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Objective: Walnut is classified as a strategic species for human nutrition and is an
important product widely used in the pharmaceutical and cosmetic industries for its green
husk, shell, kernel, and leaves.

Methods: To investigate the biochemical properties of walnut kernels in some regions of
western Iran (Hamedan, Kurdistan, and Kermanshah provinces), an experiment was
designed, and walnuts were collected from three ecotypes: Tuyserkan, Marivan, and
Kangavar and the total phenolic content, flavonoids, and antioxidant capacity of the
kernels were studied.

Results: Results of variance analysis for each trait showed significant differences in total
phenolic content, flavonoids, and antioxidant activity among the three sites. The highest
and lowest total phenolic content was observed in walnuts from Tuyserkan and Kangavar,
respectively. The highest flavonoid content was found in the kernels of Tuyserkan
walnuts, while the lowest was in Marivan walnuts; the highest antioxidant capacity was
also obtained from the kernels of Tuyserkan county.

Conclusion: Therefore, it appears that among the studied regions, Tuyserkan County
provides better conditions for the growth and accumulation of biochemical compounds
in walnut kernels, making Tuyserkan walnuts suitable for both the food industry as a
quality nut and for the pharmaceutical and cosmetic industries due to their favorable
biochemical properties.
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Introduction

Walnut (Juglans regia L.) is the most widely distributed tree nut in the world and one of the most
economically valuable horticultural crops, which has long been consumed as a highly nutritious food.
This crop has attracted attention due to its rich content of macronutrients, micronutrients, proteins,
vitamins, and carbohydrates, as well as its potential as a source of polyphenols (Wu et al., 2021).

In the past decade, phenolic compounds in the diet have drawn considerable attention because of their
diverse biological activities and benefits for human health. These compounds are known as essential
antioxidants with anti-cancer, anti-inflammatory, antibacterial, anti-aging, antifungal, and
neuroprotective effects (Bouali et al., 2023). The phenolic compounds identified in walnut include
hydroxycinnamic acids (chlorogenic, caffeic, ferulic, and sinapic acids), hydroxybenzoic acids (gallic,
ellagic, protocatechuic, syringic, and vanillic acids), flavonoids (catechin, epicatechin, and myricetin),
and juglone. Juglone is one of the most important phenolic compounds in walnut with strong antioxidant
activity, and walnut husk is recognized as a cost-effective source for its preparation (Rafiei Dehkordi et
al., 2023).

The content of phenolic compounds in plants is influenced by various factors such as genetic factors,
environmental conditions, and storage conditions, and may even vary among cultivated varieties of the
same species. Ripening stage and harvest time also affect phenolic content. The combined effect of
climatic, environmental, and genetic parameters ultimately determines the nutritional quality of
horticultural products. The mechanism by which the environment affects the accumulation of secondary
metabolites is not fully understood; however, it is clear that the environment influences the type and
intensity of chemical reactions by affecting the metabolite production process and related factors such
as enzymes. Plants produce secondary metabolites as a means of adaptation to different ecological
conditions; therefore, populations of the same species growing under different ecological conditions
form different types in terms of quantity and quality of effective compounds (Ahmadi Sabegh and
Eghbal, 2021). Understanding climatic and edaphic parameters and their effects on plants is one of the
most important factors in increasing yield and production stability. Neglecting climatic and
environmental potentials leads to low and fluctuating yields. Therefore, feasibility assessment and
identification of suitable cultivation areas based on climatic and edaphic factors can provide a suitable
basis for cultivation and increase production stability (Salavati and Kakaei, 2024).

Considering the importance of walnut in terms of biochemical traits and kernel quality, the present study
aimed to evaluate the phenol, flavonoid, and antioxidant properties of samples collected from
mountainous regions of western Iran, particularly Hamadan, Kermanshah, and Kurdistan provinces.

Method

This study was conducted in summer 2024 on the Chandler walnut cultivar. Samples were randomly
collected from three different habitats: Tuyserkan (southwest of Hamadan), Kangavar (east of
Kermanshah), and Marivan (northwest of Kurdistan). The orchards in all three regions had trees of
similar age and relatively similar management conditions. Healthy samples were kept at room
temperature for 48 hours, then manually dehulled and cracked.

Dehulled samples were dried at 50 °C and ground. Maceration was used for extraction; briefly, 2 g of
dried walnut powder was dissolved in 75 mL of 70% methanol and placed on a shaker for 24 hours.
Then, another 75 mL of solvent was added, and the extract was filtered through Whatman No. 1 filter
paper. Solvent separation was performed using a rotary evaporator (Mohajerani et al., 2024).

Total phenol: measured by colorimetric method using Folin-Ciocalteu reagent (Sharafati-Chaleshtori
et al., 2011). 500 pL of extract was mixed with 4500 pL of distilled water and 100 pL of Folin reagent;
after 2 minutes, 1 mL of 20% sodium carbonate was added. Samples were kept in darkness for 2 hours,
and absorbance was read at 765 nm. Results were expressed as mg gallic acid per g extract (Chen et al.,
2013; Mlcek et al., 2015).

Total flavonoid: measured by aluminum chloride colorimetric method (Chang et al., 2002). 0.1 mL of
10% methanolic aluminum chloride was mixed with 0.1 mL of 1 M potassium acetate and 2.8 mL of
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distilled water. Then, 0.5 mL of extract (mixed with 1.5 mL of 70% methanol) was added, and the final
mixture was kept at room temperature for 30 minutes. Absorbance was read at 415 nm and calculated
as mg quercetin per g extract.

Antioxidant activity: evaluated by DPPH method (Brand-Williams et al., 1995). 300 mg of dried
sample was mixed with 9 mL of pure methanol and kept at 4 °C in darkness for 24 hours. Then, 0.1 mL
of extract was added to 3.9 mL of DPPH solution, and after 30 minutes in darkness, absorbance was
read at 517 nm. Results were calculated as IC50.

Statistical analysis was performed in a randomized complete block design with three replications using
SPSS version 19, and means were compared by Duncan's multiple range test at the 5% probability level.

Results

Analysis of variance showed significant differences among different walnut collection sites for traits
such as total phenol, flavonoid, and antioxidant capacity, and the effect of geographical region of harvest
was significant for all measured traits at the 1% probability level (p < 1%).

Mean comparison by Duncan's test showed that walnut from Tuyserkan had the highest total phenol
content (14.27 mg gallic acid per g extract) and walnut from Kangavar had the lowest (6.67 mg gallic
acid per g extract). The highest flavonoid content was found in walnut collected from Tuyserkan (3.89
mg quercetin per g extract) and the lowest (1.58 mg quercetin per g extract) in walnut from Marivan.
The highest DPPH inhibition was also recorded in Tuyserkan walnut, indicating its highest antioxidant
capacity.

In this study, significant differences were observed in total phenol and flavonoid content among samples
from three regions with different climatic conditions. These results confirm that geography and climate
in different regions have a significant effect on the content of bioactive compounds and their activity.
Indeed, the production of secondary metabolites in plants is influenced by environmental and genetic
factors. Differences in chemical properties across locations—in other words, the habitat effect on
plants—have been demonstrated in numerous studies (Mazaraie and Fahmideh, 2020). Ghasemi et al.
(2019) also showed that environmental conditions and sampling location have a significant effect on
total phenol and flavonoid.

Differences were observed in soil salt content among sampling regions, and a major part of the
differences in plants is related to soil salts. Also, plant access to soil nutrients depends on soil pH.
Therefore, the difference in total phenol content of walnut can be attributed to soil elements and altitude
in different regions. Nejad-Alimoradi and Rezanejad (2022) also reported that soil physicochemical
properties affect plant establishment, growth, photosynthesis, and secondary metabolite production, and
differences in phenolic compound content can depend on factors such as geographical region, plant
habitat, and extraction method (Kianipour et al., 2023).

Since different habitats exert different effects on plant species based on climatic and edaphic conditions,
suitable and balanced environmental conditions and soil characteristics in the Tuyserkan habitat could
be among the factors contributing to increased secondary metabolites in walnut from this region. The
qualitative and quantitative content of effective secondary metabolites in medicinal plants of each region
is influenced by climatic conditions, environmental factors, and ecological stresses of that region
(Akbari and Kakaei, 2024).

In the present study, the highest flavonoid content was observed in the region with the highest altitude,
and the lowest flavonoid content in the region with the lowest altitude. These observations are consistent
with the results of Saboora et al. (2013), who stated that differences in regional conditions such as
climatic variations, altitude, and genetic pool changes have a significant effect on phenolic and flavonoid
compounds and antioxidant activity. Sohrabi Muri et al. (2022) also showed that collection location has
a significant effect on phytochemical properties including total phenol and flavonoid content.

To compare the antioxidant activity of extracts, the 1C50 factor is used, which is the concentration of
extract at which 50% of DPPH radicals in the reaction medium are inhibited. The lower this
concentration, the higher the antioxidant activity of the extract (Kianipour et al., 2023; Qingyang et al.,
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2023). Walnuts have antioxidant, anti-inflammatory, antibacterial, neuroprotective, and anti-
carcinogenic properties for human health (Ros et al., 2018).

The biological functions of the body are significantly improved by the antioxidant activities of phenolic
compounds (Vu et al., 2018). Therefore, the high antioxidant capacity of the product in the study region
can be attributed to the high phenol content of walnut. Studies have shown a strong relationship between
total phenolic content of walnut and the antioxidant activity of walnut extracts. Ali and Zeb (2024) also
showed that walnut kernel contains phenolic compounds that play a vital role in human health due to
various antioxidants. According to the results of our study (Ma et al., 2021), a positive correlation
between DPPH and total phenol has been observed in fruit trees. Among 25 different commonly
consumed nuts, walnut seeds have the highest antioxidant activity. This difference in antioxidant
capacity can be attributed both to its positive correlation with total phenol content and to climatic
conditions and altitude differences in the studied habitats. The action of antioxidants is always variable
and widely changes with several factors such as maturity stages, climatic conditions, plant organs used,
harvest conditions, storage, and maintenance (Kaur et al., 2011).

Conclusions

The traits of total phenol, flavonoid, and antioxidant capacity in walnut collected from different
geographical regions showed significant differences, and the results showed that walnut from Tuyserkan
had the highest total phenol content and walnut from Kangavar had the lowest. The highest flavonoid
content was also observed in walnut collected from Tuyserkan and the lowest in walnut from Marivan.
Walnuts from Tuyserkan had the highest antioxidant activity, while walnuts from Kangavar had the
lowest antioxidant activity. Therefore, among the studied regions, Tuyserkan appears to be more suitable
in terms of providing the conditions required for growth and accumulation of biochemical compounds,
which are generally also useful in the pharmaceutical industry. Additionally, it is suggested to
investigate soil characteristics, particularly acidity, electrical conductivity, and organic and chemical
compounds of soil in the mentioned regions, and to determine the effect of these factors on the chemical
composition of walnut, as well as to compare the qualitative and apparent characteristics of walnut
kernels such as fatty acid content and kernel color in these regions.
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Figure 1. Sample of collected walnuts
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Figure 2. Measuring total phenol in the laboratory
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Table 3. Variance analysis of the effect of geographical conditions on several biochemical properties of walnut

kernels
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Table 4. Mean comparison effect of geographical conditions on some biochemical properties of walnut kernels
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