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Component composition of Achillea micrantha essential oil  

and its biological activity 

Data on study of the component composition and biological activity of the essential oil of Achillea micrantha 

Willd. (Asteraceae family) are presented in this article. The raw materials for the researching were collected 

at the territory of the Republic of Kazakhstan, Karaganda region during the flowering period. Essential oil of 

plant by hydrodistillation was obtained, the yield is 0.22 %. The component composition of essential oil was 

studied using GC/MS Clarus-SQ 8 (PerkinElmer). Antimicrobial, antifungal, antimalarial, cytotoxic, anti-

radical and anti-tuberculosis activities of essential oil were studied. Antibacterial and antifungal activity were 

identified using the strain of 5 human-pathogenic bacteria (Staphylococcus aureus, St. aureus (MRSa), Esch-

erichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) and 5 fungi (Candida albicans, 

C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans). Antimalarial activity of the sample 

was tested for its ability to inhibit Plasmodium falciparum of protozoa. Cytotoxic activity carried out using 

test on larvae of Artemia salina. Determination of antiradical activity of essential oil was performed against 

2,2-diphenyl-1-picrylhydrazyl (DPPH), as a reagent for comparison, gallic acid (GA) and butylhydroxy-

anisole (BHA). The tuberculosis activity of essential oil was determined on Mycobacterium tuberculosis 

H37Rv sensitive to all five first-line antituberculosis drugs (streptomycin, isoniazid, rifampicin, ethambutol 

and pirazinamide). As a result of research it was established that A. micrantha Willd essential oil doesn't pos-

sess or shows low degree of the above types of activity, shows lethal toxicity concerning Artemia salina lar-

vae of crustaceans in all tested concentration (1–10 mg/ml). 

Key words: Achillea micrantha, essential oil, GC/MS, antimicrobial, antifungal, antimalarial, cytotoxic, anti-

radical and anti-tuberculosis activities, Artemia salina, DPPH. 

 

Introduction 

The development of modern industry and rapid population growth in the coming years, puts the prob-

lem of finding new renewable resources: sources of power, biofuels, agricultural and medical products, cos-

metics and personal care products; which will undoubtedly lead to increased interest in plant resources, on 

which you can obtain high-purity (quality) and biologically safe products. 

Essential oils (EOs) are homogeneous mixtures of organic chemical compounds from the same chemi-

cal family; they are composed by terpenoids, especially monoterpenes and sesquiterpenes. Nevertheless, low 

molecular weight aliphatic compounds, acyclic esters or lactones may be present. 

EOs of plants has been used traditionally for numerous applications in health-related areas, and in foods 

and commercial uses [1, 2]. In most medical applications the oils were applied directly to the skin, although 

the potential cytotoxicity of EOs precluded internal consumption [3]. This problem could, at least in theory, 

be avoided by inhalation of the vapors of EOs, as practiced in aromatherapy. Furthermore in many traditional 

remedies for colds and respiratory disorders, formulations often included plant EOs to provide relief through 

inhalation of the vapors [3]. 
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Figure 2. The «Alpha Midi» apparatus 

As shown in Table 1 the volatile composition of A. micrantha contains 1,8-cineole — 24.4 %, cam-

phor — 12.4 %, camphene — 7,0 %, !-pinene — 5.7 %, sabinene — 5,5 %, o-cymol — 3.9 % and 

4-terpineol — 2.8 % as main components. 

T a b l e  1  

Component composition of essential oil of A. micrantha 

RT Compound Content, % RT Compound Content, % 

4,55 Hexanal 0,3 23,117 Limona ketone 0,2 

9,312 Santolina triene 0,7 23,305 cis-2-Menthenol 0,2 

9,95 Cyclene 0,4 23,998 Camphor 12,4 

10,314 "-Thujene 1,4 24,255 cis-Pinocarveol 0,3 

10,647  -Pinene 5,7 25,443 Pinocarvone 0,3 

11,308 Camphene 7,0 26,478 endo-Borneol 2,3 

12,823 Sabinene 5,5 26,786 cis-Chrysanthenol 0,3 

12,944 "-Pinene 2,3 27,659 4-Terpineol 2,8 

13,634 2,3-Dehydro-1,8-cineole 0,2 28,631 Terpineol 1,2 

14,191 "-Myrcene 0,5 29,156 Myrtenol 0,2 

14,797 !-Phellandrene 0,2 32,939 Piperitone 0,3 

15,718 !-Terpinene 1,9 36,868 Bornyl acetate  0,3 

15,963 o-Cymol 3,9 44,319 Cyclosativene 0,7 

16,514 1.8-Cineole 24,4 45,298 Copaene 1,6 

16,642 Limonene 0,9 45,746 "-Bourbonene 0,2 

18,245 cis-"- Ocimene 0,5 48,307 Caryophyllene 0,3 

18,81  -Terpinene 2,7 53,032 D-Germacrene 1,1 

18,964 cis-Sabinene hydrate 0,7 54,21  -Gurjunene 0,2 

21,059 !-Terpinolene 0,6 55,582  -Cadinene 0,2 

21,228 trans-Sabinene hydrate 0,5 56,521 !-Cadinene 0,6 

22,292 !-Thujone 0,2 61,665 Copaborneol 0,9 

22,472 
2-Methylbutanoic acid  

2-methylbutyl ester 
0,2 64,655 "-Eudesmol 0,6 

TOTAL 87,6 

 

Data on studying of anti-malarial activity of essential oil (Table 2) was obtained for the first time. An-

timalarial activity of the sample was tested for its ability to inhibit chloroquine-susceptible (D6) and/or 
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chloroquine-resistant (W2) Plasmodium falciparum of protozoa. The sample was tested twice in the first 

strains of P. falciparum D6. Percent inhibition (% Inh.) was counted in relation to the negative and positive 

control. Samples that showed # 50 % inhibition sent to a secondary screening. 

In the secondary screening, samples were dissolved in 20 mg/ml and tested for 47600, 15867 and 

5289 ng/ml, and IC50s (test concentration in ng/ml, which gives 50 % inhibition of relatively simple nega-

tive and positive controls) and were performed in comparison with both D6 and W2 of strains. Samples were 

dissolved in 2 mg/ml and tested for 4760, 1587 and 529 ng/ml, and IC50s against both D6 and W2 strains. In 

addition to a strain of P. falciparum, the samples are tested in a mammalian cell line VERO, as an indicator 

of general overall cytotoxicity. Selectivity index (SI) — the ratio of VERO IC50 for D6 or W2 IC50 — was 

calculated. As a positive control were used antimalarial chloroquine and artemisinin. 

T a b l e  2  

Data on the antimalarial activity of essential oil (primary screening) 

The name of a plant — a source of essential oil P. falciparum D6 % Inh. 

A. micrantha 20 

 

Primary screening showed that A. micrantha essential oil doesn't possess anti-malarial activity. Data on 

studying antimicrobial and anti-fungal activity of essential oil was obtained. The antimicrobial activity of 

essential oil was tested samples by their ability to inhibit growth a strain from 5 bacteria and 5 fungi which 

are pathogenic for the humans (Table 3). 

T a b l e  3  

Strains from 5 bacteria and 5 fungi which are pathogenic for the humans 

Bacteria Fungus 

Staphylococcus aureus Candida albicans 

Methicillin-resistant Staphylococcus aureus (MRSA) Candida glabrata 

Escherichia coli Candida krusei 

Pseudomonas aeruginosa Aspergillus fumigatus 

Mycobacterium intracellulare Cryptococcus neoformans 

 

In the beginning tested in primary screening for 50 µg/ml twice and growth inhibition percent (% Ing.) 

was calculated in relation to negative and positive control. Essential oil showing #50 % of inhibition directed 

to secondary screening. 

In secondary screening samples dissolved in 20 mg/ml and checked at 50, 10 and 2 µg/ml and IC50s 

against all 10 strains of microorganisms. Samples dissolved in 2 mg/ml and carried out tests for 20, 4, 

0.8 µg/ml and IC50s against all 10 strains of microorganisms. 7 µg/ml on secondary screening directed pure 

connections which have IC50 $ on tertiary screening. 

The secondary screening samples were dissolved in 20 mg/ml and tested at 50, 10 and 2 %g/ml and 

IC50s against all 10 strains of microorganisms. Samples were dissolved in 2 mg/ml, and the test was con-

ducted by 20, 4, 0.8 ug/ml and IC50s against all 10 strains of microorganisms. The antifungal agent — am-

photericin B was used as a control, and as an antibacterial — ciprofloxacin. The results of primary screening 

showed low antimicrobial and antifungal activity of essential oil of A. micrantha (Table 4). 

T a b l e  4  

Data on antimicrobial and anti-fungal activity of essential oil of A. micrantha (primary screening) 

The name of a plant — 

a source of essential oil 

and a comparison prep-

aration/ strains 

C. albi-
cans  

% Inh. 

C. gla-
brata  

% Inh. 

C. kru-
sei  

% Inh. 

A. fumi-
gatus 

% Inh. 

C. neo-
formans 

% Inh. 

S. au-
reus 

% Inh. 

MRSA 

% Inh. 

E. coli  

% Inh. 

P. aeru-
ginosa 

% Inh. 

M.Intrac
ellulare 

% Inh. 

Amphotericin B  98 98 97 99 98 ND ND ND ND ND 

Ciprofloxacin ND ND ND ND ND 93 99 100 95 76 

A. micrantha 2 2 0 0 10 0 2 1 3 1 
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Determination of antiradical activity of essential oil. Studies antiradical activity of essential oil was per-

formed with respect 2,2-diphenyl-1-picrylhydrazyl radical (DPPH). Absorbance analytes dependent on the 

concentration measured on a spectrophotometer Cary 60 UV-Vis at 520 nm wavelength. Antiradical activity 

of essential oil, we compared with gallic acid (GC) and butylhydroxyanisole (BHA). The values of antiradi-

cal activity (ARA) were calculated using the formula shown below: 

 &R& (%) = (A0 – At)/A0 × 100 %. 

Here A0 — optical density control; At — the optical density of the working sample [12]. 

DPPH molecule forms a free radical that is stable in the different environments and wide temperature 

range, due to the maximum freedom of the electron delocalization over the entire molecule and spatial 

shielding atoms bearing the greatest spin density as well as the lack of hydrogen atoms in the positions where 

the isomerization may occur or disproportionation. In addition, delocalization is causing intense violet color 

of this radical in the aqueous-alcoholic media, the interaction with the antioxidant, capable of donating a pro-

ton, there is a restoration of the radical, resulting in the violet color turns into yellow. 

The experimental data show that the essential oil of A. micrantha showed middle antiradical activity 

(Tables 5, 6). 

T a b l e 5  

Change of optical density from concentration 

No Sample 

Values of optical density  

depending on concentration (mg/ml) 

0,1 0,25 0,5 0,75 1,0 

1 '(& 0,1278 0,1240 0,1260 0,1250 0,1240 

2 A. micrantha Willd. 0,2686 0,3038 0,3194 0,3021 0,4537 

 

T a b l e  6  

Antiradical activity of essential oil in different concentrations (%) 

No Sample 
The concentrations of essential oil (mg/ml) 

0,1 0,25 0,5 0,75 1,0 

1 '(& 80,0 80,7 80,3 80,5 80,7 

2 A. micrantha Willd. 49,41 42,78 39,83 43,09 14,55 

 

Determination of the cytotoxic activity of essential oil was carried out for the first time. 

Separating funnel filled with 55 ml of artificial sea water and 200 mg of eggs Artemia salina. Allowed 

standing for 3 days at the air supply until soft crustaceans gave the egg. One side of the tube covered with 

aluminum foil and 5 minutes later, the larvae that are going on the bright side of the funnel, removed Pasteur 

pipette. 

20–40 larvae were placed in 990 %l of seawater into each of the 24 micro titer plates. Dead larvae were 

counted under a microscope. Added 10 %l of dimethylsulfoxide solution of 10 mg/ml sample. As a compari-

son, the drug actinomycin D or staurosporine. For a negative control 10 %l was added only DMSO. After 

24 h of incubation and further maintaining micro titer plates for 24 hours (to ensure immobility) counts the 

dead larvae under the microscope. 

Mortality P determined by the following formula: 

 P = (A – N – B)/Z × 100 %. 

Here A — amount of dead larvae after 24 h; N — amount of larvae died before the test; B — the average 

amount of larvae died in a negative control; Z — the total amount of larvae [13]. 

Results of the study the cytotoxic activity of essential oils are shown in Table 7. 

Based on this experiment it can be assumed that the essential oil of A. micrantha in all concentrations 

tested exhibit acute lethal toxicity — all larvae are died. 
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T a b l e  7  

The cytotoxic activity of essential oils of A. micrantha 

Parallel 

The amount  

of larvae in the 

control 

The amount of larvae  

in a sample 
The amount 

of surviving 

larvae in the 

control, % 

The amount  

of surviving 

larvae  

in sample, % 

Mortali-

ty, P, % 

The percentage 

of neurotoxici-

ty, % survi-

vors 
died 

survi-

vors 
died paralyzed

10 mg/ml 

1 22 0 0 23 0 

96 0 96 0 
2 25 1 0 26 0 

3 24 2 0 26 0 

Medium 24 1 0 25 0 

5 mg/ml 

1 22 0 0 29 0 

96 0 96 0 
2 25 1 0 23 0 

3 24 2 0 25 0 

Medium 24 1 0 26 0 

1 mg/ml 

1 22 0 0 25 0 

96 0 96 0 
2 25 1 0 22 0 

3 24 2 0 20 0 

Medium 24 1 0 22 0 

 

Also essential oil A. micrantha was tested for activity against aerobic microorganisms, mycobacterium, 

and yeast according to [14–18] for the first time. It is found that the essential oil of A. micrantha has no ac-

tivity against aerobic microorganisms, mycobacterium (anti-tuberculosis), yeast and mold. 

Conclusions 

Thus, during the researches the chemical composition of A. micrantha Willd. essential oil was deter-

mined. It is found that the composition of the essential oil is dominated by the following substances: 

1,8-cineole — 24.4 %, camphor — 12.4 %, camphene — 7.0 %, !-pinene — 5.7 %, sabinene — 5.5 %, 

o-cymol — 3.9 % and 4-terpineol — 2.8 %. Flowers essential oil of A. micrantha from Iran [6] were charac-

terized by higher amounts of binapacryle — 83.6 %, 1,8-cineol — 3.8 % and !-selinene — 4.5 %. 

It is experimentally proved that the essential oil of A. micrantha Willd. does not possess antimicrobial, 

anti-tuberculosis, antifungal, antimalarial activity. The experimental data show that the essential oil of 

A. micrantha showed middle antiradical activity. The essential oil of A. micrantha from Iran [6] had more 

antioxidant activity with (IC50 0.184±0.0475 µg/ml in dry weight in same method). It was determined that 

the essential oil A. micrantha Willd. had a high cytotoxic activity. 

Investigations of anti-tuberculosis, antifungal, antimalarial and cytotoxic activity were carried out for 

the first time. 
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34). ,)(* 5#,6,7#86(1 5.69.):06070 

*5C5-5D5 Achillea micrantha Willd. (9,>D.-EF,-DE-.> 6GCH0D5 6HIH) J E0DEFE KLB> 05/H1HM 

9:0N:1.166E9 CG>50H OP1. 4B:-:FBQ-HC 4.- .1DE-EFE 4:/H1<5 0P-E0.66.> 9.-6E>E-F.1. R.>66.=F. 

5-H1I51 J E0DE9 <B9ES56H T5S5C 651 U. N=4-B95 H1HM T5>5I51DH 5/05IH1D5 F,-D.= 9.S.ME1D. 

OB15-I51. V E0DE96EM KLB> 05/H  =-H DB 6B--QWBQ PDE E0.1 5-H1DH, <HIH0H 0,22 %-DH CG>5DH. 

@LB> 05/H1HM 9:0N:1.166E9 CG>50H Clarus-SQ 8 (PerkinElmer) 05  - N.96>:0.6>BQ-HC D.6.96:>-H 

F5SDHC X>:056:F>5L 5 N54H 9J0.FE0.1 51HC65-DH. @LB> 05/H1HM 0B9>:465>I5, S.MF., 4.SF.99. 

C5> H, WB6:=H66H-HC, >5DB95-D5>I5 OP1. 6=4.>9=-.SF. C5> H 4.- .1DE-E9 6,>-.>E S.>66.-DE. 

*B9>:4C5 OP1. S.MF. C5> H 4.- .1DE-E96.> 5D50 ,<E1 C5=EN6E  515-56H1 5 4596.>BQ (Staphylococcus 

aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium intracellulare) OP1. 

5 S.M (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus neoformans) 

<6500D5>H1 N5/D5-51= 5>CH-H 51HC65-DH. 8.SF.99. C5> H 4.- .1DE-E9 Plasmodium falciparum D6 

C5>5N5/H0D5>H1 45 = C54E-.6E 4:/H1<5 S.>66.-DE. YB6:6:9 B95-HC 4.- .1DE-E9 Artemia salina 

D.>1P E-D.>E1. C56H 6H  H15C 4:/H1<5 51HC65-DH. @LB> 05/H1HM >5DB95-I5 C5> H 4.- .1DE-EFE 2,2-

DBL.1B--1-NB9>B-FBD>5SB- S56H15 C56H 6H S.>66.-DE,  5-H 6H>= >.5F.16E >.6E1D. F5-- CH<CH-H 

OP1. 4=6B-FBD>:9 B51BS:- C:-D51H-DH. @LB> 05/H1HM 6=4.>9=-.SF. C5> H 4.- .1DE-EFE 4E>E1<E 

C565>D5IH 45>-HC 4.  N>.N5>56 ( 6>.N6:0BWB1, BS:1B5SBD, >BL50NBWB1, K6504=6:- OP1. 

NB>5SB150BD) 4:/H1<5  .SE065-  515-56H1 H37Rv 6=4.>9=-.S 0B9:4596.>BQ H15 C56H 6H S.>66.-DE. 

R.>66.= 1P6BO. E1D. !. micrantha Willd KLB> 05/H1HM O:I5>HD5 9.-6E>E-F.1 4.- .1DE-E9 6,>-.>E1 

9J> .6N./6E1DEFE 1.0. . 6J0.1 DP>.O.D. 9J> .6.6E1DEFE 51HC65-DH. @LB> 05/H Artemia salina 

D.>1P E-D.>E1. C56H 6H 45>-HC  H15-I51 9:1W.16>5WBQ 0P1D.>E1D. (1–10 0F/0-) O:I5>H =-H-HC 

9J> .6.DE. 
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Component composition of Achillea micrantha … 

 !"#$ «%#&#$». ' 1(81)/2016 15 

).*.+=-./0.1, 2.&.34565.7, 2.8.3 959:75, *.;.3<0=>56:75, ?.@.A.*5>6B1  

;,%-,).)/)(' 9,9/&< !"#$),7, %&96& Achillea micrantha  

# .7, 5#,6,7#=.9+&8 &+/#<),9/> 

'  656Z. N>B7.D.1H D511H. N: B  -.D:751B[ 9:0N:1.161:F:  : 6575 B 4B:-:FB\. 9:/ 596B71: 6B 

KLB>1:F: 05 -5 Achillea micrantha Willd. ( .0./ 67:  -:O1:W7.61HX). U5 6B6.-Z1:.  H>Z. D-Q B  -.-

D:751BQ 4H-:  :4>51: 7 ?5>5F51DB1 9:/ :4-5 6B 7 N.>B:D W7.6.1BQ. @LB>1:. 05 -: >5 6.1BQ 4H-: 

N:-=\.1:   N:0:]Z[ 0.6:D5 FBD>:DB 6B--QWBB, 7HX:D  : 657B- 0,22 %. ?:0N:1.161H/  : 657 KLB>-

1:F: 05 -5 BS=\.1   N:0:]Z[ F5S:7:F: X>:056:F>5L5   05  - N.96>:0.6>B\. 9B0 D.6.96:>:0 Clarus-

SQ 8 (PerkinElmer). 3S=\.1H 516B0B9>:415Q, N>:6B7:F>B49:75Q, N>:6B7:05-Q>B/15Q, WB6:6:9 B\.-

 95Q, 516B>5DB95-Z15Q B N>:6B7:6=4.>9=-.S15Q 596B71: 6B KLB>1:F: 05 -5. &16B0B9>:415Q B 516B-

F>B49:75Q 596B71: 6Z 4H-5 :N>.D.-.15   B N:-ZS:751B.0 <6500:7 N56:F.11HX D-Q \.-:7.95 5 4596.-

>B/ (Staphylococcus aureus, St. aureus (MRSa), Escherichia coli, Pseudomonas aeruginosa, Mycobacterium 

intracellulare) B 5 F>B4:7 (Candida albicans, C. glabrata, C. krusei, Aspergillus fumigates, Cryptococcus 

neoformans). &16B05-Q>B/15Q 596B71: 6Z :4>5SW:7 4H-5 :N>.D.-.15 N: BX 596B71: 6B 9 B1FB4B>:75-

1B[ N>: 6./<BX Plasmodium falciparum D6. YB6:6:9 B\. 95Q 596B71: 6Z N>:7.D.15   B N:-ZS:751B.0 

6. 65 15 -B\B195X >5\9:7 Artemia salina. ^N>.D.-.1B. 516B>5DB95-Z1:/ 596B71: 6B KLB>1:F: 05 -5 

N>:7:DB-B N: :61:<.1B[ 9 2,2-DBL.1B--1-NB9>B-FBD>5SB-=, 7 95\. 67. >.5F.165 D-Q  >571.1BQ B -

N:-ZS:75-B F5--:7=[ 9B -:6= B 4=6B-FBD>:9 B51BS:-. _=4.>9=-.S15Q 596B71: 6Z KLB>1:F: 05 -5 4H-

-5 :N>.D.-.15 15 0B9:4596.>BB 6=4.>9=-.S5 H37Rv, 9:6:>H/ \=7 67B6.-.1 D-Q 7 .X NQ6B 6=4.>9=-.S-

1HX N>.N5>56:7 N.>7:F: >QD5 ( 6>.N6:0BWB1, BS:1B5SBD, >BL50NBWB1, K6504=6:- B NB>5SB150BD). 

' >.S=-Z656. B  -.D:751BQ = 651:7-.1:, \6: KLB>1:. 05 -: !. micrantha Willd. 1. :4-5D5.6 B-B :4-5-

D5.6 1BS9:/  6.N.1Z[ N>B7.D.11HX 7H<. 7BD:7 596B71: 6B, N>:Q7-Q.6 -.65-Z1=[ 6:9 B\1: 6Z 7 :6-

1:<.1BB -B\B1:9 Artemia salina 7: 7 .X B NH6511HX 9:1W.16>5WBQX (1–10 0F/0-). 
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