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Summary. The content of polyphenols, flavonoids and antioxidant activity of onion (Allium cepa L.), 
garlic (Allium sativum L.), spearmint (Mentha spicata) and peppermint (Mentha × piperita) 
extracts were evaluated. All extracts showed a wide range of total polyphenols from 15.10 
to 83.90 mg of GAE · 100 g–1 of gallic acid equivalent and total flavonoid content from 0.50 to 
9.2 mg · 100 g–1 of catechin equivalent. Antioxidant activity (AA) was determined by measuring 
the capture force of 2,2-diphenyl-1-picrylhydrazyl (DPPH). The DPPH radical scavenging activity 
(IC50 values) of different extracts ranged from 29.9 to 73.4%. Results of laboratory tests were 
analyzed statistically using appropriate statistical methods.  
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INTRODUCTION 

Plants constitute the main source of new pharmaceuticals and health care products. 
Plant secondary metabolites, such as polyphenols (flavonoids, tannins, stilbenes, couma-
rins, lignans), can act as free radicals scavengers, metal ion chelators and reducing 
agents [Goudjil et al. 2015, Derwich et al. 2011, Najda 2017a]. It has been shown that 
antioxidant activity in plasma increases after eating foods abundant in antioxidants [Cai 
et al. 2004, Soobrattee et al. 2005]. For this reason, phytochemicals can reduce oxidative 
stress, maintaining a balance between antioxidants and oxidants. Many medicinal plants 
have antioxidant properties. Antioxidants extracted from plants in the form of raw ex-
tracts or their chemical components are very effective in inhibiting the destructive pro-
cesses caused by oxidative stress. 

In recent years, there has been a growing number of studies focusing on the content 
determination and identification of phenolic compounds in plant raw materials [Dorman 
2003, Soobrattee et al. 2005, Scharbert and Hofmann 2005]. The latest trend of return-
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ing to natural sources of medicine in order to maintain health has caused a large devel-
opment in the acquisition of plant antioxidants. For this reason, this study focuses on 
polar compounds, such as polyphenolic compounds, that are stable during infusion and 
storage and are a potential guarantor of a good health [Lee et al. 2003, Najda 2017a, b]. 

MATERIAL AND METHODS 

The research material consisted of whole peppermint herb (Mentha × piperita L. 
var. officinalis Sole f. rubescens Camus) and spearmint (Mentha spicata L.) and con-
sumption part of onion – meaty husk (Allium cepa L.) and garlic cloves (Allium sa-
tivum L.), which were obtained from the agrotechnical experiments of the Department of 
Vegetable and Medicinal Plants of the University of Life Sciences in Lublin, conducted 
in 2017. Mint was grown from three-node seedlings planted on experimental plots at the 
beginning of October 2016. The harvest of plant material (mint herb) was carried out in 
the mid of July, while onions and garlic were harvested at the beginning of August 2017. 

Preparation of plant extracts. Dried samples were ground and sieved. Each sample 
(20 g) was extracted with 200 mL of 80% ethanol, 80% methanol and 100% distilled water 
and digested for 1 day at room temperature and then filtered. The solvents were evaporated 
after concentrating the extracts at 65°C under reduced pressure using a rotary evaporator. 
Each dry extract was then weighed; the yield of extracts was calculated and stored at 4°C. 

The content of polyphenols in air-dry raw materials was determined using the spec-
trophotometric method [Shahid et al. 2005] with Folin-Ciocalteu reagent at wavelength 
λ = 765 nm, expressing the content of polyphenols converted to gallic acid (GAE), flavo-
noids (spectrophotometric method) according to Christ and Müller [Polish Pharmacopoeia 
VI 2002], at wavelength λ = 425 nm, expressing the content calculated as rutin (RE). Fur-
thermore, the antioxidant activity of extracts from the tested raw materials was determined 
using two tests against DPPH• radical (1,1-diphenyl-2-picrylhydrazyl [Chin et al. 2000]. 

RESULTS AND DISCUSSION 

Vegetables and herbs are considered to be an appropriate source of antimicrobial 
and antioxidant agents. In recent years, many studies have shown that polyphenols pre-
sent in diet and herbal products inhibit oxidative stress. 

Extraction yield 

Yields (mg · 100 g–1) of all obtained plant extracts ranged from 5.9 to 12.5 mg · 100 g–1. 
The maximum yield (12.5 mg · 100 g–1) was obtained with 80% ethanolic garlic extract. 
Regarding the effectiveness of the solvent, 80% ethanol has been shown to be more 
effective in recovering antioxidants from herbal plants. 

Content of polyphenols 

The total polyphenol content in extracts of medicinal plants obtained from four dif-
ferent solvent systems ranged from 83.90 mg GAE · 100g–1 to 15.10 mg GAE · 100g–1 
p.s.m (Fig. 1). The highest total polyphenol content was determined in garlic extract 
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using 80% ethanol as the solvent (83.90 mg GAE · 100g–1), while the lowest in the pep-
permint water extract (15.10 mg GAE · 100g–1). In the case of mint, higher concentra-
tion of polyphenols was obtained using 80% methanol. 

 
Different letters a, b, c ... indicate statistically significant differences (p <0.05) within the species for different solvents 
and A, B, C ... indicate statistically significant differences (p <0.05) between species for the same solvent 

Fig. 1. Content of total polyphenols in extracts from the raw materials tested 

Content of flavonoids 

Different levels of flavonoids in extracts from tested raw materials are shown in Fig. 2. 
The total content of flavonoids in the plant extracts obtained from three solvent systems 
ranged from 0.50 to 9.20 mg CE ∙ 100 g–1. It was found that 80% ethanolic garlic extract was 
characterized by the highest content of flavonoid compounds, i.e. 9.20 mg RE ∙ 100 g–1, while 
the minimum value was 0.50 mg RE ∙ 100 g–1 for aqueous peppermint extracts. 

 

 
Explanations: see Fig. 1 

Fig. 2. Content of the sum of flavonoid compounds in extracts from the raw materials tested 
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Antioxidant activity 

It was found that the antioxidant activity determined in the DPPH test is maximum 
in 80% ethanolic garlic extract (71.1%), while minimum in the aqueous peppermint 
extract (28.9%) (Fig. 3). IC50 values, that represent the concentration of antioxidants that 
cause 50% neutralization of DPPH radicals, were calculated from the percentage inhibi-
tion versus concentration. 

The activity of DPPH radical scavenging (IC50 values) ranged from 29.5% to 73.4% 
(Tab. 1). 

 
 

Table 1. Neutralization of DPPH radicals (IC50) by extracts from raw materials of various  
medicinal plants 

Species MeOH 80% C2H5OH 80% H2O 

M. x piperita L.  67.2 ±0.35cB 39.5 ±0.62bA 42.4 ±0.31aA 

M. spicata L. 73.4 ±1.09dC 58.2 ±0.41dA 68.3 ±1.12cB 

Allium sativum L. 31.1 ±0.45aA 29.5 ±0.12aA 42.4 ±0.83aB 

Allium cepa L. 55.9 ±0.37bB 49.5 ±0.22cA 57.4 ±1.04bB 

Values (mean ± SD) of extracts analyzed individually in triplicate 
Different letters a, b, c… in the same column and A, B, C… in the same line indicate statistically significant 
differences (p < 0.05) 
 

 
Explanations: see Fig. 1 

 
Fig. 3. Antioxidant activity measured by DPPH (IC50) test for extracts from the studied species of 

medicinal plants  
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It was found that ethanolic garlic extract shows maximum inhibition of peroxida-
tion, which reflects the highest antioxidant activity, while the lowest inhibition was 
observed in the case of peppermint. With regard to solvents, it has been found that 80% 
ethanol is more useful for recovering the antioxidant compounds from the raw materials 
of medicinal plants as compared to other solvent systems. 

DISCUSSION 

Development of extraction is closely related to the use of this technique not only 
in the pharmaceutical and chemical, but also in food and biotechnology industries. 
One of the most important factors in the extraction process is the selection of the right 
solvent. The choice should be made on the basis of an analysis of many factors that 
play smaller or larger role in obtaining a good-quality final product [Fink-Finowicki 
1955, Brunner 1994]. 

Results of testing the content of polyphenol fractions in extracts indicate the highest 
extractive properties of ethanol 80% (in the case of raw onion and garlic) and methanol 
80% in extracts from both mint species. Using deionized water, readings were noticea-
bly smaller. This is unusual, because it is generally believed that the polyphenol fraction 
is a largely hydrophilic fraction – therefore water is used to extract this group [Pieszko 
and Zaremba 2013]. Ethanol 80% is a readily used solvent in the pharmaceutical indus-
try; many galenic formulations of extracts indicate precisely this concentration as the 
most suitable for the isolation of biologically active substances [Pluta et al. 2010]. Meth-
anol is more readily used in scientific research, as it is characterized by lower boiling 
point and similar density and polarity. It should be assumed that both solvents of the 
same concentration should have identical extractive properties. However, 80% ethanolic 
extracts are much more abundant in the flavonoid fraction compared to 80% methanol 
extracts. 

Although onions and garlic belong to the genus Allium, they do not belong to the 
same species. In addition, differences between varieties within the species are common, 
which may justify large differences in the yield between garlic and onions. In the case of 
mint, the differences in extraction efficiency are directly related to the great variety of 
this species. The pharmaceutical properties of plant raw materials are closely related to 
the presence of phenolic compounds (phenolic acids, flavonoids), polysaccharides and 
proteins [Bianchini and Vainio 2001, Nishimura et al. 2004]. Phenolic acids are an im-
portant auxiliary and physiological component of the main active substances. 

Nuutila et al. [2003] reported that the total content of polyphenols in extracts of Al-
lium sativum L. differed significantly compared to onion extracts and shaped respective-
ly in the range from 845 to 2075 mg · kg–1 and from 75 to 115 mg · kg–1. In present 
study, the total polyphenol content of garlic ethanol extract was the highest (83.90 mg 
GAE · 100g–1). Lower content of total polyphenols was also found by Benkeblia [2005] 
when analyzing onion extracts (30 mg · 100 g–1 FW), while much higher in garlic ex-
tracts (49 mg · 100 g–1 FW). Total content of polyphenols in garlic and onion extracts 
using three solvents decreased in the following order: C2H5OH 80% > MeOH 
80% > H2O. Obtained results in relation to garlic extracts are confirmed by El-Hamidi 
and El-Shami [2015]. The content of these substances in extracts obtained from two 
species of mint shaped differently. Qadir et al. [2017] reported that the total polyphenol 
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content of peppermint extracts obtained in four different solvent systems was from 
9.17 mg GAE · 100 g–1 to 14.68 mg GAE · 100 g–1. However, total polyphenol content 
was the highest in extract with 80% methanol, and the lowest level of these compounds 
was determined in the aqueous extract. Our results are consistent with these data. 
Whereas Abdou [2011] found that the total content of polyphenols in garlic extracts was 
12.5, 27.6, 23.9 and 25.3 (mg · 100 g–1 dry extract), respectively for MeOH, MeOH/H2O 
(1 : 1), water at 37°C and water at 100°C. 

The total content of flavonoids in plant extracts obtained from four solvent systems 
ranged from 0.5 to 9.2 mg RE ∙ 100 g–1. The highest total value of flavonoids, regardless 
of the species, was obtained using 80% ethanol, while the minimum level of these com-
pounds was determined for aqueous extracts. Obtained results were confirmed by Qadir 
et al. [2017] for garlic, onions and peppermint. 

Antioxidant properties of plants are attributed to the active components contained 
within [Raza et al. 2014, Najda 2017a]. The high antioxidant activity of garlic extract, in 
particular high level of RAS, has been described in numerous studies [Velioglu et al. 
1998, Yin and Cheng 1998, Miller et al. 2000]. However, RAS activity depended on 
both polyphenolic and sulfur compounds of Allium sativum L. Nuutila et al. [2003] 
found that the lowest antioxidant activity was obtained from garlic extracts, which was 
confirmed by the results obtained for all solvents used. 

CONCLUSIONS 

1. Studies have shown that very different extracts of garlic, onion and mint can be 
obtained by changing the conditions of extraction (solvent), which affect both the effi-
ciency and selectivity of the extraction process. 

2. Type of solvent used affects the effectiveness of the antioxidant action of extracts 
from garlic, onion, peppermint and green mint.  

3. 80% ethanol proved to be better flavonoid extractant for all analyzed raw materials.  
4. The strongest antioxidant activity was demonstrated by ethanol extracts (towards 

the DPPH• radical) from garlic and green mint.  
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Streszczenie. Oceniono zawartość polifenoli, flawonoidów i aktywność antyoksydacyjną 
ekstraktów z cebuli (Allium cepa L.), czosnku (Allium sativum L.), mięty zielonej (Mentha 
spicata) i mięty pieprzowej (Mentha × piperita). Wszystkie ekstrakty wykazały szeroki zakres 
całkowitej zawartości polifenoli od 15,10 do 83,90 mg GAE 100 g–1 równoważnika kwasu 
galusowego, oraz całkowitej zawartości flawonoidów, średnio 0,50 do 9,2 mg ∙ 100 g–1 
odpowiednik katechiny. Aktywność przeciwutleniającą (AA) oznaczono przez pomiar siły 
wychwytywania 2,2-difenylo-1-pikrylohydrazylem (DPPH). Aktywność wychwytywania 
rodników DPPH (wartości IC50) różnych ekstraktów wahała się od 29,9 do 73,4%. Wyniki badań 
laboratoryjnych analizowano statystycznie, stosując odpowiednie metody statystyczne. 
 
Słowa kluczowe: potencjał leczniczy, gatunki roślin warzywnych, zioła  
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