Iranian Journal of Field Crop Science Al elyy oylE
Vol 52, No 3, Autum 2021 (41-53) o :;c )f o P"h
DOI: 10.22059/ijfes.2019277841.654593 (FA-0F ) V- e 5sly 5o Y 85

Ol gl Ao >195 4 3hxio (Achillea spp.) O1)dkgs SBLGT I S 9 pilwl o lowbighd £oi5 (w)yy

i@)ﬁ’ g,.ll&h 9 5r65ﬁ Lo yowxo cr*wlﬁc La}glc c‘u'olgé 4gl!
sd',@}' NESHN N chﬁ} 6})3\3&5 Bty GQULJ C}L&‘J ¢~9|)J' e‘gjf ‘:h'.wl‘g )\.:..‘;Sb “_;,:Sa 4;>_,J ui;'b %}Q—Y’JYJ\
Oldes o950 DS Slhdow o (dd,yl wlid s —¢ N
OYAA/YA 13 0y g6 — AWAANAS el s k)

°

o

QUBL_S/ C\a HESKY BE ;blﬂ‘ alises &L;.ﬂ}v ‘;>|‘,3 j‘ % 6)3]@.? be\.o}: e\zs/ el 45; \o ‘_;UAJ.L.
uu'_,f 2 Jeol bl ol g C}J alsl 55 9 s adls (\FAV-1YAR e, Jle) Oloea PEELL
d8-cineol <) poas (do)n Vo 51 i Glol3 L) LB SlS 5 5 ad 5,18 cdale YV auS
RTINS ! Jf nerolidol y Terpineol dinalool (germacrene-D «camphor .artemesia ketone artemesia alcohol
A. nobilis 3 A. filipendula . A. biberstinii A. eriophora A. alepica s\aa ‘,f 3 1,8-Cineole )y R
ol 53 eomen (L5 g 1) camphor [lake p 2l gl4l> 35 A eriophora 3 A. alepica S 95 ol Cawddy
9 A b S jau A wilhelmsii g A. tenuifolia 445 95 53 Germacrene D Ao ), a3le 5 589§l g s
A SlS 5 5wl Casty Sl plio VA (alS 1w Al e s dE 5,18 deoys EV/0F 5 EY/N4
3 5 trans-Nerolidol (Sabinol (Germacrene D (Eucalyptol (Chamazulene (Cubenol (Camphor &) s
@ P @L‘:; @ g b oped,ys s di)‘}f 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- <olg
2 i AU 5 dn b pleed b slaesls 4 am g b addllae 5,50 45 V0 eled PCA 5 S
U"';L"'" &w b...:SJS Cj B QJL&J 4S sy QLS é.:a:d' "ﬁ‘ @L‘.’S ‘L'.'i\.@a' ..\J;'é; )‘} b‘?.u 6‘9; )LG.':-‘, A
‘-}ALQF YL«.’J—‘" K) ""j Loy ‘jﬁ-; K) ..\..f»':) alises J"J‘ castUae S0 43; tjs ﬁ.EJ &LA)}ISU’ “ ui}‘)éu‘”
b 168 o g5 Olpl g Olpslegy ilibes S S G 53 aScpl 5 3ol (Ko Uil 5 (ol
AL OS5 S p s Sl aarg byl sz 4l slad gl glgl Mg Blad 51 oYL

ged do g ) o o 55 51 (G OlF (o conlial (ol p 0,00 oS 5 g 5 Se At (pl ply ke

Evaluation of phytochemical variation in the essential oils of
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ABSTRACT

Seeds of 10 different species of the Yarrow (Achillea spp.) from different geographically regions of Iran
were planted in the greenhouse of medicinal garden of Hamedan (2017-2018), and subsequently
phytochemical variation of the essential oils of each individual species collected before and after
flowering were assessed using GS-MS. Before flowering, 27 metabolites were detected, among which
1,8-cineol, artemesia alcohol, artemesia ketone, camphor, germacrene-D, linalool, Terpineol and nerolidol
were the superior. The maximum amounts of 1,8-cineol was observed in A. alepica, A. eriophora, A.
biberstinii, A. filipendula, and A. nobilis, while both A. alepica and A. eriophora contained the highest
amounts of camphor. Meanwhile, the maximum amounts of Germacrene D were acquired in A. tenuifolia
(43.19%) and A. wilhelmsii (47.03%). Upon flowering, 78 metabolites were detected, among which
Cubenol, Eucalyptol, Camphor, germacrene-D, sabinol, trans-Nerolidol, Chamazulene, Chamazulene, and
2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis- were the superiors. Based on cluster analysis and
PCA constructed by the metabolite data of before and after flowering, all the 10 species of the genus
Achillea were reslgectively grouped into three and four distinguished categories. Lastly, the results
indicated that both quantity and quality of chemical composition of yarrow essential oils could be
influenced by studied species, various growth and development stages, genetic background and possibly
geographical/climatological factors, and that there is an acceptable phytochemical variation among them.
Keywords: Achillea, essential oils, phytochemical variation, secondary metabolites, yarrow.
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Table 1. Characteristics of 10 species of Achillea and their sampling sites

No Sample ID Species Sampling place
1 31050 A. alepica Lorestan

2 31051 A. biebersteinii Lorestan

3 34000 A. eriophora Yazd

4 30231 A. filipendula Ardebil

5 42022 A. millefolium Qom

6 27023 A. nobilis Guilan

7 43384 A. santolina Karaj

8 39374 A. tenuifolia Qazvin

9 40051 A. vermicularis Tehran

10 39899 A. wilhelmsii Markazi
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Table 2. The percentage of the identified compounds in the essential oil (EO) of 10 species of
Achillea spp., before flowering.
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NO. components RT g & g S R g s S =
g S |5 g g 5 s = g
T 0§ |2 |2 | F|C s i s
1 1,8-cineol 646 | 2145 12 16 | 215 | 2064 | 34.05 125 18.55 7.98
0. pinene 408 5.09 0.9 0 1.57 748 0 0.82 048
3 artemesia 725 12.53 0 0 8.58 0 0 0 0 0.37
alcohol
4 artemesia 6.89 2.72 0 0 151 0 0 0 0 0.66
ketone 4
5 camphor 826 | 2498 0 22 2%8 0 0 0 1.04 3.95
6 camphene 5.23 0 0 0 3.01 2.5 0 0 0 0
7 Caryophyllene | 1o 0 0 0 0 0 0 437 5.14 0
oxide
8 cermacrene-D | 12.88 | 051 079 | 727 0 479 7.56 0 7.76 43.19
9 Isoborneol 8.57 0.87 0 0 0 0 0 281 0.76 0
10 Tinalool 75 4.4 0 0 1.16 0 0 13.17 0.83 0
11 limonene 6.42 0 125 | 132 0 0 338 0 0 0
12 sabinene 557 1.73 0 0 1.19 0 3.03 0 0 0.2
13 Terpineol 7.63 0.85 041 | 0.79 | 061 0 0 11.03 1.13 0.71
14 phytol 1947 | 039 269 | 541 | 0.18 | 1.64 1.14 2.08 231 0
15 pinocarvone 8.51 1.78 0 0 1.81 1.24 0 0 0 043
16 spathulenol 14.1 0.45 0 371 0 0 3 0 8 6.83
17 | yomogi alcohol | 5.94 1.09 0 0 2.93 0 0 0 0 0.28
18 Aristolene 14.06 0 0 0 0 0 0 0 1.1 0.63
epoxide
jo | isoaromadendr |, 0 1.11 0 0 0 0 0 0 0.54
ene-eoxide
20 nerolidol 13.78 0 16.89 0 027 0 0 0 1.08 0
21 caryophyllene | 12.09 0 0 139 | 1.1 0 1.72 0 0 0
22 copaene 11.48 0 0 2.17 0 0 0 0 0.37 0
23 docosane 21.03 0 0 0.92 | 0.08 0 0 0 0.25 0
24 clemene 10.94 0 0 0.7 0 0 0 0 0.86 5.82
25 clemene 13.07 0 0 425 | 0.12 0 0 0 0 10.03
Di-n-octyl
26 Dhtbalate 23.19 0 0 0 0.11 0 0 0 1.23 0
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Table 3. The percentage of the identified compounds in the essential oil (EO) of 10 species of
Achillea genus

an N N N < N
A e e T s
No. Components z 5 g s N 5 g g g 3 2
° S | % g S s e | % |5 = N
1 1-Heptadecanol 1933 | 047 0 0 0 0 0.26 0 0.2 0 0.17
2 4-Terpineol 871 | 2.67 | 344 | 261 0.17 | 3.57 0 39 415 137 | 152
2-Cyclohexen-1-ol,
3 1-methyl-4-(1- 7.87 0 11.18 | 9.29 0 0 0 241 0 045 0
methylethyl)-, cis-
2-Isopropenyl-5-
4 methyhondonal | 184 0 0 1.89 0 0 0 038 | 028 0 0
8-
5| Camphenemethanol | 130 0 0 0 0 023 | 031 | 034 | 074 0 0
4-Isopropyl-1-
6 methyl-2- 8.18 0 0 0 0 0 0 224 | 111 0.44 0
cyclohexen-1-ol
7 | Artemesia alcohol | 7.12 | 042 | 023 | 021 031 | 164 | 1.02 0 0.54 0 0
8 Artemisia ketone | 6.79 0 388 15 145 | 3.03 0 0 582 0 0
9 Aristolene epoxide 14 0 2.29 2.23 0 0 0 041 0 0 0
10 Aristolene 14.2 0 075 | 0.84 0 0 013 | 1.04 0 0 0
epoxide(isomer)
11 Aromadendrene 14.9 0 0.42 0 0 014 | 0.16 | 053 0 0 0
oxide-(1)
12 Aromadendrene 16 0 1.01 0 0 021 | 006 | 0.79 0 0.46 0
oxide-(2)
13 Borneol 86 | 115 | 245 | 214 | 025 | 196 | 095 | 243 13 153 | 521
14 Bornyl acetate 10.2 0 066 | 063 | 008 0 0 027 | 0.14 0 343
15 Camphene 514 | 044 | 069 | 058 | 044 | 158 | 226 | 048 | 153 | 0.88 0
16 Campholenal 79 | 05 0 0 0 04 | 045 0 0 0 0.57
17 Camphor 822 | 235 4 324 | 231 | 14.06 | 15.15 | 1548 | 1848 | 0.69 0
18 Caryophyllene 121 | 04 0 0.36 137 | 037 | 036 | 031 0 0 0
19 Carygfilziye”e"e 141 | 147 | 326 | 045 | 049 | 131 | 083 | 024 | 539 | 343 0
20 C‘S'9'HZ’$§"°6“°‘° 17 | 075 0 0 0 13 06 | 027 | 184 0 0
21 Cadinene 13.3 0 072 | 081 0 0 024 | 031 0 0.29 0
22 Cadinol 14.9 0 209 | 143 0 0 0.28 0 0 0.94 0
23 Copaene 115 0 052 | 028 0 0 0 0 0 0.8 0
24 Cubenol 14.4 0 049 | 06 045 | 025 0 0 0 0 12.81
25 Chamazulene 15.9 0 0 0 5578 | 0.63 | 0.06 0 0 0 0
26 Chrysanthenone 7.82 0 0 0 0 1.19 0 1.59 6.67 0 0
27 Cedren-13-ol, 8- 152 0 0 0 0 0 0 021 0 023 | 9.53
28 Chrysanthenyl 9.76 0 0 0 0 0 0 0.8 1.2 0 0.26
Acetate
29 | Dibutyl phthalate | 18.1 0 0 0 0 033 | 007 0 0 0 031
30 | Din-octyl phthalate | 24 0 0 0 0 007 | 004 | 004 | 004 | 006 | 007
3] Elemene 13 | 061 17 163 | 099 | 027 | 0.87 | 021 0.07 112 | 065
32 Eucalyptol 643 | 48.01 0 0.8 363 | 1949 | 12.54 | 959 | 2426 | 9.77 0
33 Elemol 13.7 0 0.16 0 0 0 0 077 | 025 0 0
Y Jguz aalsl
34 Eudesmol 14.7 0 1.81 | 2.03 0 0.79 0 226 | 1.19 0 0
35 Germacrene D 128 | 029 | 1171 | 11.09 | 275 | 2.17 | 196 | 3.97 0.6 744 | 1.64
36 Farnesene 124 0 0 0.25 0 0 007 | 023 0 0 0
37 Filifolone 747 0 0 0 0 0 0 115 | 244 | 044 0
38 Heptacosane 235 0 0 0.46 0 0 0 0 0.15 | 061 | 023
39 Himachalene 2.5 0 0 0.13 | 061 0 0 067 | 047 151 | 758
40 Hedycaryol 13.7 0 0 0 0.45 0 0.3 0 0 0 0
41 Hexacosane 235 0 0 0 0 043 | 033 | 022 | 002 | 003 | 021
42 Hexadecanoic acid 18.2 0 0 0 0 0.63 0 0 0 0.88 0.94
43 | Isoaromadendrene | s, 0 0 0 0 0.14 | 0.11 0 0 0.53 0
epoxide
44 Lanceol, cis 179 | 5.62 0 0 0 149 | 0.11 0 1.09 0 0.43
45 Lanceol, trans 20.4 0.33 0 0 0 0.6 0 0.36 0 0 0
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46 Linalool 742 5.35 0 0 0 231 1.11 0 0 0 0
47 Long“t’;:r‘:scar"e"l’ 153 | 0 | 062 0 0 0 0 018 | 122 | 126 0
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Figure 1. Dendrogram of cluster analysis constructed from quantitative data of essential oil components in
10 species of Achillea genus before flowering (left) and after flowering (right). Bootstrap values (1000
replicates) are presented at each node.

&l o594) Sabinol S5 g850> b 5 Camphor
A s (0o, VOIFY Jlode L 4. bibrestinii 4565
W5 S LS Jold pom 09,5 oy plete o pla
shls asS (pl a5 09 A santolina 4 pgwge
(2o, YA/+Y) Eucalyptol oS5 Llade 5L
A, eriophora el sz 09,5 09
&S o9y A. wilhelmsii 4 A. nobilis A. filifendula
A. wilhelmsii g A. eriophora 455 9o byl o
s Germacrene D polae  opis sl
2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-
£ <SS S 5 £ 90 ol sl cpl ol 5 Wisgs, cis
G55 90 lp a5 s el s GuliseS

i am alo o 50 S @i 9 PCA b

PRy
4 by o0l i pl F9uis 4 azgi b g (S5 9k
(oo Ve YL Gl 3 L) e Sy cue
SR e 095 ez 5o aslllae 3550 438 Ve (ales
Ler.a ‘LJ5‘ 03; 9 (w‘) Couw o) Jiw) M;
s jud 455 oyl a5 28 3 |18 A millefolium 565
09,5 ;o .09 Chamazulene .S ;5 VU e gl,lo
A. vermicularis A. bibrestinii 4565 gz pgd
ol e g as § s> A tenufolia 5 A. alepica
S5 5Vl polie o5 s S5 51 sS o o 45



O AR

alyas Ve
Ol az g BB aiSS wsged S [32m0 09,5 )l
@ S 45 b alie ylez uliges a5 Cul

oolod e ilal 3 Sgmse e LS 3

3l oV 8 Lels Y 8,90 oyl 2]y lalS psle

Sy 9o A. nobilis 4 A. filifendula s 550
33 PCA L5 .2504s asiin Nerolidol ¢ «Cubenol
Cao ¥ JS2) 2505wl 1) 1S 5o
51 oo, OAIFY sgam ol ddlge g0 ¢ IS sk (o
SSlshd 4 azg by WS Ay ) Sl

Biplot (axesF1and F2: 62.14 %)

F2 (26.44 %)

A biberstinii

. filiperidulg \ﬁ‘*“‘—\\‘—inemema alcohol | '

I RV LA ufepJ s hore’q enophom-
A. wilhelmsii ¥, ST lstmeol P :
{ A. tenuifolia Ertemesm ketone g

. €lemene :
germacrene D

F1(35.70%)

F2(24.07 %)

Biplot (axes F1and F2: 58.43 %)

s A ml.'igtolrum "

(hamazu\ene

‘trans Nerolldu\
A. nobilis
.
A. filifendula
Cubenol

o

A. santolina .

".._Eu:alyptal .
o Rt LLi T
A ve!m@:ulan's""
A aieplca 5
A, bibrestiniiS3bineLa. tenu,fuha A. wilhelmsii )
Camphnr " ‘A enophora
2 T 2 C\i:\uhenen 131, 14 methvl 443
"methylethl):. cis*
-3
4 3 2 1 L] 1 2 3 4

F1(34.38%)

Coos) (25 5l o 5 (G ) B alo o o il syl sl ol yologs a3g8 )

(Sl

kel loadlye 4y 4525 DL -Y JSS

Figure 2. Biplot of principal component analysis (PCA) based on quantitative data of essential oil
components in 10 species of Achillea genus before (left) and after (right) flowering
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