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To investigate the effect of the environment on phenolic and flavonoid
contents and antioxidant and phytochemical properties of essential oils in
five cultivars of hop, in four regions of Golestan province (Gorgan,
Aliabad, Galikesh, and Azadshahr), an experiment was conducted as
randomized complete block design with three replications during 2021-
2022. Fruit extracts were prepared by soaking method using acetone
solvent and the phenolic and flavonoid contents and the antioxidant
properties were determined via Folin-Ciocalteu, aluminum chloride
colorimetric, and DPPH method, respectively. Extraction of essential oils
from fruit and identification of the compounds in the essential oil were
carried out by water distillation method (Clevenger machine) and a gas
chromatograph connected to a mass spectrometer (GC/MS), respectively.
Overall, 32 compounds were identified, including Beta-acid, Alpha-acid,
Co-humulone, total oil, Caryophyllene, Humulene, and Myrcene
compounds, as the main components of the essential oil. Cascade cultivar
in Gorgan region had the highest rate of phenolic and flavonoid contents as
well as antioxidant activity, which can be related to the climatic conditions
of the region and the higher potential of this cultivar. Also, all cultivars in
Gorgan region had the highest content of secondary metabolites than
others. Among the cultivated cultivars, Cascade and then Centennial had
the highest content of secondary metabolites in all cultivation areas.
Therefore, in order to achieve higher secondary metabolites, cultivation of
Cascade in Gorgan region is recommended. On the other hand, Nugget in
Galicash had the lowest content of secondary metabolites, which can be
related to its lower potential in production of secondary metabolites and
the climatic conditions of Galicash region which is located at a higher
altitude and has a negative effect on the production of secondary
metabolites. Therefore, considering the effect of different environmental
conditions on the medicinal compounds of the species, it is recommended
to evaluate the effect of the other factors, including the soil of the habitats.
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) B-pinene 3.72 0.9 0.56 0.51 0.42 0.78
¥ myrcene 4.07 3.34 2.41 1.96 2.36 7.71
) beta.-myrcene 4.48 4.51 2 2 3.98 6.56
¢ 3-methylbutyl ester of isobutyric acid 4.66 0.24 2.16 0.9 0.21 1
° (+-)alpha-limonene 5.11 0.4 1.28 1 0.12 1
1 colupulone 6.36 10.76 8.76 7.88 16.11 6.77
v (e)-.beta.-ocimene 5.56 0.15 1.67 1.87 0.76 1.21
A lupulone 5.83 9.15 12.48 8.31 10.45 7.41
4 adlupulone 6.47 25.67 21.1 13.23 24.78 17.14
AN methyl 6-methyl meptanoate 6.48 0.21 VAN -4 - Yt L0
Al beta-nonanone 6.64 0 1.98 0.29 0.23 1.32
Y linalool 6.77 0.19 2.21 2.26 1.11 2.17
W undecanone 11.65 0.21 2 0.87 0.24 0.9
k3 4-decenoic acid methyl ester (z) 0 1.78 1.21 0.16 1.12
Vo 2,6-farnesol (cis trans) 13 13.48 0 2.23 1.65 0.11 2
" Alpha-copaene 13.59 0.09 2.21 0.45 1.76 2.16
v geranyl acetate 13.9 0.2 0.17 0.9 0.33 0.11
A B-cariophyllene 14.71 11.1 541 7.78 1.11 4.23
4 alpha-trans-bergamotene 15.1 0.23 0.9 0.45 0.09 0.11
e alpha-caryophyllene 15.55 9.11 4.39 5.82 1.6 3.4
AN B-farnesene 15.67 0.71 1.15 0.66 0.47 0.54
Y geranyl propionate 16.11 1 1.87 1.35 0.18 0.56
A germacrene a 1 16.26 0.44 1.93 1.31 0.39 0.46
Tt co-humulene 26.12 5.66 7.6 10.8 7.3 10.66
Yo humulene 33.34 7.1 1.67 13.54 5.92 8.56
™ adhumulone 33.84 3.64 3.27 3.1 10.47 2.01

Yy total 95 95 91 91 91
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