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Effect of varying ethanol concentrations on the extraction properties and
physiological activity of Artemisia annua L.

Kyeoung Cheol Kim' and Ju-Sung Kim"*

!Major in Plant Resource and Environment, SARI, Jeju National University

Abstract The present study was undertaken to compare the effects exerted by different extraction solvents on the
extraction of active components, such as polyphenols and flavonoids, from the dried leaves of Artemisia annua L.
Different extracts were prepared using a heating mantle. The extraction solvents used were distilled water, and 20, 40, 60,
80, and 99.5% ethanol solution. It was observed that the 40% ethanol solution yielded the most significant results in the
extraction of various phytochemicals with phenol concentration of 154.8+0.28 mg of gallic acid equivalent/g and flavonoid
content of 25.28+0.01 mg quercetin equivalent/g. However, based on the extraction solvent used, varying trends were
observed in the antioxidant, enzyme inhibition, and bacterial inhibition analyses. It was concluded that the extraction
solvent should be selected based on the purpose of use of the dried leaves of A. annua L.
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Table 1. Total phenol and flavonoid contents of various solvent
extracts from Artemisia annua L.

Extract Total phenol Total ﬂavoqoid

(mg GAE/g") (mg QE/g?)

Distilled water 122.02+0.28 14.60+0.13¢
20% Ethanol 144.55+0.69° 21.70+£0.12°
40% Ethanol 154.80+0.28" 25.28+0.01*
60% Ethanol 146.40+0.59" 21.2240.06°
80% Ethanol 135.05+0.71¢ 24.62+0.18"
99.5% Ethanol 95.55+0.37" 20.11£0.51¢

Ymg GAE/g: gallic acid equivalents of extract.

mg QE/g: quercetin equivalents of extract.

Values are means of triplicate determinationtstandard deviation.
Within each column, different letters (a-f) are significantly different at
p<0.05 (Tukey).
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Table 2. RC,, for radical scavenging activity of various solvent extracts from Artemisia annua L.
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Radical scavenging activity (RCy,"), pg/mL

Extract
DPPH Superoxide Nitric oxide Hydroxyl
Distilled water 40.23+0.15% 14.61+0.64° 458.01+05.12¢ 50.69+1.64°
20% Ethanol 40.55+0.18* 9.70+1.07* 420.70+14.26° 42.03£1.01°
40% Ethanol 39.76+0.47 9.40+0.70* 354.95+02.96* 52.08+1.30°
60% Ethanol 48.30+0.57° 21.59+3.76° 370.33+02.40° 53.10+1.69°
80% Ethanol 48.02+0.10° >100° 366.88+02.56" 61.290.82¢
99.5% Ethanol 88.64+0.60° >100° 538.70+38.14° 134.74+6.38°

D RCy,: means is the concentration of extract required for scavenging radical by 50%.

JValues are means of triplicate determinationtstandard deviation. Within each column, different letters (a-e) are significantly different at p<0.05
(Tukey).

Table 3. Values of TEAC, FRAP and ORAC of various solvent extracts from Artemisia annua L.

Extract TEAC"mM TE/g FRAP? mM FE/g ORACYmM TE/g
Distilled water 394.27+9.26%9 765.81+3.32¢ 2,994.85+674.85¢
20% Ethanol 590.76+8.93* 1,367.50+18.32¢ 6,502.67+315.65%
40% Ethanol 584.04+8.72¢ 1,421.05+15.33 6,621.74+22.59
60% Ethanol 581.67+10.86" 1,540.94+11.60° 7,235.39+4.54°
80% Ethanol 498.69+14.67 1,344.67+21.18° 6,411.64+168.87*
99.5% Ethanol 277.00+£9.59 779.45+7.61¢ 3,965.72+253.03¢

"TEAC: trolox equivalent antioxidant capacity values are expressed as mM trolox/g of extract.
JFRAP: ferric reducing antioxidant power values are expressed as mM FeSO,/g of extract.
J0RAC: oxygen radical absorbance capacity values are expressed as mM trolox/g of extract.
“Values are means of triplicate determinationtstandard deviation. Within each column, different letters (a-€) are significantly different at p<0.05

(Tukey).

Table 4. Flavonoid composition of various solvent extracts from Artemisia annua L.

Standard Extract
Distilled water 20% Ethanol 40% Ethanol 60% Ethanol 80% Ethanol 99.5% Ethanol
Rutin 0.783" 1.117 5452 7.882 0.079 0.113
Taxifolin 0.108 0.142 1275 3.22 0.011 0.015
Narirutin 1.551 3.427 2.395 1.869 0.157 0.361
Hesperidin 5.235 13.125 15514 6.824 0.527 1.387
Neohesperidin 0.163 0.717 N.D? N.D 0.017 0.075
Myricetin 0.331 0.936 7.335 11.972 0.035 0.098
Quercetin 0.006 0.027 0.105 0.162 0.001 0.002
Luteolin N.D 0.094 N.D N.D N.D 0.012
Naringenin N.D 0.039 0.789 0.381 N.D 0.004
Kaempferol N.D N.D N.D 0.202 N.D N.D
Isorhamnetin N.D 0.108 1.247 0.579 N.D 0.009
Nobiletin 1.214 4.619 6.551 17.552 0.121 0.499
Tangeretin N.D 0.184 0.351 0.035 N.D 0.022

"Values are means of triplicate determination.
?N.D: not detected.
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Fig. 1. Bacterial growth inhibition activities of various solvent extracts from Artemisia annua L. The growth curve (A) Bacillus cereus, (B)
Micrococcus luteus, (C) Staphylococcus epidemidis, (D) Staphylococcus aureus subsp. aureus, (E) Pseudomonas aeruginosa, (F) Escherichia
coli and (G) Klebsiella pneumoniae subsp. pneumoniae. The values are indicated as means of three independent experiments.
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Fig. 2. a-Glucosidase inhibition activities of various solvent extracts from Artemisia annua L. with acarbose as positive control. The
values are indicated as means+standard deviation of three independent experiments. Means with different letters (a-f) are significantly different

(p<0.05).
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Fig. 3. Inhibitory effect of elastase (A) and tyrosinase (B) activity of various solvent extracts from Artemisia annua L. at 1 mg/mL. As a
positive control, the concentrations of ursolic acid and arbutin are 200 pg/mL and 250 pg/mL, respectively. The values are indicated as
meanststandard deviation of three independent experiments. Means with different letters (a-e) are significantly different (p<0.05). OEE; distilled
water extract, 20EE; 20% ethanol extract, 40EE; 40% ethanol extract, 60EE; 60% ethanol extract, 80EE; 80% ethanol extract, 99.5EE; 99.5%

ethanol extract.
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