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Abstract 

 

Stevia plant [Stevia rebaudiana (Bertoni) Bertoni], 

known as honey leaf, belonging to the Asteraceae family 

[1,2]. This plant is important for diabetic patients, 

because its sugars have a very low absorption [3]. The 

leaves of this plant contain vitamins C and A [4]. 

Important characteristics of stevia in agriculture can be 

perennial and cold resistance, economical production of 

stevia leaf [5]. Nanotechnology, with the help of new 

tools, is capable of food absorb in plant. In agricultural 

industry, it can also be used intelligent conductor system 

and sensors to fight viruses and pathogens in agricultural 

products [6]. Also, nanotechnology can work in the 

context of intelligent toxins. These poisons contain a 

molecular code that allows them to move into the plant 

and into the area where the pest or plant is attacked, then 

released and killed by the pest [7]. 

Titanium dioxide nanoparticles (TiO2) are capable of 

improving light absorption and rubisco enzyme activity 

[8], increasing nitrate uptake [9] and accelerating the 

conversion of inorganic matter [10] to increase plant dry 

and fresh weight. The positive effect of TiO2 

nanoparticles on photosystem II and thylakoid membrane 

has also been reported [11]. Using of TiO2 nanoparticles 

can stimulate cell division, increase cell size and also 

stimulate callus formation under dark conditions and may 

have similar effects to plant hormones (cytokinin and 

gibberellin [12]. It was also found that TiO2 nanoparticles 

increased light absorption, accelerated the transfer and 

This study investigated the photocatalytic effect of titanium dioxide nanoparticles on some physiological and 

phytochemical properties of stevia plant. Stevia plant was treated with eight concentrations of titanium dioxide 

nanoparticles (0, 20, 40, 60, 80, 100, 200 and 400 µL/L). After 3 weeks of plants treatment, samples were collected for 

analysis of chlorophyll, PAL enzyme activity, total phenol and flavonoid content. Also extraction of plant for assessment 

of steviosides and rebaudiosides glycosides by HPLC was performed. The results showed that treatment of titanium 

dioxide nanoparticles at 400 µL/Lconcentration had the highest and at control had the lowest effect on chlorophyll content 

of leaves, total phenol, total flavonoid and Phenylalanine ammonia lyase enzyme activity. Glycoside content showed that 

treatment of nanoparticle at 200 µL/L concentration had the highest and control concentration had lowest effect on 

stevioside content. Rebaudiosides content showed that, nanoparticle at 400 µL/L had highest effect and at 20 and 40 µL/L 

had lowest effect on rebaudioside A and B content. But, nanoparticle at 80 µL/L had maximum effect, and at 20 and 40 

µL/L had lowest effect on rebaudioside C and F content. It was concluded that varied concentration of nanoparticles has 

different effect on glycosides content that this results could apply for further technologies in agriculture industry. 
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conversion of luminous energy, prevented the 

deterioration of chloroplasts and increased the 

photosynthetic period of chloroplasts [11], so it transfers 

luminous energy to electrons and converts them to 

chemical energy and ultimately increases CO2 

stabilization [13]. 

An important property of TiO2 nanoparticles that makes it 

very useful in life is its photocatalytic properties [14]. 

TiO2 nanomaterials, are capable by absorbing UV 

radiation through their photocatalytic activity make 

antibacterial coating, in addition to preventing the 

radiation from passing through the material. 

The TiO2 nanoparticles are coated on the surface of 

suitable substrates such as glass or silica compounds and 

placed in ponds exposed to ultraviolet light [14]. 

The most commonly used TiO2 photocatalyst is the 

photonic decomposition of organic compounds. TiO2 is 

used as a photocatalyst in the disinfection of various 

environmental contaminants such as organic matter, 

viruses, bacteria, fungi, algae and cancer cells [15]. In 

this case, the substance converts to harmless CO2, water 

and inorganic anions. This efficiency is attributed to the 

high oxidation of hydroxyl (OH
0
) and radicals, which are 

known as strong oxidizing agents [16].  

Therefore, this study aimed to investigate the 

photocatalytic effect of TiO2 nanoparticles on 

physiological and phytochemical properties of Stevia 

plant under controlled conditions. 

Material and Methods 

Plant Materials 

This study was performed in 2016 in the laboratory of 

Islamic Azad University, Damghan Branch in a 

completely randomized design with three replications. 

Stevia plant species were prepared and transferred to pots 

(20 cm diameter and 22 cm height) containing perlite and 

soil (50: 50 ratio) for 10 days to grow and root in the 

growth chamber that was set at 25°C under 18 h 

photoperiod and 6 h dark. 

Nanoparticle Characters 

TiO2 nanoparticles were used as suspension of TiO2 

formulation in the US-Nano company. Crystalline white 

nanoparticles were 20 nm in diameter, molecular weight 

of 79.93%, purity of 99.9%, specific surface area of 200 

m
2
/g and a combination of anatase and rutile (80% 

anatase and 20% rutile) (Fig. 1).  

Treatment levels 

Plant samples were treated with suspension of TiO2 

nanoparticles at different levels (0, 20, 40, 60, 80, 100, 

200 and 400 µL/L). So that after 11
th

 day of the 

establishment (after appearance of first leave), TiO2 

nanoparticles treatments sprayed on the leaves of all 

plants, and the next stage of spraying was one week later 

and the last stage took two weeks. 

 

 

Fig. 1 Scanning electron microscope (SEM) image of TiO2 

nanoparticles.  

 

Assessment of Physiological Characters: 

Photosynthetic pigments: Chlorophyll (a, b and total 

chlorophyll)  

Fully developed leaves were used to measure the amount 

of chlorophyll [17]. The formulas bellow was used to find 

the dosage of chlorophyll a and b. Here are Arnon’s [17] 

equations: 

Chl a   = 15.65 A666-7.340 A653 

Chl b  = 27.05 A653-11.21 A666 

Total Chl x+c = (1000 A470-2.860 Ca-129.2 Cb  / 245 

Phytochemical Characters  

Assessment of Total Flavonoid Content 

The aluminum chloride calorimetric method was utilized 

to determine the total flavonoid content. The dried plant 

materials (10 mg) were extracted using 75 mL of 

methanol (95%) and aluminum chloride (10% methanol), 

0.1 mL of potassium acetate (1M) and 2.8 mL of distilled 

water at 4°C. The quercetin was applied to create the 

standard calibration curve. To prepare the quercetin 

solution, quercetin (5.0 mg) was dissolved in methanol 

(1.0 mL). Then, standard quercetin solution (0.6  mL) 

was mixed with 2% aluminum chloride (0.6  mL). The 

mixture was incubated for 60  min at room temperature. 

The absorbance was analyzed at 415  nm by 

spectrophotometer. The total flavonoid content was 

considered as mg/g FW [18]. 

Assessment of Total Phenol Content 

The amount of total phenolic compounds was determined 

by Folin-ciocalte reagent. Each of the plant methanol 

extracts (0.5 mL of 1:10 mL/g) separately with 5 ml of 

diluted folin. The sample was diluted (1:10 diluted with 

distilled water) and then 4 mL of sodium carbonate 

solution (Na2co3) was added. 
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The samples were kept at laboratory temperature for 15 

minutes and read at 765 nm with a spectrophotometer 

[19].  

PAL Activity Analysis 

Preparation of enzyme extract: for preparation of crude 

enzyme extract, 0.3 g leaf tissue was homogenized in 15 

mL of 0.05 M phosphate buffer (phosphate buffer, 6.5 

mM (PH=7) 0.5 mM EDTA) with pH 8.8. The 

homogenate was centrifuged at 5,000 g for 15 min. The 

supernatant was used for further assay. The extraction 

was carried out at 4 °C. 0.1 mL enzyme extraction was 

mixed with 0.3 mL L-phenylalanine (50 mM). 

Phosphate buffer (0.05 M) was added to the reaction 

mixture (3 mL). After incubation of the reaction mixture 

at 30 °C for 15 min, the absorbance was recorded at 290 

nm using a spectrophotometer (Biochrom WPA 

Biowave II). For determination of product, the standard 

curve of cinnamic acid was drawn. PAL activity was 

calculated as a unit/mg Protein (U/mg Protein) [20].  

Measurement of Glycosides Characters by HPLC 

Extraction of Steviosides and Rebaudiosides A, B, C and 

F 

For this purpose, 100 mg dry leaf was added into 10 mL 

of pure methanol and mixed for 15 minutes. It was then 

evaporated in the refrigerant at 45 °C with methanol and 

the residue was evaporated by adding 20 mL of n-

hexane and then after evaporation of the solvent 5 mL of 

solution (including acetonitrile and water (80:20) was 

added, dissolved and filtered to be injected into the 

HPLC [21]. Extract was prepared for injection in HPLC 

using an Aqua C-18–125A (150 × 4.0 mm, 5 micron) 

from Phenomenex (Torrance, CA, USA). Amount of 10 

µl of the extract was injected into chromatography 

column with specimens of Cosmosil NH2-MS with a 

length of 15 cm, a diameter of 4.6 mm and a diameter of 

5 micrometers attached to the HPLC device of the 

Unicam-crystal-200 model. The mobile phase consisted 

of distilled water and acetonitrile with isocratic 

conditions, which passed through the column with a 

ratio of 80% of acetonitrile and 20% water at a rate of 1 

mL/min. A diode array detector was used at a 

wavelength of 210 nm. The pump pressure was set at 

800 psi and the amount of each substance was compared 

to standard courier by comparing the inhibition time of 

the output courier and the surface area under their curve 

(all solvent was purchase from Sigma-Aldrich 

Company). 

Statistical Analysis 

After technical and biological experiments, all data was 

analyzed based on a factorial randomized design (CRD) 

and was done in three biological repeats for each 

treatment. Variance between various means and its 

impact was analyzed using one-way ANOVA and 

Duncan (P<0.05) methods in SPSS software (version 23, 

SPSS, Chicago, IL). The mean comparison was executed 

using SAS software (SAS Institute, Cary, NC), followed 

by drawing graphs with MS Office excel. 

Results and Discussion 

The results of comparison mean of data showed that the 

effect of TiO2 nanoparticles treatment on total 

chlorophyll, total phenol and flavonoid content, 

phenylalanine ammonium enzyme (PAL) and glycosides 

of stevioside, ribaudioside A, B and F were significant in 

stevia plant. 
 

Effect of foliar application of TiO2 nanoparticles on 

photosynthetic pigments: chlorophyll leaves (a, b and 

total)  
 

Comparison mean of leaves chlorophyll content (a, b 

and total) showed that with increasing different levels of 

TiO2 nanoparticles, leaf chlorophyll content increased. 

So that the concentration of 400 µL/L TiO2 

nanoparticles had the highest (53%) and control samples 

the lowest chlorophyll a, b and total chlorophyll content 

of leaves (Fig 2, 3 and 4). 

Titanium promotes growth by increasing chlorophyll and 

photosynthesis, especially by increasing electron transfer 

from 2 to 1 photosynthesis, photosynthetic optical 

activity, and uptake of elements involved in chlorophyll 

production and photosynthesis such as iron, magnesium, 

and nitrogen [22]. Since TiO2 nanoparticles increase 

nitrogen uptake and metabolism, so the rate of 

chlorophyll synthesis in the plant increases [23].  

Mishra et al. [24] in a study on tomato plants showed 

that high concentrations of TiO2 nanoparticles (200 µg/l) 

increased plant chlorophyll content to 1.97 mg/g fresh 

weight. 

In another study, investigating the effect of different 

concentrations of TiO2 nanoparticles on rice plant 

showed that lower concentrations of TiO2 nanoparticles 

treatment on plant increased chlorophyll a, chlorophyll b 

and total chlorophyll that can be attributed the presence 

of more cells per leaf weight [25]. 

A study by Hashemi and Dehkordi [26] investigated the 

effect of TiO2 dioxide nanoparticles (anatase) on the 

physiological properties of the berry quince (Fragaria 

ananassa c.v. Queen Elisa). These researchers found that 

nanoparticleat the highest concentration (11.5 mg/l) 

increased all studied characters of plant (leaf chlorophyll 

content, soluble solids to titrable acid ratio, vitamin C 

content, fruit formation percentage, fresh and dry weight 

of root and plant yield). 

Researchers believe that titanium has an effect on the 

biochemical activities of the plant and increases the 

activity of catalase, nitrate reductase and peroxidase. 
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The reason for the increased activity of these enzymes 

under the influence of titanium treatment was due to 

increased iron uptake. 

Growth of pepper plant was due to the increase in plant 

length. Titanium increased photosynthesis by increasing 

nitrogen uptake and consequently increased pepper plant 

length. It has also been reported, that after titanium 

treatment, quality of pepper and its sugar content 

increase due to chlorophyll production [27]. 

 

 
 

Fig. 2 Effect of TiO2 nanoparticles on chlorophyll a content in 

stevia plant 

 

 
 

Fig. 3 Effect of TiO2 nanoparticles on chlorophyll b content in 

stevia plant 

 

Effect of TiO2 nanoparticles on total phenol and 

flavonoid content 

Comparison mean values of total phenol and flavonoid 

showed that by increasing levels of TiO2 nanoparticles 

treatment, the activity of these biochemical parameters 

increased. Treatment of TiO2 nanoparticles at 

concentration of 400 µL/L has the highest effect on total 

phenol (51%), and flavonoid (40%) content compare to 

control samples (Fig. 5, 6). 

Kamalizadeh et al. [28] investigated the effect of TiO2 

nanoparticles on the content of rosmarinic acid and 

chlorogenic acid production in the Dracocephalum 

moldavica L., which results showed that production of 

two component increases at low concentration of 

nanoparticles (30 µg/l) and decreased at higher 

concentrations. 

 

 
 

Fig. 4 Effect of TiO2 nanoparticles on total chlorophyll content 

in stevia plant 

 

 

Fig. 5 Effect of TiO2 nanoparticles on total phenol content in 

stevia plant 

 
Fig. 6 Effect of TiO2 nanoparticles on flavonoid content in 

stevia plant 
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But Bagal et al. [29] conducted an experiment on the 

effect of TiO2 nanoparticles on the phenolic and 

flavonoid content of Pinus taeda callus. According to 

the results, the maximum amount of phenol and 

flavonoid was observed in the samples treated with high 

concentration (250 µg/l) of TiO2 nanoparticles and with 

decreasing of these nanoparticles concentration the end-

products of phenylpropanoid pathway decreased [29]. 

Effect of TiO2 nanoparticles on the phenylalanine 

ammonium enzyme activity (PAL) 

Comparison of the average activity of phenylalanine 

ammonium enzyme (PAL) showed that by increasing 

levels of TiO2 nanoparticles, the activity of this enzyme 

was improved. So that TiO2 nanoparticles treatment at 

400 µL/L has highest effect on PAL activity (73%) than 

control samples (Fig. 7).  

According to the results of a research in Pinus taeda, 

changes in PAL activity, phenolic and flavonoid content 

were affected by different ratios of TiO2 nanoparticles 

and were positively correlated, which it indicated the 

direct role of PAL on the induction of phenylpropanoid 

pathway. 

Maximum total phenolic and flavonoid content were 

observed in the samples treated with high concentration 

(250 µL/L) TiO2 nanoparticles. By decreasing 

nanoparticles concentration, the phenylpropanoid 

content decreased. Positive correlation of PAL enzyme 

activity and accumulation of phenolic compounds 

indicates a key role of this enzyme in the biosynthesis of 

phenolic compounds in Pinus taeda. According to the 

results, it is concluded that PAL as the first and most 

important enzyme involved in the production of 

polyphenolic compounds was affected by the TiO2 

nanoparticles treatments [29]. 

Jordan et al. [30] in their research showed that TiO2 

nanoparticles enter the leaf tissue and may cause toxicity 

in plants, while enzymatic activity (including enzymes 

Phenylalanine ammonia lyase and its biomarkers) 

increase, ultimately counteracts with the adverse effects 

of ROS. 

Effect of TiO2 nanoparticles on stvioside glycosides and 

rebaudiosides A, B, C and F 

Comparison of the mean values of glycosides (stevioside 

and rebaudiosides A, B, C and F) showed that with 

increasing different levels of TiO2 nanoparticles, the 

amount of these glycosides increased. 

 

 
Fig. 7 Effect of TiO2 nanoparticles on PAL enzyme activity in 

stevia plant  
 

 

Fig. 8 Chromatogram of HPLC in stevia extract sample. Numbers in horizontal axis showed retention time of different glycosides appeared in stevia 

plant extraction. Sharp peaks showed retention time of main glycosides appeared in HPLC analysis of stevia extraction (rebaudioside A (retention time 

5±3), stevioside (retention time 6) rebaudiosides B (retention time 7±3), rebaudiosides C (retention time 8± 2) and rebaudiosides F (retention time 13)).  
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 Fig. 9 Effect of TiO2 nanoparticles on glycoside stevioside 

content in stevia plant 

 

 

 

Fig. 10 Effect of TiO2 nanoparticles on rebaudioside A content 

in stevia plant 

 

 

Fig. 11 Effect of TiO2 nanoparticles on rebaudioside B content 

in stevia plant 

 

Fig. 12 Effect of TiO2 nanoparticles on rebaudioside C content 

in stevia plant 

 

 

Fig. 13 Effect of TiO2 nanoparticles on rebaudioside F content 

in stevia plant 

 

As TiO2 nanoparticles at concentration of 200 µL/L has 

highest effect on stevioside glycoside (45%), and at 400 

µL/L has highest effect on glycoside rebaudiosides A 

(50%) and B (34%), and at 80 µL/L, has highest effect 

on glycoside rebaudiosides C (35%) and F (56%), and 

also TiO2 nanoparticles at control sample and at 

concentrations of 20 and 40 µL/L has lowest effect on 

glycosides content, respectively (Figure 8, 9, 10, 11, 12 

and 13). Stevia leaves contain sweet compounds (steviol 

glycosides) and steviosides are the main sweet 

component in stevia that is about 300 times sweeter than 

sugar and also is a carboxylic alcohol with three 

molecules of glucose [31,32]. In addition to its 

interesting sweet properties, it also exhibits many 

medicinal properties [33-35]. 

Previous research has shown that the stevioside content 

present in stevia leaf depends on the cultivar and its 

growth conditions, and according to studies it can be 

about 4-20% of leaf dry materials [37]. 

To our knowledge, no studies on the use of TiO2 

nanoparticles on stevia plant have been reported so far. 
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However, the results of different study using iron, 

copper, and silicon nanoparticles on stevia showed that 

at the higher concentration of iron and copper 

nanoparticles, the stevioside callus rate (8 µg/l compared 

to control) increased. And also at the low concentration 

of the nanoparticles, the amount of stevioside decreased 

(0.25, 0.5, 1, 2, and 4 µg/l). 

But the results of silicon nanoparticles showed that the 

highest amount of stevioside was observed at low 

concentrations (0.25, 0.5, 1 and 2 µg/l) and the lowest 

amount of stevioside was reported at concentrations of 4 

and 8 µg/l [37]. 

Javed et al. [38] Reported that the highest levels of 

steviol glycoside (stevioside and rebaudioside A) were 

observed in stevia plant in the presence of 1 µg/l 

concentration of zinc oxide nanoparticles and decreased 

in high concentrations of nanoparticle (10, 100 and 1000 

µg/l). 

Also, another research was reported that copper oxide 

nanoparticles treatment in stevia showed the highest 

levels of stevioside and rebaudioside A at concentrations 

of 10 µg/l of copper oxide nanoparticles and at the 

higher concentrations of nanoparticle (100 and 1000 

µg/l), glycoside content was decreased [39]. 

In a research was investigated on some main glycosides 

content of S. rebaudian under different concentration of 

commercial and synthesized silver nanoparticles, result 

showed synthesized silver nanoparticle in low 

concentration has positive effect on glycoside content 

and growth factor than chemical nanoparticle in low 

concentration [40]. 

Ramezani et al [41] in a research investigated effect of 

silver nanoparticles on expression of some key genes 

involved in glycosides synthesis pathway in stevia plant. 

Results of their research showed that plants treated with 

silver nanoparticles at concentration of 10 and 20 µg/l 

showed a lower gene expression than the control plant, 

but plant treated with silver nanoparticles at 40 µg/l 

concentration showed higher expression genes than plant 

treated with low concentration of silver nanoparticles 

and control samples. 

It can concluded that some nanoparticle properties such 

as size, shape, plants species, treatment duration, and 

condition are important factors in positivity and 

negativity (toxicity) of the effects silver nanoparticles 

have on the plant’s physiological and morphological 

aspects. On the other hand, nanoparticles solubility and 

ROS production affect their activity. Thus, nanoparticles 

enter plant cells more easily which results in the 

production of secondary metabolites [42]. 

Here, the results showed that biosynthesized AgNP 

treated plants possess increased flavonoids. It is known 

that the plant’s defensive ability depends greatly on the 

results of the phenylpropanoid pathway products such as 

flavonoid content which plays a major role in elicitor 

resistivity [43]. AgNP, can up-regulate main 

anthocyanin genes and flavonoid biosynthesis pathway 

in A.thaliana [44]. A study on maize by Suriyaprabha et 

al. [45] demonstrated how silver nanoparticles 

significantly affect phenol and flavonoid content. Lipid 

peroxidation, CAT activity and oxidative stress (H2O2 

production) are the causes of this increase. 

Govorov and Carmeli [46] reported that chemical energy 

generation in photosynthetic systems is induced by metal 

nanoparticles. A novel hybrid system forms after AgNPs 

bind to the chlorophyll in photosynthetic reaction center 

due to the increased excitation of electrons induced by 

plasmon resonance and major acceleration of electron-

hole separation. 

Application of nanoparticles increases the gas exchange 

and chlorophyll fluorescence and also affects other 

factors such as electron transfer rate, stomatal uptake, 

transpiration, photosynthesis rate (PSII), phytochemical 

and effective phytochemical productivity [47]. 

Investigating TiO2 nanoparticles applications shows 

improvements in the photosynthesis rate, water 

conductivity, and transpiration in plant [48]. Treatment 

of plant with nanoparticles exhibited high photosynthesis 

rate which resulted in increased nutrients and 

carbohydrate content due to photosynthesis and also 

larger shoot and heavier fresh and dry weight [49]. 

 

Conclusion 

 

In this research, it was concluded that nanoscale metals 

showed dissimilar performances than bulk metals. 

Chemical composition and the physical attributes of 

nanoparticles are very important in their ability to affect 

plants. Titanium nanoparticles induce stress since after 

treating plants with biosynthesized TiO2 nanoparticles, 

an increase in PAL activity was recorded. In the present 

study, biosynthesized TiO2 nanoparticles demonstrated 

increased production in glycosides and total phenol and 

flavonoids content. Thus, by tagging nanoparticles with 

secondary metabolites, stevia offers opportunities in the 

nanomedicine field. The results of this study have shown 

best concentration of synthesized nanoparticle in the 

application of agriculture and pharmaceutical. It can be 

used biotechnological processes for production of pure 

bioactive compounds from plant products. 
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