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Abstract 

Polyphenol recovery and physico-chemical properties of the extracts depend on the type of 

solvents and their pH values. Additionally, due to the presence of different biologically active 

compounds in plant waste, plant extracts obtained from industrial by-processing can find 

potential applications in various products. In the present study, Serpylli herba waste extracts 

were prepared using maceration (60 min), a solid-to-solvent ratio of 1:30, the particle size of 

plant waste 0.3 mm, and two types of the extraction medium: 50% ethanol (pH 6) and 50% 

ethanol with glacial acetic acid (pH 2.5). The lyophilization process was chosen as the next 

step (-75°C, 0.011 mbar, for 24 h). Comparison of liquid and lyophilized extracts prepared at 

different pH values was done via analyzing total polyphenol content (TPC, Folin-Ciocalteu 

method), total flavonoid content (TFC, colorimetric assay), antioxidant capacity (ABTS and 

DPPH assays), zeta potential, and conductivity (photon correlation spectroscopy). TPC of 

liquid extracts prepared at pH 2.5 and pH 6 amounted to 1.38 and 1.23 mg GAE/mL, 

respectively, while lyophilized parallels had 271.7 and 188.8 mg GAE/g, respectively. The 

same trend is noticed in the case of TFC: 0.368 and 0.334 mg CE/mL for liquid extracts 

obtained at pH 2.5 and pH 6, respectively, and 102.5 and 99.7 mg CE/mL for lyophilized 

parallels. ABTS radical scavenging activity of the liquid extracts at pH 2.5 and pH 6 was 

0.767 and 0.750 mmol TE/L, respectively and for the lyophilized parallels was 0.136 and 

0.111 mmol TE/g. IC50 (concentration for neutralization of 50% of DPPH free radicals) was 

1.12 and 1.75 mg/mL for the liquid extracts prepared at pH 2.5 and pH 6, respectively and 

0.331 and 0.391 mg/mL for the lyophilized parallels. The zeta potential of the liquid extracts 

at pH 2.5 and pH 6 was 1.74 and -2.56 mV, respectively, whereas the zeta potential of 

lyophilized parallels was -3.55 and -18.7 mV. Conductivity of the liquid extracts was 0.864 
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(pH 2.5) and 0.423 mS/cm (pH 6), whereas for the lyophilized extracts it was 0.199 (pH 2.5) 

and 0.452 mS/cm (pH 6). The presented results provide the information on physico-chemical 

properties of Serpylli herba waste liquid and lyophilized extracts that can add value and 

improve the quality of the existing food, functional food, pharmaceutical and cosmetic 

products, as well as for drinking water and wastewater treatment. 

Keywords: lyophilization, polyphenols, Serpylli herba, waste, zeta potential 

1. Introduction 

The Lamiaceae family consists primarily of herbs and shrubs, with approximately 200 genera 

and 3200 species, and is distinguished by aromatic herbage, quadrangular stems, and 

verticillate inflorescences. Thymus serpyllum L. (creeping thyme, wild thyme, or mother of 

thyme) is thyme species from the Lamiaceae family, which grows in almost all the countries 

bordering the Mediterranean and is extensively cultivated in Central Europe, Asia, and the 

United States (1). According to the literature (2, 3), Serpylli herba contains a wide range of 

active compounds, such as essential oil (0.4-2.3%), flavonoids (luteolin-7-O-glucuronide, 

luteolin-7-O-glucoside, luteolin-7-O-rutinoside, apigenin, etc.), and phenolic acids 

(rosmarinic, syringic, vanilic, chlorogenic, p-coumaric, and caffeic acids). The all mentioned 

compounds could be responsible for Serpylli herba antioxidant, antimicrobial, anthelmintic, 

carminative, expectorant, analgesic, stimulant, diaphoretic, antispasmodic, diuretic, and anti-

inflammatory properties (1, 4-6). 

Plant waste, such as tea dust, banana peel, lemon skin grape, olive, apple, and carrot pomace, 

contains various biologically active components that can find potential applications in food, 

pharmaceutical, and cosmetic industries (6-9). There is the possibility to use dust particles for 

the isolation of active components that can be used as natural additives in food products and 

ingredients in pharmaceutical and cosmetic preparations (10). Tea waste of Serpylli herba 

contains essential oil, polyphenols, monoterpenes, polysaccharides, and proteins (5, 11, 12). 

The pH of the extraction solvent is an important factor that influences the solubility of the 

target components. Herbal sources contain various polyphenol compounds that have different 

solubility at different pH values (13). The ethanolic plant extracts can be used in different 

industry sectors, due to their activity against different hazards and human pathogens, 

incorporation into different carriers, and the presence of various biologically active 

compounds (6, 14-16). Nevertheless, bioactive components in the liquid extracts are 

susceptible to chemical and physical degradation. Therefore, one of the most used drying 
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techniques is lyophilization which uses freezing and low pressure to obtain a dried 

formulation. Lyophilized samples are stable over long periods due to the prevention of 

hydrolytic and oxidative reactions toward the bioactive and non-active substances during 

storage (10, 17). 

Chemical characterization of ethanol and lyophilized extracts of Serpylli herba waste 

included determination of total polyphenol and flavonoid contents (TPC and TFC, 

respectively) and radical scavenging activity (ABTS and DPPH assays), whereas analyzed 

physical properties were conductivity and zeta potential. 

2. Experimental 

2.1. Plant material and reagents 

Dried and grinded Serpylli herba (particle size 0.3 mm, herbal dust or waste) was from the 

Institute for Medicinal Plants Research ”Dr Josif Pančić”, Pančevo, Serbia. The following 

reagents of the analytical purity grade were used: ethanol and sodium carbonate (Fisher 

Scientific, UK), Folin-Ciocalteu reagent, gallic acid and glacial acetic acid (Merck, 

Germany), sodium nitrite (Alkaloid, Macedonia), potassium persulfate (Centrohem, Serbia), 

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) - ABTS, 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid - Trolox, and 2,2-diphenyl-1-picrylhydrazyl - DPPH 

(Sigma-Aldrich, USA). 

2.2. Preparation and lyophilization of the extracts 

Serpylli herba waste extracts were prepared using maceration (60 min) in the shaker (KS 

4000i control, IKA, Germany), a solid-to-solvent ratio of 1:30, the particle size of plant waste 

0.3 mm, and two types of extraction medium: 50% ethanol (pH 6) and 50% ethanol with 

glacial acetic acid (pH 2.5). 

Before the lyophilization, ethanol was removed from the extracts at 50 mbar and 50°C for 30 

min, using Heizbad Hei-VAP rotary evaporator (Heidolph, Germany). Subsequently, the 

samples were lyophilized (-75˚C, 0.011 mbar, for 24 h) in Beta 2-8 LD plus lyophilizator 

(Christ, Germany). 
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2.3. Determination of total polyphenol and flavonoids content 

Total polyphenol content (TPC) was determined spectrophotometrically using the modified 

Folin-Ciocalteu method (12), while total flavonoid content (TFC) was evaluated by a 

colorimetric assay described by Barros et al. (18). TPC was expressed as milligram of galic 

acid equivalent per milliliter of liquid extract or per gram of lyophilized extract (mg GAE/mL 

or mg GAE/g, respectively). TFC was expressed as milligram of catechin equivalent per 

milliliter of liquid extract or per gram of lyophilized extract (mg CE/mL or mg CE/g, 

respectively). 

2.4. Determination of ABTS and DPPH radical scavenging activity 

The ABTS and DPPH assays are based on the reduction of free radicals in alcohol solution by 

polyphenols (12). ABTS radical scavenging capacity was expressed as mmol Trolox 

equivalents per milliliter of liquid extract or per gram of lyophilized extract (mmol TE/mL or 

mmol TE/g, respectively). DPPH radical scavenging capacity was expressed as the 

concentration of the extract required to scavenge 50% of free radicals, IC50 (mg/mL). All 

absorbance readings were performed on UV spectrophotometer, UV-1800 (Shimadzu, Japan). 

2.5. Determination of zeta potential and conductivity 

The Zeta potential (mV) and conductivity (mS/cm) of the obtained extracts were determined 

by photon correlation spectroscopy (PCS) in Zetasizer Nano Series, Nano ZS (Malvern 

Instruments Ltd., UK). Each sample was measured three times at room temperature. 

Lyophilized samples were diluted before the analysis. 

2.6. Statistical analysis 

The analysis of variance (one-way ANOVA) followed by Duncan's post hoc test 

(STATISTICA 7.0) was used for the statistical analysis and the differences were considered 

statistically significant at p<0.05, n=3. 

3. Results and Discussion 

Comparison of liquid and lyophilized extracts prepared at different pH values (2.5 and 6) was 

performed via analyzing TPC, TFC, ABTS and DPPH antioxidant capacity, zeta potential, 

and conductivity.  
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3.1. Total polyphenol and flavonoid contents of the extracts 

With the aim to investigate the influence of different pH values of the extraction medium on 

chemical composition of ethanol Serpylli herba extracts, the analyses of TPC and TFC were 

performed. The results are presented in Table 1. 

Table 1. Total polyphenol content (TPC), total flavonoid content (TFC), ABTS and DPPH 

antioxidant capacity of Serpylli herba extracts (liquid and lyophilized) prepared using 50% 

ethanol (pH 6) and 50% ethanol with glacial acetic acid (pH 2.5). 

*Values with different letters (a-b) in each extract group showed statistically significant 

differences (p<0.05; n=3; analysis of variance, Duncan's post-hoc test); GAE, gallic acid 

equivalent; CE, catechin equivalent; TE, Trolox equivalent; IC50, the concentration of the 

extract required to neutralize 50% of DPPH radicals. 

As can be seen from Table 1, the influence of the extraction medium pH value on the TPC 

and TFC of the extracts was statistically significant. Namely, the TPC of the liquid extract 

prepared at pH 2.5 was statistically higher (1.38±0.01 mg GAE/mL) compared to the extract 

prepared at pH 6 (1.23±0.06 mg GAE/mL). Additionally, the lyophilized samples had TPC of 

271.7±17.1 mg GAE/g (pH 2.5) and 188.8±14.2 mg GAE/g (pH 6). The same trend is noticed 

in the case of TFC, 0.368±0.004 and 0.334±0.002 mg CE/mL for liquid extracts obtained at 

pH 2.5 and pH 6, respectively, and 102.5±1.1 and 99.7±0.9 mg CE/mL for lyophilized 

parallels. The obtained results of TPC and TFC are in agreement with the literature data, 

where the concentration of polyphenols in grape extracts increased with the decrease of pH 

from alkaline to acidic values (19). According to Friedman and Jurgens (20), the release of 

polyphenols from grapes was significantly higher in extremely acidic surroundings compared 

to pH 6. 

 

Sample 
TPC [mg GAE/mL 

or mg GAE/g] 

TFC [mg CE/mL or 

mg CE/g] 

ABTS [mmol TE/mL 

or mmol TE/g] 

IC50 DPPH 

[mg/mL] 

liquid pH 2.5 1.38±0.01
a*

 0.368±0.004
b
 0.767±0.027

a 
1.120.04

a 

liquid pH 6 1.23±0.06
b 

0.332±0.002
a
 0.775±0.035

a 
1.750.04

b 

lyophilized  

pH 2.5 
271.1±17.1

a 
102.5±1.1

a
 0.136±0.001

b 
0.3310.015

b 

lyophilized  

pH 6 
188.8±14.2

b 
99.7±0.9

b
 0.111±0.004

a 
0.3910.023

a 
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3.2. Antioxidant potential of the extracts 

The impact of different pH values of three extraction mediums on the antioxidant capacity of 

ethanol Serpylli herba extracts was also examined using two antioxidant tests (ABTS and 

DPPH methods) and the results are presented in Table 1. 

The effect of the extraction medium pH value on ABTS and DPPH radical scavenging 

capacity of the extracts was statistically significant, as in the case of TPC and TFC (Table 1). 

ABTS radical scavenging potential of the liquid extracts at pH 2.5 and pH 6 was 0.767 and 

0.750 mmol TE/L, respectively. The antioxidant potential for the lyophilized parallels was 

0.136 and 0.111 mmol TE/g.  

In DPPH assay, IC50 was significantly lower, i.e. higher antioxidant potential, at pH 2.5 

(1.12±0.04 mg/mL) in comparison to the liquid extract prepared at pH 6 (1.75±0.04 mg/mL) 

and 0.331±0.015 and 0.391±0.023 mg/mL for the lyophilized parallels. 

The obtained results are in agreement with the literature data, where several studies have 

shown a positive correlation between polyphenol concentration and antioxidant capacity (21-

23). Namely, polyphenols are the most important components that possess the antioxidant 

capacity and play an important role, as reducing agents, free radical scavengers, potential 

complexes of prooxidant metals, and quenchers of singlet oxygen, in protection against 

disorders caused by oxidant damage (21). Dastmalchi et al. (22) have reported that the 

fraction of the extracts from species of the Lamiaceae family, which has the highest flavonoid 

content, also possesses the highest antioxidant activities. According to Miraj et al. (21), the 

radical scavenging activities of plant extracts have arisen from the content of some 

representatives of polyphenol compounds, including quercetin, quercitrin, rutin, gallic, 

rosmarinic, and caffeic acids.  

3.4. Zeta potential and conductivity of the extracts 

The Zeta potential and conductivity of Serpylli herba extracts are presented in Figure 1. Zeta 

potential (absolute value), as a measurement of the system stability, was the highest for the 

lyophilized extract prepared at pH 6 (-18.7±0.7 mV), followed by lyophilized extract 

prepared at pH 2.5 (-3.55±0.15 mV). The zeta potential of the liquid extracts prepared at pH 

2.5 and pH 6 was 1.74±0.16 and -2.56±0.21 mV, respectively (Figure 1). Determination of 

the extract zeta potential is important from the aspect of its future application, including 

potential encapsulation and use in drinking water treatment. The Zeta potential of plant 
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extracts depends on extraction conditions and thus of the extracted compounds, and absolute 

values vary from 2 mV to 15 mV (24). 

 

Figure 1. Zeta potential (bars) and conductivity (numbers above bars, mS/cm) of Serpylli 

herba extracts (liquid and lyophilized) prepared using 50% ethanol (pH 6) and 50% ethanol 

with glacial acetic acid (pH 2.5). 

 

Suliman et al. (25) and Jurinjak Tušek et al. (26) have reported that the conductivity of the 

extracts can be used as a predictor of their antioxidant capacity and the extracts that 

possessed a higher antioxidant potential showed a higher value of conductivity as well. The 

conductivity of the liquid extracts was 0.864±0.015 and 0.423±0.010 mS/cm (for pH 2.5 and 

6), whereas for the lyophilized parallels it was 0.199±0.011 and 0.452±0.014 mS/cm (Figure 

1, numbers above the bars). However, the conductivity is influenced by the presence of 

extraneous ions, therefore analysis of the extract antioxidant activity using antioxidant assays 

is necessary. 

4. Conclusion 

In the presented research, the comparison of liquid and lyophilized Serpylli herba waste 

extracts prepared at different pH values was done via determination of TPC, TFC, antioxidant 

capacity, zeta potential, and conductivity. The liquid and lyophilized extracts prepared at pH 

2.5 had statistically higher TPC and TFC in comparison to parallels prepared at pH 6. ABTS 

and DPPH radical scavenging potential were in a positive correlation to the polyphenol and 

flavonoid concentrations in the extracts. Zeta potential was the highest for the lyophilized 
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extract prepared at pH 6, while conductivity was the highest for the liquid extract prepared at 

pH 6 which was not correlated to the antioxidant capacity of the extract. Thus, the pH value 

of the extraction medium, as well as extract form should be chosen depending on the future 

application of the extract. 
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