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Abstract
Bioactive compounds, antioxidant activity and extraction yield of Teucrium polium aerial parts by different concentrations 
of aqueous and alcoholic solvents [water, ethanol and ethanol:water (50:50)] were investigated by ultrasonic and macera-
tion. The total phenolic, tocopherol, tannin, flavonoid content and antioxidant activity (200–1200 ppm) of the extracts were 
determined and compared with butylated hydroxyanisol (BHA) (as a synthetic antioxidant) by DPPH· assay, β-carotene/
linoleic bleaching inhibition and OSI methods. The results showed that the highest extraction yield (40.26%) and total 
phenolic (65.74 mg/g), tocopherol (112.13 µg/mL), tannin (5.90 mg/g) and flavonoid (5.60 mg/g) content were observed in 
ethanol:water (50:50) ultrasonic extraction. Moreover, as the highest bioactive components extracted by ethanol:water (50:50) 
ultrasonic methods, it signified that the highest radical scavenging activity with 91.45% and β-carotene/linoleic bleaching 
84.14% inhibition at 1200 ppm of the extract which is higher than BHA (200 ppm) with 88.31% DPPH· radical scavenging 
activity and 76.83% inhibition in β-carotene/linoleic bleaching assay. Furthermore, addition of water as the safe, available 
and inexpensive solvent increased efficiency of ethanol.
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Introduction

The medicinal plants have similar properties of conventional 
pharmaceutical drugs which were used from ancient times 
[1]. They are considered as important sources of new bioac-
tive substances with beneficial therapeutic effects. Recently, 
the consumer interest in natural antioxidants consumption 
has considerably increased as an alternative of synthetic 
ones which are being limited owing to their carcinogenic 
property and the other side effects [2]. These natural herbs 
and plants not only protect food products from deteriora-
tion, but also provide health benefits by reason of prevent-
ing from biological damage [3]. As part of our efforts to 
find an edible herb which was reported its health beneficial 
properties, we have investigated the bioactive substances of 

Teucrium polium. The genus Teucrium (family Lamiaceae, 
subfamily Teucrioideae, tribe Teucriaea) is represented by 
more than 340 species and about 12 species in Iran [4]. T. 
polium or Halpeh is a wild-growing flowering plant. It is a 
perennial shrub, which is distributed in hills and deserts of 
many countries such as South Western Asia, Europe and 
North Africa [5].

In Iran, the tea of T. polium was used traditionally for 
curing many diseases such as abdominal pain, indigestion, 
type 2 diabetes, common cold and rheumatism [6]. Besides, 
it was used for various purposes such as anti-inflammatory, 
anti-mutagenic, anti-cancer, anti-nociceptive, anti-oxidant, 
anti-bacterial, anti-hypertensive and anti-hyperlipidemic 
properties [7, 8]. Moreover, it could be helpful for body 
weight reduction and lowering high blood pressure [9]. 
Kadifkova Panovska et al. [10] exemplified that extracts of 
T. polium by using different organic solvents (diethyl ether, 
ethyl acetate and n-butanol) were effective inhibitors of 
β-carotene oxidation. Also, the HPLC analysis of T. polium 
extract revealed the presence of phenolic components such 
as ferulic acid, caffeic acid and quercetin [11].
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Antioxidants from herbs and plants can be extracted by 
various solvents and extraction methods [12, 13]. Solvent 
extraction is the most common technique used for isolat-
ing bioactive compounds of plants. Solvent properties are 
important parameters in antioxidative compounds extraction 
[14]. The types and yield of extracted bioactive compounds 
are different as affected by the solvent properties such as 
polarity, vapor pressure and viscosity. Among the different 
extraction methods, ultrasonic-assisted extraction is one of 
the successful extraction techniques that which could offer 
high reproducibility, reduced solvent, energy, temperature 
and time consumption and also make easier manipulation 
[15]. Ultrasonic cavitations generate shear forces which dis-
rupt cell walls and also increase mass transfer and extrac-
tion yield (EY). Indeed, ultrasonic assisted extraction due 
to reduction of solvent consumption may provide more eco-
nomical, environmental, and safety bioactive components 
isolating method [16].

The main novelties of the present work were (1) to extract 
bioactive compounds such as total tannin, flavonoid, tocoph-
erol and phenolic compounds from T. polium with ultra-
sound-assisted extraction and maceration, (2) to compare the 
yield extract of these methods, (3) to explore the antioxida-
tive activity of these extracts (200–1200 ppm) through the 
use of several commonly assays.

Materials and methods

Materials

Teucrium polium (200 g) was obtained from Shiraz city, 
Fars province, Iran in 2015. Voucher specimens of T. polium 
from are deposited by botanists in Herbarium of Pharmacy 
School, Mashhad University of Medical Sciences. All chem-
icals and solvents were provided from Sigma and Merck 
companies. Folin–Ciocalteu reagent from Merck (Darm-
stad, Germany), DPPH· (2,2-diphenyl-1-picrylhydrazyl) and 
β-carotene were purchased from Sigma-Aldrich (St. Louis, 
MO). The butylated hydroxyanisol (BHA) used as control 
antioxidant provided from TITRAN. All other chemicals 
used were of analytical grade.

Preparation of T. polium

Teucrium polium aerial parts were collected, dried in shade 
and grinded by mixer (Panasonic, MK-G20NR).

Maceration extraction

The powdered plant material (10 g) was mixed with water, 
ethanol and ethanol:water (50:50), separately. The ratio of 
solvent to dried plant is 10:1 (v/w). The matrix was extracted 

in a shaker (LABTRON Ls-100) for 12 h in 160 rpm at room 
temperature, filtered through Whatman No 1. and the solvent 
was removed under vacuum oven at 120 mm Hg at 40 °C. 
The residual extracts by various solvents were weighted and 
stored at − 18 °C under a nitrogen gas flow [17].

Ultrasound‑assisted extraction

The ultrasound-assisted extraction method was used for the 
extraction of T. polium powder (10 g) with various solvents 
including water, ethanol and ethanol:water (50:50). The ratio 
of solvent to the material like as maceration is 10:1 (v/w). 
The extracts were sonicated for 20 min in an ultrasonic bath 
(Elma s 30 H model, 280 W and 20 kHz, Heating Power: 
200 W and internal dimensions: 198 × 106 × 50 cm). The 
temperature was being controlled (45 °C) by circulating 
water. The extracts were filtered and the following steps 
were done consistent with the procedure mentioned in “Mac-
eration extraction” section [12].

Determination of extraction yield

The EY was calculated from the following equation:

where m0 is the weight of dried curd extraction (g) and m 
is the weight of T. polium powder (g).

Determination of total tannin content

Total tannin content was established by the Folin–Ciocal-
teu method [18]. Plant extract was mixed with adsorbent 
(powder of polyvinyl polypyrrolidone) and then stirred for 
1 h; then, stored for 1.5 h at 4 °C to homogenize tannin and 
polyvinylpyrrolidone complex. Subsequently, the pH was 
decreased (pH 3) by using polyvinylpyrrolidone. Sample 
was centrifuged at 4000 rpm for 15 min. No adsorbed pheno-
lics in the supernatant were specified by the Folin–Ciocalteu 
method. Calculated values were subtracted from total poly-
phenol contents before and after adding polyvinyl polypyr-
rolidone and expressed as milligram gallic acid equivalents 
per gram extract.

Determination of total phenolic content

The total phenolic content (TPC) was determined by using 
Folin–Ciocalteu’s reagent [19]. The 0.5 mL of T. polium 
extracts were added, a tenfold diluted Folin–Ciocalteu 
reagent (2.5 mL) and Na2CO3 (2 mL, 7.5%), in a volu-
metric flask reaching the volume (50 mL) with water. The 
samples were stored 12–15 h and analyzed at 765 nm by 

(1)EY (%) =

(

m0

m

)

× 100
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spectrophotometer. Results were expressed in mg of gallic 
acid per g of extract.

Determination of total flavonoid content

Flavonoids are polyphenols that found in plants and herbs 
with a wide variety of biological and functional activities 
[20]. Total flavonoid content was measured as stated by 
Dewanto et al. [21]. Each extract (250 µL) was mixed with 
NaNO2 (75 µL, 5%). After 6 min, AlCl3 (150 µL, 10%) and 
NaOH (500 µL, 1 M) were added to the mixture. Finally, 
the mixture was adjusted with distilled water (2.5 mL). The 
absorbance was read at 510 nm. Total flavonoid content of 
aerial parts of T. polium was expressed as mg catechin equiv-
alents per g through the calibration curve with catechin.

Determination of total tocopherol content

Tocopherols were evaluated spectrophotometrically [12]. 
0.2 g of T. polium extract was solved in toluene (5 mL) and 
2.2-bipyridine (3.5 mL, 0.07% in 95% aqueous ethanol) and 
FeCl3·6H2O (0.5 mL, 0.2% in 95% aqueous ethanol) to make 
a volume by adding 95% aqueous ethanol. After 1 min, the 
absorbance was read at 520 nm. Results were expressed as 
µg of α-tocopherol equivalents per mL of extract.

Determination of radical scavenging activity

The effectiveness of water, ethanol and ethanol:water (50:50) 
extracts (200–1200 ppm) of T. polium to scavenge DPPH· 
free radicals was identified by the method explained by 
Lima et al. [22]. Decrease in methanol solution absorbance 
at 517 nm containing DPPH· radicals, after 30 min without 
exposure to light, was the basis of DPPH· assay. DPPH· free 
radical inhibition (I%) was calculated by following equation:

In this equation, Ablank is control absorbance, Asample 
is sample extract absorbance, BHA was used as a control 
antioxidant.

β‑Carotene/linoleic bleaching inhibition

Lipid peroxidation inhibition activities of the T. polium 
extracts (200–1200  ppm) were determined using the 
β-carotene bleaching method [23]. β-carotene (5 mg) was 
dissolved in chloroform (10 mL), the solution (600 µL) was 
mixed with linoleic acid (40 mg) and Tween 40 (400 mg). 
Chloroform was evaporated by rotary vacuum evaporator. 
Distilled water (100 mL) was added and shaken intensively, 
the upper solution (2.5 mL) was conveyed to the test tube 

(2)I (%) =

(

Ablank − Asample

Ablank

)

× 100

and each extract (350 µL, 2 g/L) was added. The absorbance 
values of samples were read at 470 nm after 2 h at 50 °C. 
Antioxidant capacity of the extracts was expressed as per-
centage inhibition:

Determination of oxidative stability index (OSI)

Different concentrations of the T. polium extracts 
(200–1200 ppm) and BHA (200 ppm) as control antioxidant 
were exposed to Rancimat (Metrohm model 734, Herisan 
Switzerland) at 120 °C at an airflow of 15 L/h.

Statistical analysis

Three experimental replicates were done. Data were 
expressed as the mean and standard deviation and analyzed 
by one-way ANOVA, followed by Duncan’s multiple range 
test. Analyses were carried out to a significance level of 
p < 0.05, using the software program SPSS.

Results and discussion

Extraction yield

The choice of solvent and its polarity is a crucial point for 
antioxidant activity assessment of extracts. The powder 
form of T. polium could be boiled in water, which is polar 
compound, and used as herbal tea. Thus, the polar solvents 
were preferred for extraction of T. polium materials [24]. 
Water was an effective solvent to increase the rate of plant 
particles swelling and as a result, the contact surface of the 
solvent and plant matrix was developed [25]. Undeniably, 
efficiency of the diverse solvent in extraction relies on the 
plant components matrix as well as the type of extractable 
compounds [26].

The solvents used for the extraction of T. polium aerial 
parts exhibited statistically significant different yields 
(Table 1). It can be seen that the EY of ethanol:water (50:50) 
is higher than pure ethanol or water. This may be caused by 
the combination of organic solvent and water that facilitates 
the extraction of all compounds that were soluble in both 
water and organic solvents. The highest EY was obtained by 
using ethanol:water (50:50) ultrasonic (p < 0.05). Actually, 
ultrasonic waves through cavitation phenomena causes cell 
wall destruction and came out the bioactive content. The 
results of this study are in agreement with the EYs of some 
medicinal plants [27–29].

(3)Inhibition (%) =

(

Acontrol − Asample

Acontrol

)

× 100
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Total phenolics content

One of the secondary metabolites of plants is phenolic 
compounds that are able to obstruct lipid oxidation and 
chelate redox active metal ions [30]. Different factors, such 
as the type of solvent used, structure of phenolic com-
pounds and insoluble complexes and also interact ions 
between the phenolic and other plant matrix effect on the 
phenolic compound solubility. Thus, there is no general 
method for the extraction of all plant’s phenolic content. 
In this study, phenolics were evaluated by Folin–Ciocalteu 
reagent method and results were expressed as gallic acid 
equivalents. As shown in Table 1, ethanol:water (50:50) 
ultrasonic method had the highest (p < 0.05) TPC as well 
as the ethanol:water (50:50) mixture considering the 
maceration methods. No difference (p > 0.05) was found 
between ethanol:water (50:50) maceration and ethanol 
ultrasonic. Ethanol maceration had intermediate values 
(p < 0.05) for TPC. Water maceration and water ultrasonic 
showed the lowest (p < 0.05) values for TPC, which may 
be attributed to the content of more nonphenol compounds 
such as terpene in water extracts than in other extracts. It 
may also be caused by the possible complex formation of 
some phenolic compounds in the extract that are soluble in 
ethanol. These phenolic compounds may have more phenol 
groups or have higher molecular weights than the pheno-
lics in the water extract. Farahmandfar et al. [29] compared 
antioxidant activity of Tarom Mahali rice bran extracted 
by ultrasound assisted and traditional solvent [etha-
nol and ethanol:water (50:50)] extraction methods. The 
results indicated that the phenolic content may contribute 
directly to antioxidant activity. In ethanol:water (50:50) 
extraction, the phenolic content increased as a result of 
higher polarity (stronger hydrogen bonds) compared to 
ethanol extraction. Water as a polar solvent improved mass 
transfer by the viscosity reduction. Ethanol:water (50:50) 
ultrasonic treatment through cavitation bubbles can make 

a significant difference in phenolic content compared to 
other extraction methods.

Moreover, ultrasonic intensity could exceed the surface 
tension force. So, the cavitation bubbles were produced eas-
ily and phenolic compounds extraction was more from plant 
tissues. Solvent viscosity also could affect the extractability 
of bioactive components from plant matrix. Low-viscosity 
solvents have high diffusivity which allows them to rapidly 
diffuse into the pores of the plant particles to leach out the 
bioactive constituents [25]. Ethanol:water (50:50) in ultra-
sonic treatment can help extract more phenolic content of 
T. polium. Total phenolic and flavonoid content of differ-
ent extracts with solvents (water, methanol, ethyl acetate, 
acetone, petroleum ether) from the whole plant and plant 
parts (leaves, flowers and stems) of T. polium were deter-
mined by Stankovic et al. [31] and the results showed that 
the total phenolic and flavonoid contents ranged between 
14.57–157.84 and 6.48–139.87 mg/g, respectively. The 
methanolic leaves extract was the greatest concentration of 
phenolic compounds (157.84 mg of GAE/g) and showed 
strong antioxidant activity in their research.

Total tannin contents

Tannins major features are derived from their phenolic 
nature. For instance, their antioxidant capacity is linked to 
the phenolic rings present in their structure, which can act 
as electron scavenger to trap ions and radicals. Owing to 
this antioxidant nature, tannins are widely utilized in dif-
ferent areas such as the pharmaceutical, medical or food 
industry [32]. Total tannin contents were clarified as gal-
lic acid equivalents in milligrams per gram (mg GAE/g). 
As shown in Table 1, ethanol:water (50:50) maceration and 
ethanol:water (50:50) ultrasonic T. polium extract had the 
most tannin content (respectively 5.98 mg/g and 5.90 mg/g), 
followed by ethanol maceration (4.78 mg/g), water ultra-
sonic (3.92 mg/g), ethanol ultrasonic (3.77 mg/g) and water 

Table 1   Total phenolics, tannin, flavonoids, tocopherol content of T. polium extracts from different extraction methods

Results are expressed as means ± standard deviation (n = 3)
Different letters in the column indicate significant differences (p < 0.05)

Samples Total phenolic content 
(mg gallic acid/g 
extract)

Total tannin (mg 
gallic acid/g 
extract)

Total flavoniods 
(mg catechin/g 
extract)

Total tocopherol content 
(µg α-tocopherol/mL 
extract)

Yield (%)

Water maceration 47.42 ± 0.40d 3.31 ± 0.69b 2.12 ± 0.83c 94.17 ± 1.85c 31.78 ± 0.74c

Ethanol:water (50:50) macera-
tion

60.80 ± 1.70b 5.98 ± 1.58a 5.30 ± 1.60a 92.89 ± 5.08c 33.30 ± 1.13b

Ethanol maceration 55.29 ± 1.76c 4.78 ± 0.14ab 4.38 ± 0.49ab 92.08 ± 5.64c 31.86 ± 0.67c

Water ultrasonic 49.60 ± 1.18d 3.92 ± 0.42b 2.49 ± 0.75c 106.16 ± 5.63ab 33.86 ± 1.23b

Ethanol:water (50:50) ultra-
sonic

65.74 ± 1.14a 5.90 ± 0.32a 5.60 ± 0.93a 112.13 ± 2.62a 40.26 ± 1.05a

Ethanol ultrasonic 60.90 ± 1.88b 3.77 ± 0.81b 3.36 ± 0.95bc 103.66 ± 3.19b 35.03 ± 1.22b
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maceration (3.31 mg/g). The relationships between tannins 
contents and extraction solvents can be related to the polym-
erization degree for the tannins extracted by different sol-
vents [33]. The interactive abilities of solvent and tannins 
compounds are probably related to chemical compositions 
and structures. The solubility tannins are correlated to the 
degree of polymerization due to the increase in the number 
of hydroxyl groups [34]. This means that this plant con-
tains polymeric and oligomeric tannins. The findings of our 
research are in accordance with reported by other research-
ers [35, 36].

Total flavonoids content

Flavonoids are effective lipid-soluble antioxidants that can 
play as nutritional components and antioxidant agents. These 
compounds are essential components for the diet of animals 
because they are only synthesized by oxygenic photosyn-
thetic organisms like plants [37]. Total flavonoids were 
measured as catechine quivalents in milligrams per gram 
(mg catechin/g extract). The total flavonoid content of T. 
polium extract varied from 2.12 to 5.60 mg/g (Table 1) and 
the highest amount was obtained with ethanol:water (50:50) 
ultrasonic (5.60 mg/g) while the lowest total flavonoid con-
tent was determined with water maceration (2.12 mg/g) 
(p < 0.05). It was observed that the effect of solvents on total 
flavonoid content is similar to that on TPC. The result is 
similar to the extraction of flavonoids from guava, banana 
[38] and Limnophila aromatic [27]. Sharififar et al. [39] 
studied the different solvents (petroleum ether, chloroform, 
methanol and water) for extraction and analyzed the major 
flavonoids of T. polium. The results showed that fractiona-
tion of the methanol extract yielded four major flavonoids 
including rutin, apigenin, 3,6 dimethoxy apigenin and 4,7 
dimethoxy apigenin.

Total tocopherol content

Tocopherols play and important role in minimizing and 
preventing the oxidation of susceptible lipid molecules. 
Although, this antioxidant function has been considered 
to be primary role of tocopherols for several decades, it is 
becoming increasingly clear that this antioxidant vitamin 
has a range of other important functions in cell biology [40]. 
The tocopherols occur in α, β, γ and δ forms, determined by 
the number and position of methyl groups on the chromanol 
ring. As shown in Table 1, on the basis of total tocopherol 
content, ethanol:water (50:50) ultrasonic with 112.13 µg/
mL acted better than other extraction procedures and the 
final level with the lowest total tocopherol content, is ethanol 
maceration (92.08 µg/mL) (p < 0.05). Hachicha et al. [41] 
researched the fatty acid, tocopherol and sterol content of 
three Teucrium species from Tunisia. The results showed 

that the major tocopherol was the α-isomer in T. polium and 
this plant is a potential source of tocopherol. As a conse-
quence, T. polium can be a good source of bioactive com-
pounds for the inhibition of lipid peroxidation.

Antioxidant activity

Oxidation is a reaction that occurs in the presence of oxy-
gen and produce free radicals, peroxides and singlet/triplet 
oxygen which are the main causes of edible oil deterioration 
[42]. The antioxidative activity of bioactive compounds of 
plants and herbs extracts due to marvelous redox properties, 
could easily decompose peroxides and free radicals and also 
quenching the photooxidation agents [43]. The antioxida-
tive activity of these extracts was considered through the 
universal assays including DPPH· radical-scavenging activ-
ity assay, β-carotene/linoleic bleaching inhibition and OSI, 
which were be used for evaluating lipid oxidation degree. 
DPPH· radical-scavenging test is one of the general assays 
for determination the electron donating potential and antiox-
idant activity of various biological compounds [44]. DPPH· 
radical scavenging of T. polium from different extraction 
methods is presented in Table 2. In this assay, β-carotene 
deterioration through peroxyl radicals from linoleic acid 
oxidation is our basis to determine antioxidant activity of 
the extracts. If an effective antioxidant presents, the loss of 
yellow color of β-carotene is postponed. So, the β-carotene 
decomposition is contributed to the extract antioxidant 
capacity [45]. β-carotene/linoleic bleaching inhibition of 
T. polium in different concentrations and methods is illus-
trated in Table 3. The principle of Rancimat test is referred 
to as the increase of electrical conductivity due to volatile 
carboxylic acids which are produced during lipid oxidation 
[46]. Higher OSI values meant higher antioxidant activities. 
Addition of antioxidant agents with high antioxidant activity 
is a technique to minimize rancidity, prolong the OSI value 
and extent the edible oil shelf life. Table 4 showed OSI (h) 
of different concentrations of T. polium extract at 120 °C and 
airflow rate of 15 L/h.

Results showed that the extraction method and conditions 
of extraction had significant effects on antioxidant activity of 
T. polium extracts (200–1200 ppm). Among various solvent 
extracts of T. polium, the ethanol:water (50:50) ultrasonic 
extract possessed the highest antioxidant activity, while the 
water maceration extract showed the lowest antioxidant activ-
ity (p < 0.05). The results show that BHA as a synthetic antiox-
idant, has better hydrogen donating ability compared to other 
extracts at the same concertation (200 ppm). Extracts obtained 
using the combination of ethanol and water accelerates the 
extraction of polar and nonpolar compounds which were solu-
ble in both water and ethanol solvents. On the other hand, 
ultrasound increases the efficiency and speed of extraction pro-
cesses for food components bioactive ingredients, including 
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antioxidants. Hence, there is a positive trend between the 
antioxidant activity and phenolic content of extracts. Our data 

clearly confirmed that the extract of T. polium possesses potent 
antioxidant properties.

Table 2   DPPH· radical scavenging activity of different concentrations of T. polium extracts with different extraction methods

Results are expressed as means ± standard deviation (n = 3)
Different letters in the column indicate significant differences (p < 0.05)

Samples 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm 1200 ppm

Water maceration 23.83 ± 3.50d 27.17 ± 3.99d 30.27 ± 4.45d 38.61 ± 5.68d 45.9 ± 6.76d 56.72 ± 8.34c

Ethanol:water (50:50) maceration 35.85 ± 2.43bc 40.86 ± 2.78b 45.52 ± 3.09b 58.07 ± 3.94b 69.18 ± 4.70b 85.31 ± 5.80b

Ethanol maceration 26.90 ± 3.89d 30.66 ± 4.44d 34.17 ± 4.95d 43.58 ± 6.30d 51.90 ± 7.52d 64.02 ± 9.27c

Water ultrasonic 32.60 ± 1.74c 37.17 ± 1.98bc 41.40 ± 2.20bc 52.82 ± 2.80bc 62.90 ± 3.35bc 77.60 ± 4.13b

Ethanol:water (50:50) ultrasonic 39.97 ± 3.37b 45.56 ± 3.84a 50.76 ± 4.28a 64.75 ± 5.46a 77.13 ± 6.50a 91.45 ± 4.33a

Ethanol ultrasonic 27.59 ± 1.84d 31.45 ± 2.09 cd 35.04 ± 2.34 cd 44.69 ± 2.98 cd 53.24 ± 3.50 cd 65.66 ± 4.38c

BHA 88.31 ± 2.02a – – – – –

Table 3   β-carotene/linoleic bleaching inhibition of T. polium extracts from different extraction methods

Results are expressed as means ± standard deviation (n = 3)
Different letters in the column indicate significant differences (p < 0.05)

Samples 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm 1200 ppm

Water maceration 32.41 ± 4.77d 47.87 ± 7.04d 57.96 ± 8.52c 56.57 ± 8.32c 58.40 ± 8.59d 52.18 ± 7.67c

Ethanol:water (50:50) maceration 48.75 ± 3.31bc 72.01 ± 4.89b 87.17 ± 5.92b 85.09 ± 5.78b 87.80 ± 5.97b 78.49 ± 5.30b

Ethanol maceration 36.59 ± 5.30d 54.04 ± 7.82d 65.42 ± 9.47c 63.86 ± 9.25c 65.94 ± 9.50d 58.90 ± 8.53c

Water ultrasonic 44.34 ± 2.36c 65.50 ± 3.49bc 79.29 ± 4.22b 77.40 ± 4.12b 79.90 ± 4.25bc 71.39 ± 3.80b

Ethanol:water (50:50) ultrasonic 54.35 ± 4.59a 80.28 ± 6.78a 93.02 ± 4.42a 90.21 ± 4.51a 97.90 ± 8.27a 84.14 ± 3.99a

Ethanol ultrasonic 37.52 ± 2.50d 55.42 ± 3.70 cd 67.09 ± 4.47c 65.49 ± 4.37c 67.60 ± 4.51 cd 60.41 ± 4.03c

BHA 76.83 ± 1.75a – – – – –

Table 4   OSI, Rancimat test (h) of soybean oil as affected by different extraction methods of T. polium extracts at 120 °C and airflow rate of 
15 L/h

Results are expressed as means ± standard deviation (n = 3)
Different letters in the column indicate significant differences (p < 0.05)

Samples 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm 1200 ppm

Water maceration 2.72 ± 0.08d 3.72 ± 0.10c 4.09 ± 0.11c 4.79 ± 0.13c 5.29 ± 0.15c 4.95 ± 0.13c

Ethanol:water (50:50) maceration 2.92 ± 0.08bc 4.00 ± 0.10b 4.40 ± 0.12b 5.16 ± 0.14b 5.70 ± 0.15b 5.31 ± 0.14b

Ethanol maceration 2.78 ± 0.07 cd 3.81 ± 0.10c 4.19 ± 0.11c 4.90 ± 0.14c 5.42 ± 0.15c 5.07 ± 0.14c

Water ultrasonic 2.80 ± 0.06 cd 3.84 ± 0.08c 4.22 ± 0.09c 4.95 ± 0.11c 5.47 ± 0.12c 5.10 ± 0.10c

Ethanol:water (50:50) ultrasonic 3.02 ± 0.05b 4.14 ± 0.07a 4.55 ± 0.08a 5.33 ± 0.09a 5.89 ± 0.10a 5.49 ± 0.09a

Ethanol ultrasonic 2.82 ± 0.06 cd 3.86 ± 0.08bc 4.24 ± 0.09bc 4.97 ± 0.10bc 5.49 ± 0.10bc 5.13 ± 0.11bc

BHA 5.11 ± 0.16a – – – – –
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Conclusion

The total phenolic, tocopherol, tannin, flavonoid content and 
antioxidant activity (200–1200 ppm) of T. polium were eval-
uated by ultrasonic and maceration using aqueous and alco-
holic solvents [water, ethanol and ethanol:water (50:50)]. 
Ethanol:water (50:50) ultrasonic extract of the aerial part 
of T. polium showed a high antioxidant activity due to high 
amount of bioactive chemicals, such as flavonoids, tocophe-
rols and phenolics. These components could have a synergis-
tic effect through different antioxidant mechanisms, such as 
free radical scavenging, interrupting chain reactions, binding 
metal catalysts and disintegrating peroxides. These T. polium 
could be a good source of antioxidants that would help to 
increase the shelf life of food products and protect it against 
lipid peroxidation.
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