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Introduction 

The PhD thesis comprises two parts: a literature survey divided into four chapters and 

original contributions, which consist of seven chapters.  

The literature review begins with an introduction of the antioxidant and antimicrobial 

activity of Lamiaceae plants, the second chapter presents conventional and modern methods of 

polyphenol extraction, the third chapter contains information on the biological activity of Salvia 

officinalis and Tymus serpyllum polyphenolic extracts and in the fourth chapter are described the 

mechanism of mesoporous material formation and synthesis methods of mesoporous titania. 

The original contributions part presents firstly the methods used for extracts, supports and 

materials with embedded extract characterization. Further, in 3th and 4th chapters are described the 

obtaining of ethanolic and hydroalcoholic extracts prepared from Salvia officinalis and Tymus 

serpyllum dry leaves. 

The fifth chapter contains information regarding the synthesis of inorganic mesoporous 

supports:  MCM-41, TiO2, TiO2-CeO2 composite and their characterization by small- and wide-

angle X-ray diffraction, FTIR spectroscopy, nitrogen adsorption-desorption isotherms, SEM and 

TEM, as well as thermal analysis.  

The preparation and characterization of materials containing embedded extracts and 

recovery of adsorbed phytocompounds from inorganic mesoporous supports are presented in the 

sixth chapter. 

 

II. Original contributions 

Justification of topic choice 

 

The PhD thesis, Obtaining and characterization of polyphenolic extracts from aromatic 

plants and their encapsulating in mesoporous inorganic matrices, is based on the antioxidant, anti-

inflammatory and antimicrobial properties of polyphenolic extracts with benefits for human health. 

The aim of this PhD thesis was to study the influence of the extraction parameters (extraction 

method, plant/solvent ratio, temperature, solvent) for obtaining ethanolic and hydroalcoholic 

extracts of Salvia officinalis and Thymus serpyllum.  To improve the stability over time with 

beneficial effects on antioxidant and antimicrobial properties, some of the prepared extracts were 
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for the first incorporated in mesoporous inorganic matrices like TiO2 and TiO2-CeO2 composite, 

as well as MCM-41- type silica. Materials with incorporated extract could be used as ingredients 

in cosmetics or pharmaceutical formulations. 

 

PhD thesis objectives 

 

• Preparation of Salvia officinalis and Thymus serpyllum ethanolic and hydroalcoholic extracts 

by conventional method, microwaves- or ultrasound-assisted extraction in various conditions 

like contact time, solvent/plant ratio, solvent nature, temperature. 

• Spectrophotometric determination of polyphenolic extracts (total polyphenols, total flavonoids 

and chlorophyll pigments content), the radical scavenging capacity determined through either 

DPPH or ABTS methods, the chemical profile of prepared extracts assessed by reverse phase 

high performance liquid chromatography with photodiode array detector. 

• Determination of the antimicrobial activity of prepared polyphenolic extracts. 

• Synthesis of inorganic mesoporous supports: MCM-41, TiO2, TiO2-CeO2 composite. 

• Characterization of obtained mesoporous supports by small- and wide-angle powder X-ray 

diffraction, FTIR spectroscopy, nitrogen adsorption-desorption isotherms, SEM, TEM and 

thermal analysis. 

• Preparation and characterization of materials containing embedded polyphenolic extracts from 

Salvia officinalis and Thymus serpyllum by FTIR spectroscopy, nitrogen adsorption-desorption 

isotherms, scanning electron microscopy and transmission electron microscopy, in vitro radical 

scavenging capacity (DPPH assay) and thermogravimetry analysis.  

 

II.2.1 Preparation of Salvia officinalis and Thymus serpyllum polyphenolic 

extracts 

The ethanolic extracts from Salvia officinalis leaves were obtained by either conventional 

(Conv) or microwave-assisted (MW) extraction using a plant/ethanol ratio of 1/50 (w/v), while the 

hydroalcoholic extract from Salvia officinalis and Thymus serpyllum dry leaves was prepared only 

through conventional process using vegetal material/solvent ratio of 1/30 (w/v). 
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II.2.2. Characterization of Salvia officinalis and Thymus serpyllum polyphenolic 

extracts  

The ethanolic and hydroalcoholic polyphenolic extracts from Salvia officinalis L. and 

Thymus serpyllum L. were characterized by various spectrophotometric determinations (Shimadzu 

UV-1800), such as total polyphenols, total flavonoids, as well as chlorophyll a (Chl a) and b (Chl 

b) pigments contents. The chemical profile of prepared extracts was assessed by reverse phase 

high performance liquid chromatography with photodiode array detector. The radical scavenging 

capacity of phenolic extracts was determined through either DPPH or ABTS methods. The 

antimicrobial activity of prepared polyphenolic extracts was evaluated through agar disk diffusion 

method against nine reference bacterial and two fungus strains.  

 

II.2.3. Characterization of mesoporous support and materials containing 

polyphenolic extracts 

The mesoporous inorganic supports and materials containing polyphenolic extracts were 

investigated by small- and wide-angle X-ray diffraction, Fourier transform infrared spectroscopy 

(FTIR), scanning and transmission electron microscopy, nitrogen adsorption-desorption 

isotherms, thermal analysis. 

II.4. Preparation and characterization of Salvia officinalis and Thymus 

serpyllum polyphenolic extracts  

The ethanolic and hydroalcoholic (ethanol/water=4/1 v/v) conventional extracts from both 

plants were prepared at reflux, in three extraction stages of 1 h with the separation of the vegetal 

material after each step, the replacement of the solvent in the same volume and then the three 

extracts were mixed. 

Free extracts were characterized by spectrophotometric determinations of total 

polyphenols by Folin-Ciocalteu method, total flavonoids using aluminium chloride, as well as 

chlorophyll a (Chl a) and b (Chl b) pigment contents.  

The radical scavenging capacity of phenolic extracts was determined through either DPPH 

or ABTS methods as Trolox equivalents. The chemical profile of prepared extracts was assessed 

by reverse phase high performance liquid chromatography (HPLC; Shimadzu Nexera 2) with 

photodiode array detector. 



7 
 

Table II.1. Total polyphenols content, radical scavenger activity, total flavonoids and chlorophyll 

a and b pigments content for the polyphenolic extracts. 

Extract 
Extract 

(%wt) 

TPC  

(mgCAE/ge) 

TPC 

(mgGAE/ge) 

RSADPPH 

(mgTE/ge) 

RSAABTS 

(mgTE/ge) 

TFC 

(mgRE/ge) 

Ch-a 

(mgCh-a/ge) 

Ch-b 

(mgCh-b/ge) 

So(MW)-1 25.70 
107.45 

± 3.53 

119.85 

± 3.94 

236.43 

± 1.77 

232.79 

± 8.23 

75.52 

± 0.70 

3.95 

± 0.46 

0.97 

± 0.11 

So(Conv)-1 18.89 
97.68 

± 1.53 

108.95 

± 1.70 

180.81 

± 5.75 

96.81 

± 3.63 

70.17 

± 0.37 

3.12 

± 0.03 

0.57 

± 0.02 

So(Conv)-2 34.19 
164.54 

± 3.71 

181.11 

± 4.07 

215.74 

±13.72 

169.99 

± 5.52 

40.92 

± 1.02 

0.64 

± 0.02 

0.29 

± 0.03 

Ts(Conv)-1 11.77 
140.51 

±4.32 

154.67 

±4.75 

161.61 

±15.58 

74.44 

±0.92 

83.10 

±1.85 

5.25 

± 0.00 

0.91 

± 0.03 

Ts(Conv)-2 14.28 
141.24 

±3.26 

155.50 

±3.61 

185.89 

±2.76 

105.63 

±4.56 

81.28 

±2.03 

1.05 

± 0.04 

0.28 

± 0.02 

TPC- total polyphenols content as caffeic acid equivalents (CAE) and gallic acid equivalents (GAE); RSA - 

radical scavenger activity, TE - Trolox equivalents; TFC - total flavonoids content (RE - rutin hydrate equivalents); 

Ch-a and Ch-b - chlorophyll a and b pigments content. All data are expressed in mg/g extract. 

 

The antibacterial and antifungal activity of the prepared extracts were evaluated by the disk 

diffusion method and dilution method. [1, 2] 

One can observe that the efficiency of the extraction assisted by microwaves (MW) was 

higher than that of conventional process demonstrated by a higher extract amount and total 

polyphenols content in agreement with literature data. [3,4]  

MW provide a supplementary energy to both extraction medium and plant that determines 

an efficient vegetal material heating. Furthermore, water from plants absorbs most of MW energy 

producing a local superheating that causes cell walls disruption, which leads to the improvement 

of phytochemicals recovery. [5]  

The total polyphenols content (TPC) of extracts spectrophotometrically determined using 

Folin Ciocalteu method as both caffeic acid or gallic acid equivalents are in the range of 108.95-

181.11 mg GAE/g extract (20.58-61.98 mg/g plant) and 154.67-155.50 mg GAE/g extract (18.21-

22.20 mg/g plant) for Salvia officinalis and Thymus serpyllum extracts, respectively (Table II.1)  

Total flavonoids content, TFC, expressed as rutin hydrate equivalents for So extracts had 

values between 40.92 and 75.52 mg RE/g extract (13.26-19.41 mg RE/g plant), higher amount 

being noticed for the ethanolic extracts, especially for that prepared by MW extraction (Table 

II.1.)  
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Ethanolic and hydroalcoholic (ethanol-water 1/1 v/v) polyphenolic extracts from Salvia 

officinalis L. dried leaves were prepared using different plant/solvent weight ratios, at 80° or 50 

°C by conventional, microwaves (So(MW)-2) or ultrasounds-assisted (So(US)-1) extraction in 

three extraction stages after a maceration step of 20 h. The extract yield, total polyphenols, 

flavonoids and chlorophyll pigments content, as well as radical scavenger activity (RSA) 

determined by spectrochemical methods of the polyphenolic extracts prepared in different 

conditions are lested in Table II.2. 

Table II.2.  Extraction parameters, yield of the extraction process, total polyphenols, flavonoids, 

and chlorophyll content, as well as radical scavenger activity for common sage polyphenolic 

extracts. 

Extract 

Solvent, T(°C), 

Plant/Solvent 

(w/v) 

E 

(%wt) 

TPC 

(mgGAE/ 

gextract) 

TFC  

(mgQE/ 

gextract) 

TChC 

(mgCh/ 

gextract) 

RSAABTS 

(mg TE/ 

gextract) 

RSADPPH 

(mg TE/ 

gextract) 

IC50% 

(mg/mL) 

So(US)-1 
ethanol/50 °C; 

1/30 
13.0 192.81 ± 5.43 24.35 ± 0.20 12.86 ± 0.61 245.68 ± 6.28 201.29 ± 16.36 1.35 

So(MW)-2 
50% ethanol/80 

°C; 1/50 
19.9 168.97 ± 1.57 26.52 ± 0.20 0.53 ± 0.01 232.32 ± 0.73 211.86 ± 4.45 1.28 

So(Conv)-3 
50% ethanol/50 

°C; 1/30 
31.7 145.40 ± 2.31 25.11 ± 0.49 0.57 ± 0.08 215.20 ± 4.22 298.34 ± 10.42 0.91 

So(Conv)-4 
ethanol/ 

80 °C; 1/18 
14.0 129.20 ± 5.59 36.98 ± 1.22 4.40 ± 0.40 128.89 ± 4.80 249.44 ± 11.55 1.09 

So(Conv)-5 
50% ethanol/80 

°C; 1/18 
24.5 165.52 ± 2.99 23.62 ± 0.06 4.19 ± 0.15 249.07 ± 6.93 268.11 ± 11.22 1.01 

So(Conv)-6 
ethanol/50 °C; 

1/30 
8.2 138.11 ± 2.45 15.42 ± 0.11 3.56 ± 0.12 113.36 ± 2.40 98.22 ± 8.72 2.76 

E-extract; TPC-total polyphenols content as gallic acid equivalents (GAE); TFC-total flavonoids as quercetin 

equivalents (QE); TChC–total chlorophyll pigments content, RSA-radical scavenger activity, TE-Trolox equivalents; 

IC50%–the extract concentration, which determines the inhibition of 50% of DPPH• radicals from solution. 

 

The total chlorophyll pigments content (TChC) of the common sage extracts was in the 

range of 0.53–12.86 mgCh/g in the case of ethanolic extracts having a higher amount than the 

hydroalcoholic ones (Table II.2.) in agreement with previous results. [6, 7]  

The chlorophyll content of common sage and wild thyme extracts is listed in Table II.1., 

and the corresponding UV-vis spectra are presented in Figure II.1.1. 
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Figure II.1.  Chlorophyll spectra for: So(Conv)-1(a), So(Conv-2)(b), Ts(Conv)-1(c), Ts(Conv)-2(d), and 

So(MW)-1(e) extracts. 

The radical scavenger activity (RSA) of sage extracts determined by both DPPH and ABTS 

assays were in the range of 180.81-236.43 mg TE/g extract (3.42-7.08 g TE/100 g plant) and 96.81-

232.71 mg TE/g extract (1.83-5.98 g TE/100 g plant), respectively. The Ts extracts exhibited lower 

RSA values than So extracts, 161.61-185.89 mg TE/g extract and 1.90-2.65 g TE/100 g plant - 

DPPH method, and in the range of 74.44-105.63 mg TE/g extract or 0.88-1.51 g TE/100 g plant - 

ABTS method (Table II.1.)  

The hydroalcoholic (ethanol/water=4/1 v/v) conventional extracts from both plants were 

prepared at reflux, in three extraction stages of 1 h with the separation of the vegetal material after 

each step (vegetal material/solvent=1/10 g/mL), the replacement of the solvent in the same volume 

and then the extracts were stored and analysed separately. These extracts were denoted So and Ts 

for common sage and Thymus serpyllum, respectively, followed by the fraction number. In the 

case of Thymus serpyllum, it was performed a conventional extraction using only ethanol in the 

same conditions as for the hydro-alcoholic extract and it was denoted Ts(EtOH) followed by the 

extract fraction number.  

The amount of polyphenols extracted in each extraction stage for all extracts are presented 

in Figure II.2. 

 

Figure II.2.  Polyphenols amount in each extraction stage for A- So, B-Ts and C-Ts(EtOH) extracts 
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The highest quantity of polyphenols was usually extracted in the first stage, while second 

and third fractions are less rich in phytocompounds. If one compares the So with Ts extracts, it 

can be easily seen that common sage extract (Figure II.2. A) has a higher amount of polyphenols 

that Ts extract (Figure II.2 B). 

The total polyphenols content (TPC) was evaluated as gallic acid equivalents at both 765 

nm (y=0.00945*x+0.017; R2=0.9995) and 650 nm (y=0.00965*x+0.013; R2=0.9998) wavelengths 

in the 50-450 μg/mL concentration domain, using Folin-Ciocalteu reagent and provided as an 

average value of four replicates. (Figure II.3 A) 

 

 

 

Figure II.3  Spectrophotometric determination of A- total polyphenols (as gallic acid equivalents, GAE), 

B - total flavonoids (as quercetin equivalents, QE), C- total chlorophyll pigment (TCh) and D- radical 

scavenger activity (RSA) as Trolox equivalents, TE 
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Higher TPC values were obtained for So extract fractions than for Ts fractions. Also, the 

use of ethanol-water mixture enhanced the total polyphenols content in the case of Ts extract. The 

highest total flavonoids content in the case of So was obtained in the first stage of extraction 

(27.66±0.63 mgQE/g extract), which was quite similar with that determined form the third fraction 

(25.74±0.43 mgQE/g extract). 

In the case of Ts extract, a decrease of TFC was observed in each extraction stage with 

higher values than for So extract (22.78-35.88 mg QE/g extract). For Ts(EtOH) extract, the second 

fraction was the richest in flavonoid compounds (28.93 mg QE/g extract), but a lower content than 

for Ts extract was observed. 

One can observe in Figure II.3.C that Ch-a content is higher than that of Ch-b for all So 

and Ts extract fractions. In the case of So extract, the first two fractions had similar total 

chlorophyll content (0.75-1.06 mg TCh/g extract), while the third fraction had a higher amount 

(2.91±0.03 mg TCh/g extract)  

The radical scavenging activity (RSA) of the extracts, determined by both DPPH and 

ABTS assays, using calibration curves for Trolox in 0.010-0.300 mg/mL concentration domain 

and plotting the RSA against the extract concentration (y=178.20*x+1.69, R2=0.9983 for DPPH 

method and y = 79.298*x + 3.413 R2=0.9984 for ABTS assay), are presented in Figure II.3 D. 

Mostly, the ABTS method led to obtain lower values in comparison with DPPH assay, the first 

one being considered a better assay to estimate the antioxidant capacity. [8] 

 

II.4.2. Salvia officinalis and Thymus serpyllum polyphenolic extracts chemical profile  

The Reverse phase HPLC-PDA analysis was used for identification and quantification of 

phytocompounds from the following polyphenolic extracts: So(MW)-1, So(Conv)-1, So(Conv)-2, 

Ts(Conv)-1, Ts(Conv)-2, based on the retention times and similarity of the UV spectra of standard 

compounds. The chromatographs of the prepared polyphenolic extracts can be seen in Figure II.4. 
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Figure II.4. HPLC-PDA chromatograms for A) So(MW)-1, B) So(Conv)-1, C) So(Conv-2), D)Ts(Conv)-

1 and E) Ts(Conv)-2 extracts. (1- galic acid; 2- protocatechuic acid; 3- caftaric acid; 4- chlorogenic acid ; 

5- caffeic acid; 6- trans-p-coumaric acid; 7-acid trans-ferulic acid; 8–rutin hydrate ; 9- rosmarinic acid). 

Table II.3. Identification and quantification of polyphenolic compounds by reverse phase HPLC-

PDA. 

 
 Concentration in extract (mg/g extract) 

Standard 

compound 

RT 

(min) 
So(MW)-1 So(Conv)-1 So(Conv)-2 Ts(Conv)-1 Ts(Conv)-2 

gallic acid 3.605 nd 0.028±0.000 nd nd nd 

protocatechuic 

acid 
6.982 0.069±0.000 nd 0.200± 0.001 0.183±0.001 0.354± 0.023 

caftaric acid 11.376 0.426±0.001 0.360±0.001 0.821± 0.002 nd nd 

chlorogenic acid 13.016 0.286±0.000 0.340±0.002 0.870± 0.000 0.320±0.001 0.775± 0.009 

caffeic acid 15.075 0.813±0.001 1.505±0.010 1.623± 0.006 1.043±0.008 1.553± 0.022 

trans p-coumaric 

acid 
21.674 0.060±0.001 0.102±0.000 nd nd nd 

trans ferulic acid 25.027 0.134±0.000 0.180±0.002 nd nd nd 

rutin hydrate 25.964 0.604±0.000 nd nd nd nd 

rosmarinic acid 32.139 25.712±0.014 41.600±0.253 49.582±0.034 41.975±0.028 39.004±0.125 

RT-retention time, nd– not detected. All concentrations are given in mg compound per gram of extract. 

 

II.4.3. Antimicrobial activity of polyphenolic extracts  

 

The antimicrobial properties of common sage and wild thyme polyphenolic extracts were 

assessed according to the positive control (15 mm for gentamycin and 17 mm for fluconazole) 

against nine reference bacterial and two fungus strains. Table II.4. lists the values for inhibition 
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growth zone diameter values in mm for So(MW), So(Conv)-2 and Ts(conv)-2 determined by disk 

diffusion method, as well as MIC and MBC through broth dilution assay against strains for which 

large diameters of microbial growth inhibition by disk diffusion method were obtained.  

Table II.4. Antimicrobial activity of polyphenolic extracts 

Фinhibition growth zone diameter in mm for polyphenolic extracts in mentioned concentration; MIC - minimum 

inhibitory concentration;  and MBC - minimum bactericidal concentration 

 

As it can be noticed, Salvia officinalis extracts exhibited better antimicrobial activity than wild 

thyme extracts. The common sage extracts were active against all tested bacterial strains, the 

highest values of inhibition zone diameter and lowest values for MIC and MBC being obtained for 

Staphylococcus aureus ATCC 25923, Streptococcus pneumoniae ATCC 49619, and 

Streptococcus pyogenes ATCC 19615, while for wild thyme extract, the best results were obtained 

for the two types of Streptococcus strains. 

Strain species So(MW) 

(30 mg/mL) 

MIC/MBC 

(mg/mL) 

So(conv)-2 

(20 mg/mL) 

MIC/MBC 

(mg/mL) 

Ts(conv)-2 

(28.5 mg/mL) 

MIC/MBC 

(mg/mL) 

Salmonella enterica 

serotip typhimurium 

17 7.5 / 15 10 - 9 - 

Shigella flexneri serotip 

2b 

16 7.5 / 15 10 - 9 - 

Enterococcus faecalis 18 7.5 / 7.5 18 10.125 / 10.125 10 - 

Escherichia coli 17 7.5 / 7.5 18 10.125 / 10.125 10 - 

Pseudomonas aeruginosa 17 7.5 / 15 11 - 10 - 

Staphylococcus aureus 19 3.75 / 7.5 19 5.06/10.125 11 - 

Streptococcus 

pneumoniae 

20 3.75 / 7.5 19 5.06/ 10.125 15 14.25 /28.5 

Streptococcus pyogenes 22 3.75 / 7.5 20 5.06/ 

10.125 

17 14.25 /28.5 

Bacteroides fragillis 17 7.5 / 7.5 18 10.125/10.125 9 - 

 1 
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II. 5. Encapsulation of Salvia officinalis and Thymus serpyllum polyhenolic 

extracts into mesoporous matrices 

II.5.1. Synthesis of inorganic mesoporous supports 

To encapsulate the chosen polyphenolic extracts, three inorganic materials, mesoporous 

titania, and titania-ceria nanoparticles obtained by original methods based on the sol-gel technique, 

as well as MCM-41E silica were employed. 

 

II.5.2. Characterization of inorganic mesoporous supports MCM-41E și TiO2r 
The supports obtained by sol-gel method were characterized by small- and wide-angle 

XRD to assess their structural features, FTIR spectroscopy and TG analysis to evidence the 

removal of the structure directing agents used in their synthesis, N2 sorption measurements to 

evaluate their porosity, as well as SEM and TEM to investigate the morphology. 

The small-angle XRD pattern of MCM-41E silica support demonstrated the formation of 

an ordered hexagonal pore array, which belongs to the P6m symmetry. The sample exhibited three 

Bragg reflections (100), (110) and (200) characteristic for mesostructured MCM-41-type materials 

(Figure II.5. A). 

 

   
Figure II.5. Small-angle XRD analysis of MCM-41E (A) and wide-angle XRD patterns of TiO2rE and 

TiO2r calcined at 450⁰C (B). 

 

Unlike silica, titania support has no ordered pore framework, but it is crystalline having 

anatase structure with tetragonal symmetry (ICDD 21-1272) as wide-angle X-ray diffraction 

analysis proved (Figure II.5 B).  

SEM analysis of MCM-41E material revealed the formation of either spherical particles 

with a diameter in the range of 200-400 nm or short rods of 1-1.5 m length (Figure II.6 A), while 
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TEM investigation demonstrated the presence of an ordered pore framework with long channels 

of mesopores (Figure II.6 B) in accordance with the small-angle XRD data. 

 

 

Figure II.6. SEM image of MCM-41E material (A), TEM micrograph of MCM-41E material (B), TEM 

image of TiO2r (C), and SAED analysis of TiO2r support (D). 

TEM investigation of TiO2r support showed the formation of polyhedral nanoparticles with 

uniform size, in the range of 11-15 nm in agreement with the crystallite size determined from XRD 

analysis and small pores between nanoparticles (Figure II.6 C), while selected area electron 

diffraction (SAED) proved the crystalline nature of the material (Figure II.6 D). 

In the case of the titania material, wide-angle XRD analysis showed the formation of the 

anatase phase with tetragonal symmetry (ICDD 21-1272), after solvothermal treatment performed 

at 100°C for 24 h, sample denoted TiO2E (Figure II.7. A).  

The N2 adsorption-desorption isotherm of the titania material is specific for mesoporous 

materials, exhibiting hysteresis at P/P0 > 0.6 (Figure II.7 B), which corresponds to a narrow, 

unimodal pore size distribution curve (Figure II.7 B – inset).  

The morphology of the TiO2 NPs was investigated by TEM. The titania sample prepared 

by the sol-gel method assisted by solvothermal treatment comprised small, uniform sized 
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polyhedral nanoparticles with average dimension of 10 nm, in agreement with the crystallite size 

computed by Scherrer’s equation from the XRD pattern and forming intergranular pores between 

nanoparticles (Figure II.7 C). 

 

 

Figure II.7. Titania nanoparticles characterization: wide–angle XRD patterns of TiO2E and TiO2 (A); N2 

adsorption–desorption isotherm recorded at 77 K of TiO2 and inset, the corresponding pore size 

distribution curve (B); TEM image of TiO2 (C). 

The textural parameters, the specific surface area determined by BET method, SBET, total 

pore volume measured at P/P0 = 0.99, Vp, and the average pore diameter calculated with Barrett 

Joyner Halenda model, dBJH, for TiO2 support are presented in Table II.5. 

 Table II.5.  Textural parameters of inorganic supports. 

Support dBJH (nm) SBET (m2/g) Vp (cm3/g) 

MCM-41E 3,54 689 0,54 

MCM-41 2,67 976 0,88 

TiO2r 10,49 115 0,34 

TiO2 7,43 124 0,26 

TiO2-CeO2 13,18 150 0,54 

In the case of the titania-ceria composite, the XRD results showed the formation of a 

crystalline material, TiO2-CeO2 precursor (the material recovered after the ageing treatment of the 

reaction mixture), with fluorite phase for ceria and the anatase structure of titania. Thermal 

treatment of the TiO2-CeO2 precursor at 450 °C for 5 h preserves the anatase and fluorite phases 

(Figure II.8 A).  
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Figure II.8. Titania–ceria composite characterization: wide-angle XRD patterns of TiO2–CeO2E and 

TiO2–CeO2 (A); N2 adsorption–desorption isotherm recorded at 77 K of TiO2-CeO2 calcined at 450 °C, 5 

h and inset showing the corresponding pore size distribution curve (B); SEM image of TiO2-CeO2 

composite material (C). 

The N2 adsorption-desorption isotherm of the titania-ceria material is type IV according to 

IUPAC classification with a unimodal pore size distribution curve centred at a higher pore 

diameter (13.18 nm) than for TiO2 (7.43 nm) (Figure II.8 B).  

By comparing the TG curve of TiO2E with that of TiO2 material calcined at 450 ⁰C one can 

notice a higher weight loss (8.8 % wt) in the case of TiO2E than of calcined sample (2.2%wt) that 

can be attributed to the presence of template agent remained on titania nanoparticles surface 

(Figure II.9). 

 
Figure II.9. TG analysis of titania samples: TiO2r și TiO2rE. 
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II.6. Synthesis and characterization of materials containing polyphenolic 

extracts  

II.6.1. Synthesis of materials containing polyphenolic extracts 

To enhance the polyphenolic extracts stability and thus, to preserve their radical scavenger 

and antimicrobial properties, chosen polyphenolic extracts were embedded into mesoporous 

inorganic materials. 

For encapsulation of common sage or wild thyme polyphenolic extracts, the incipient 

wetness impregnation procedure was applied, which consists in vacuum drying of support, mixing 

the support with the polyphenolic extract, and drying in vacuum of obtained suspension. 

The obtained extract-loaded materials were characterised by FTIR spectroscopy to 

evidence the presence of phytochemicals, nitrogen adsorption-desorption isotherms to demonstrate 

that natural compounds filled the mesopores of inorganic support, and thermal analysis to 

determine the content of natural compounds in materials containing extract. Also, the radical 

scavenger activity and antimicrobial properties of materials containing embedded extracts were 

assessed. 

The polyphenolic content was in the range of 22-29 %wt for So(MW)-1 extract and 20-22 

%wt, for Ts(Conv)-2. (Table II.6.).  

Table II.6.  Textural features for supports and materials containing embedded extracts. 

Support d (nm) SBET 

(m2/g) 

Vp 

(cm3/g) 

Embedded extract extract 

(%wt) 

d 

(nm) 

Vp 

(cm3/g) 

TiO2r 10.49 115 0.34 So(MW)-1@TiO2r 29 - - 

So(Conv)-2@TiO2r 

Ts(Conv)-2@TiO2r 

22 

20 

10.13 

- 

0.16 

- 

MCM-41E 3.54 689 0.54 So(MW)-1@MCM-41E 22 3.42 0.20 

So(Conv)-2@MCM-41E 

Ts(Conv)-2@MCM-41E 

44 

22 

- 

3.54 

0.08 

0.18 

 

Radical Scavenging Capacity of Materials Containing Extract  

The efficiency of materials containing extract was further tested for be employed in future 

applications. Therefore, the radical scavenger activity of materials containing extract was assessed 

by DPPH assay, which compares in the same time the antioxidant activity of material containing 

embedded extract with that of the free extract and support at the same concentration as in the 

embedded extract, after 24 h, using as control the degradation of DPPH free radical solution.[9]  
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Figure II.10.  In vitro radical scavenger activity for So(MW)-1 extract embedded in MCM-41E or TiO2 

(A), So(Conv)-2 extract embedded both supports (B), material containing Ts(Conv)-2 (C) in comparison 

with the corresponding extract and support. 

One can consider that the preservation of radical scavenger activity over time means that 

the extract is stable over time. A higher stability was achieved (considering RSA) by loading 

polyphenols into mesoporous supports than that of the free extracts after 3-6 months of storage at 

4°C. 

All materials containing extracts showed improved stability in comparison with the free 

extracts and hence, there would be the possibility of developing cosmetics or nutraceutical 

formulations.[10] 

 

II.6.4 Antimicrobial activity of materials containing polyphenolic extracts 

The antimicrobial properties of selected extract-loaded material, So(Conv)-2@MCM-41E, 

was tested on the same nine bacterial and two fungus strains in the same conditions as the free 

extract by disk diffusion method on solid sample.  

The values for the bacterial inhibition growth zone diameter measured in mm are listed in 

Table II.7. 
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Table II.7. Antimicrobial activity of So(Conv)-2@MCM-41E. 

 

Species strains   (mm) 

Salmonella enterica 11 

Shigella flexneri serotip 2b 11 

Enterococcus faecalis 23 

Escherichia coli 21 

Pseudomonas aeruginosa 14 

Staphylococcus aureus 23 

Streptococcus pneumoniae 23 

Streptococcus pyogenes 23 

Bacteroides fragillis 21 

Candida albicans 9 

Candida parapsilosis 9 

  - inhibition growth zone diameter 

Slightly larger diameters of bacterial inhibition growth zone than for the corresponding 

So(Conv)-2 free extract were obtained for all tested strains. The same type of elicited activity for 

the extract could be observed also for the extract-loaded material, namely the best bactericidal 

activity against Staphylococcus aureus ATCC 25923, Streptococcus pneumoniae ATCC 49619, 

and Streptococcus pyogenes ATCC 19615 strains. 

II.7. Conclusions and perspectives 

 
In the PhD thesis, Obtaining and characterization of polyphenolic extracts from aromatic 

plants and their encapsulation in inorganic mesoporous matrices, the influence of extraction 

conditions (plant/solvent ratio, temperature, solvent, microwave irradiation or ultrasound 

application) was studied in order to obtain ethanolic and hydroalcoholic polyphenolic extracts 

from Salvia officinalis and Thymus serpyllum. The prepared extracts were characterized by 
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spectrophotometric methods, determining the total polyphenols, flavonoids and chlorophylls  

conten, the radical scavenging capacity by DPPH and ABTS methods. 

It was found that the ethanol-water mixture used as the extraction solvent led to a better 

recovery of phytocompounds compared to absolute ethanol in case of both common sage and wild 

thyme leaves.  

Microwave-assisted extraction was more effective in recovering polyphenols from the 

Salvia officinalis L. dried leaves in absolute ethanol at reflux than conventional extraction leading 

to an extract richer in polyphenolic compounds. 

Ultrasound-assisted extraction has proven a better efficiency of recovering polyphenols 

from the leaves of common sage than conventional or microwave-assisted extraction, this being 

correlated with the total polyphenol content and the total flavonoid content in the extract. Ethanol 

used as solvent and microwave-assisted extraction resulted in a higher chlorophyll content of 

Salvia officinalis extracts.  Ethanolic extracts of Thymus serpyllum were richer in chlorophyll a 

than common sage extracts. 

The common sage ethanolic extract, So(US)-1, prepared at 50°C by ultrasound-assisted 

extraction is the richest in polyphenolic substances, compared to ethanolic or hydroalcoholic 

common sage extracts prepared at reflux by conventional extraction or microwave assisted 

extraction. Unlike hydroalcoholic extracts, in the case of ethanolic extracts, a higher temperature, 

80°C, favoured the recovery of polyphenols from Salvia officinalis leaves. 

The chemical profile of common sage and thyme extracts was determined by reverse phase 

high-performance liquid chromatography with photodiode array as detector. The main compound 

identified and quantified in the common sage and wild thyme polyphenolic extracts was rosmarinic 

acid. Four other polyphenolic compounds, protocatechuic, caftaric, chlorogenic and caffeic acids 

were found in all prepared extracts. The routine hydrate has been identified only in the So(MW)-1 

ethanolic extract, this extract having a higher antioxidant activity than the other common sage 

extracts prepared in the similar conditions by conventional method either in ethanol or in the 4/1 

(v/v) ethanol/water mixture. Gallic acid was present only in the ethanolic extract So(Conv)-1, 

prepared at reflux, while ferulic acid only in the ethanolic extracts of common sage obtained by 

both conventional extraction and microwave-assisted extraction. The lowest quantity of 

polyphenols has been identified in the Thymus serpyllum ethanolic extract for which chlorogenic 

acid, caffeic acid and rosemarinic acid have been identified. 
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A higher radical scavenging capacity was observed when ethanol-water mixture was used 

as a solvent or in the case of microwave-assisted extraction, which may be correlated with the total 

polyphenol content of the prepared extracts. 

Higher values of antioxidant activity of common sage hydroalcoholic extracts have been 

obtained through ABTS assay, which can be explained by the higher total polyphenol content of 

hydroalcoholic extracts than that of ethanolic extracts. A higher temperature of 80°C of the 

extraction process favoured the polyphenols extraction. 

The Salvia officinalis ethanolic and hydroalcoholic extracts exhibited a better antioxidant 

capacity and a better antimicrobial activity than Thymus serpyllum extracts. 

Among the prepared extracts of Thymus serpyllum, Ts(Conv)-1 extract obtained by 

conventional extraction in ethanol, at reflux, has the highest antioxidant activity based on the value 

of concentration that induces 50% inhibition of  DPPH free radicals. 

The antimicrobial potential of ethanolic and hydroalcoholic extracts (4/1 v/v ethanol/water) 

was tested on several gram-positive and gram-negative standard bacterial strains and fungi. All 

tested common sage and  wild thyme extracts demonstrated good bactericidal activity against the 

reference bacterial strains, especially against Staphylococcus aureus ATCC 25923, Streptococcus 

pneumoniae ATCC 49619 and Streptococcus pyogenes ATCC 19615. The common sage extracts 

showed either a higher antioxidant capacity or a better antibacterial potential than the prepared 

wild thyme extracts. The antifungal activity was less good than the bactericidal potential for all 

tested extracts.  

In order to improve the stability over time of the Salvia officinalis and Thymus serpyllum 

ethanolic and hydroalcoholic extracts, the richest in phytocompounds extracts were encapsulated 

into inorganic mesoporous matrices by the incipient  impregnation method followed by vacuum 

drying. 

As supports for the adsorption of polyphenolic extracts were chosen MCM-41 mesoporous 

silica, titania and TiO2-CeO2 composite. The inorganic supports were synthesized by the sol-gel 

method and showed a high porosity, which ensured the possibility of adsorption of polyphenolic 

compounds in their mesopores. The most important parameter that influences the adsorption of 

polyphenols is the total pore volume. Therefore, MCM-41 mesoporous silica can accommodate a 

larger amount of phytocompounds because it has a higher porosity (specific surface area and total 

pore volume).  
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The obtained inorganic mesoporous materials were characterized by small- and wide-angle 

powder X-ray diffraction, FTIR spectroscopy, nitrogen adsorption-desorption isotherms, SEM, 

TEM and thermal analysis.  

The advantages of using mesoporous materials for adsorption of Salvia officinalis and 

Thymus serpyllum polyphenolic extracts were highlighted. All composite materials with 

polyphenolic extract from common sage or wild thyme such as: So(MW)-1@MCM-41E, 

Ts(Conv)2@TiO2r, So(US)-1@TiO2, So(Conv)-4@TiO2-CeO2, showed better stability over time 

and an antimicrobial potential even higher than that of the corresponding free extract. The 

composite materials obtained by embedding of polyphenolic extracts were characterized by FTIR 

spectroscopy, nitrogen adsorption-desorption isotherms and DTA-TG analysis to determine the 

content of adsorbed phytocompounds. 

The materials containing embedded extracts showed a higher radical scavenging capacity 

than that of free extracts after 3–6 months of storage at 4°C, which may indicate a better stability 

of the extract over time when adsorbed into mesopores of inorganic matrices. Better results were 

observed in the case of MCM-41E support, when the support mesopores were not completely 

occupied with phytocompounds. The embedding of the common sage ethanolic extract So(US)-1 

into mesoporous titania nanoparticles led to a slight  improvement of the antimicrobial activity.  

Therefore, composite materials containing encapsulated extracts with antioxidant activity 

and antibacterial potential even better than that of the free extract could be used in the development 

of new cosmetics or nutraceutical formulations with antioxidant and antimicrobial activity. 

 

Main original contributions 

 
(1) Study of the influence of extraction parameters in order to obtain common sage and wild 

thyme polyphenolic extracts. 

(2) Comparison of the properties of common sage and wild thyme extracts obtained in the 

same conditions. 

(3) Encapsulation for the first time of polyphenolic extracts of common sage and wilde thyme 

into inorganic mesoporous matrices: MCM-41-type silica, titania and titania-ceria 

composite. 
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(4) Evaluation in vitro of radical scavenging capacity of materials containing polyphenolic 

extracts and silica/TiO2/TiO2-CeO2. 

(5) Comparison of MCM-41 and titania, respectively TiO2-CeO2 as supports for common sage 

and wild thyme polyphenolic extracts. 

Perspectives 

 Evaluation of the biocompatibility and antioxidant activity of polyphenolic extracts from 

common sage and wild thyme on several cell lines. 

 Biocompatibility assessment of composite materials containing polyphenolic extract 

embedded into inorganic mesoporous support to determine the optimal concentration of 

treatment at cellular level. 

 Development of novel complex composite materials with bactericidal potential by 

incorporating silica-polyphenolic extract nanoparticles into a natural polymer for tissue 

regeneration. 

 Determination of the biological effects of these complex composites with bactericidal 

activity. 
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