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Abstract 

 

Background and Objective: Use of natural ingredients is a safe efficient approach to overcome 

various diseases. Encapsulated ginger extract has shown improved physicochemical 

characterizations, compared with that, the ginger extract has. In this study, a natural system 

integrated with ginger bioactive compounds (6-gingerol) and green microalgae of Chlorella 

vulgaris was reported to increase bioactive compounds medicinal effectiveness and introduce a 

novel food supplement. 

Material and Methods: First, nanoparticles of microalgae were produced using ball-milling 

technique. Ethanolic ginger extract, loaded on microalga nanoparticles, was investigated at various 

pH values (2-7.4) to effectively release the active agents. Various analytical techniques (e.g., 

Fourier transform infrared, thermogravimetric analyses) were used to characterize the 

nanocomposite and investigate its anticancer and antimicrobial effects. 

Results and Conclusion: Dynamic light scattering showed a medium size of 20.9 nm for the 

microalga nanoparticles. The release assay of ginger polyphenols showed a releasing process 

controlled by the pH. Fourier transform infrared, thermogravimetric analysis and differential 

thermal analysis revealed adsorption of ginger extract on nano Chlorella vulgaris surface. 

Moreover, 2,2-diphenyl-picrylhydrazyl bioassay results on the nanocomposite (GE@nano C.v) 

verified its significant antioxidant, antibacterial and anticancer activities. The nanocomposite has 

the minimum inhibitory effect on human breast adenocarcinoma cells and bacterial growth at 1 and 

6.25 mg ml-1 concentrations, respectively. In brief, adsorption of ginger extract on the microalga 

nanoparticle surfaces enhanced physical and chemical characteristics of the ginger extract, 

compared to its free form. Bioactive compounds in Chlorella vulgaris and ginger extract strengthen 

their reported activities. Furthermore, microalgal nanoparticles could act as a safe carrier for the 

controlled release of 6-gingerol in addition to their nutraceutical characteristics.   
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1. Introduction 

By decreasing consumption of essential nutrition, various 

chronic diseases emerge. This dilemma needs a reliable 

effective solution to prevent future malnutrition illnesses. 

Nowadays, plant and algal-derived supplies as functional 

foods are attracting public attentions due to healthful 

bioactive components and their therapeutic effects [1,2]. One 

of the wide subgroups of algae includes microalgae. Algal 

biomass includes diverse health-beneficial bioactive 

compounds such as fibers, carotenoids, polysaccharides, 

polyphenols and peptides that are resulted from various 

metabolic pathways and effective on cardiovascular diseases 

(CVDs), types of cancers, atherosclerosis, neurodegenerative 

diseases, obesity, gut health, bone health, inflammation, type 

II diabetes and antioxidant and antiviral activities [3,4]. In 

developing seaweeds and microalgal foods, aspects such as 

consumer awareness and demands, bioactive compound 

bioavailability and stability, cost-effectiveness and life 

durability needs further attentions. Moreover, only a few 

species of microalgae are approved for the human 

consumption as foods due to strict food safety regulations. 

These include Arthrospira platensis (spirulina), Chlorella 

spp., Aphanizomenon flosaquae, Schizochytrium spp., 

Scenedesmus spp., Dunaliella salina, Tetraselmis chuii, 

Haematococcus pluvialis and Porphyridium purpureum as 
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resources of human nutrition within the microalgal species 

[5,6]. It has been reported that bioactive agents are critical 

for better health conditions. Therefore, plant phytochemicals 

have been selected as they include generally favorable 

characteristics such as less toxicity and well bearing by 

normal body cells. Frequently assessed bioactive compounds 

in plant extracts include curcumin, gingerol, β-carotene, 

quercetin and linamarin, which are developed as anticancer 

drugs. These compounds are rich in active agents such as 

phenols, alkaloids, flavonoids and tannins, which include 

high anti-inflammatory, antioxidant, antimicrobial, antica-

ncer and antiaging activities [7,8].  

One of the active agents of the ginger (Zingiber officinale) 

rhizome is found in the polyphenol group of 6-gingerol, 

which is popular for the protection of several cancers. The 6-

gingerol mechanism includes interfering with a number of 

cell signaling pathways that affect balances between the cell 

proliferation and apoptosis [9]. These lead to effective 

approaches majorly for liver carcinoma and breast cancer. In 

addition, antiviral, antimicrobial, antihyperglycemic, 

antilipidemic, cardioprotective and immunomodulatory 

activities have been shown. However, 6-gingerol 

disadvantages such as pH and oxygen sensitivities, 

temperature lability, light instability and poor aqueous 

solubility limit its potential administrations. Thus, novel 

approaches for efficient delivery of 6-gingerol in a targeted 

controlled manner is critically important [10]. Drug delivery 

paths have been improved with developing of 

nanotechnology science. Appropriate drug-delivery 

nanosystems are used to enhance drug stability, specificity 

and durability in human blood circulatory system. Various 

drug vehicles have been introduced to improve drug 

efficiency and therapeutic effects. Some nanotechnology 

systems used for targeted drug delivery include dendrimers, 

micelles, carbon nanotubes, nanoparticles and liposomes, 

which are extensively used in various industries such as 

cosmetic, food, medicine, health, energy, electronics and 

environment industries [11,12]. Additionally, nanote-

chnology has provided a path; in which, well-qualified and 

practical forms of foods with nutrient bioavailability can be 

produced. Moreover, most of the recent studies is dedicated 

to crop and food processing developments through 

nanotechnology [13].  

One of the nanotechnology approaches in food technology 

includes a top-down approach that uses nanostructures from 

bulk materials by size decreasing via milling, nanolith-

ography or accurate-engineering techniques. In contrast to 

nanostructures with a large surface area-to-volume ratio, this 

nano-approach induces a higher activity and enhances 

performance. Factors such as non-specificity, low stability 

and aggregation can delay these nanotechnologies' uses 

because of decreased functions. To extend stability of 

nanosize structures, associating a host material (as a matrix 

or support) can be an alternative way to overcome the former 

issues [13-15]. Ginger is an old additive and traditional 

medicine; previous studies on using ginger extract for 

therapeutic approaches have been less effective, compared 

with the loaded ones in a carrier due to less stability and low 

solubility. Therapeutic characteristics of this natural 

medicine are limited as previously stated. Moreover, 

Chlorella (C.) vulgaris is approved by the Food and Drug 

Administration (FDA) with nutritional and medicinal 

characteristics and potential of uses as a natural carrier. To 

enhance physiochemical characteristics of ginger extract, 

containing health-promoting bioactive compounds, as well 

as natural ingredient demands in food nutraceutical and 

medical industries, a nanocomposite was designed that was 

a novel approach to overcome disadvantages of using ginger 

extract alone. In this study, a nano-microalga was 

synthetized using up-down path as a carrier for ginger 

extract. Moreover, composite was assessed using several 

bioassays. 

2. Materials and Methods 

2.1. Materials 

Ginger rhizome was purchased from a local market in 

Tehran, Iran. Moreover, 2,2-diphenyl-1-picrylhydrazyl 

(DPPH), Folin-Ciocalteu reagent, Gallic acid and sodium 

carbonate were purchased from Sigma-Aldrich, USA. 

Methanol (purity>99%) and ethanol (purity≥99.7%) were 

provided by Merck, Germany. Fresh C. vulgaris microalgae 

was provided by the Faculty of New Sciences and 

Technologies, University of Tehran, and cultured before 

use. All the chemicals included analytical grades and 

deionized water was used to prepare solutions. 

2.2. Microalgae culture 

Briefly, BG-11 liquid media were used to propagate C. 

vulgaris. Microorganism was inoculated at 10% using 500-

ml flasks of 200 ml of BG-11. Culture flasks were incubated 

using rotary incubator at 25 ℃ ±2 and 100 rpm. Cells were 

harvested by centrifugation (Awel, model MF 20-R, France) 

at 8000 rpm for 10 min at 4 ℃. These were freeze-dried 

(Operon, model FDB 5503, South Korea) [16].  

2.3. Ginger extraction  

Ginger rhizomes were dried at room temperature (RT) 

and grounded using blender and then the fine powder was 

stored at -20 ℃ for further use. Extraction method 

(maceration technique) reported by Ali, et al. was used with 

modifications [17]. Generally, 5 g of the ginger powder were 

transferred into a 50-ml tube and extracted with 25 ml of 

70% ethanol at 26 ℃ for 72 h using shaker-incubator. The 

hydroalcoholic extract was filtered through Whatman filter 

papers (Whatman, UK) to separate from the solid phase. 

Concentrated extract, achieved using rotary evaporator and 

freeze-drier, was stored at 4 °C until use. 
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2.4. Characterization of the ginger extract 

2.4.1. Total phenol content of the ginger extract  

To investigate total phenolic content of the extract, 

Folin–Ciocalteu method was used [18]. Gallic acid 

calibration curve was plotted using mixture of ethanolic 

solution of Gallic acid (1 ml) and Folin–Ciocalteu reagent 

(200 µl, 10× diluted) and sodium carbonate (160 µl, 0.7 M). 

Absorbance ratio of the solution was read using UV-Vis 

spectrophotometer (Thermo, WPA, Germany) at 760 nm. 

To assess the total phenolic content, ginger extract was 

mixed with the highlighted reagent and the absorbance ratio 

was measured with three replicates. Equation 1 was used for 

the calculation of total phenolic compounds as follows. 

T = C ^ V/M      Eq. 1 

Where, T was the total phenolic content [mg g-1 sample 

extract in Gallic acid equivalents; C was the concentration 

of Gallic acid established from the calibration curve (mg ml-

1 )]; V was volume of the extract (ml); and M was mass of 

the sample extract (g) [19]. Results were expressed as µg of 

ginger extract ml-1 of supernatant based on the calibration 

equation. Calibration equation of the ginger polyphenols (6-

gingerol) was achieved via UV [absorbance value = 0.0507 

(ginger polyphenols concentration in mg ml-1) - 0.0636 (R2 

= 0.991)]. 

2.4.2. High-performance liquid chromatography analysis 

Waters liquid chromatography apparatus, including a 

separation module (Waters 2695, USA) and a photodiode 

array detector (PDA) (Waters 996, USA) was used for high-

performance liquid chromatography (HPLC) analysis. Data 

acquisition and integration were carried out using 

Millennium 32 software. Injection was carried out using 

auto-sampler injector. Chromatographic assay was carried 

out on a 15 cm × 4.6 mm with pre-column, Eurospher 100-

5 C18 analytical column provided by Waters (sunfire) 

reversed-phase matrix (5 μm) (Waters, USA) and eluting 

was carried out in a gradient system with ACN as the 

organic phase (Solvent A) and distilled water (DW) (Solvent 

B) with a flow-rate of 1 ml min-1. Injection volume was 20 

µl and temperature was set at 25 °C (run time, 40 min and 

columns size, 2.1 mm) [20].  

2.5. Size decreases in nanoscale, dynamic light scattering 

and zeta potential 

Nano-microalgae powder with nanometer dimensions 

was produced using ball-milling technique (600 rpm, 6 h). 

Ball-milling process was carried out at 27 ℃, to avoid 

excessive heating. Temperature was controlled using air-

cooling system. After the process, samples were transferred 

into a closed container to prevent moisture. The most 

common technology for assessing particle sizes based on 

particle-light interactions is dynamic light scattering (DLS) 

technique. Assessment of the nano C.v size was carried out 

using particle size analyzer (Horiba, SZ100 model, Japan). 

A critically physical parameter to identify surface charges 

of a particle (microalgae, GE, nano C.v and GE@nano C.v) 

in suspensions, which could anticipate interactions, is zeta 

potential analysis (ζ). Technically, ions around the particles 

dispersed in the fluid regulate charges of the particle surface 

layer. In this study, zeta potential was assessed using 

Smoluchowski formula (Eq. 2) as follows. 

Ζ = µ 
ŋ

𝜀
        Eq. 2 

Where, η was viscosity of the media, ε was the 

permittivity and μ was the electrophoretic mobility [21]. In 

this study, zeta potential of the samples (ginger extract, 

micro C. vulgaris cell, nano C. vulgaris, GE@micro C.v and 

GE@nano C.v) homogenized in deionized water via 

ultrasound technique was assessed (Malvern, model ZEN 

3600, UK). 

2.6. Adsorption experiment 

Ethanolic ginger extract was adsorbed onto C. vulgaris 

surface as a function of stirring time and ginger extract 

dosage. A suspension of 5 mg ml-1 nano C.v and 0.5 mg ml-

1 ginger extract was stirred for 1, 2, 4, 6, 8, 10 and 12 h and 

then centrifuged (5000 rpm, 15 min). The harvested GE@ 

nano C.v (ginger extract on nanoparticles of C. vulgaris) 

was freeze-dried. As the adsorption yield curve (%) reached 

a plateau pattern after 1 h, this time was selected as the 

stirred time. Various quantities of GE (0.1, 0.2, 0.4, 0.6, 0.8 

and 1 mg ml-1) were suspended in flasks containing 5 mg ml-

1 nano C.v (dissolved in 70% ethanol), stirred for 1 h and 

then centrifuged (5000 rpm, 15 min). The harvested 

GE@nano C.v was freeze-dried. Polyphenol assessment 

(especially 6-Gingerol) of ginger extract adsorbed onto nano 

C.v was carried out as follows: 1 ml of the solution was 

collected and centrifuged (5000 rpm, 15 min). Supernatant 

was separated from the sediment and re-centrifuged (12,000 

rpm, 10 min). Concentration of the GE was calculated at 760 

nm, using UV-visible spectroscopy (Thermo, WPA, 

Germany) [16]. Encapsulation efficiency (EE%) and 

encapsulation yield (EY%) were calculated using Eqs. 3 and 

4: 

Encapsulation efficiency (%) = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝐺𝐸

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑙𝑦 𝑎𝑑𝑑𝑒𝑑 𝐺𝐸 𝑚𝑎𝑠𝑠
 × 100        Eq. 3 

Encapsulation yield (%) = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝐺𝐸

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑒𝑑 𝑛𝑎𝑛𝑜𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒
 × 100        Eq. 4 

2.7. Verification of adsorption 

To verify adsorption of ginger extract on nano Alg 

surface, Fourier transform-infrared spectroscopy (FTIR), 

thermogravimetric analysis (TGA) and differential 

thermogravimetric analysis (DTA) were carried out. 

2.7.1. Thermogravimetric analysis  

The TGA was carried out at a heating rate of 10 ℃ min-1 

from RT to 600 ℃ with the inert nitrogen gas of 50 ml min-

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Marjan Rajabi, et al _____________________________________________________________________Appl Food Biotechnol, Vol. 11, No. 1. e15. (2024) 
 

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 4.0 License (CC BY-NC 4.0). 

To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 4 

1 using thermal gravimetric analyzer (TGA/DSC/1, Mettler 

Toledo, Singapore).  

2.7.2. Differential thermogravimetric analysis 

The DTA analysis of the GE, nano C.v and nano Alg/GE 

was carried out to assess physical state of the extract in this 

carrier and possibility of the interactions between the GE 

and the microalga. 

2.7.3. Fourier transform-infrared spectroscopy 

Chemical characteristics of the material were 

investigated using FTIR spectroscopy (Perkin-Elmer 

Frontier, USA) using KBr disks in the range of 400–4000 

min-1. 

2.7.4. Antioxidant assay (total antioxidant capacity) 

Photochemical stabilities of the nanocomposite (GE@ 

nano C.v) and ginger extract were assessed via a procedure 

described by Paramera et al. [22] with minor modifications. 

Free GE (200 mg) and a quantity of each nanocomposite 

(containing 200 mg of ginger polyphenols) were exposed to 

sunlight for a month using enclosed glass Petri dishes. Time 

of the light exposure included 12 h day-1 with a total of 720 

h. The average daily temperature within the month was 25 

℃. After exposure for 7, 14 and 30 d, samples were collected 

and bioactivities of their 6-gingerol were assessed as 

follows: antioxidant activity of dispersed GE and 

nanocomposite (GE@nano C.v) were assessed using DPPH 

free radical scavenging method [23]. Inhibition of DPPH 

radicals by the samples was calculated using Eq. 5 as 

follows. 

DPPH inhibition (%) = 
𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 – 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 Eq. 5 

Where, A control was the absorbance spectrum without GE 

and A sample was the absorbance of ginger polyphenol 

nanocomposite. 

2.8. In vitro assays 

2.8.1. Antibacterial assay 

Staphylococcus aureus ATCC 33591, Pseudomonas 

aeruginosa ATCC 9027, Salmonella enterica ATCC 9270 

and Escherichia coli ATCC 10536 were selected for the 

antibacterial susceptibility assay. Minimal inhibitory 

concentrations (MICs) of the ginger extract and 

nanocomposite were assessed using microtube dilution 

assay as described by Acharya and European Committee for 

the highlighted bacterial strains. Ethanolic extract 

concentrations of 2.5, 1.25 and 0.625 mg ml-1 and 

nanocomposite concentrations of 1-4 mg ml-1 (consisting of 

ginger extract) were prepared using serial dilution in LB 

broth and 0.5 McFarland standard (108 CFU ml−1) of the 

bacterial suspensions was added to each tube. All tubes were 

incubated at 30 °C for 14 h at 100 rpm. Absorption of each 

sample was measured at 600 nm using UV-vis spectroscopy 

(Thermo, WPA, Germany). The lowest extract 

concentration that inhibited bacterial growth was recorded 

as MIC (in three independent experiments) [24]. Inhibition 

of the bacterial growth was calculated using Eq. 6 as 

follows. 

Antibacterial activity (%) = 
𝐴 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 – 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100

        Eq. 6 

Where, Apositive control was the absorbance spectrum 

without samples (ginger extract and nanocomposite) and 

Asample was the absorbance of bacteria with certain 

concentrations of ginger extract and nanocomposite. Culture 

media was used as blank. 

2.8.2. Cytotoxicity assay 

In this study, human breast adenocarcinoma MCF-7 cell 

line was cultured using T-25 cell culture flasks containing 

Hi-Gluta XL Dulbecco’s Modified Eagle’s Medium 

(DMEM) supplemented with 10% fetal bovine serum 

(FBS), streptomycin (100 µg ml-1) and penicillin (100 U ml-

1). Cells were propagated using cell culture incubator 

supplied with 5% CO2 at 37 ℃. cells were seeded overnight 

using 96-well cell culture plates and RPMI media 

suspension of three treatments (ginger extract, nano C.v and 

GE@nano C.v) was added to the wells at a confluence of 

70% to avoid possible interferes of DMEM media with the 

samples (200 µl total volume). The control wells included 

no agents. Experiments were carried out with three 

replicates. Effects of each treatment on cancer cell growth 

were assessed after 24, 48 and 72 h, separately. After 

treatment of cells with various concentrations of the samples 

(0.5, 0.75 and 1 µg ml-1) in each well for 24, 48 and 72 h, 

cells were rinsed with 1× PBS buffer and incubated with 100 

µl of 0.5 mg ml-1 MTT at 37 ℃. After 4 h of incubation, 100 

µl of DMSO were added to dissolve the dark-blue crystals 

of formazan (MTT metabolites) and incubated for 30 min at 

37 ℃. Then, absorbance of the reduced MTT was measured 

at 560 nm using plate reader device (Convergys ELR 96×, 

Germany) [25].  

2.9. Statistical analysis 

Data represent mean ±SD (standard deviations) of three 

replicates. The mean comparisons were carried out using 

one-way variance analysis (ANOVA). Antioxidant activity 

data of nanocomposite and ginger extract were analyzed in 

a completely randomized block design with three replicates 

and three treatments (exposure to sunlight for 0, 14, 30 and 

60 d). Duncan multiple range test (p<0.05) was used to 

assess significance of the difference within the treatment 

means. Data for each analysis were represented as the mean 

±SE (standard error) of the mean. 

3. Results and Discussion 

3.1 High-performance liquid chromatography analysis 

The HPLC analysis was carried out to quantify 6-gingerol 

as a bioactive compound (polyphenol) with therapeutic 

characteristics as well as antioxidant activities. 
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Chromatograms in Fig. 1b show spectra associated to ginger 

extract as well as the standard spectra of 6-gingerol (Fig. 1a). 

Peaks linked to 6-gingerol at 14.38 min were clearly present 

in the two spectra, showing 6-gingerol in the ginger extract. 

Using data, standard curve of 6-gingerol was first plotted and 

then quantity of 6-gingerol in the ginger extract was 

calculated as 96 mg g-1 DW (dry weight) extract (Fig. 1 c). 

This value was higher than that by Yamprasert et al. (2020), 

where concentration of 6-gingerol in the extract was 

calculated as 71.13 mg g-1 using soaking method [26]. 

Compared to the method by Simonati et al. (2009) that 

calculated 170 mg g-1, the former value was lesser, which 

could be due to the use of supercritical fluid1 extraction 

technique and high pressure for extraction in that study [27]. 

3.2. Release assay 

Release assessment of 6-gingerol in the ginger extract was 

carried out based on the absorbance at 760 nm in the 

simulated environment of body conditions with pH 7.4 using 

Folin-Ciocalteu reagent at various times. Since extract was 

loaded on nanoparticles of the microalgae, further releases 

were expected at the beginning. At t = 1 h in the acidic 

conditions similar to the stomach with pH 2, the release rate 

was 16% and at pH 7.4, the rate was 14%. Up to 72 h, the 

release rate was constant with mild changes and reached 18% 

(Fig. 2). Complete release of the ginger extract was not 

observed at no pH conditions. However, release of the extract 

in acidic conditions of the stomach was higher, which was 

due to the effects of acidic pH on interactions between the 

algal nanoparticles and the extract as well as the surface load. 

According to Zarei et al., release rates of gingerol loaded in 

pegylated and non-pegylated nanoliposome respectively 

were 3.1 and 4.8% within 48 h [28]. Release rate in report of 

Jafari et al. was nearly 39% within 2 h and 59% within 4 h 

[16]. In another study by Shateri et al., release comparison of 

two synthetic systems (BCE-Spirulina and BCE-nanosized 

Spirulina) was investigated in physiological (pH 7.4) and 

acidic (pH 1.2) conditions within 96 h. Release rates of the 

extract were respectively calculated as 50 and 40% within 

the first 12 h. Based on the results, release of extract from the 

nanocomposite was faster and higher at the two pH 

conditions because of loading further extracts on the 

Spirulina surface, compared with the microalgal whole cell. 

The plateau curve was seen after 48 h, which reached 50% in 

acidic pH [29].  

3.3. Dynamic light scattering and zeta potential 

assessments 

To assess sizes of the ground C. vulgaris nanoparticles, an 

appropriate quantity of the microalgal nanoparticles was first 

dissolved in DW and sizes of the particles were assessed after 

sonication for 15 min. Sizes of Chlorella nanoparticles 

                                                      
1 SC-CO2 

included 20.9 nm. Sharp peak and high height of the peak 

ndicated the high number of the particles (90%) in this size 

range (Fig. 3). Furthermore, C. vulgaris included three 

growth phases of log, stationary and lag phases. In the early 

log phase, a fragile unilamellar layer with 2-nm thickness 

could be demonstrated. Through maturation (log phase), cell 

wall thickness gradually increased to 17-20 nm, forming a 

microfibrillar layer of glucosamine. Due to the variation of 

cell wall rigidity of C. vulgaris within the growth phase, 

appropriate digestion and absorption of the valuable 

nutritional substances were limited [30]. Therefore, nano-

sized microalgae were used not only to overcome problems 

of the ginger extract adsorption onto the Chlorella surface, 

but also to enhance drug loading efficiency of the synthetic 

nanocomposite. 

Naturally, surface groups, extracellular products and cell 

structures affect electric characteristics of cells. In 

physiological pH, zeta potentials of the ginger extract (GE), 

C. vulgaris (microalgae), nanoparticles of C. vulgaris (nano 

C.v), microcomposite (GE@micro C.v) and nanocomposite 

(GE@nano C.v) included -22.8, -16.8, -27.2, -4.3 and -9.3 

mV, respectively (Fig. 4). Based on the results, the lowest 

quantity of the extract could be loaded on the particles of C. 

vulgaris, this occurred due to the negative surface charge and 

repulsion in loading process. The whole cell of C. vulgaris 

included a negative surface charge of -16.8 mV; similar to 

that of Hao, et al., which linked to cell wall compositions of 

majorly cellulose, hydroxyl(-OH), carboxyl(-COOH) and 

aldehyde(-CHO) groups with negative charges [31]. Surface 

charge of the nanocomposite was -9.35 mV, becoming 

further positive and closer to the charge of the extract that 

indicating better adsorptions of the ginger extract on the 

microalgal nanoparticles. Zeta potential of the synthesized 

nanocomposite could be addressed as the reason for the low 

adsorption of ginger on the microalgal surfaces. Results 

showed that by shrinking the size of C. vulgaris particles 

from micrometers to 20 nm (less than 100 nm) with effects 

on physical characteristics, its surface charge became further 

negative and closer to -30 mV; thus, its stability increased 

due to the increases in the ratio of surface to volume [32]. 

Moreover, surface charge of the ginger extract was -22.8 mV, 

similar to that reported by Min Ho et al. This was because of 

the presence of carbohydrates and numerous anion sites, 

lipids and polyphenols due to possible groups in the extract 

[33]. 

3.4. Fourier transform-infrared spectroscopy analysis 

Figure 5 shows FTIR graphs of ginger extract, microalgae 

and nanocomposite (GE@nano C.v), to indicate chemical 

groups in each treatment individually and characterize their 

interactions in synthetized nanocomposite. 
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Figure 1. High-performance liquid chromatography peaks corresponding to 6-gingerol standard (260 ppm) (a), ginger extract 

(b) and 6-gingerol content of the ginger extract (c). 
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Figure 2. Release rate curves of the ginger extract from nanocomposite at two acidic (red line) and neutral (black line) pH 

values. 
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Figure 3. The size measurement of Chlorella vulgaris particles after milling by DLS technique. Most of the particles' sizes are 

in the average of 20.9 nm. 

 

 

Figure 4. Surface charges (zeta potentials) of the four samples. GE (orange), Chlorella vulgaris whole cell (green), 

Chlorella vulgaris nanoparticles (green pattern), microcomposite (blue) and nanocomposite (light blue pattern). 

 

3.4.1. The ginger extract 

The strong band located in the area of 3527.24 cm−1was 

linked to alcohol groups (O-H) and the presence of 

intramolecular and intermolecular hydrogen bonds; which 

could be associated to carbohydrates and polyphenols in the 

extract. The peak in the area of 2916.69 cm−1showed 

asymmetric stretching vibration of the C-H group and 

possibly the carboxyl group [34]. In addition, FTIR spectrum 

of the ginger included a relatively strong peak at 1606.5 

cm−1, which was in the range of 1600–1609 cm−1and linked 

to the ring of polyphenols. The absorption spectrum in 

1515.8 belonged to the nitro-aromatic groups of ginger 

extract. The broadening of the peak in the area of 1500–1800 

indicated double and amide bonds. Moreover, C=O 

stretching bonds and N-H bending bonds when showing a 

broad peak in the range of 1516-1863.86 centered on the 

1638 cm−1 area. Presence of a 1268.13 cm−1peak was 

associated to the vibrations of alkyl ether and ester groups, 

demonstrating presence of triglycerides in the extract [35]. 

Furthermore, peak of 1040.10 cm−1 included bending 

vibrations of the C-C bond of cellulose extract [33]. 

Absorption bands in the area of 924.45 cm−1were linked to 

carbon-carbon double bonds [36]. 
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Figure 5. Fourier transform-infrared spectroscopy spectra of the ginger extract (GE, orange), nanocomposite 

(GE@nano C.v, blue) and nano Chlorella vulgaris (nano C.v, green). 

 

3.4.2. Microalgae 

Spectrum of C. vulgaris microalgae showed several peaks 

in various areas. The band of 3316.01 cm−1 corresponded to 

the O-H stretching group, revealing presence of a strong 

alcohol group. Area of 1659.46 cm−1  showed a strong band, 

sign of the presence of the first type of amide group within 

the proteins. Band of 2927.12 cm−1demonstrated presence 

of lipids in microalgae [37]. Band in the area of 2855.44 

cm−1showed the bending CH2 group linked to carbohydrates 

and lipids. Band in the area of 1738.96 cm-1 highlighted ester 

bond of the carbonyl group. Peak in the area of 1547.97 

cm−1belonged to the proteins and C=O stretching group. 

Presence of peaks in the areas of 1406.05 and 1242.77 

cm−1was linked to the carbon-carbon bending group and the 

carboxylic acid group of microalgae, respectively. Peak of 

1072–1099 cm−1 was associated to -O-C group of 

carbohydrates, nucleic acids and other phosphate-containing 

compounds. Moreover, peak of 980–1072 cm−1belonged to 

the group (C-O-C) of polysaccharides [16,38]. 

3.4.3 Nanocomposite 

Nanocomposite spectrum was located between the FTIR 

spectra of extract and microalga with further similarity to the 

extract, which could be attributed to loading of the extract on 

the microalgae. In FTIR spectra of the nanocomposite, bands 

were removed, replaced or decreased in depth. Band in the 

range of 3500–3300 cm−1 of the spectra of the extract and 

microalga nanoparticles shifted to the left (3667.23cm−1) in 

the spectra of the nanocomposite, revealing connections of 

the extract with microalga. Lack of 3527 cm−1peak of the 

extract could be due to the interactions of O-H group of 

phenol with microalga. In contrast, 2927 cm−1peak of 

Chlorella became wider in the present nanocomposite, which 

was possibly due to the interactions of microalga with the 

extract. The microalga peak shifted from 1738 to 1728.65 

cm−1and the extract from 1515 to 1534.94 cm−1in the 

nanocomposite could be due to the interactions of microalgal 

proteins with the extract through C=O and N-H groups, 

respectively. Peak in 1047 cm−1 area of the extract could be 

seen in the spectra of the nanocomposite. Peaks between 924 

and 564 cm-1 in the extract and peaks between 1242 and 582 

cm-1 of Chlorella in the nanocomposite were removed, 

demonstrating interactions between the extract and 

microalga and the formation of C-C and C-O single bonds. 

3.5. Thermogravimetric analysis assay 

Investigating thermal stability (Fig. 6), graph of microalga 

showed its three-stage mass losses due to the pyrolysis 

process (25-600 ℃), which ultimately led to 70% decreases 

in the mass of microalga. Biomass's type and composition 

could change the TGA curve. In the first stage, mass losses 

occurred due to dehydration [16]. Nearly 4.65% of the 

microalga mass decreased as water evaporation up to 117 °C 

occurred (moisture loss). Small changes in the slope of the 

graph at 117-201 °C could be due to the beginning of the 

decomposition of compounds such as hemicellulose and 

carbohydrates. By increasing the temperature to values 

higher than 117 ℃, the second stage of biomass degradation 

began with a sharp slope (major zone).  
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Figure 6. Thermogravimetric analysis of the three samples: nano C.v (green), nanocomposite (blue) and ginger extract (orange).  

 

Hence in the temperature range of 201–379 °C, nano C.v 

biomass quickly decreased by 46%, which could be caused 

by decomposition of the components. Volatile compounds 

such as organic materials, proteins, lipids, carbohydrates and 

cellulose and at higher temperatures (up to 379 °C), lignin, 

carbon materials and minerals (nearly 12% wt), were 

decomposed slowly [16,39,40]. With a low slope of the 

graph (third stage of 400–600 ℃), all volatile components of 

nano C.v were removed and non-volatile components were 

destroyed left as amorphous carbon forms [39]. In ginger 

extract graph, the mass curve decreased gradually. At 100 ℃, 

the first peak corresponded to the water loss (6.46%) [41]. 

The second weight loss occurred at 142.8–172.4 ℃, which 

represented decomposition of several aromatic compounds 

[42]. In the third stage (172.4-241.6 ℃), organic compound 

degradation occurred in decomposition of organic materials 

[43]. The last and the major step of mass loss occurred at 

241.6-600 ℃ (36.6%) due to organic compound oxidation, 

lignin and cellulose degradation and complete 

decomposition [43]. The second and the third stages of GE 

degradation occurred at 142–241 ºC, while this range for 

GE@nano C.v was 210-300 ºC, meaning that synthesize of 

nanocomposite (GE@nano C.v) led to thermal stability of 

the ginger extract up to 300 ℃. In contrast, onset of the 

destruction temperature of microalgae was at 200 ℃. In 

nanocomposite graph, degradation temperature began at 150 

℃, showing that when the extract was loaded on C. vulgaris, 

degradation began earlier. As previously reported by Shetta 

et al. [44], green tea extract on the surface of chitosan 

nanoparticles was destroyed faster. This higher thermal 

stability of GE after adsorption on nano C.v is similar to that 

of Jafari et al. study, which demonstrated that thermal 

stability of curcumin was improved after its encapsulation 

into C. vulgaris [16]. Therefore, thermal degradation of 

organic compounds (the major step) in the nanocomposite 

occurred at higher temperatures, compared to those in ginger 

extract and nanomicroalga (two degradation steps). This 

could address improved intramolecular interactions between 

the ginger extract chemical groups and nanomicroalga that 

suggested a natural nanocomposite with enhanced thermal 

characteristics.  

To calculate the quantity of ginger extract adsorbed on C. 

vulgaris surface, Eq. 7 by Shateri et al. [29] was used as 

follows.  

Calculated mass residue = 

𝑑𝑒𝑔𝑟𝑎𝑑𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 (%) ∗ 𝑥 − 𝑑𝑒𝑔𝑟𝑎𝑑𝑒𝑑 𝑎𝑙𝑎𝑔𝑒 (%) ∗ (100 − 𝑥)  100⁄

 Eq. 7 

Where, x was the load quantity (%). Based on the formula, 

quantity of the extract loaded on the microalga was 31.64%. 

Table 2 shows weight decompositions (%) of the three 

samples.  

3.6. Differential thermal analysis  

The DTA curve shows thermal difference analysis. The 

technique calculated differences between the sample 

temperature and the reference temperature. The DTA graph 

shows a better temperature difference, compared with the 

TGA curves [49]. As shown in Fig. 7, DTA curves showed 

degradation peaks of nano CV, GE and GE@nano CV 

composite. In nano C.v, a calorific peak was seen at 100 °C, 

revealing dehydration and water loss. A strong second peak 

and a weak peak at 200 °C specify thermal decomposition of 

various Chlorella compounds and beginning of their 

degradation. 
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Table 1. Comparison of the current study with similar studies using various drug carriers and their effects.  

Carrier Cargo Loading (%) Positive effects Reference 

Spirulina platensis Doxorubicin 85 

+ Anticancer efficacy on lung metastasis 

Biodegradable 

Improved fluorescence imaging 

[45] 

Spirulina platensis Black cumin 81.94 

+ Antibacterial activities 

+ Antioxidant activities 

+ Anticancer activities 

+ Thermal stability 

[29] 

Chlorella vulgaris Curcumin 55 
+ Thermal stability 

+ Photostability 
[16] 

Chlorella pyrenoidosa 

cells 
Lycopene 96.31 

+ Stability 

+ Antioxidant activity 
[46] 

Polymeric micelles 

(TPGS/PEG-PCL) 
6- Gingerol 79.68 

+ Solubility of 6-gingerol 

+ Oral bioavailability 

+ Improved brain distribution 

[47] 

Nanostructured lipid 

carriers 
6- Gingerol 76.71 

Higher drug concentrations in serum 

+ Solubility of 6-gingerol 

+ Oral bioavailability 

[48] 

Chlorella vulgaris Ginger extract 31.64 

+ Antibacterial effect 

+ Antioxidant activities 

+ Anticancer activities 

+ Thermal stability 

This work 

 

Table 2. Thermogravimetric analysis assay with weight decreases as the temperature changes for the three samples 

(nanocomposite, nano C.v and GE).  

Samples Temperature range (℃) Weight loss (%) 

Nanocomposite 25.00-157.88 5.77 

 157.88-600.70 63.43 

Nano Chlorella vulgaris 24.50-117.31 5.46 

 117.31-201.39 4.90 

 201.39-379.55 46.65 

 379.55-600.77 12.94 

Ginger extract 24.60-142.8 6.46 

 142.8-172.4 6.39 

 172.4-241.62 18.26 

 241.62-600 36.69 

 

 The fourth strong heating peak was observed at 300 °C, 

which included almost destruction of the microalga [39]. In 

DTA curve of GE, three strong peaks were seen in the 

temperature range of 100-200 °C (respectively from left to 

right: endothermic, endothermic and exothermic); which 

belonged to dehydration, destruction and decomposition of 

the major compounds in the ginger extract. Other exothermic 

and endothermic peaks were seen in the range of 200-300 °C. 

Residual and volatile compounds and carbohydrate 

depolymerization of the extract were almost completely 

decomposed, based on the studies by Kuk et al. [50]. 

Diagrams of DTA of GE@nano C.v were similar to 

diagrams of nano C.v, showing low loads of the extract. The 

two peaks of nano C.v degradation at 200 and 300 °C 

decreased to one peak at 250 °C. This major change in the 

decomposition peak of nano C.v showed that GE absorption 

on microalga nanoparticles was so strong that caused major 

changes in the rate and point of its decomposition. Diagram 

of the nanocomposite is plotted to the left, compared to that 

of the extract. Interactions between the extract and the 

microalga decreased thermal resistance in the range of 200-

300 °C, which could be caused by weak interactions. In 

contrast, heat flow of the microalgae and its mild changes 

could be due to the low superficial loading of the extract on 

surface of the microalga as well as weak connections caused 

by it. It could be interpreted at a heating rate of 10 min/℃ in 

the first stage of the heating process with a peak at 55 °C with 

a molecular weight (MW) of 0.09 and a second peak of heat 

removal at 114 °C with an MW of 0.05 possibly due to the 

water loss. Thermal decomposition in the second stage was 

exothermic with two weak peaks at 236 °C and a strong peak 

at 297 °C with MWs of 0.2 and 0.35. This is the maximum 

heat loss due to protein decomposition at the top of the peak 

and carbohydrates, where bonds included O-O, N-O, C-N, C-

C, C-O, N-H, C-H, N=N, H=H, O-H, O=O, C=C, C=N and 

C=O.  
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Figure 7. Differential thermogravimetric analysis diagram of nano C.v, ginger extract and nanocomposite. 

 

Following the thermal decomposition curve, gasification 

occurred in the third stage with a weak peak at 370 °C and 

MW of 0.1. These results were similar to the results of Wang 

et al. [40]. In the third stage, only non-condensable gases 

such as CO, CO2, H2 and CH4 were released with a little 

weight loss. This might reflect that the necessary heat was 

directly proportional to the increased temperature, as almost 

all the volatiles in the microalga were released in the thermal 

decomposition zone. This could be understood due to the soft 

structure of microalga with a relatively low lignin 

concentration (7.33-9.55% wt), thus volatile substances were 

easily separated from the tissues. Compared to hardwoods 

with high lignin contents (25%) and complex textures, 

thermal decomposition of hardwoods over 600 °C still 

produced non-condensable gases, explaining its relatively 

high weight losses. 

3.7. The 2,2-diphenyl-1-picrylhydrazyl  test 

Ginger increases blood plasma antioxidant capacity and 

decreases lipid peroxidation and renal nephropathy in rats. 

Gunathilake et al. detected that 6-gingerol in ginger extract 

removed peroxide radicals and hence could be used as a 

natural food additive and a substitute for artificial 

antioxidants [51]. Antioxidant activities of the ginger extract 

and nanocomposite (GE@nano C.v, loaded with 0.5 mg mg 

ml-1 GE) were investigated for one month. As shown in 

Fig.8, antioxidant activity of the nanocomposite on the first 

day was nearly 60% at a concentration of 1.5 mg ml-1. This 

increased by ~2% within one month as a result of antioxidant 

characteristics of Chlorella, when GE adsorbed on the 

surface within the first week and then made the antioxidant 

agents of C. vulgaris available. Karaman et al. detected that 

the higher activity of inhibiting free radicals for the sample 

encapsulated in yeast cells was associate to the higher anti-

radical contents of the yeast cells [52]. 

In a study by Ghasemzadeh et al., antioxidant activity of 

the methanol extract of ginger was reported as 51-58% at a 

concentration of 40 µg ml-1 [53], possibly due to differences 

in the extraction method and various bioactive contents. In a 

study of Stoyanova et al., antioxidant activity of the ginger 

extract at 20 µg ml-1 was calculated as 90% [54]. In the study 

of Abdel Karim et al., C. vulgaris showed a 50% antioxidant 

activity with a concentration of 1.95 mg ml-1 due to the 

presence of plant chemicals (e.g., phenols, flavonoids, etc.) 

[55]. 

3.8. Antibacterial assay 

Antibiotics are the compounds, which are used for human, 

animal and aquaculture treatments. Recently, their residues 

and degraded products in environment have included 

potential risks and toxicity worldwide. Antimicrobial activity 

against pathogenic and food-spoiling microorganisms is due 

to the bioactive compounds. Phenolic compounds such as 

gingerol and shogaol and their relationships majorly with 

other compounds such as β-sesquiphalendrene, cis-

caryophyllene, zingiberene and α-farnesin are responsible 

for their antimicrobial activities in ginger essential oil and 

extract [56]. Hydrophobic residues of the ginger extract may 

interact with the lipophilic part of the cell membrane, 

disrupting their membrane integrity and function (e.g., 

electron transfer, nutrient absorption, protein and nucleic 

acid synthesis and enzymatic activity). In this study, results 

of the MIC assay showed that the ginger extract (Fig. 9a) and 

nanocomposite (Fig. 9b) included antibacterial charact-

ristics and rates of their inhibition depended on their doses. 

By decreasing concentrations of the extract and 

nanocomposite, their antibacterial activities decreases. 

Concentrations of 1, 2 and 4 mg ml-1 of the extract and 6.25, 

12.5 and 25 mg ml-1 of the nanocomposite were investigated. 
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Figure 8. Antioxidant diagrams of the ginger extract (GE) and nanocomposite at concentrations of 0.5 and 1.5 mg ml-1, 

respectively. All data are expressed as the mean ±SEM. Statistical analysis was carried out using ANOVA (letters, p < 0.05). 

Charts with similar letters include no significant differences. 

 

 

 Results of the antibacterial assay showed that absorption 

of the extract on the nanoparticle significantly decreased its 

antibiotic characteristics, which could be linked to the slow 

releases of the extract active compounds from the surface of 

the nanoparticles; however, this could be active for a longer 

time. Antibacterial activity of the ginger extract was due to 

its polyphenol compounds, especially zingibrene, gingerol 

and terpenoids [57]. Based on the study of Hussein et al., E. 

coli and S. aureus were susceptible to the active compounds 

of C. vulgaris at a high concentration of 100 mg ml-1. This 

could be due to the fatty acid contents, bioactive compounds, 

effects on cell cycle and protein and DNA syntheses or 

hydrophobic interactions that ultimately lead to cell leakage 

and death [58]. Inhibitory effects of the ginger extract on S. 

aureus, Pseudomonas spp. and E. coli was estimated as 90%. 

Inhibitory effects of nanocomposite on Salmonella spp. was 

higher than 60% and its effects on Pseudomonas spp. 

reached the maximum, increasing by ~6% for S. aureus to 

50%. These differences could occur due to the structural 

differences in these bacteria [59].  

3.9. Cytotoxicity assay 

Ginger compounds (6-gingerol and its derivatives) have 

been shown to decrease hazards of several diseases, majorly 

in the gastrointestinal tract (GIT) and cancers such as 

carcinogenesis in the skin and breasts [60]. To assess cell 

viability of the breast cancer cell line (MCF-7) for their 

ability to decrease tetrazolium salt [3-(4,5-dimethylthiazol-

2-yl)-2,5 diphenyl tetrazolium bromide], various concentr-

ations of GE, nano C.v and GE@nano C.v within 24, 48 and 

72 h were investigated (graphs of 24 and 48-h assays not 

shown). Results showed outstanding cancerous-cell 

inhibitions by the nanocomposite (GE@nano C.v), 

compared to ginger extract and nano C.v. Based on the 

growth inhibition chart of the MTT assay in Fig. 10,  

growth inhibitions of 67, 73 and 86%, were respectively 

reported after 24 h of incubation (37 ℃, 98% humidity, 5% 

CO2), with ginger extract at concentrations of 0.5, 0.75 and 

1 mg ml-1,. After 48 h, this value reached 28, 46 and 84%, 

respectively, which indicated dose and time-dependent 

cytotoxicity of the three treatments, as the more 

concentration, the higher growth inhibition. Cell viabilities 

were inhibited by the ginger extract treatment during 48 h. 

After 72 h of adding GE, cytotoxicity effects on the breast 

cancer cells for the concentrations of 0.5, 0.75 and 1 mg ml-

1 were 47, 48 and 47%, respectively. It was demonstrated that 

anticancer activity of the ginger extract decreased within 72 

h. Various studies have shown effectiveness of the ginger 

extract on tumors. However, the extract not only includes 

therapeutic characteristics (due to 6, 8 and 10-gingerol and 

6, 8 and 10-shogaol agents) but also decreases vomiting and 

nausea of the patients after chemotherapy [61]. In a study by 

Mohammed et al., further gingerol concentrations caused 

higher effects on cancer cell growth inhibition as 0.1 mg ml-

1 gingerol included significant cytotoxicity for 24 h and 0.4 

mg ml-1 gingerol showed 80% inhibition on MCF-7 cell line 

[62]. 

As previously stated, microalgae include bioactive 

compounds such as phytochemicals and carotenoids (lutein 

in C. vulgaris) with verified anticancer activities [63,64]. 

Cytotoxicity rates included 82, 75 and 76% after 24 h of 

treatment with nano C.v at concentrations of 0.5, 0.75 and 1 

mg ml-1 that reached to 96, 77 and 67% after 48 h, 

respectively. 
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Figure 9. Graphs of the average inhibitory proportions of the ginger extract (GE) (a) and nanocomposite (b) on four bacterial 

strains of Salmonella typhi (black), Staphylococcus aureus (gray dotted black pattern), Pseudomonas aeruginosa (light gray-

black pattern) and Escherichia coli (gray-black pattern) using MIC assay in three various concentrations with controls. 

Significant differences (mean ±SE) of the effects of concentrations on the bacteria is illustrated with letters at p <0.05. 

 

 

 Growth rates of the cancer cells at 0.5, 0.75 and 1 mg  

ml-1 respectively included 62, 62 and 67% after 72 h. This 

showed mild increases at 72 h, which could be due to the 

limited anticancer compounds in the cell wall of C. vulgaris 

microalga after grinding. Anticancer activities of the 

nanocomposite included 63, 63 and 71% after 24 h at 0.5, 

0.75 and 1 mg ml-1, respectively. After 48 h from the addition 

of nanocomposite, these values included 74, 71 and 59% for 

the concentrations of 0.5, 0.75 and 1 mg ml-1 with significant 

changes, compared to those after 24 h, respectively. After 72 

h at the concentrations of 0.5, 0.75 and 1 mg ml-1, growth 

rates of the cancer cells included 51, 54 and 53%, 

respectively. The maximum inhibitory effect could be seen 

at 1 mg ml-1 concentration of the nanocomposite due to the 

increases of ginger extract concentration adsorbed on nano 

C. vulgaris.  
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Figure 10. Cell viabilities of the cancer cells (MCF-7 cells) after incubation in 0.5, 0.75 and 1 mg ml-1 ginger extract, 

nanoparticles of Chlorella vulgaris and nanocomposite (GE@nano C.v) with different significant values at p<0.05. 

 

 

Anticancer activity of the ginger extract alone decreased 

after 72 h. However, activity of the nanocomposite increased 

and was set constantly, demonstrating preservation of the 

activity of ginger extract adsorbed on the surface of 

microalga. This is a significant advantage for the use of nano 

C.v as a carrier for GE. 

4. Conclusion 

In this study, the synthesized nanocomposite included 

promising characteristics, which could be used in medicinal 

and nutritional industries. The HPLC assay showed bioactive 

compounds, especially 6-gingerol, in the extract (0.48 mg in 

5 mg total extract). Furthermore, FTIR, TGA and DTA 

results verified adsorption of ginger extract on nano 

Chlorella surface. Due to intramolecular interactions of 

ginger with Chlorella chemical groups, improved thermal 

stability in range of 200-300 ℃ was observed. In addition, 

nanocomposite included a mild improved antioxidative 

activity within a month with 1.5 mg ml-1 concentration. 

Antimicrobial and anticancer assays indicated good effects 

on microbial and breast-carcinoma cell-line (MCF-7) growth 

at concentrations of 6.25 and 1 mg ml-1, respectively. In 

conclusion, combination of ginger and C. vulgaris could 

improve further antioxidant, antimicrobial and antitumor 

effects of ginger extract, compared to ginger extract alone. 

Further studies are needed to focus on novel methods for 

increasing adsorption of ginger extract on C. vulgaris cell 

wall to enhance nanocomposite stability. 
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و  یزجلبکبا استفاده از ر یکروبضد سرطان و ضد م یدجد یتنانوکامپوزیک   اختو س یطراح

 یینبالا به پا یکردرومبتنی بر یک 

 مرجان رجبی، مهدی رهایی*، حسین صباحی

 ران، ایراندانشگاه تهران، ته ین،نو یها یدانشکده علوم و فناور یستی،علوم ز یگروه مهندس

 مقاله ریخچهتا

 3020 نوامبر 11 دریافت

 0204 ژانویه 11 داوری

 0204 فوریه 11 پذیرش

  چکیده 

نشان است.  گوناگون یهایماریغلبه بر ب یبرا یمنیا و روش کارآمد یعیاستفاده از مواد طب :سابقه و هدف

بهبود  آزاد،با عصاره  یسهدر مقاریزپوشانی شده  یلعصاره زنجب یزیکوشیمیاییف هایکه ویژگیداده شده است 

 یزجلبک( و رجینجرول- 6) یلفعال زنجب یستز یباتترک حاوی یعیطب سامانه یکمطالعه،  یناست. ا یافته

.کندمی یرا معرف یدجد ییو مکمل غذابیشتر  ییدارو یاثربخش ل بافعا یستز یباتترک یس،کلرلا ولگارسبز   

 یشدند. عصاره اتانول یدتول 0آسیا گوی یاگلوله یابآس روشبا  یزجلبکنانوذرات ر ،ابتدا ا:مواد و روش ه

قرار گرفت تا  یمورد بررس (0-4/1های گوناگون )  pHجلبک، در  یزنانوذرات ر یشده بر رو یبارگذار یل،زنجب

، 3رمزمادون ق یهفور یلتبد ،عنوان مثال)به گوناگونی یلیتحل هایرهایش موثری داشته باشند. روش عوامل فعال

ن آ یکروبیو ضد م یاثرات ضد سرطان یو بررس یتنانوکامپوز یفتوص ی( برا4سنجیگرما وزن یلو تحل یهتجز

 .استفاده شد

نانومتر  1/02 طور متوسطبه ینامیکنور د یپراکندگبا روش جلبک یزنانوذرات راندازه  گیری:و نتیجهها یافته

 یهفور یل. تبدکندکنترل میرا  رهایش یندفرآ pHیل نشان داد زنجب یهافنولیپل ایشره بررسی. تعیین شد

کلرلا ل بر سطح نانو یجذب عصاره زنجب ،5افتراقی یحرارت یزو آنال سنجیگرما وزن یلو تحل یهمادون قرمز، تجز
 یبر رو یدرازیله یکریلپ-یلفن ید-0،0 6مقدار زیستیتعیین  یجنتا ین،نشان داد. علاوه بر ا یسولگار

 دییآن را تأ یو ضد سرطان یاییضد باکتر ضداکسایشی، توجهی قابلهایت( فعالGE@nano C.v) یتنانوکامپوز

 یورا بر ر یاثر بازدارندگ ینکمتر یتر،لیلیمبر گرم یلیم 05/6و  1 یهادر غلظت یبترتبه یتنانوکامپوز ینکرد. ا

ح بر سطو یلطور خلاصه، جذب عصاره زنجبها دارد. بهیپستان انسان و رشد باکتر ینومایآدنوکارس یهاسلول

. ادد یشبا فرم آزاد آن افزا یسهرا در مقا یلعصاره زنجب یمیاییو ش یزیکیف هاییژگیجلبک، و یزنانوذرات ر

 ین،ر اکند. علاوه بیم یتآنها را تقو یهایتفعال یلو عصاره زنجب یسکلرلا ولگارفعال موجود در  یستز یباتترک

-6ه شدکنترل رهایش یحامل امن برا یکبه عنوان  ای،یهتغذ هاییژگیعلاوه بر و توانندیم ریزجلبکنانوذرات 
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0 Ball-milling آسیابی که در آن از گلولههای فولادی یا سرامیکی برای خرد و نرم کردن مواد غیرفلزی استفاده کنند  
3 Fourier transform infrared (FT IR)  
4 Thermogravimetric  روشی تحلیلی بر مبنای اندازهگیری تغییرات وزن ترکیب یا آمیزه با افزایش دما    
5 Differential thermal analysis 
6 Bioassay  تعیین قدرت یا غلظت یک مادة دارویی ازطریق سنجش اثرات آن بر بافتهای زنده   
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