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ANTIOXIDANT ACTIVITY OF AQUEOUS EXTRACTS FROM DILL FRUIT 
(Anethi fructus) OBTAINED BY DIFFERENT EXTRACTION TECHNIQUES
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The antioxidant activity of aqueous extracts from dill fruit (Anethum graveolens L.) 
using DPPH, FRAP and FIC methods was investigated in this work. Aqueous ex-
tracts from dill fruit were obtained using different extraction techniques (maceration, 
reflux extraction, ultrasonic extraction, Soxhlet and Tillepape extraction). The aque-
ous extract obtained by Soxhlet extraction showed the highest antioxidant activity, 
independently of the applied antioxidant methods. There was a positive linear cor-
relation between total phenolics and flavonoids content with the antioxidant activity. 
The presented results indicate that the bioactive substances, phenols and flavonoids, 
are probably mainly responsible for the antioxidant activity of the analyzed extracts. 
Also, the presented results suggest that aqueous extracts from dill fruit are a poten-
tial source of natural antioxidants as an alternative to synthetic additives. 
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Introduction 

There is the increasing number of scientific investiga-
tions with the aim of finding natural products that posses 
different biological activities such as antioxidant, antimi-
crobial and anti-inflammatory activities. This activities 
are most commonly studied [1]. 

The important trend in food industry is a discovery of 
natural antioxidants from the plant material [2]. The most 
important synthetic antioxidants which are added to oils 
and foods are ascorbyl palmitate (AP), tert-butyl-4-hy-
droxyanisole (BHA), tert-butyl-4-hydroxytoluene (BHT), 
propyl gallate (PG), butyl gallate (BG), octyl gallate (OG), 
dodecyl gallate (DG). But, synthetic antioxidants also 
have some undesirable side effects [3]. 

Anethum graveolens L., commonly known as dill, is 
an aromatic annual or biennial medicinal plant from the 
genus Anethum of the family Apiaceae (Umbelliferae) [4]. 
It is condiment crop with a specific aroma and odor, and 
it is one of the most significant spices in food industry 
[4,5,6]. Herb and fruits of dill have been used in food 
industry for sauces, salads and seafood [7,8]. Dill is well 
known as a medicinal herb with antioxidative, antimicro-
bial, hypotensive, antihyperlipidemic, diuretic, antiemetic, 
laxative and spasmolytic effects [9,10,11,12]. The dill 
fruit contains polyphenolic compounds, among which 
flavonoids (quercetin and rutin), derivatives of hydroxy-
cinnamic acid (chlorogenic acid) and coumarins (sco-
poletin) are the most important [13]. Dill is traditionally 
used to relieve fatigue in sleep disorders, as well as in the 
prevention and treatment of various diseases: dysfunction 

of gastrointestinal tract, kidney and urinary tract diseas-
es, insomnia and spasms [9].  

There is no comparative study of the antioxidant ac-
tivity of aqueous extracts from dill fruit obtained by dif-
ferent extraction techniques. Because dill fruit is one of 
the most commonly used spices in Serbian traditional 
cuisine and food industry and, at the same time, dill is 
a plant with many medicinal properties. The aim of this 
work was to investigate the antioxidant activity of aque-
ous extracts from dill fruits obtained by five different ex-
traction techniques, by three antioxidant assay: DPPH, 
FRAP and FIC test. In addition, the correlation of the an-
tioxidant activity with total phenolics and flavonoids was 
determined. The potentials of aqueous extracts from dill 
fruit for practical use have not been previously studied in 
detail, so this work has obtained potentially important re-
sults concerning natural antioxidants in the fruit of the dill.

Experimental

Plant material 
The dill fruit (Anethi fructus) has been used in this 

investigation. The plant material was obtained from the 
Institute for Medicinal Plant Research “Dr Josif Pančić”, 
Belgrade during the year 2013. The dry plant material 
was ground in the laboratory mil (BRAUN AROMATIC 
KSM2) immediately before analysis. 
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Reagents and chemicals 
2,4,6-Tris(2-pyridyl)-1,3,5-triazine (TPTZ reagent), 

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, sodium 
acetate trihydrate, iron (III) chloride hexahydrate, iron (II) 
sulphate heptahydrate, butylated hydroxy-toluene (BHT), 
etilendiamin-tetra-acetic acid (EDTA) (Sigma Chemical 
Company, St. Louis, USA). All other chemicals were an-
alytical-grade (p.a.).

Extraction techniques
Maceration
The plant material (1.5 g) was extracted by macera-

tion with water (30 cm3). Maceration was performed for 
180 minutes with hydromodule (plant material/water ra-
tio) 1:20 m/v at 25 °C. The extract was separated by fil-
tering under a weak vacuum at 40 °C. The obtained ex-
tract was evaporated under vacuum at 40 °C to constant 
weight, and the content of extractive matter (dry extract) 
was calculated on the basis of dry residue content [5]. 

Reflux extraction
The plant material (1.5 g) was extracted by reflux 

extraction with water (hydromodule, 1:20 m/v) at boil-
ing temperature. The extraction was performed for 180 
minutes. The dry extract was obtained using the same 
procedure as described in the section Maceration [5]. 

Soxhlet and Tillepape extraction 
The plant material (10 g) and water (200 cm3) were 

put into the Soxhlet and Tillepape apparatus and extrac-
tions were performed for 240 minutes. After 240 minutes, 
liquid extracts were evaporated under vacuum at 40 °C 
to constant weight by the same procedure as  desribed 
in the section Maceration. The obtained dry extracts 
were stored at +4 °C for subsequent analysis [5]. 

Ultrasonic extraction 
The plant material (1.5 g) was extracted with water 

(hydromodule, 1:20 m/v) in the presence of low-frequen-
cy ultrasound. The extraction was performed for 30 min-
utes using an ultrasonic bath (Sonic, Niš, Serbia; internal 
dimensions: 30×15×20 cm; total nominal power: 3×50 W; 
and frequency: 40 kHz) at 25 °C. The dry extract was 
obtained using the same procedure as described in the 
section Maceration [5]. 

Antioxidant assays
DPPH-test
DPPH test most commonly used in vitro method for 

the effective determination of antioxidant activities, based 
on hydrogen atoms or electrons exchange among anti-
oxidants and DPPH radicals in the solution [14]. The eth-
anolic solution of DPPH radical (1 cm3, 3×10-4 mol/dm3) 
was added in 2.5 cm3 of the extract (concentrations from 
0.0156 to 1.0 mg/cm3). The absorbance at 517 nm was 
immediately measured in the first probe, while the ab-
sorbance in the second probe was measured after 20 min 
of incubation at room temperature in the dark (Au). The 

absorbance was also measured in the pure ethanolic so-
lution of DPPH radical, diluted in an adequate proportion (1 
cm3 of DPPH radical, 3×10-4 mol/cm3, diluted with 2.5 cm3 of 
ethanol - "control", Ac), and in the extract without DPPH 
radical adding (2.5 cm3 of extract diluted with 1 cm3 of 
ethanol - "blank", Ab). Free radical scavenging capacity 
is calculated according to Eq. 1 [15]. 

                                                                        .............(1)

The extract concentration needed for the neutraliza-
tion of 50% of the initial DPPH radical concentration is 
called EC50 value. This value was determined by using 
a linear regression analysis in the concentration range 
between 0.0156 and 0.7 mg/cm3 of the extract added to 
the reaction mixture.

DPPH test of synthetic antioxidant BHT was also per-
formed. EC50 value of synthetic antioxidants, BHT was un-
der the same experimental conditions, 0.021 mg/cm3 [17].

FRAP test
The antioxidant activity of dill fruit aqueous extracts 

was determined by FRAP test according to the method 
of Benzie and Strain [16] with some modifications [5, 17]. 
FRAP reagent was prepared from acetate buffer (300 
mmol/dm3, pH = 3.6), TPTZ reagent (10 mmol/dm3 in 
40 mmol/dm3 HCl) and FeCl3×6 H2O (20 mmol/dm3) in 
10:1:1 ratio. The calibration curve was constructed according 
to absorbance values, measured at 593 nm, for FeSO4×7H2O 
solutions of the known concentration (0.2-1 mmol/dm3).

The extract (0.1 cm3) and FRAP reagent (3 cm3) were 
mixed in the test tube and after 30 minutes of incuba-
tion at 37 °C in the water bath, the absorbance at 593 nm 
was measured against blank. The concentration of Fe2+ 
(mmol/dm3) in the sample was determined from the 
calibration curve equation. FRAP value was calculated 
based on the dry extract weight (mmol Fe2+/g d.e.) and it 
is called the FRAP value [15, 17]. 

FIC test 
FIC (Ferrous ion-chelating) activity can be used as a 

test of the antioxidant activity and it is a measure of ab-
sorbance decreasing (at 562 nm) of iron (II) – Ferrozine 
complex. Chelating ability was determined according 
to the method described by Dinis and co-workers [18] with 
some modifications [17]. Ethanol (3.75 cm3) and 0.05 cm3 
of 2 mM FeCl2×4H2O was added in the solution of different 
extract concentrations (1 cm3, 0.031-2.5 mg/cm3 - "sample"). 
The reaction was initiated by adding 0.2 cm3 of 5 mM Fer-
rozine solution, after which the mixture was incubated for 
10 min at room temperature and the absorbance at 562 nm 
was measured. The absorbance was also measured for 
mixtures without test-samples (ethanol, Ferrozine and 
FeCl2×4H2O - "control"), as well as for the extract before 
the treatment with FeCl2×4H2O and Ferrozine (1 cm3 of 
the extract diluted with 4 cm3 of ethanol - "blank"). The 
solution of EDTA was used as a reference standard. A 
lower absorbance value indicates better FIC activity of 
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test-samples. FIC activity (%) was calculated by Eq. 2 [17].

                                                                    .................(2)  

where: Au is absorbance of the "sample", AB is absorb-
ance of the "blank" and AC is absorbance of the "control".

Results and discussion

The aqueous dill fruit extracts obtained by five ex-
traction techniques were subjected to screening for their 
possible antioxidant activity. Three test systems, namely 
DPPH, FRAP and FIC test, were used for this purpose. 

In our previous investigation of drill fruit we found that 
the content of total phenols and flavonoids, in aqueous 
extracts of dill fruit obtained by different techniques of 
extraction, depends on the extraction techniques used 
[5]. The total phenols and flavonoids content is higher 
in extracts obtained by circulation techniques of extrac-
tion (Soxhlet and Tillepape), as well as in the extract 
obtained by reflux extraction compared to the extracts 
obtained by maceration and ultrasonic extraction. The high-
est total phenolics (573.81 mg GAE/g d.e.) and flavonoids 
(12.96 mg RE/g d.e.) content was in the extract obtained 
by Soxhlet extraction [5]. This is probably due to a cir-

cular flow of the solvent to the complete depletion of the 
plant material. The minimum content of total phenolics 
(539.01 mg GAE/g d.e.) and flavonoids (9.95 mg RE/g 
d.e.) [5] was determined in the extract obtained by the 
ultrasonic extraction. The content of phenolics and fla-
vonoids obtained by ultrasonic extraction was lower by 
6.06% and 23.22%, respectively compared to the con-
tent obtained by Soxhlet extraction. This phenomenon 
can be explained by oxidation and degradation of some 
phenolic compounds due to the sonication of aqueous 
solutions, with the result as a consequence of the for-
mation of reactive hydroxyl radicals under the influence 
of ultrasound [19,20]. According to our earlier investiga-
tions of nettle leaves extracts, it was found that the anti-
oxidant activity of the extracts depend on the extraction 
technique used [15, 20].  

In the reaction of DPPH test it comes to the reduc-
tion of intensely purple-colored DPPH radical to corre-
sponding hydrazine, which was spectrophotometrically 
followed by the absorbance decreasing at 517 nm [14]. 
Figure 1 (a-e) shows the percentage of DPPH radical 
neutralization with increasing the extracts concentration 
without and with incubation (20 min), while Table 1 pre-
sents  the EC50 values for all extracts. 
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Figure 1. The capacity of DPPH radicals neutralization by aqueous extracts from the dill fruit  obtained by 
maceration (a), reflux extraction (b), Soxlet (c), Tillepape (d) and ultrasonic extraction (e).
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Table 1. EC50 values of aqueous extracts from dill fruit obtained 
by different extraction techniques (obtained by DPPH test)

EC50 – Concentration of the extract (in mg of the dry extract per cm3 of the extract) required 
for neutralizing 50% of the initial concentration of DPPH radicals

The results show that the incubation time had influ-
ence on the DPPH radical neutralization for all extract 
concentration. The degree of DPPH radical neutrali-
zation by the extracts obtained by different extraction 
techniques declines in a row: Soxhlet > Tillepape > re-
flux extraction > maceration > ultrasonic extraction. The 
extracts obtained by Soxhlet and Tillepape extractions 
show better DPPH radical neutralization than other ex-
tracts, which is probably a result of the highest contents 
of total phenolics and flavonoids in these extracts [5].

The lowest degree of DPPH radical neutralization was 
achieved by the extract obtained by ultrasonic extraction. 
Probably, this could be explaned by degradation of bio-
active components, responsible for the antioxidant activ-
ity, under sonication [19]. The EC50-value is a parameter 
widely used to measure the free radical scavenging ac-
tivity. The extract obtained by the Soxhlet extraction had 
the lowest EC50 value, meaning that it showed the best 
antioxidant activity. The antioxidant effect of all obtained 
extracts does not come from phenolic compounds only, 
but it is likely due to the synergistic effects of these com-
pounds with other biomolecules isolated from the plant 
material. The information about these trials of the antioxi-
dant activity is not found in the available literature [20]. 

As it can been seen from Figure 2, a positive line-
ar correlation between the scavenging capacity of the 
extracts against DPPH radicals (expressed in EC50, for 
incubated extracts) and total phenolic (R2=0.728) and 
flavonoids (R2=0.914) content was established. Total 
flavonoids show better correlation with EC50 values, in-
dicating that they are probably more responsible for the 
antioxidant activity of the extracts. Christopher-Bagdas-
sarian and co-workers have confirmed the presence of 
phenols and flavonoids in methanol extracts of dill which 
are probably the most responsible for their antioxidant 
effect [21]. 

FRAP method is based on the reduction of [Fe3+-TPTZ] 
complex to the intense blue (absorption maximum 593 nm) 
[Fe2+-TPTZ] complexes in acid medium. Reducing capac-
ity is expressed by the mass of a standard reducing agent 
(Fe2+, ascorbic acid and the like) which would cause the 
same level of the reduction of Fe3+-TPTZ [16]. The FRAP 
values of dill friuit aqueous extracts obtained by different 
extraction techniques for all extracts is presented in Table 2.

Figure 2. Linear correlation between total phenolics (a) and 
flavonoids (b) and EC50 values of aqueous extracts from the dill 
fruit obtained by different extraction techniques.

Table 2.  FRAP values of aqueous extracts from dill fruit ob-
tained by different extraction techniques

d.e. – dry extract

It can be seen that the highest FRAP value, and thus 
the best reductive capacity is shown by the extract ob-
tained by Soxhlet extraction, which can be explained by 
the highest content of phenolic compounds in this extract. 
The good linear correlation between FRAP values and 
the content of total phenolic (R2=0.934) and flavonoids 
(R2=0.982) can be seen in Figure 3, which confirms that 
this bioactive components are probably responsible for 
the antioxidant activity of the dill fruit extracts.

Ferrous ion chelating (FIC) ability of the dill fruit 
aqueous extracts obtained by different extraction tech-
niques is presented in Figure 4. Chelating effect of EDTA 
(96.34% in the concentration 0.25 mg/cm3) was reported 
in our earlier research [17]. 
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Figure 3. The correlation between FRAP values and total phe-
nolics (a) and flavonoids (b) in the dill fruit aqueous extracts.

Figure 4. The FIC ability of dill fruit aqueous extracts.

The extract obtained by Soxhlet extraction contained 
a higher amount of phenolics and flavonoids, which is 
probably the reason of its higher chelating ability. Ac-
cording to some earlier investigations, there is a posi-
tive correlation between FIC activity and total phenolics 
content [22]. 

The FIC ability of the extracts (obtained by different 
extraction techniques, the concentration of 2.0 mg/cm3), 
in the function of total phenolics and flavonoids content, 
is represented in Figure 5.

It can be seen that there is a linear correlation of total 
phenolics (R2 = 0.918) and flavonoids (R2 = 0.990) con-
tent with FIC ability. The antioxidant activity determined 

by this test is also observed in previous investigations 
probably due to a high content of phenolic compounds. 
Many investigations also reported a high linear correla-
tion between the antioxidant activity of different plant ex-
tracts and the content of total phenolics and favonoids in 
the extracts [20, 23]. 

Figure 5. The correlation between FIC ability of the dill fruit 
extracts and total phenolics (a) and flavonoids (b) in the dill 
fruit extracts.

Conclusion

A comparative study of the antioxidant activity of aque-
ous extracts from the dill fruit obtained by five extraction 
techniques (maceration, reflux extraction, Soxhlet, Tille-
pape and ultrasonic extraction) was investigated. The an-
tioxidant activity of the extracts depends on the extraction 
technique. The antioxidant activity of aqueous extracts from 
dill fruit, independently of the method applied (DPPH, FRAP 
and FIC test), decreases in line: Soxhlet>Tillepape>reflux 
extraction>maceration>ultrasonic extraction. The aqueous 
extract obtained by Soxhlet extraction showed the highest 
antioxidant activity. There was a positive linear correlation 
between total phenolics and flavonoids content with the an-
tioxidant activity. The presented results suggest that aque-
ous extracts of dill fruit are a potential source of natural 
antioxidants as an alternative to synthetic additives. How-
ever, the determination of individual phenolic compounds 
responsible for the antioxidant activity, in vivo investigations 
of the antioxidant activity of these extracts, as well as their 
practical applications in food and pharmaceutical systems, 
should be the main goal of future investigations. 
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ANTIOKSIDATIVNA AKTIVNOST VODENIH EKSTRAKATA PLODA MIROĐIJE 
(Anethi fructus) DOBIJENIH RAZLIČITIM TEHNIKAMA EKSTRAKCIJE  

Ljiljana P. Stanojević1, Mihajlo Z. Stanković1, Amer Juma 2

1Tehnološki fakultet, Bulevar Oslobođenja 124, 16000 Leskovac, Univerzitet u Nišu, Srbija
2Al. Rafideen doo, Leskovac, Serbia

U radu je prikazana antioksidativna aktivnost vodenih ekstrakata ploda mirođije 
(Anethum graveolens L.) primenom DPPH, FRAP i FIC testa. Vodeni ekstrakti 
su dobijeni iz ploda mirođije primenom različitih tehnika ekstrakcije (maceracija, 
refluks ekstrakcija, Soxlet, Tillepape i ultrazvučna ekstrakcija). Najbolju antioksida-
tivnu aktivnost pokazao je ekstrakt dobijen Soxhlet ekstrakcijom, nezavisno od pri-
menjene antioksidativne metode. Utvrđena je pozitivna linearna korelacija između 
antioksidativne aktivnosti i sadržaja ukupnih fenola i flavonoida. Prikazani rezultati 
ukazuju da su bioaktivne komponente, fenoli i flavonoidi najverovatnije odgovorni 
za antioksidativnu aktivnost ekstrakata. Rezultati takođe pokazuju da vodeni ek-
strakti ploda mirođije predstavljaju potencijalni izvor prirodnih antioksidanasa, kao 
moguća alternativa sintetskim antioksidansima. 

Ključne reči: Anethum graveolens L., 
Plod mirođije, Tehnike ekstrakcije, An-
tioksidativna aktivnost, Ukupni fenoli i 
flavonoidi
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Izvod
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