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Abstract

Background and Objectives: Alcea koelzii, a species within the genus Alcea and a member
of the Malvaceae family, possesses a wide range of biological properties, including anti-
inflammatory,  antimicrobial, antioxidant, anti-estrogenic, enzyme-inhibitory, and
immunomodulatory activities, due to its diverse array of bioactive compounds. These
constituents include flavonoids, phenolic acids, coumarins, triterpenes, alkaloids, acidic
polysaccharides (mucilage), pectins, scopoletin, asparagine, tannins, steroids, proteins, and
various minerals. Considering the significance of marshmallow as a native plant species and its
recognized value in the pharmaceutical, food, cosmetic, and health industries, the domestication
of A. koelzii, the development of uniform high-quality cultivars, and the establishment of
extensive cultivation systems are important and necessary. Accordingly, this study aimed to
examine the diversity of functional, morphological, and phytochemical traits-particularly
anthocyanin, mucilage, and phenolic compound contents-among different A. koelzii populations
as an initial step toward the cultivation and domestication of this species.

Methodology: To assess morphological, functional, and phytochemical characteristics,
multiple A. koelzii populations were collected from natural habitats during the summer of 2024.
Plants were harvested at full flowering to standardize the evaluation of the target indicators.
Morphological and functional traits, including plant height, number of lateral branches, flower
diameter, number of flowers, and flower dry weight per plant, were measured. Phytochemical
attributes, comprising total phenolic content, total flavonoids, antioxidant activity, anthocyanin
content, mucilage, and carbohydrate content, were also quantified. Phenolic compounds were
analyzed using High Performance Liquid Chromatography (HPLC). All experiments were
performed with five replicates, and results are reported as means * standard deviation (SD).
One-way analysis of variance (ANOVA) was employed by SAS 9.4 to examine significant
variation among populations, followed by Duncan’s multiple range test at p < 0.05. A biplot
was produced using Origin 2022, and cluster analysis was conducted via the Euclidean distance
coefficient and Ward’s method. Correlation analysis was completed using R software.

Results: The highest coefficients of variation were observed for rutin (223.37%),
chlorogenic acid (195.91%), antioxidant activity (113.20%), and flower dry weight per plant
(78.07%). The TAR population exhibited the highest flower dry weight (1105.14 g/plant), while
the SIL population showed the lowest (672.38 g/plant). The ZAN (27.35%) and SIL (23.34%)
populations demonstrated the highest mucilage contents. Anthocyanin concentration varied
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from 1.86 mg cyanidin-3-O-glucoside/g dry weight in ZAN to 3.72 mg/g in QOR. The SIL
population contained the highest levels of total phenols (29.72 mg gallic acid/g dry weight) and
total flavonoids (16.84 mg rutin/g dry weight). Total carbohydrate content ranged from 30.73%
to 53.41%, with BAN exhibiting the highest and HAS the lowest values. HPLC analysis
identified rutin, chlorogenic acid, kaempferol, and apigenin as predominant phenolic
compounds across populations.

Conclusion: The findings of this study demonstrate substantial genetic diversity among A.
koelzii populations in relation to morphological and phytochemical characteristics. The
pronounced variability observed across key parameters underscores the strong potential of these
populations for selection and utilization in breeding, cultivation, and production programs.
These results support the broader goals of domestication and the commercial development of
this valuable medicinal species.
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Table 1- Geographical information for the collection regions of Alcea koelzii populations

Voucher Latitude Longitude Altitud Mean annual -~ Mean annual

No. Location Code temperature  precipitation

number (N) (E) e (m) (°C) (mm)

1 Kurdistan, Bane, Blajer BAN  MPH-3301  36°10'  46°02' 1651 140 582

2 West Azerbaijan, Urmia, TAR  MPH-3306  37°08'  45°09' 1814 120 443
Tergever

3 West Azerbaijan, Urmia, SIL  MPH-3308  37°25' 4449’ 300 135 318
Silvaneh

West Azerbaijan, Mahabad, ) onr ocar

4 Qarahbolagh MAH  MPH-3309  36°37 45°59 1840 125 392

5 Bast Azerbaijan, Maragheh,  \\np \MpH-3313 370347 46200 2018 132 340
Yayshahr

6 East Azerbaijan, Hashtrud, HAS  MPH-3315  37°22'  46°51' 1659 105 468
Shordargh

7 Zanjan, Zanjan, Sofilar ZAN MPH-3317 37°02' 47°58’ 1234 115 325

Alcea koelzii

® s @ »mr @ nvan @ BaN
MAR Has @ zan

Alcea koelzii 5,8 31 sasis s por slocumr S8y azi -y IS

Figure 1. Distribution map of Alcea koelzii populations collected
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Table 2. Statistical descriptive parameters for agro-morphological traits and phytochemical compounds of Alcea
koelzii populations

No.  Trait Unit Mean Max. Min. SD C.V. (%)
1 Plant height cm 146.48 192.00 90.00 33.96 23.18
2 Number of lateral branches Number.plant™ 5.02 8.00 2.00 1.40 27.91
3 Number of flowers Number.plant™ 75.05 164.00 10.00 39.84 53.10
4 Flower diameter cm 12.75 23.50 6.00 4.50 3530
5 Flower dry weight g.plant™ 437.51 1361.20 36.00 341.58 78.07
6 Total phenols content mg GAE.g* DW 20.16 31.40 12.08 4.98 24.73
7 Total flavonoids content mg RE.g™ DW 12.90 18.00 9.00 2.22 17.27
Ferric reducing antioxidant power 4

8 pmol Fe TT.ml 4.01 25.20 0.03 4.53 113.20
assay

9 Mucilage % 22.30 28.34 17.24 3.02 13.57

10 Total anthocyanin content mg C3G.g DW 2.82 4.56 1.73 0.65 23.05
11 Carbohydrates % 44.50 55.34 29.34 7.86 17.67
12 Chlorogenic acid mg.g™ DW 0.20 1.16 0.003 0.39 195.91
13 Rutin mg.g* DW 0.17 1.10 0.00 0.38 223.37
14 Kaempferol mg.g™ DW 1.03 1.16 0.92 0.08 8.02
15 Apigenin mg.g™ DW 1.32 2.62 0.00 0.90 68.15
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Figure 2. Means comparison of plant height (a), number of lateral branches (b), number of flowers (c), flower

diameter (d), and flower dry weight per plant () among Alcea koelzii populations
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. Eigenvalues of the principal component axes from the multiple regression analysis of the studied
parameters in Alcea koelzii populations

. Component
Trait
1 2 3 4 5

Plant heiaht 0.509 0.025 0.176 -0.102 0.835
Number of lateral branches 0.391 -0.277 0.709 0.381 0.334
Number of flowers 0.849 0.120 0.390 0.144 0.303
Flower diameter 0.915 0.025 0.330 -0.150 0.028
Flower drv weiaht 0.945 0.099 0.195 0.102 0.221
Total phenol content 0.309 0.920 0.029 0.049 -0.083
Total flavonoid content -0.042 0.864 -0.335 -0.084 0.340
Antioxidant activity 0.111 0.938 0.103 0.230 -0.111
Mucilage 0.107 0.015 0.261 0.932 0.132
Total anthocvanin 0.131 0.017 -0.055 -0.948 -0.026
Carbohvdrates 0.041 -0.066 0.198 0.109 0.971
Chloroaenic acid -0.304 -0.009 -0.924 -0.126 -0.173
Rutin -0.295 0.002 -0.934 -0.120 -0.142
Kaempferol 0.238 0.229 0.179 0.570 0.731
Apigenin -0.284 0.785 -0.013 -0.500 0.042

Eigenvalue 6.29 3.40 2.27 1.67 1.03

% of variance 41.94 22.68 15.18 11.16 6.89

Cumulative variance 41.94 64.62 79.81 90.97 97.87
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