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Genetic insights into the mineral profiling 2
of twenty-five accessions across three Achillea
species
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Abstract

Background Achillea L., a medicinal plant belonging to the Asteraceae family, has a global distribution and has been
employed for its therapeutic properties since ancient times. Different species within the Achillea genus are frequently
employed to tackle various health concerns. While there has been considerable research conducted on the bioactive
compounds found in these plants and their corresponding biological activities, there remains a notable gap in our
understanding of their mineral composition. Therefore, the present study aimed to systematically evaluate the mineral
profile within and across three Achillea species, namely A. vermicularis, A. wilhelmsii, and A. tenuifolia. The study focused
on the analysis of eight minerals, namely Fe, Cd, K, Ca, Pb, Mg, Cu, and P, over a span of two crop years.

Results Based on the results, the mineral composition varied significantly among the species and accessions. In

the study, the K (3.9-4.48%) content in all three examined species was found to be abundant. Comparatively, the Fe
content in the A. wilhelmsii (952 mg/kg) and A. vermicularis (1047 mg/kg) species was more than double that of the A.
tenuifolia (390 mg/kg) species. The Cu content, on the other hand, demonstrated similar levels across all three species.
The highest concentrations of Mg (0.59%), Ca (1.79%), and P (0.62%) were observed in A. wilhelmsii, A. tenuifolia, and A.
vermicularis species, respectively. Notably, A. tenuifolia species exhibited the lowest level of Pb, while the A. vermicularis
species had the lowest level of Cd. In the studied plants, the minerals were found to have the following concentration
order: K>Ca>P>Mg>Fe>Cu>Pb>Cd. The cluster analysis categorized the 25 accessions into three distinct groups,
revealing no similarity among accessions within each species. The PCA plot, utilizing the first two PC, validated

approximately 46% of the total variance. This confirmation solidified the outcomes derived from the cluster analysis.

Conclusions In conclusion, this study provides valuable insights into the mineral composition of Achillea species,
highlighting the variability among species and accessions. The findings contribute to our understanding of the
nutritional and therapeutic potential of these plants and can guide future research on their cultivation and utilization
in various applications.
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Background

The Achillea genus, renowned for its medicinal proper-
ties, belongs to the Asteraceae family and encompasses
over 100 wild-growing species [1]. This genus includes
well-known medicinal plants such as Yarrow (Achillea
spp.), which has been used for millennia and requires
meticulous consideration of raw material quality during
collection and processing [2]. Chemical profiling of spe-
cialized metabolites in Achillea species is crucial for che-
mophenetic investigations. The historical use of Achillea
plants in folk medicine spans millennia, with evidence
even found in a 65,000-year-old Homo neanderthalensis
tomb in Iraq [3]. Notably, species within this genus have
been widely reported for their medicinal properties [2, 4,
5]. The pharmacological efficiency of Yarrow is attributed
to key compounds such as; caffeoylquinic acids, flavo-
noids, and sesquiterpene lactones, contributing to mul-
tifunctional biological activity [6, 7]. The essential oils
and extracts of this genus have been analyzed, revealing
a wide array of phytochemicals contributing to its thera-
peutic properties [8].

Considering the extensive utilization of medicinal
plants, numerous investigations have been carried out to
analyze the mineral content of key plants employed for
medicinal uses across diverse nations [9-12].

Sixteen essential elements are vital for the growth of
plants and animals, with nine categorized as macronutri-
ents and the remaining as micronutrients based on their
concentration in plant tissues [13]. The human body lacks
the ability to synthesize these essential elements and
must obtain them through food. While carbon, hydro-
gen, and oxygen come from air and water, plants absorb
other essential nutrients from the soil. The availabil-
ity and utilization of nutrients by plants impact human
health by ensuring food and nutritional security. Essen-
tial nutrients fulfill diverse roles in the human body, from
structural components to physiological functions [14].
Imbalances in nutrient intake can disrupt crucial bodily
functions, leading to severe health problems [15]. Con-
versely, an abundance of certain elements can adversely
impact the accessibility of other elements, resulting in
detrimental effects on human health. Mineral deficien-
cies continue to be a significant challenge in numerous
underdeveloped countries.

The encouragement of integrating edible plants into
human nutrition is prevalent, leading to a surge in the
intake of wild, edible plants. Consequently, it becomes
imperative to evaluate and oversee the mineral content
across all consumed plants. This evaluation serves the
purpose of directing consumers towards plant varieties
rich in essential dietary elements to address deficiencies.
Simultaneously, it aids in averting the overconsumption
of elements that could potentially pose health risks.
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The minerals analyzed in this study - iron, cadmium,
potassium, calcium, lead, magnesium, copper, and phos-
phorus - were selected based on their importance for
critical human physiological functions and nutritional
needs. Iron is essential for red blood cell production and
oxygen transport throughout the body. Low iron lev-
els can lead to anemia with symptoms like fatigue and
reduced cognition. Cadmium and lead are toxic heavy
metals that can accumulate in the human body and cause
serious organ damage over time. Their levels were ana-
lyzed to allow for an assessment of potential health risks.
Calcium, potassium and phosphorus are major macro
minerals necessary for maintaining strong bones and
teeth. They also play regulatory roles in nervous system,
muscle and cardiovascular functioning. Magnesium and
copper participate in over 300 and 100 enzymatic reac-
tions respectively, linked to energy production, immune
response and neurological health. Deficiencies in these
trace elements can increase risks for various diseases.
By examining the full mineral profile provided by crops,
insights about their nutritional quality and ability to meet
dietary mineral intake recommendations can be gained.
The selection of these specific minerals therefore focused
on their established importance for critical physiological
processes and overall human health.

Medicinal plants, exemplified by Achillea species,
enjoy widespread utilization in Iran, underscoring their
cultural and therapeutic significance. The essential oils
derived from these plants exhibit a notable phytochemi-
cal diversity, rendering them valuable for medicinal
applications [1, 16, 17]. This prompts speculation regard-
ing their potential as reservoirs for essential minerals.
Consequently, the objective of the present study is to sys-
tematically evaluate the mineral profile within and across
three distinct Achillea species, namely A. vermicularis,
A. wilhelmsii, and A. tenuifolia. By conducting a compre-
hensive mineral analysis, this research aims to contribute
valuable insights into the potential mineral content of
Achillea species, further enhancing our understanding of
their multifaceted medicinal properties.

Materials and methods

Plant materials

In this study, the seeds were collected from 25 accessions
of three Achillea species (A. vermicularis with 10 acces-
sions, A. wilhelmsii with 8 accessions, and A. tenuifolia
with 7 accessions), distributed in various regions in Iran
(Table 1). The collection of plant samples was carried
out under the permission granted by the Agricultural
Research, Education, and Extension Organization of Iran.
Voucher samples were stored at the Herbarium of the
Research Institute of Forests and Rangelands in Tehran,
Iran. The plants were identified by Dr. Mozaffarian from
the Department of Botany at the Research Institute of
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Table 1 Geographical location of 25 Iranian Achillea Sp
accessions

Achillea sp. Code Voucher Province City
numbers
A. wilhelmsii W1 8451 Isfahan Daran
W2 15,796 Lorestan Kuhdasht
W3 17,628 Qom Dastjerd
W4 19,489 Kurdistan Baneh
W5 33,976 Yazd Tabas
W6 34,431 Hormozgan Bandar-Abbas
W7 35,561 Mazandaran Polur
W8 39,346 Qazvin Tarom Sofla
A. vermicularis V1 9687 Kurdistan Sanandaj
V2 9872 Kurdistan Baneh
V3 10,342 Yazd Khatam
V4 19,471 West Mahabad
Azerbaijan
V5 19,488 West Mirabad
Azerbaijan
V6 22,593 Kurdistan Saqqez
V7 23,155 Zanjan Zanjan
V8 26,032 Kurdistan Divandarreh
V9 35,179 West Khoy
Azerbaijan
V10 35,181 West Salmas
Azerbaijan
A. tenuifolia T1 14,234 West Salmas
Azerbaijan
T2 14,300 Kurdistan Divandarreh
T3 25,948 Kurdistan Dehgolan
T4 25977 Kurdistan Saqqez
T5 35,180 West Mahabad
Azerbaijan
T6 39,374 Qazvin Takestan
T7 34,662 Kurdistan Sanandaj

Forests and Rangelands (TARI) in Tehran, Iran, accord-
ing to Flora Iranica [18]. Initially, the seeds were grown
in a greenhouse, and once the plants reached approxi-
mately 10 cm in height, they were transferred to the field.
The seedlings were cultivated using a randomized com-
plete block design at the research farm of the College of
Abouraihan, University of Tehran. Each accession was
planted in 1 m? plots with sandy-loam soil. To assess the
mineral content of the plants, they were harvested during
the initial flowering stage.

In the region of Pakdasht, the climate exhibits distinct
seasonal characteristics. Summers are characterized by
sweltering heat, arid conditions, and clear skies, while
winters are marked by very cold temperatures, dry air,
and predominantly clear weather. Over the course of the
year, the temperature typically varies from 1 to 38 °C,
with rare instances of temperatures dropping below
-3 °C or rising above 41 °C. Also, in the present study, all
methods were performed in accordance with the relevant
guidelines and regulations.
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Mineral content

To analyze the mineral content, the samples underwent
a series of steps. Firstly, they were dried in an oven at a
temperature of 70 °C. After that, 1 gram of each sam-
ple was subjected to a furnace set at 550 °C for 6 h. The
resulting ash was finely ground and dissolved in 100 mL
milliliters of HCI (10%). The concentrations of Cd (cad-
mium), Cu (copper), Pd (palladium), and Fe (iron) in the
plant samples were determined using an Atomic Absorp-
tion Spectrophotometer, specifically the Perkin Elmer
Aanalyst 400 model, USA. The experimental conditions
employed were in accordance with the methodology
outlined by Munson et al. [19]. The determination of P
(phosphorus) followed the procedure described by Cot-
tenie et al. [20]. This involved using a spectrophotometer
(Perkin Elmer Aanalyst 400, USA), specifically a Spekol
instrument, and measuring the absorbance at a wave-
length of 430 nm. The experimental conditions mirrored
those specified by Attar et al. [21]. The concentration of
K (potassium) was determined via flame photometry, a
technique that utilizes the measurement of emitted light
from excited potassium atoms. Lastly, the levels of mag-
nesium and calcium were determined using the EDTA-
Titration method as outlined by Piper [22].

Statistical analysis

The study was conducted over a span of two years in
field conditions. To ensure the consistency of variance
between the two years, an F test was performed and
confirmed. As a result, a combined analysis was con-
ducted for the minerals under investigation. The Statisti-
cal Analysis Software (SAS Institute, Cary, NC) version
9.1 for Windows was utilized for this combined analy-
sis. For the classification of the accessions based on the
arithmetic mean method (UPGMA), a heat map cluster-
ing technique was employed. The cluster and heat map
correlation analysis were then presented as a colored
heat map using MetaboAnalyst. To perform the Principal
Component Analysis (PCA), the factoextra package in R
[23] was utilized.

Results and discussion

Mineral contents

Mineral contents were analyzed in three species of Ach-
illea sp. i.e. A. wilhelmsii, A. vermicularis, and A. tenui-
folia. The study spanned two crop years and examined
eight minerals Fe, Cd, K, Ca, Pb, Mg, Cu, and P.

For A. wilhelmsii, only Cu showed significance in both
years (P<0.01), indicating its sensitivity to environmental
changes compared to other elements (Table 2). K exhib-
ited the highest concentration among the studied ele-
ments. Accession W1, from Daran in Isfahan province,
had the highest levels of Pb, Fe, and Cu in both years.
Conversely, W4 had the lowest amount of Fe in both
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Table 2 Mean values +sem of eight elements content of 25 accessions of three Achillea Sp

First year

Fe Pb cd Cu Mg Ca K P

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%) (%)
W1 1189+12 148+1.8 08+0.2 158+1.3 0.61+0.1 0.66+0.3 421403 045+0.1
W2 786+92 86+0.2 12403 15.8+0.1 045+0.1 143+0.1 456403 032+0.1
W3 1020+ 100 89+1.1 0.7£0.1 129+12 0.67+0.0 1.23+0.0 3.89+0.8 0.29+0.0
W4 0654+ 14 760 1+£02 11.6+1.6 0.56+0.1 097+0.0 41402 0.44+0.0
W5 987+97 87+03 12+0.2 132+15 0.74+0.1 1.11+£02 432+04 027+0.1
Weé 897+99 113+14 09+03 12.1+£0.3 0.57+0.0 0.87+0.0 3.88+0.8 032+0.1
W7 689+97 89+09 04+0.1 11.5+£03 0.39+0.1 1.34+0.2 3.54+0.1 0.39+0.1
W8 832+46 93+19 12+03 1071 0.77+0.1 0.87+0.1 3.88+0.5 0.38+0.0

Second year
W1 1451+16 138+14 06+0.1 174409 0.33+0.1 09+0.0 463+0.7 037+00
W2 1084 £59 6+05 0.8+0.2 15+1.2 049+0.0 1.71+0.2 524+0.3 0.38+0.0
W3 1080+93 73+04 0.7£0.1 163+0.8 1.21+0.1 191100 583+0.7 0.49+0.0
W4 548+127 9.2+1.1 0.8+0.1 152409 0.38+0.0 217£05 494402 0.54+0.1
W5 1143 +£56 73+05 0.8+0.2 174+0.6 0.68+0.1 1.25+0.2 4.76+0.1 051+0.0
Wé 1141493 11.14£0.2 0.7+0 17.1+£09 0.37+0.1 0.69+0.2 152402 0.2+0.1
W7 749+ 66 47401 06+0.2 15.7+09 0.55+0.1 1.8+0.1 546+04 0.53+0.1
W8 982+ 84 83+0.2 1+£02 133104 0.65+0.1 1.49+0.3 428+04 05+0.1
Mean 952+58.6 9.1+£0.65 0.84+0.06 1444 +0.56 0.59+0.05 1.28+0.11 4324024 04+0.03
t-test n.s n.s n.s ** n.s n.s n.s n.s
T1 429+28 56+02 1£0.1 15.8+04 043+00 1.78+£0.3 36405 0.56+0.0
T2 301412 43+03 0.6+0.1 10.7+0.9 0.63+0.0 1402 42+03 046+0.0
T3 389+31 45+0.8 0.8+0.1 154+16 0.39+0.0 1.38+0.1 3.6+03 0.48+0.0
T4 345+29 57+08 09+0.2 143409 0.17+0.0 1.87+0.2 298+0.2 037+00
15 311433 52+04 09+03 11.3+0.7 05+00 2.89+0.1 2.78+0.1 041+0.0
T6 587+89 6.7£06 15+03 155+16 0.19+0.0 1.23£0.1 343+0.2 047+0.0
T7 235+52 6.5+0.3 13106 11412 0.59+0.2 1.1+0.1 465+0.1 04+0.0

Second year
T1 433£10 52+02 06+0.1 208+15 0.51+0.1 292403 4+£04 0.66+0.0
T2 359+6 35403 04+0.1 13.9+0.7 0.79+0.1 1.36+0.1 36+£0.1 0.54+00
T3 377+27 47+0.6 08+0.2 182+06 0.55+0.0 1.76+0.1 3.84+0.1 06+00
T4 389421 45+0.2 0.7+0 13.5+0.8 031+0.0 205+0.2 3.78+0.1 043100
T5 35743 44+0.6 1.1+£0.1 147+15 044+0.1 339+0.1 414403 0.55+0.0
T6 681+2 6.1+£05 1.1+0 145+2.1 0.29+0.0 1.13+00 453400 045+0.0
17 279+2 59403 0.7+0.1 144+13 0.83+0.1 1.26+0.1 551+00 0.58+0.1
Mean 1047+£118 6+0.37 0.83+0.06 154+0.32 0.28+0.04 1.33+0.06 448+0.12 0.62+0.1
t-test n.s n.s n.s n.s n.s n.s n.s *
V1 589+9 43+04 0.67+0.1 144+03 0.44+0.0 147+0.0 4.78+0.5 04+00
V2 698+ 2 51+02 09+0.1 1531 0.19+0.0 1.1+£0.1 432403 0.38+0.0
V3 2159458 73104 13402 17.2+1.1 0.38+0.0 1.33+0.1 5+03 033100
V4 1398+94 63+0 1.2+03 17.1+0.1 0.21+0.1 12+0.1 469+0.0 0.52+0.0
V5 676122 3.8+02 1204 145+0.3 0.15+0.01 1.12+00 39+04 179102
G 970+10 84+03 13104 146+04 044+0.0 147402 41403 043+00
V7 936+40 63+06 09+03 13.8+0.3 0.1£00 1.26%0.1 3.74+05 0.49+0.1
V8 735+47 44+0.1 0.9+0.2 145+03 0.12+0.0 1.33£0.1 3.71£00 05+00
V9 1179£170 85+0.6 1+03 169+0.6 041+£00 1.1+£01 3.93+0.6 041+0.0
V10 9324158 85+04 05+02 126+0.7 0.1£00 13+02 494+04 0.44+0.0

Second year
Vi1 625+50 33+02 0.53+0.0 154+1 05+00 1.67+0.1 5.38+0.1 0.66+0.0
V2 778+11 45403 09+0.1 163105 0.29+0.0 1.26+0.1 444403 05+00
V3 2641+£57 6.3+0.1 09+0.1 186+1.2 0.56+0.1 1.81+0.1 48+0.5 037+0.1

V4 1426 +59 59+0.7 06x0 14107 0.27+0.0 1.16%0.1 547+03 0.56%0.1
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Table 2 (continued)

First year

Fe Pb cd Cu Mg Ca K P

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%) (%)
V5 730+£148 46+04 06+0 155403 0.09+0.0 1.62+0.2 3.74+05 211402
V6 900+ 34 6.8+0.6 0.7£0.1 166+0.9 05+00 1.67+0.2 43+04 045+0.0
V7 802+37 57+0.1 0.7+0.1 16.2+0.1 0.14+0.1 148+0.2 4.58+0.1 051+00
V8 591+48 5+03 05+0 139+24 0.12+00 141+£0.1 4.09+0.2 0.52+0.1
V9 1281+£71 83+0.2 06=+0.1 157123 0.53+0.1 046+04 443+0.2 043+0.0
V10 904 +53 73108 0.7+0.1 14.8+0.7 0.14£0.1 144400 522402 05+0.1
Mean 390+ 86 52+0.25 0.89+0.08 1457+0.72 047+0.05 1.794+0.02 39+0.19 05+0.02
t-test n.s n.s ** n.s n.s n.s n.s n.s

years. Pb and Cd were identified as toxic elements, with
the Daran accession showing the highest lead toxicity
and accession W8 exhibiting the highest cadmium toxic-
ity. Two accessions exceeded the permissible limit of Pb
set by the World Health Organization (10 mg/kg) in both
years. In terms of Mg, accession W8 had the highest lev-
els in the first year, while accession W3 had the highest
levels in the second year. All accessions had a calcium-
to-phosphorus index higher than 1, indicating good food
quality.

In A. vermicularis, the Cd element showed significance
(P<0.01) in both years, suggesting its sensitivity to envi-
ronmental changes. Cu was the significant element for
A. wilhelmsii. K had the highest concentration among
the elements studied. Accession V3, from Khatam city in
Yazd province, exhibited the highest average values for
Fe, Cu, K, and Ca in the first year, and for Fe, Cu, Mg,
Ca, and Cd in the second year. Accession V1 had the low-
est amount of Fe in the first year, and V8 had the low-
est amount in the second year. The Khoy accession (V9)
showed the highest Pb toxicity, and the Khatam accession
exhibited the highest Cd toxicity. All accessions remained
below the permissible limit of Pb. Accession V1 had the
highest percentages of Mg and calcium Ca in the first
year, while V3 had the highest percentages in the second
year. The Mirabad accession (V5) exhibited the highest
percentages for the P element in both years. The calcium-
to-phosphorus index for all accessions, except Mirabad,
was higher than one, indicating good food quality.

In A. tenuifolia, the year had a significant effect only
on the phosphorus element (P<0.05). K had the highest
concentration among the elements studied. Accession
T6, from Takestan city in Qazvin province, had the high-
est average values for Fe, Pb, and Cd in both years, while
the Sanandaj accession had the lowest amount of iron.
Accession Divandareh (T2) had the lowest toxicity for
both Pb and Cd in both years. All accessions remained
below the permissible limit of Pb. Accession Salmas had
the highest Cu content in both years. Accession T2 had
the highest percentages of Mg in the first year, while T7
had the highest percentages in the second year.

In the conducted study, the K content in all three exam-
ined species, as presented in Table 2, was found to be
abundant. This mineral plays a crucial role in regulating
cellular acidity and alkalinity [24]. Comparatively, the Fe
content in the A. wilhelmsii and A. vermicularis species
was more than double that of the A. tenuifolia species.

Iron is a crucial element for various metabolic pro-
cesses in living organisms, such as oxygen transport,
DNA synthesis, and electron transport [25]. However,
its levels need to be carefully controlled as excessive
amounts can cause tissue damage due to the formation
of free radicals. Disorders of iron metabolism are preva-
lent in humans and can lead to a range of conditions,
including anemia, iron overload, and potentially neuro-
degenerative diseases [26]. Notably, A. wilhelmsii species
exhibited the highest levels of Pb, while the A. tenuifo-
lia had the highest levels of Cd. It is worth mentioning
that the Pb levels in all three species remained below the
permissible limit. However, certain accessions of specific
species surpassed the permissible limit for Pb content.

Cd and Pb are highly toxic metals that have no known
function in the human body and are not essential for liv-
ing organisms [27]. Exposure to these metals, both in the
environment and through occupations, poses a growing
public health concern [27, 28].

The Cu content, on the other hand, demonstrated simi-
lar levels across all three species. The highest concentra-
tions of Mg, Ca, and P were observed in A. wilhelmsii,
A. tenuifolia, and A. vermicularis species, respectively.
Mg is the second most abundant cation found within
cells and has a positive impact on muscle function [29].
Calcium (Ca) is essential for various functions, includ-
ing maintaining a healthy skeletal system, cell organelle
structure, and regulating fluid balance within and outside
cells [30]. Insufficient calcium levels can lead to osteo-
porosis, a prevalent issue in underdeveloped countries
[31]. P is necessary for the human body and participates
in multiple biological processes such as ATP and GTP
production, the formation of teeth and bones, and acts as
an energy source and signaling molecule in tissues [32].



Farajpour et al. BMC Plant Biology (2025) 25:588

Page 6 of 9

\
I ‘ \
5

i A @ 3 %8 3 5 § £ 3 % W

0TA

_— = class class

w | w AN
‘ ‘ - ‘ Fe 2 . T3
| | B |

\ | | Mg o s
\ | \ Pb T6
‘ ‘ ca 2 T7

A
LM
™
9IM

A

9L
SM

9\
M

A

6/

S

Fig. 1 Heatmap clustering of the 25 accessions of three studied Achillea sp. based on the eight measured minerals. The color scales represent the values
were normalized by Z-score ((value-mean value)/standard error) for each character

Table 3 Mean values +sem of eight elemental contents within three distinct groups identified through cluster analysis

Clustering Fe Pb cd Cu Mg Ca K P
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%) (%)
Group 1 561+71 495+05 0.84+0.1 152517 0.28+0.2 1.79+0.7 3.83+£03 0.68+0.5
Group 2 673.63+83 6.7+2 0.74+0.2 134+1 058+0.2 14+0.2 464+05 047+0.0
Group 3 1230+£115 84+73 08+0.9 163+£156 047+04 0.78+1.2 418+43 042+04

However, excessive intake of phosphorus and bioactive
phosphates can have pathogenic consequences.

In the studied plants, the minerals were found to have
the following concentration order: K>Ca>P>Mg>Fe
>Cu>Pb>Cd. A similar concentration order was also
observed in the mineral matter contents of A. collina
becker ex rchb, a plant species from the flora of Bulgaria
[33]. Hasimi et al. [34] reported that A. filipendulina was
rich in P content.

Multivariate analysis

Cluster analysis was conducted on the measurement data
of eight minerals in leaves from 25 Achillea sp. accessions
across three species. The analysis categorized the acces-
sions into three distinct groups, revealing no similarity
among accessions within each species. Each group com-
prised accessions from different species (Fig. 1).

The first group, consisting of 8 accessions (V5, T5, T1,
T3, T4, V2, V7, V8), exhibited the highest concentrations
of Fe, Pb, and Cu, while displaying the lowest values for
Ca and P (Table 3). This divergent trait portfolio suggests
unique genetic factors influencing their mineral compo-
sition. These accessions show promise as either nutrient-
enriched sources or for introducing targeted traits into
new varieties. The second group, also comprising 8 acces-
sions (W3, W8, T7, W4, T2, V10, V1, W7), demonstrated
elevated levels of Cd, Ca, and P, alongside lower values
for Fe, Pb, Mg, and K. Their elevated calcium and phos-
phorus combined with reduced toxic metals like cad-
mium positions them as varieties with potential health
benefits. However, breeding efforts may aim to further
optimize their nutritional balance.

The final group of nine accessions had characteristically
high levels of magnesium and potassium, both important

Table 4 PCA based on the eight minerals of 25 Achillea Sp.
Accessions

Label Minerals Principal components

PC1 PC2 PC3
1 Fe 0.81 0.38 0.05
2 Pb 0.76 -0.21 -0.10
3 K 042 -0.02 -0.10
4 Mg 0.29 -0.70 0.31
5 Cu 0.38 0.68 0.19
6 P -0.46 0.52 -0.33
7 Cd 0.17 0.31 0.69
8 Ca -0.59 0.01 0.61
- Eigenvalue 2.24 1.5 1.1
- % of variance 28.02 18.80 13.83
- Cumulative% 28.02 46.82 60.65

nutrients, alongside reduced cadmium and copper levels,
minimizing toxicity risks. Their mineral profiles indicate
suitability for medicinal applications.

Collectively, the division into groups highlights the
wide natural variation present. With further genetic
characterization, specific accessions from each cluster
could be selected as parental lines to develop populations
tailored to different uses. The knowledge generated on
precise mineral signatures offers strategic guidance for
future cultivation and breeding of these important Achil-
lea species.

Principal Component Analysis (PCA) was applied
to the eight measured minerals in Achillea sp. leaves.
The first three principal components (PCs) explained
60.65% of the total variance (Table 4). PC1, contributing
to 28.02% of the variance, exhibited a significant positive
correlation with Fe, Pb, and K. PC2, explaining approxi-
mately 19% of the variance, was positively correlated with
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Fig. 2 PCA plot based on the two first PC of the 25 accessions of three studied Achillea sp

Cu and P and negatively correlated with Mg. PC3, posi-
tively correlated with Cd and Ca, accounted for 13.83%
of the total variance. The PCA plot of the first two prin-
cipal components confirmed the absence of similarity
among accessions within each species, reaffirming that
each group consisted of accessions from different species
(Fig. 2).

The results showed significant variability in the min-
eral composition across the different plant accessions
evaluated. As all plants were cultivated in the same loca-
tion, environmental conditions and soil types could not
account for this observed variation. However, genetic
factors and the interaction between genetics and the
local environmental conditions may help explain the
variability. Each accession represents a different genetic
makeup that can influence mineral uptake and distribu-
tion within the plant. Genetic properties like mineral
transporter efficiency, nutrient use efficiency, and toler-
ance to stresses can impact elemental accumulation. The
principal component analysis identified the first factor
(PC1) as accounting for much of the variability, suggest-
ing it may relate to underlying genetic or genotype-envi-
ronment interaction effects. Plants with different genetic
backgrounds growing in the same soil conditions can still
differentially absorb and allocate minerals based on their
inherent genetic properties. Furthermore, the interaction
between an accession’s genetics and environmental cues
like temperature, precipitation or day length could also
drive physiological responses affecting mineral content.

1
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Fig. 3 Heat map correlation among the eight measured minerals of 25
accessions of three studied Achillea sp

The correlation analysis among accessions of three
Achillea species revealed significant relationships
between mineral concentrations. Ca exhibited a nega-
tive correlation with Pb and P, suggesting an inverse
relationship between Ca and these elements (Fig. 3).
Similarly, Pb showed a negative correlation with Ca and
P. Fe demonstrated a negative correlation with Ca, indi-
cating an inverse association between Fe and Ca. Cu and
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Fe displayed a positive correlation, suggesting a direct
relationship between these elements. K had a negative
correlation with Fe, indicating an inverse association.
Pb exhibited a positive correlation with Fe, suggesting a
direct relationship. These correlation patterns provide
insights into the intricate relationships among mineral
elements in Achillea sp. accessions. The negative corre-
lations between Ca and certain elements indicate poten-
tial antagonistic interactions, while positive correlations
suggest cooperative relationships. Understanding the
connections between minerals is crucial as they reveal
insights into the sources of these elements [35]. Positive
correlations indicate that the element pairs share a com-
mon source, while negative correlations confirm that
their sources are independent [12]. Strong positive and
negative correlations enable the prediction of one ele-
ment based on another by employing simple regression
models.

The observed variability in mineral composition across
Achillea accessions has important implications for our
understanding of their therapeutic properties and nutri-
tional value. Accessions with naturally higher levels of
bioactive minerals like iron, magnesium and calcium
would likely confer greater health benefits [36]. Acces-
sions genetically optimized for specific mineral traits
could potentially be developed into cultivars tailored for
different medicinal or dietary applications. Furthermore,
these findings provide insights to guide selective breed-
ing efforts aimed at enriching the nutritional and phar-
maceutical potential of Achillea. Characterizing mineral
diversity enables the selection and cultivation of elite
accessions or hybrids with customized mineral profiles
ideal for producing herbal medicines and high nutri-
ent medicinal herbs. This knowledge can also support
the standardization and commercialization of Achillea
extracts and supplements.

Conclusion

The comprehensive analysis of mineral content in three
Achillea species—A. wilhelmsii, A. vermicularis, and A.
tenuifolia—across two growing seasons has provided
valuable insights. In total, eight minerals were studied
across 25 accessions of these Achillea species. The anal-
ysis revealed abundant K in all species, with Fe content
more than doubling in A. wilhelmsii and A. vermicularis
compared to A. tenuifolia. Cu levels were similar across
all three species. Additionally, the highest concentrations
of Mg, Ca, and P were found in A. wilhelmsii, A. tenuifo-
lia, and A. vermicularis, respectively. Multivariate analy-
ses, including cluster and principal component analysis,
highlighted distinct mineral patterns and the absence of
similarity among samples within each species. Correla-
tion analysis unveiled complex relationships, provid-
ing insights into potential antagonistic and cooperative

Page 8 of 9

interactions among mineral elements in Achillea species.
In conclusion, this research significantly enhances our
understanding of mineral variations in Achillea species,
providing valuable information for both scientific knowl-
edge and potential applications in human health.

Acknowledgements
We gratefully acknowledge the support provided by the Iran’s National Elites
Foundation in funding this research.

Author contributions

MF and ME conceived and designed the research. MF Performed the statistical
analysis and wrote the manuscript. MF and MSH conducted experiments.

ME and AM elaborated on the results and discussion, while doing a critical
reading of the manuscript.

Funding
No grant was available for this project.

Data availability
All data are within the manuscript.

Declarations

Ethics approval and consent to participate
The ethical approval or individual consent was not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Crop and Horticultural Science Research Department, Mazandaran
Agricultural and Natural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEO),
Sari, Iran

’Department of Agronomy and Plant Breeding, College of Abourihan,
University of Tehran, Tehran, Iran

*Department of Horticultural Science, Faculty of Agriculture, University of
Jiroft, Jiroft, Iran

“Department of Biotechnology, Institute of Science and High Technology
and Environmental Sciences, Graduate University of Advanced
Technology, Kerman, Iran

Received: 29 January 2024 / Accepted: 29 April 2025
Published online: 05 May 2025

References

1. Farajpour M, Ebrahimi M, Baghizadeh A, Aalifar M. Phytochemical and
yield variation among Iranian Achillea millefolium accessions. HortScience.
2017,52:827-30.

2. Farajpour M, Ebrahimi M, Sadat-Hosseini M, Al-Fekaiki DF, Baghizadeh A.
Multivariate analysis of the phytochemical composition and antioxidant
properties in twenty-five accessions across three Achillea species. Sci Rep.
2024;14:11843.

3. Pomeroy E, Bennett P Hunt CO, Reynolds T, Farr L, Frouin M, et al. New nean-
derthal remains associated with the 'flower burial'at Shanidar cave. Antiquity.
2020;94:11-26.

4. Kuglkbay FZ, Kuyumcu E, Bilenler T, Yildiz B. Chemical composition and anti-
microbial activity of essential oil of Achillea cretica L.(Asteraceae) from Turkey.
Nat Prod Res. 2012;26:1668-75.

5. Saadat S, Rajabi M, Boskabady MH. Experimental and clinical studies on Phar-
macological actions of the genus Achillea: A comprehensive and updated
review. Avicenna J Phytomedicine. 2024;14:530-560.



Farajpour et al. BMC Plant Biology

20.

21

(2025) 25:588

Alcdzar Magana A, Kamimura N, Soumyanath A, Stevens JF, Maier CS. Caf-
feoylquinic acids: chemistry, biosynthesis, occurrence, analytical challenges,
and bioactivity. Plant J. 2021;107:1299-319.

Radusiené J, Karpaviciené B, Raudone L, Vilkickyte G, Cirak C, Seyis F, et al.
Trends in phenolic profiles of Achillea millefolium from different geographical
gradients. Plants. 2023;12:746.

Mohammadhosseini M, Sarker SD, Akbarzadeh A. Chemical composition of
the essential oils and extracts of Achillea species and their biological activi-
ties: A review. J Ethnopharmacol. 2017;199:257-315.

Xu H, Xu H-E. Analysis of trace elements in Chinese therapeutic foods and
herbs. Am J Chin Med. 2009;37:625-38.

Ceccanti C, Brizzi A, Landi M, Incrocci L, Pardossi A, Guidi L. Evaluation

of major minerals and trace elements in wild and domesticated edible
herbs traditionally used in the mediterranean area. Biol Trace Elem Res.
2021;199:3553-61.

Boroomand N, Sadat-Hosseini M, Moghbeli M, Farajpour M. Phytochemical
components, total phenol and mineral contents and antioxidant activity of
six major medicinal plants from rayen, Iran. Nat Prod Res. 2018;32:564-7.
Ibourki M, Ait Bouzid H, Bijla L, Sakar EH, Asdadi A, Laknifli A, et al. Mineral
profiling of Twenty wild and cultivated aromatic and medicinal plants grow-
ing in Morocco. Biol Trace Elem Res. 2022,200:4880-9.

Nadeem F, Hanif MA, Majeed MI, Mushtaq Z. Role of macronutrients and
micronutrients in the growth and development of plants and prevention
of deleterious plant diseases-a comprehensive review. Int J Chem Biochem.
2018;14:1-22.

Nieder R, Benbi DK, Reichl FX, Nieder R, Benbi DK, Reichl FX. Macro-and
secondary elements and their role in human health. Soil Compon Hum Heal.
2018;1:257-315.

Jomova K, Makova M, Alomar SY, Alwasel SH, Nepovimova E, Kuca K et al.
Essential metals in health and disease. Chem Biol Interact. 2022;367:110173.
Hallaj-Nezhadi S, Ghanbari H, Alizadeh S, Hamedeyazdan S. Investigation on
phytochemical constituents of Achillea aucheri Boiss. Endemic to Iranian flora
accompanied by antioxidant and antimicrobial evaluations. Biochem Syst
Ecol. 2023;108:104628.

Sefidkon F, Adbollahi M, Salehi Shanjani P, Tavakoli M. Variability in essential
oil content and composition of Achillea tenuifolia lam. Populations in field
conditions. J Agric Sci Technol. 2021;23:673-83.

Mozaffarian V, Ghahremaninejad F, Narimisa S, Kazempour-Osaloo S, Jafari S,
Lotfi E, et al. Flora of Iran. No. 144: (Asteraceae). Research Institute of Forests
and Rangelands; 2018.

Munson RD, Nelson WL. Principles and practices in plant analysis. Soil Test
Plant Anal. 2018;3:359-87.

Cottenie A, Verloo M, Kiekens L, Velghe G, Camerlynck R. Chemical analysis
of plants and soils. Laboratory of analytical and agro chemistry. Volume 63.
Brussels: IWONL; 1982. pp. 1-63.

Attar HA, Blavet D, Selim EM, Abdelhamid MT, Drevon JJ. Relationship
between phosphorus status and nitrogen fixation by common beans

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

Page 9 of 9

(Phaseolus vulgaris L) under drip irrigation. Int J Environ Sci Technol.
2012,9:1-13.

Piper CS. Soil and plant analysis. LWW; 1945,

Kassambara A, Mundt F. Package factoextra: Extract and visualize the Results
of Multivariate Data Analyses. R Package Version 1.0. 7. 2017.

Sanjay N, Tiwar MM, Chauhan A. Elementals profile of traditional some impor-
tant medicinal plants of Uttarakhand State, India. Reprod Opin. 2010;2:34-6.
Abbaspour N, Hurrell R, Kelishadi R. Review on iron and its importance for
human health. J Res Med Sci Off J Isfahan Univ Med Sci. 2014;19:164.

Levi S, Ripamonti M, Moro AS, Cozzi A. Iron imbalance in neurodegeneration.
Mol Psychiatry. 2024;29:1-14.

Ahmad W, Alharthy RD, Zubair M, Ahmed M, Hameed A, Rafique S. Toxic and
heavy metals contamination assessment in soil and water to evaluate human
health risk. Sci Rep. 2021;11:17006.

Leal MFC, Catarino RIL, Pimenta AM, Souto MRS. The influence of the biomet-
als Cu, Fe, and Zn and the toxic metals cd and Pb on human health and
disease. Trace Elem Electrolytes. 2023;40:1.

De Baaij JHF, Hoenderop JGJ, Bindels RJIM. Magnesium in man: implications
for health and disease. Physiol Rev. 2015;2015:1-46.

Brini M, Ottolini D, Cali T, Carafoli E. Calcium in health and disease. Interrelat
between Essent Met lons Hum Dis. 2013;1:81-137.

Rojas-Molina I, Gutiérrez-Cortez E, Bah M, Rojas-Molina A, Ibarra-Alvarado C,
Rivera-Munoz E, et al. Characterization of calcium compounds in Opuntia
ficus indica as a source of calcium for human diet. J Chem. 2015;2015.

Bird RP, Eskin NAM. The emerging role of phosphorus in human health.
Advances in food and nutrition research. Elsevier; 2021. pp. 27-88.

Dogan H, Uskutoglu T, Fidan H, Stankov S, Hatice BAS, Senkal BC, et al. Chemi-
cal compositions, antioxidant activities, and mineral matter contents of
Achillea collina Becker ex Rchb from the flora of Bulgaria. Commagene J Biol.
2021;5:143-9.

Hasimi N, Kizil S, Tolan V. Essential oil components, microelement contents
and antioxidant effects of Nepeta Italica L. and Achillea filipendulina lam. J
Essent Oil Bear Plants. 2015;18:678-86.

Chen L, Zhu H, LiY, Zhang Y, Zhang W, Yang L, et al. Combining multielement
analysis and chemometrics to trace the geographical origin of thelephora
Ganbajun. J Food Compos Anal. 2021;96:103699.

Raj MSA, Amalraj S, Alarifi S, Kalaskar MG, Chikhale R, Santhi VP, et al. Nutri-
tional composition, mineral profiling, in vitro antioxidant, antibacterial and
enzyme inhibitory properties of selected indian guava cultivars leaf extract.
Pharmaceuticals. 2023;16.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Genetic insights into the mineral profiling of twenty-five accessions across three ﻿Achillea﻿ species
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Plant materials
	﻿Mineral content
	﻿Statistical analysis

	﻿Results and discussion
	﻿Mineral contents
	﻿Multivariate analysis

	﻿Conclusion
	﻿References


