fig. 5. 

The AuNPs displayed the polydispersity index (PDI of 0.39) 

according to some researches, a (PDI) value of 0.1 – 0.25 

specifies a narrow size distribution while a (PDI) > 0.5 refers to 

a broad distribution [25]. Thus, the obtained size distribution for 

the prepared AuNPs (PDI) value of 0.39 showed a narrow size 

distribution. The (PDI) of AuNPs synthesized by A. terreus  was 

found to be 0.864±0.015 [26]. 
 

Table   1 : Average particle size (nm), (PDI), and Zeta potential 

(mV) of AuNPs reduced with kombocha SCOBY disc. 

 

 

3.2.4.  Zeta potential measurement 

The Zeta potential of suspended AuNPs induced in our lab 

was measured as shown in (Table 1), to determine the surface 

charge and stability of the nanoparticles in aqueous dispersion. 

The surface charge is a main factor generally used to predict a 

nanoparticle's stability. The stability of nanoparticles in aqueous 

is strongly correlated to their zeta potential. SCOBY disc-

AuNPs formulations were negatively charged -10.2 ± 1.73 mV, 

indicating their excellent colloidal stability through electrostatic 

repulsion between them Fig. 6.  

 

Zeta-potential 

(mV) 
(PDI) 

Average 

particle size 

(nm) 

Formulation 

-10.2 ± 1.73 0.399 ± 0.019 61.23 ± 0.416 

AuNPs reduced 

with kombocha 

SCOBY disc 

Fig. 4: Transmission electron micrograph of AuNPs synthesized by cell-

free extract of kombucha SCOBY disc. 

Fig. 5: Particle size distribution curve of SCOBY - AuNPs 

Fig. 6: Zeta potential plot of AuNPs synthesized by SCOBY 
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Our findings agreed  with those of many previous studies 

where zeta potential (Surface potential) has a direct relation with 

the stability of a structure when the potential charge is around 

±10 to ±30 stability of synthesized nanoparticles was moderate 

[27]. N. A. El-araby et al. showed that the freshly prepared 

AuNPs formulations produced by A. terreus, A. ochraceus, A. 

quadrilineatus, A. fumigatiaffinis were negatively charged, 

varying from (-5.54 to -14.89 mV) [26]. 

3.2.5. X-Ray diffraction XRD analysis 

The crystallinity of SCOBY disc-AuNPs was investigated by 

X-ray diffraction XRD technique, and corresponding XRD 

patterns were shown in Fig. 7. 

 

To prepare the sample in dried form, a simple modified 

approach was used by extracting AuNPs from the aqueous 

solution using chloroform. The chloroform extract was 

separated from the aqueous solution containing AuNPs using a 

separated funnel and let them dry by air gun [12]. Synthesized 

SCOBY disc-AuNPs exhibited four distinct peaks at 2θ = 38.1°, 

44.8°, 64.5°, and 77.4°. All four peaks corresponded to standard 

Bragg reflections (111), (200), (220), (311), and orientations of 

the face center cubic (fcc) lattice of metallic crystalline gold 

confirmed the presence of gold nanoparticles (Table 2). 
 

Table 2: Peak list of the X-ray diffraction pattern of SCOBY-

AuNPs. 

Pos. [°2Th.] Height [cts] 

FWHM 

Left 

[°2Th.] 

d-

spacin

g 

Rel. Int. 

[%] 

38.179680 100.00000 0.090000 
2.3448

0 
100 

44.872060 55.000000 0.090000 
2.0398

0 
45.4 

64.564400 45.000000 0.090000 
1.4523

6 
16.50 

77.450070 40.000000 0.090000 
1.2330

5 
15.50 

 

These results indicated that the nanoparticles were 

composed of highly crystalline Au0 [28]. The intense diffraction 

at 38.1° peak shows that the preferred growth orientation of 

zero-valent gold was fixed in (111) direction. This observation 

suggested that the (111) plane was the predominant orientation 

of the prepared AuNPs; this refers to molecular-sized solids 

formed with a repeating 3D pattern of atoms or molecules with 

an equal distance between each part. This XRD pattern is typical 

of pure Au nanocrystals. The current results were in agreement 

with previously published results of gold nanoparticle synthesis 

using bacteria [29]. In addition, the present findings in this study 

were supported by the results obtained by J. Sarkar et al.  who 

studied the Mycogenesis of gold nanoparticles using a 

phytopathogen Alternaria alternata and their results showed 

that the diffraction peak corresponding to the (111) phase was 

the main peak, indicating that (111) was the primary orientation 

[15]. 

V. C. Verma et al. reported that the Bragg reflections 

obtained from the AuNPs correspond to the fcc crystalline 

structure of gold [18]. The XRD pattern exhibited four identical 

diffraction peaks corresponding to the (111), (200), (220), and 

(311) appearing at 2θ = 38.2o, 44.5o, 65.6o and 78.6o of metal 

gold, respectively (International Center for Diffraction Data, 

ICDD No. 04–0783), indicating that the precipitate was 

composed of pure crystalline gold. In addition, in the XRD 

pattern, a very intense Bragg reflection for the (111) lattice was 

observed, suggesting that the (111) oriented AuNPs were lying 

flat on the planar surface, while the reflections correspond to 

(220) and (311) with a lattice spacing of 1.44 and 1.23 A° was 

specific for the triangular morphology, respectively [18]. It was 

also notable that the ratio of intensity between the (200) and 

(111) diffraction peaks for the prepared sample was much lower 

than the standard (0.042 vs. 0.33), and this rationally decreased 

as the particle size increased.  

3.2.6. Fourier transform infrared spectroscopy (FT-IR) 

A simple modified method to overcome hiding an amides 

group in the case of aqueous solution extract was used by 

extracting AuNPs using chloroform. The chloroform extract was 

separated from the aqueous solution containing AuNPs, 

collected using a separated funnel, and let dry at room 

temperature [12].  

 

Fig. 8 shows the (FTIR) spectrum of the AuNPs. The sharp 

bands at 3,226 and 2,927 cm-1 suggest the presence of stretching 

vibrations (N—H) of primary and secondary amines, and 

aldehydic C—H stretching, respectively. Moreover, this also 

indicates the possibility of hydroxyl functional groups, which 

might have arisen from alcohols or phenols present in the 

Fig. 7: X-ray diffraction pattern of AuNPs synthesized using SCOBY 

disc. The Bragg reflections are indexed based on the fcc gold 

structure.  

°2T

Fig. 8: (FTIR) spectrum of the AuNPs obtained using a cell-free extract 

of the kombucha black tea- SCOBY disc. 

https://sjsci.journals.ekb.eg/
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SCOBY extract. On the other hand, their corresponding N—H 

bending vibration was seen at 1,721 and 1,033 cm-1, 

respectively. In addition, the weak bands at 1,413 and 1,077 cm-

1 were assigned to C—N stretching vibrations of aromatic and 

aliphatic amines. Hence, the presence of amide linkages to hold 

the amino acid residues of the protein biomolecules, such as 

tryptophan/tyrosine secreted extracellularly by the SCOBY disc 

was responsible for the possible stabilization of the synthesized 

AuNPs. These results suggested the presence of proteins on the 

surface of Au core particles. Similar results suggested that 

proteins can bind to Au nanoparticles through free amine groups 

in the proteins [30]. According to N. A. El-araby et al. (FTIR) 

spectrum of biogenic synthesized gold nanoparticles showed the 

availability of functional groups. More number of functional 

groups were present in gold nanoparticles. The peaks were 

observed at range (3371.10 - 3282.22) cm−1 corresponding to 

(N—H of protein with O—H of water and protein). A long 

narrow band was seen at the wave number of 2955 cm−1 

indicating the presence of C—H stretched alkane groups. Strong 

bands were noted at the range (1701, 1639.95, and 1462.57) 

representing the C—C stretch (in-ring) of aromatics and N—O 

symmetric stretch nitro groups, respectively. C—N stretch 

aromatic amines and C—N stretch aliphatic amines showed at 

1246.47 and 1034.01 respectively [26]. (FTIR) the spectrum 

revealed two peaks at 1635.83 and 1564.68 cm-1 that 

corresponds to the bending vibrations of the amide I and amide 

II bands of the proteins respectively; while their corresponding 

stretching vibrations were seen at 3301.49 and 3203.40 cm-1 for 

(N—H of protein with O—H of water and protein) stretching 

[27]. 

3.3. Cytotoxicity assay (MTT): 

3.3.1. IC50 value 

Cytotoxic effect of SCOBY- synthesized AuNPs was 

performed on liver cancer cell line HepG2 and determined using 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay. Recorded data revealed that viability was 

concentration-dependent, where the viability increases as long 

as the concentrations of AuNPs decrease till reaching 100% 

viability at a concentration of 1 μM/mL. Cytotoxicity was 

assessed by quantitative analysis of damage to the plasma 

membrane. Our results of (the MTT) assay showed that AuNPs 

produced by SCOBY disc have a high toxic effect on HepG2 

cells with an IC50 value of 176 µM/mL. This induced decreased 

viability of the liver cancer cell line Fig. 9. Data recorded 

revealed a significant decrease in IC50 value Fig. 10. Similar to 

our results H. M. Ebrahim et al. found that the half inhibition 

concentration IC50 following incubation of HepG2 cells with 

different concentrations of AuNPs for 48 hrs was found to be 

176.6 μmol/L [31]. Exposure of HepG2 cells for 48 hrs to 

increasing levels of AuNPs concentration (50-250 μmol/L) gave 

rise to a dose-dependent significant decrease in cellular growth, 

as demonstrated by the significant decrease in (MTT) 

absorbance at all AuNPs concentrations, compared to untreated 

HepG2 control. Furthermore, the addition of increasing 

concentrations of AuNPs in HepG2 cells culture media reduced 

the percentage of cell viability in a significant dose-dependent 

manner, where the highest AuNPs dose (250 μM/L) recorded the 

greatest cytotoxicity on HepG2 cells (68.85%) [31]. 

About potential of gold nanoparticles, they have been used 

in the treatment of various cancers such as human glioma, colon 

cancer, lung epithelial cancer, breast carcinoma, uterine cancer, 

and human lung cancer [32]. It was found that the anticancer of 

AuNPs is highly dependent on several factors related to its 

physical properties such as shape, surface coverage, and size. 

Regarding size, it has been stated that small-sized gold 

nanoparticles can transfer and remove the cell membrane of 

tumor cells. In the larger size, the above capability is 

significantly limited [33]. As shown in the TEM micrograph of 

our study, gold nanoparticles had a spherical morphology with 

a size range from 14.2 to 39.8 nm that agrees with those of the 

size of gold nanoparticles below 50 nm is well suited for killing 

tumor cell lines in vivo and in vitro [33]. M. B. Aboul-Nasr et 

al. reported by the (MTT) assay that AuNPs have a high toxic 

effect on MDAMB-231 cells with IC50 value 32.83 μM/mL for 

those of A. ochraceus AUMC 14355[12]. M. A. Abu-Tahon et 

al. have stated that AuNPs had a strong toxic impact on A549 

and HepG2 cells, with IC50 values of 53.5μg/mL and 60.7 

μg/mL, respectively. And a moderate cytotoxic impact on 

MCF7 cells, with an IC50 value of 100μg/mL [34]. The 

cytotoxic effect of AuNPs is the result of the active 

physicochemical interaction of gold atoms with the functional 

groups of intracellular proteins as well as with the nitrogen bases 

and phosphate groups in DNA, causing cell damage and 

inhibiting protein synthesis [35-37]. M. E. Selim. & A. A. Hendi 

stated that the toxic responses of gold nanoparticles to human 

breast epithelial MCF-7 cells were investigated. Their results 

demonstrated that exposure of gold nanoparticles to MCF-7 

cells causes cytotoxicity. They have also exhibited apoptotic 

responses of AuNPs in MCF-7 cells. (MTT) assays revealed that 

the AuNPs exert significant cytotoxicity to MCF-7 cells in a 

dose-dependent fashion in the concentration range of 25-200 

μg/mL [37]. According to the study of Y. J. Lee et al., the 

anticancer activity of biogenic AuNPs against HepG2 cells is 

shape-dependent. After 24 h of treatment of HepG2 cells with 

biogenic AuNPs using (MTT) assays, the IC50 value was found 

at 127.1 μM/mL for nanospheres [38]. 

 

 

Fig. 9: Evaluation of cytotoxicity of AuNPs produced by SCOBY on liver 

cancer cell line HepG2 using (MTT) assay. 

https://sjsci.journals.ekb.eg/
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4. Conclusion 

SCOBY disc of Kombucha proved to induce highly stable 

and eco-friendly AuNPs. The in vitro cytotoxicity studies 

showed promising results of very selective potentiality of these 

synthesized AuNPs to kill liver cancer cells. This encourages us 

to recommend their use in liver cancer treatment and further 

clinical studies must be recommended. 
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