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ABSTRACT

Bitter and sweet wormwoods are traditional plant species in the Asteraceae (Compositae). Their use in tra-
ditional medicine has long been known. Numerous preparations of bitter and sweet wormwood (teas, tinctu-
res) are used in the treatment of diseases of the digestive system. The content of bioactive components
(polyphenols and flavonoids) and antioxidant activity of Artemisia absinthium L. (bitter wormwood) and Arte-
misia annua L. (sweet wormwood) were examined in this paper.A series of extracts were prepared by mixing
selected organic solvents (methanol, ethanol and acetone) and water in different volume ratios for both
analyzed species.Antioxidant activity was tested using FRAP and DPPH methods. Extracts of sweet wormwo-
od contain more bioactive components and have a higher antioxidant capacity compared to extracts of bitter
wormwood. In terms of extraction efficiency, the mixture of acetone and water (20:30 v/v) proved to be the
most efficient. Regarding pure organic solvents, the most effective for bioactive components isolation is etha-
nol, while acetone showed the weakest extraction power.
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INTRODUCTION - Uvod

Wormwoods are a medicinal, aromatic plants from the
Artemisia genus, which represents one of the largest and
most widespread genera of the Asteraceae (Composi-
tae).According to the literature, this genus includes more
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than 500 species of aromatic plants (Abad et al., 2012).
The two most famous species of this genus are Artemisia.
absinthium L. (bitter) and A. annua L. (sweet) wormwoods.
Artemisia absinthium is a resistant perennial shrub that is
widespread mainly in the temperate zones of Asia, Eu-
rope and North America (Beigh and Ganai, 2017). Arte-
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misia annua is a fragrant annual weed of Asian origin, but
it is naturalized in many other sunny and warm regions
(Wan et al,, 2016). Wormwoods have a long history of
use in folk medicine. Namely, A. absinthium has traditio-
nally been used to treat several disorders including he-
patocyte enlargement, hepatitis, gastritis, jaundice, wound
healing, splenomegaly, dyspepsia, indigestion, flatulence,
stomach pain, anaemia, and anorexia (Batiha et al., 2020).
In the form of teas or tinctures, it is used to stimulate
the appetite and improve digestion, which is a consequ-
ence of its bitter taste, which stimulates the secretion
of digestive juices. Artemisia annua has been used in tra-
ditional Chinese medicine to remove toxins from the
blood, treat arthritis and fever, prevent the recurrence
of malaria and treat jaundice (Qin et al., 2020). Due to
the presence of different active substances in the plants,
the chemical composition of A. absinthium and A. annua
differs. Artemisia absinthium contains many phytochemi-
cal compounds, such as lactones, terpenoids, flavonoids,
essential oils, organic acids, resins, tannins and phenols,
which are responsible for its properties and therapeu-
tic effects (Omer et al,, 2007). One of the key compo-
unds the essential oil of A. absinthium contains is thujo-
ne, a monoterpene ketone. Research has shown that
both the a and B forms of thujone in the volatile oil
obtained from A. absinthium act as anthelmintics (Tariq
et al.,, 2009). The essential oil and aqueous extract of A.
absinthium have shown analgesic and anti-inflammatory
effects as a result of the flavonoids present (Hadi et
al,, 2014). Also, some studies have shown that isolated
chlorogenic acid from A. absinthium shows an inhibitory
effect on carcinogenesis in the liver, colon and tongue,
while another active component, artemisinin, extracted
from A. absinthium showed a significant antitumor effect
against melanoma B16 (Tsuchiya et al., 1996; Goff et al.,
2008). Analysis of the chemical composition of A. annua
found that it contains many phytochemicals, such as
monoterpenoids, sesquiterpenoids, flavonoids and cou-
marins, as well as aliphatic and lipid compounds (Bhaku-
ni et al.,, 2001). Artemisia annua provided a class of highly
effective antimalarials due to the presence of the endo-
peroxide sesquiterpene lactone, artemisinin. This com-
pound is a highly oxygenated sesquiterpene containing
a unique 1,2,4-trioxane ring structure, which is respon-
sible for its antimalarial activity (Brown, 2010). Artemisi-
nin-based combination therapies are now considered the
best current treatment for uncomplicated Plasmodium
falciparum malaria (He et al., 2009). The antimalarial effi-
cacy of artemisinin is significantly improved when com-
bined with other compounds such as terpenes, flavono-
ids, phenolic acids and polysaccharides (VWeathers et al.,
201 I).Artemisinin and its derivatives can also be used in
the treatment of various diseases, such as cancers, au-
toimmune diseases, diabetes, viral infections, parasitosis,

and atherosclerosis (Efferth, 2017). Likewise, it was esta-
blished that artemisinins significantly improve the succe-
ss rate of chemotherapy (Meng et al,, 2021). In addition
to artemisinin, A. annua also contains many other bioacti-
ve components such as monoterpenoids, flavonoids, alka-
loids, coumarins, etc. (Septembre-Malaterre et al., 2020).
Thanks to its chemical composition, A. annua has been
the subject of extensive research since its discovery, and
it became popular again during the COVID-19 pandemic
because it supposedly prevents and helps treat the symp-
toms of this disease (Irfan et al., 2024). Of the flavonoids
present in sweet wormwood, the most significant are ar-
temethin, casticin, chrysosplenetin, chrysosplenol D, cirsi-
lineol and eupatorin, which show synergistic antimalarial
effects (Septembre-Malaterre et al., 2020). Phenolic com-
pounds increase the antitumor and antimalarial effects
of artemisinin (Ferreira et al., 2010). Scopoline and sco-
poletin represent the main coumarins found in alcoholic
extracts of A. annua and contribute to the anti-inflamma-
tory, antioxidant, antipyretic and anti-allergic effects of
sweet wormwood (Thabet et al,, 2018; Fu et al., 2020).

In this research, the antioxidant activity and the content
of bioactive components (polyphenols and flavonoids)
of sweet and bitter wormwoods were compared. The
influence of the ratio of water and selected organic sol-
vents on the efficiency of extraction of bioactive com-
ponents in in vitro conditions was also examined.

MATERIALS AND METHODS -
Materijal i metode

Plant material, chemicals and instruments

Dried aerial parts of bitter and sweet wormwood were
purchased in a local market in Tuzla, Bosnia and Herze-
govina. The sample was determined in the pharmaco-
gnosy laboratory of the Faculty of Pharmacy, Univer-
sity of Tuzla. The plant was ground into powder using an
electric mill. Aqueous solutions needed for the analysis
were prepared using demineralized water. All reagents
were p.a.purity and were used without further purifica-
tion. Spectrophotometric measurements were perfor-
med on a Perkin Elmer Lambda 25 spectrophotometer,
in the wavelength range of 510-765 nm.

Preparation of extracts

Extracts of sweet and bitter wormwood were prepared
by mixing 0.5 grams of chopped plant material with 50
mL of solvent or solvent mixture.The plant material was
mixed on a vibromix for 60 minutes, then the mixtu-
re was filtered and the collected extract was analyzed
immediately. All extracts were clear after filtration.
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Determination of total phenolic content (TPC)

Total phenolic compounds present in the extracts
were quantified spectrophotometrically using the Fo-
lin-Ciocalteu test following the protocol of Singleton
et al. (1999), with some modifications. Namely, 200 pL
of extracts was mixed with 2540 pL of 10% Folin-Cio-
calteu reagent. After 5 minutes 420 pL of 10% sodium
carbonate was added. The absorbance of the resulting
blue-coloured solution was measured at 765 nm after
incubation at room temperature for | hour. The total
phenolic content was expressed as gallic acid equiva-
lents (GAE) in milligrams per gram of dry plant material.

Determination of total flavonoid content (TFC)

The total flavonoid content in the extracts was deter-
mined by the previously described method of Olajire
and Azeez (201 1), with some modifications. Namely, |
mL of extract solution was mixed with 0.3 mL of 5% so-
dium nitrite,and 0.3 mL of 10% aluminium chloride was
added after 5 minutes. After 6 minutes of incubation
at room temperature, | mL of | M sodium hydroxide
was added to the reaction mixture. Immediately the fi-
nal volume was made up to 10 mL with distilled water.
The absorbance of the sample was measured against
the blank at 510 nm using a spectrophotometer.The re-

sults were derived from the calibration curve of quer-
cetin and expressed in quercetin equivalents (QE) per
gram of dry plant material.

Ferric-reducing antioxidant power (FRAP) Assay
The reducing powers of the extracts that reflected the-

ir antioxidant activity were determined following the
protocol of Benzie and Strain (1999). Per it, 3 mL of pre-

pared FRAP reagent is mixed with 100 pL of extracts.

Absorbances at 593 nm are recorded after a 30-mi-
nute incubation at 37 °C.The FRAP value was calcula-
ted from the calibration curve of iron(ll) sulfate hep-
tahydrate and expressed in mol per gram of dry plant
material.

DPPH radical scavenging activity

2, 2-diphenyl-1-picryl-hydrazyl (DPPH) method was
performed according to the earlier described method
of Horozi¢ et al. (2019). The percentage of DPPH radi-
cal inhibition was tested by mixing 2 mL of 0.5 mg/mL
extract solution with 0.5 mL of 0.5 mM DPPH radical
solution.The samples were left to incubate for 30 minu-
tes in a darkened room at room temperature. As a con-
trol sample 0.5 mL of 0.5 mM DPPH dilution, diluted
with 4 mL of methanol, was used.The radical scavenging

Table |. Results of the content of bioactive components and antioxidant activity of Artemisia annua L. extracts

Tabela |. Rezultati sadrZaja bioaktivnih komponenti i antioksidativne aktivnosti ekstrakata Artemisia annua L.

Sample E);f;:::]i:n SOIV?:;, )ratio [m;—z(l:\E e [m-;FQCE T FI;::;I&;Igue DPPH I?;}!Iﬁbition
DW] DW] DW]
A-1 EtOH - 11.05 0.013 115.7 71.25
A-2 EtOH:Water 40:10 16.27 0.028 289.7 80.50
A-3 EtOH:Water 30:20 20.24 0.037 353.0 85.47
A-4 EtOH:Water 20:30 23.03 0.039 375.1 88.94
A-5 EtOH:Water 10:40 17.05 0.034 321.5 81.80
A-6 MeOH - 10.12 0.017 112.5 56.25
A-7 MeOH:Water 40:10 15.77 0.029 283.5 61.67
A-8 MeOH:Water 30:20 19.31 0.033 339.1 68.02
A-9 MeOH:Water 20:30 2041 0.036 3425 74.20
A-10 MeOH:Water 10:40 16.86 0.031 315.8 64.96
A-11 Ace - 1.86 0.005 67.3 5.86
A-12 Ace:Water 40:10 14.62 0.029 319.0 93.85
A-13 Ace:Water 30:20 19.36 0.041 357.0 95.77
A-14 Ace:Water 20:30 24.08 0.044 3923 97.05
A-I5 Ace:Water 10:40 19.15 0.038 331.1 94.57
A-16 Water - 14.74 0.035 120.4 84.46

*TPC - Total phenolic content; TFC - Total flavonoid content, FRAP - Ferric-reducing antioxidant power
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effect (%) or percentual inhibition of DPPH radical was
calculated according to the equation:

[(Ac - As) / Ac] x 100

Where As is the absorbance of the solution containing
the sample at 517 nm and Ac is the absorbance of the
DPPH solution.

RESULTS AND DISCUSSION -
Rezultati i diskusija

Tables | and 2 show the results of the analysis of
the content of polyphenols and flavonoids, as well
as the antioxidant capacity of extracts of sweet and
bitter wormwoods. It is clearly noticeable that bitter
wormwood contains fewer bioactive components and
reflects lower antioxidant activity compared to extracts
of sweet wormwood.The results of the content of total
phenolic compounds and flavonoids in the extracts and
the antioxidant activity of the extracts indicate their si-
gnificant correlation.

In the extraction of bioactive components from both
plant species, mixtures of organic solvent and water, in
a volume ratio of 20:30 v/v were proved to be the most
effective. The concentrations of the determined bioac-

tive components were increased by the water content
in all used solvents from 40:10 v/v to 20:30 v/v, while
the concentration of the investigated components de-
creased in extracts with an increased water content
to 10:40 v/v. Acetone mixtures generally proved to be
more efficient in the extraction of bioactive compo-
nents compared to ethanol and methanol mixtures.
In terms of pure solvents, the most efficient extracti-
on was achieved with water, followed by ethanol, and
methanol, and the weakest extraction effect was recor-
ded for acetone extracts.

A minimally invasive extraction technique was used,
which preserved a significant proportion of polypheno-
Is, which explains the relatively high values of the pro-
portion of the mentioned components in the extracts.
Extraction efficiency is enhanced by the small particle
size, which improves solvent penetration and solu-
te diffusion. In general, the finer the particle size, the
better the extraction results (Begi¢ et al., 2020). Du-
ring the extraction of dry plant material, a better effect
is achieved with a higher proportion of the aqueous
phase in the organic phase (Bimakr et al., 201 I), which
explains the higher extraction capacity of mixtures of
organic solvents and water in this research.Altiok et al.
(2008) confirmed the importance of the presence of
water in the organic solvent, which increases the diffusi-

Table 2. Results of content of bioactive components and antioxidant activity of Artemisia absinthium L. extracts

Tabela 2. Rezultati sadrZaja bioaktivnih komponenti i antioksidativne aktivnosti ekstrakata Artemisia absinthium L.

Sample  Fmclon  Solenirie ngGamy  (mpoR  Dmolt eren
DW] DW] DW]
B-1 EtOH - 7.83 0.014 94.55 47.92
B-2 EtOH:Water 40:10 12.60 0.016 135.44 78.43
B-3 EtOH:Water 30:20 13.12 0.017 164.54 80.34
B-4 EtOH:Water 20:30 13.55 0.018 224.12 84.92
B-5 EtOH:Water 10:40 8.96 0.016 141.50 59.14
B-6 MeOH - 6.45 0.014 84.24 45.15
B-7 MeOH:Water 40:10 10.91 0.016 122.8 60.01
B-8 MeOH:Water 30:20 11.98 0.017 191.2 66.21
B-9 MeOH:Water 20:30 12.58 0.017 195.4 70.25
B-10 MeOH:Water 10:40 6.57 0.016 131.1 56.95
B-11 Ace - 1.58 0.005 58.28 4.99
B-12 Ace:Water 40:10 13.15 0018 206.84 69.23
B-13 Ace:Water 30:20 13.75 0.019 241.44 88.84
B-14 Ace:Water 20:30 13.90 0.020 256.24 92.11
B-15 Ace:Water 10:40 13.50 0.019 221.22 68.75
B-16 Water - 8.27 0.014 95.84 48.82

*TPC - Total phenolic content; TFC - Total flavonoid content, FRAP - Ferric-reducing antioxidant power
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Graph |. Comparison of polyphenol content in Artemisia annua and A. absinthium extracts

Grafikon |. Komparacija sadrZaja polifenola u ekstraktima Artemisia annua i A. absinthium

on process and thus facilitates the extraction of pheno-
lic compounds from plant tissue.

Extraction of flavonoids of the studied wormwoods
species showed a strong correlation with the pola-
rity of the solvents used.These results agree with Spin-
go et al. (2007), who suggested that polar solvents are
the best medium for flavonoid extraction, which may
be due to the increase in polarity of flavonoids after
conjugation via glycosides with hydroxyl groups, which
increases their solubility in polar solvents (Mohsen and
Ammar, 2009). The trend of phenol extraction among
different solvents was similar to that of flavonoids, i.e.
phenols were more efficiently extracted in polar sol-
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vents, specifically in water, ethanol and methanol com-
pared to acetone, which proved to be the weakest me-
dium for their extraction.

Comparative diagrams of the content of bioactive com-
ponents and antioxidant capacity in in vitro conditions
for extracts of sweet and bitter wormwoods are shown
in Graphs | to 4.

The solvents and polarity used in the extraction proce-
ss can influence the amount of extracted bioactive com-
pounds, as well as the value of antioxidant activity (Bu-
diana et al,, 2017).The results obtained on the basis of
FRAP and DPPH analysis of the extracts of the analysed
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Graph 3. Comparison of the reduction potential of Artemisia annua and A. absinthium extracts

Grdfikon 3. Komparacija redukcijskog potencijala ekstrakata Artemisia annua i A. absinthium

wormwood species obtained with pure solvents indica-
te that the best antioxidant activity was achieved with
water and the weakest with acetone. The antioxidant
activity of ethanolic extracts was higher than metha-
nolic extracts. In general, with an increase in the water
content, the obtained ethanolic, methanolic and aceto-
ne extracts of analyzed Artemisia species show an incre-
ase in antioxidant activity, respectively, except for the
10:40 v/v extract mixtures, which showed a moderate

decrease.
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The antioxidant activity of analyzed Artemisia species
was also examined in a study conducted by Sembiring
et al. (2022).The ethanol and methanol solvents in diffe-
rent concentrations and water as a control were used
to prepare the extracts. The type and concentration of
the solvent significantly influenced the yield and antioxi-
dant activity of the Artemisia extract. The use of etha-
nol as a solvent resulted in a higher extract yield and
antioxidant activity than methanol. The antioxidant ac-
tivity of the ethanolic extract of Artemisia was stronger
than the methanolic extract (Sembiring et al., 2022).
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Graph 4. Comparison of DPPH radical inhibition by Artemisia annua and A. absinthium extracts

Grafikon 4. Komparacija inhibicije DPPH radikala ekstrakata Artemisia annua i A. absinthium
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CONCLUSIONS - Zakljuc¢ak

This research can help in the preparation of extracts of
other plant species because it gives a more detailed in-
sight into the efficiency of mixtures of organic solvents
and water, as well as the ideal proportions of water
and organic solvent that extract the highest content of
polyphenols and flavonoids. It is important to emphasi-
ze that the mentioned mixtures cannot be effective for
all plant species and samples, which is why there is a
great interest in this type of research.

REFERENCES - Literatura

Abad, M., Bedoya, L.M., Apaza, L., Bermejo, P. (2012).
The Artemisia L. genus: A review of bioactive essential
oils. Molecules, 17,2542-2566.

Altiok, E., Baygin, D., Bayraktar, O., Ulkij, S. (2008). Iso-
lation of polyphenols from the extracts of olive leaves
(Olea europaea L.) by adsorption on silk fibroin. Separa-
tion and Purification Technology, 62, 342-348.

Batiha, G.E., Olatunde, A., El-Mleeh, A., Hetta, H.F, Al-
Rejaie, S., Alghamdi, S., Zahoor, M., Magdy Beshbishy, A.,
Murata, T., Zaragoza-Bastida, A., Rivero-Perez, N. (2020).
Bioactive compounds, pharmacological actions, and

pharmacokinetics of wormwood (Artemisia absinthium).
Antibiotics, 9(6), 353.

Begic, S., Horozi¢, E.,Alibasi¢, H., Bjeli¢, E., Seferovic, S., Ci-
lovi¢ Kozarevic, E., Ibisevi¢, M., Zukic, A., Kari¢, E., Softi¢,
M.(2020). Antioxidant capacity and total phenolic and
flavonoid contents of methanolic extracts of Urtica dioica

L. by different extraction techniques. International Resear-
ch Journal of Pure and Applied Chemistry, 21(23),207-214.

Beigh, Y.A., Ganai, A.M. (2017). Potential of wormwood
(Artemisia absinthium Linn.) herb for use as additive in
livestock feeding (a review). The Pharma Innovation Jour-
nal, 6(8), 176-187.

Benzie, I.EF, Strain, J.J. (1999). Ferric reducing/antioxi-
dant power assay: Direct measure of total antioxidant
activity of biological fluids and modified version for si-
multaneous measurement of total antioxidant power
and ascorbic acid concentration. Methods in Enzymology,
299, 15-27.

Bhakuni, R.S., Jain, D.C., Sharma, R.P, Kumar, S. (2001).
Secondary metabolites of Artemisia annua and their bi-
ological activity. Current Science, 80(1), 35-48.

Bimakr, M., Rahman, R.A,, Taip, FS., Ganjloo, A., Salleh,
L.M,, Selamat, ., Hamid, A., Zaidul, .S.M. (201 1). Com-

parision of different extraction methods for the extrac-
tion of major flavonoid compounds from spearmint
(Mentha spicata L.) leaves. Food and Bioproducts Proce-
ssing, 89, 67-72.

Brown, G.D. (2010). The biosynthesis of artemisinin
(Qinghaosu) and the phytochemistry of Artemisia annua
L. (Qinghao). Molecules, I5(1 1), 7603-7698.

Budiana,W., Suhardiman,A., Roni,A., Sumarah, ., Nara, T.
E. (2017). Aktivitas antioksidan ekstrak daun tiga genus
Artemisia sp dengan metode DPPH serta penetapan ka-
dar total flavonoid, fenol dan karotenoid Kartika: Jurnal
limiah Farmasi, 5 (2), 38-43.

Qin DP, Li HB., Pang QQ., Huang YX., Pan DB., Su ZZ.,
Yao X].,Yao XS., Xiao W,,Yu Y. (2020). Structurally diver-
se sesquiterpenoids from the aerial parts of Artemisia
annua (Qinghao) and their striking systemically anti-in-
flammatory activities. Bioorganic Chemistry, 103, 104221.

Efferth, T. (2017). From Ancient Herb to Modern Drug:
Artemisia annua and artemisinin for cancer therapy. Se-
minars in Cancer Biology, 46, 65-83.

Ferreira, J.ES., Luthria, D.L., Sasaki, T., Heyerick,A. (2010).
Flavonoids from Artemisia annua L. as antioxidants and

their potential synergism with artemisinin against mala-
ria and cancer. Molecules, 15, 3135-3170.

Fu, C., Yu, P, Wang, M., Qiu, F (2020). Phytochemical
analysis and geographic assessment of flavonoids, cou-
marins and sesquiterpenes in Artemisia annua L. based
on HPLC-DAD quantification and LC-ESI-QTOF-MS/
MS confirmation. Food Chemistry, 15(312), 126070.

Goff, W.L., Johnson, W.C., Molloy, ].B., Jorgensen, W.K,,
Waldron, S.J., Figueroa, ).V, Matthee, O., Adam, D.S,,
McGuire, T.C,, Pino, I. (2008).Validation of a competitive
enzyme-linked immunosorbent assay for detection of

Babesia bigemina antibodies in cattle. Clinical and Vaccine
Immunology, 15(9), 1316-1321.

Hadi, A., Hossein, N., Shirin, P, Najmeh, N., Abolfazl, M.
(2014). Anti-inflammatory and analgesic activities of
Artemisia absinthium and chemical composition of its
essential oil. International Journal of Pharmaceutical Scien-

ces Review and Research, 38,237-244.

He, S.P,Tan, G.Y,, Li, G, Tan, W.M,, Nan, T.G.,Wang, B.M,,
Li, Z.H., Li, Q.X. (2009). Development of a sensitive mo-
noclonal antibody-based enzyme-linked immunosor-
bent assay for the antimalaria active ingredient artemi-

sinin in the Chinese herb Artemisia annua. Analytical and
Bioanalytical Chemistry, 393(4), 1297-1303.

33



34

Volume 54 | Issue 2

Horozi¢, E., Zuki¢, A., Kolarevi¢, L., Bjelosevi¢, D., Ade-
movié, Z., Sari¢-Kundali¢, B., Husejnagi¢, D., Kudumovié,
A., Hamzi¢, S. (2019). Evaluation of antibacterial and an-
tioxidant activity of methanol needle extracts of Larix
decidua Mill,, Picea abies (L.) H. Karst. and Pinus nigra
J. E Arnold. Technics Technologies Education Management,
14(1), 14-19.

Irfan, E., Dilshad, E., Ahmad, F, Almajhdi, EN., Hussa-
in, T, Abdi, G., Waheed, Y. (2024). Phytoconstituents of
Artemisia annua as potential inhibitors of SARS CoV2

main protease: an in silico study. BMC Infectious Disea-
ses, 24(1), 495.

Meng, Y., Ma, N,, Lyu, H., Wong, Y.K,, Zhang, X., Zhu,Y,,
Gao, P, Sun, P, Song, Y,, Lin, L., Wang, J. (2021). Recent
pharmacological advances in the repurposing of artemi-
sinin drugs. Medicinal Research Reviews,41(6),3156-3181.

Mohsen, S.M.,Ammar, A.S.M. (2009).Total phenolic con-
tents and antioxidant activity of corn tassel extracts.
Food Chemistry, 112(3), 595-598.

Olajire, A.A., Azeez, L. (201 ). Total antioxidant activity,
phenolic, flavonoid and ascorbic acid contents of Nige-
rian vegetables. African Journal of Food Science and Tech-
nology, 2(2), 22-29.

Omer, B., Krebs, S., Omer, H., Noor, T. (2007). Steroid-
sparing effect of wormwood (Artemisia absinthium) in
Crohn’s disease: A double-blind placebo-controlled stu-
dy. Phytomedicine, 14(2-3), 87-95.

Septembre-Malaterre, A, Lalarizo Rakoto, M., Marodon,
C., Bedoui, Y., Nakab, J., Simon, E., Hoarau, L., Savriama,
S., Strasberg, D., Guiraud, P, Selambarom, J., Gasque, P.
(2020). Artemisia annua, a traditional plant brought to
light. International Journal of Molecular Sciences, 21(14),
4986.

Singleton, V.L., Orthofer, R., Lamuela-Raventés, R.M.
(1999). Analysis of total phenols and other oxidation
substrates and antioxidants by means of folin-ciocalteu
reagent. Methods in Enzymology, 299, 152-178.

Spigno, G., Tramelli, L., de Faveri, D.M. (2007). Effects of
extraction time, temperature and solvent on concen-
tration and antioxidant activity of grape marc phenolics.
Journal of Food Engineering, 81,200-208.

Sembiring, B., Gusmaini, Nurhayati, H. Kurniasa-
ri, I. (2022). Antioxidant activity of Artemisia (Artemisia
annua) extract on several concentrations and solvents.
IOP Conference Series: Earth and Environmental Science,
974,012119.

Tarig, K.A., Chishti, M.Z., Ahmad, F, Shawl, A.S. (2009).
Anthelmintic activity of extracts of Artemisia absinthium
against ovine nematodes. Veterinary Parasitology, 160(|-
2),83-88.

Thabet, A.A,, Youssef, ES., Korinek, M., Chang, FR., Wu,
Y.C., Chen, B.H., EI-Shazly, M., Singab, A.N.B., Hwang, T.L.
(2018). Study of the anti-allergic and anti-inflammatory
activity of Brachychiton rupestris and Brachychiton disco-
lor leaves (Malvaceae) using in vitro models. BMC Com-
plementary and Alternative Medicine, 18(1), 299.

Tsuchiya, T, Suzuki, O., Igarashi, K. (1996). Protective
effects of chlorogenic acid on paraquat-induced oxida-
tive stress in rats. Bioscience, Biotechnology and Biochemi-
stry, 60(5), 765-768.

Wan, X.L.,Niu,Y,, Zheng, X.C., Huang, Q., Su,W.P, Zhang,
J.F, Zhang, L.L.,Wang,T. (201 6). Antioxidant capacities of
Artemisia annua L. leaves and enzymatically treated Arte-

misia annua L. in vitro and in broilers. Animal Feed Science
and Technology (Part A),221,27-34.

Weathers, PJ., Arsenault, PR., Covello, PS., McMickle, A.,
Teoh, K.H., Reed, D.W. (201 I). Artemisinin production
in Artemisia annua: studies in planta and results of a no-
vel delivery method for treating malaria and other ne-
glected diseases. Phytochemistry Reviews, 10(2), 173-183.



Influence of the Ratio of Water and Organic Solvents on the Antioxidative Activity and Content of Bioactive Components
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SAZETAK

Gorki (Artemisia absinthium L.) i slatki pelin (A. annua L.) tradicionalne su biljne vrste u porodici Asteraceae
(Compositae). Njihova upotreba u tradicionalnoj medicini odavno je poznata jer se Cajevi i tinkture spravljeni
od nijih koriste u lije¢enju bolesti probavnog sistema. U radu je ispitan sadrzaj bioaktivnih komponenti (poli-
fenola i flavonoida) i antioksidativno djelovanje (FRAP i DPPH metodom) navedenih vrsta. Za analizirane vr-
ste pripremljena je serija ekstrakata s odabranim rastvaracima (voda, metanol, etanol i aceton) te smjesama
navedenih organskih rastvaraca s vodom u razli¢itim volumnim omjerima. Rezultati istraZivanja su pokazali
da ekstrakti slatkog pelina imaju viSe bioaktivnih komponenti, a time i izrazenije antioksidativno djelovanje u
odnosu na ekstrakte gorkog pelina. U smislu ucinkovitosti ekstrakcije, najucinkovitijom se pokazala mjesavina
acetona i vode (20:30 v/v). Sto se tice Cistih organskih otapala, najucinkovitija za izolaciju bioaktivnih kompo-
nenti je voda, dok je aceton pokazao najslabiju ekstrakcijsku moé.
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