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Abstract
The genus Berberis belongs to the Berberidaceae family, with 15 genera and 650 species around the world. It has valuable
potential in the medicinal and food industries. In this study, the phytochemical diversity of 55 fruits of the Iranian Berberis
genotype were investigated. The results of this study could be used in the breeding and determination of superior
genotypes in the future. Plant materials were collected from the barberry Collection Garden of Mashhad and also different
natural habitats of barberry in various provinces of Iran. The samples were air-dried, finely grounded, and extracted by
methanol at room temperature. Then, total phenol and total flavonoid were measured by Folin-Ciocalteu and AlCl3 assays,
respectively. Radicals neutralizing effects of extracts were examined through the 2,2-Diphenyl-1- picrylhydrazyl (DPPH)
method. The results showed a significant difference between phenolic content, flavonoid content, and antioxidant
properties of various extracts, at a probability level of 1%. A methanol extract of B. integerrima × crataegina (genotype
code 4-1) resulted in the highest phenolic content with an average of 4.2 mg gallic acid equivalents (GAE) ml-1 extract,
while the lowest content was recorded for B. integerrima (genotype code 23-4) with an average of 1.7 mg gallic acid
equivalents (GAE) ml-1 extract. The highest flavonoid content was observed with extracts of B. integerrima (genotype
code 4-4) and B. orthobotrys × crataegina (genotype code 15-4) with an average of 6.3 mg quercetin equivalents (Q) ml-1

extract. The least was recorded for B. integerrima (genotype code 23-4) with an average of 0.4 mg quercetin equivalents
(Q) ml-1 extract. The highest and lowest rates of free radical scavenging DPPH were 59.06% and 12.3%, respectively. The
results showed that barberry has a great diversity in terms of phytochemical characteristics in different genotypes and is a
valuable genetic source for breeding research.
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Introduction
The genus Berberis belongs to the Berberidaceae family, containing 15 genera and 650 species found in the northern
hemisphere. In the southern hemisphere, the genus Berberis is found in the temperate zone of South America. It is the
largest genus in this family, including more than 500 species [1, 2]. They can be found as shrubs and small trees with
evergreen leave and thorny shoots. The flowers are single or aggregate and arranged as spikes [3]. In Iran, five wild
species were reported, including Berberis Vulgaris, B. Orthobotrys, B. Khorasanica, B. Crataegina, and B. Integerrima.
The above-mentioned species contain seeds. Seedless barberry is cultivated in South Khorasan region (East of Iran) and
different names are reported for this cultivar in literature including: Berberis. vulgaris, B. orientalis Ck Schh.var.asperma
and B.vulgaris L var.asperma [4]. Based on research from the last decade, it has been identified as B. integerrima [5, 6, 7].
Extracts and herbal teas have shown antibacterial, antiviral, and antifungal properties [8]. Researchers reported
polyphenolic and flavonoid compounds (Rutin, Quercetin, kaempferol) in barberry fruit.These compounds are antioxidants
in lowering blood pressure, heart rate regulation, anticholinergic, anti-inflammatory, antibacterial, and antifungal healing
effects on liver disorder [9], cardiovascular system, nervous system, hypertension treatment, epilepsy, and cramping  [10].
Fruits are a source of phenols and antioxidants and contain nutrients and minerals [11]. The occurrence of phenolic



compounds, tannin, and alkaloid was demonstrated by phytochemical analysis of B. vulgaris extract [12]. The barberry
phenol compounds contain anthocyanins and carotenoid pigments [13].
Phenolic compounds and polyphenols are diverse chemicals containing simple phenol and complex polymers such as
flavonoid and anthocyanin pigments. Flavonoids and anthocyanins act as an antioxidant in a biological system. This plant
has a complex chemical composition that, in some cases, its synthesis in laboratory conditions is difficult or even
impossible. Also, the quality and quantity of chemical compounds are affected by environmental factors and plant
genotype. Therefore, studying the chemical compound variation of different plant species such as barberry, grown and
cultivated under different climate and field conditions, is a priority in the valuable medicinal plants research field. In this
study, the phytochemicals were screened to evaluate the total flavonoid and phenolic contents and antioxidant activity of
methanol extract of 55 Iranian Berberis genotypes.

Material and Methods
Chemicals and Reagents
Sodium carbonate, Folin–Ciocalteu reagent, sodium acetate, aluminum chloride, hydrochloric acid from Merk Co.
(Germany). 2,2-Diphenyl-1-picrylhydrazyl (DPPH), and Phenolic standards (gallic acid, quercetin) were procured from
Sigma–Aldrich Chemical Co. (USA). Other chemicals and solvents had an analytical grade.
Plant material and site description
The 32 barberries (Berberis spp.) accessions originated from the Barberry Collection Garden at the Research Institute of
Food Science and Technology, Mashhad, Iran. The Barberry Collection Garden is located at 36° 44‘ N latitude, 59° 4‘ E
Longitude, and 1116 m above the sea level with an annual average temperature of 14.3°C, and 251 mm precipitation. The
names of the genotypes are given in Table 1. The 23 barberry accessions were collected from different natural habitats of
barberry (Table 1). The samples were collected during Sep–Oct 2019. The plant identification was determined by Mr.
Mohammadreza Joharchi in the Research Institute of Plant Sciences, Ferdowsi University of Mashhad. The fresh ripe
fruits were dried in the shade, powdered, and then used for extraction.

Table 1 Main characteristics of selected sites of Berberis

No
Genotype
code

Species name* Region of Iran Latitude Longitude Altitude (m asl**)

1 1-4 B. integerrima Tehran Province 354851 505933 1236

2 2-4 B. vulgaris Tehran Province 354851 505933 1236

3 3-4 B. integerrima Golestan Province 361433 540120 1565

4 4-4 B. integerrima North Khorasan Province 412081 496885 1735

5 5-4 B. integerrima
Kohgiluyeh and Boyer-
Ahmad Province

302526 514549 2500

6 6-4 B. integerrima
Chaharmahal and Bakhtiari
Province

347653 524158 2620

7 7-4 B. vulgaris Isfahan Province 326212 514641 1612

8 8-4 B. integerrima Isfahan Province 326212 514641 1612

9 9-4 B. vulgaris South Khorasan Province 334359 591433 1453

10 10-4 B. integerrima Razavi Khorasan Province 364879 580944 1770

11 11-4 B. integerrima Semnan Province 363501 544309 2657

12 12-4 B. integerrima Semnan Province 363501 454309 2661

13 13-4 B. integerrima Semnan Province 363501 454309 2661

14 14-4 B. orthobotrys Golestan Province 364125 543413 1862

15 15-4 B. ortho × crat. Golestan Province 364044 54344 2167

16 16-4 B. ortho × integ. Alborz Province 360113 510901 1783

17 17-4 B. vulg × integ. Alborz Province 360112 510900 1798

18 18-4 B. ortho × crat. Mazandaran Province 361451 511809 1895



19 19-4 B. ortho × crat. Mazandaran Province 361451 511809 1896

20 20-4 B. ortho × integ. Mazandaran Province 360404 530405 732

21 21-4 B. ortho × integ. Mazandaran Province 360404 530405 711

22 22-4 B. integerrima Ghazvin Province 362541 500510 1833

23 23-4 B. integerrima Zanjan Province 362141 481224 1613

* The name of species and hybrids are still under investigation and are not defined. The naming was done by studying 40
morphologic investigations [14]
** meters above sea level (m asl)

Phenolic extraction procedure
Dried fruit samples (1 g) were grounded and soaked in 30 ml of methanol: water (80:20) for 1 h by shaking. The extracts
were filtered and dried by vacuum. Finally, it was dissolved in 10 ml of methanol-water (80:20) and stored in a refrigerator
at 4 °C for further use.
Flavonoids extraction procedure
For this purpose, 2 grams of dried barberry of each genotype code was ground and then poured in vials. Then, 20 ml of
50% methanol was set in the fridge for 24 hours and then extracted. After 24 hours, the upper layer of the liquid was
moved to another container and the leftover was again extracted with 20 ml of methanol 50%. Finally, both liquids were
mixed and filtered with specific paper. 9 ml of the extract was dried with rotavapor at 35 °C and was solved in 3.5 ml of
methanol 50% -Dimethyl Sulfoxide (ratio 50-50) and stored in a refrigerator at 4 °C for further use.
Total Phenolics (TP) Analysis
The amount of total phenolics in extracts was determined according to the spectrophotometric method based on Folin-
Ciocalteu’s procedure [15]. Briefly, 0. 5 ml of diluted extract and 0.45 ml water were mixed with 2.5 ml of 1:10 diluted
Folin–Ciocalteu’s phenol reagent, followed by 2 ml of 7.5% (w/v) sodium carbonate. After 5 min at 50 °C, absorbance
was measured at 760 nm. Phenol content was estimated from a standard curve of gallic acid, and results were expressed as
mg gallic acid equivalents (GAE) ml-1 extract. Calibration graphs (figure 1) were plotted subsequently for linear regression
analysis of the peak area with concentration 0.05, 0.1, 0.15, 0.2, 0.25, and 0.3 µg ml–1.
Total Flavonoids (TF) Analysis
The flavonoid content was determined according to the spectrophotometric method based on the formation of the
aluminum-flavonoid complex [16]. All analyses were carried out in triplicate. An aliquant of AlCl3 solution (0.5 mL, 2 %,
w/v) was added to 1 ml of the test solution (standard or sample), and subsequently, 0.5 mL of water, HCl, CH3COONa, or
CH3COONH4 (each at a concentration of 1 M) was added.The concentrations of standard solutions of flavonoids were
100 μM. The mixture was vigorously shaken and then subjected to spectral analysis at 425 nm after 10 min of incubation
at room temperature. The amount of AlCl3 solution was substituted by the same amount of water in the blank. Flavonoid
content was estimated from a standard curve of quercetin, and results were expressed as mg quercetin equivalents (Q) ml-1

extract. Calibration graphs (Figure 2) were plotted subsequently for linear regression analysis of the peak area with
concentrations 0.05, 0.1, 0.15, 0.2, 0.25, and 0.3 µg ml–1.
Antioxidant capacity by DPPH assay
The extract DPPH radical scavenging activity was obtained against the stable free radical DPPH described previously [17].
Briefly, one ml of each sample (1 mg/ml) was incubated with a methanolic solution of DPPH lM. After 30 min of
incubation at room temperature, the absorbance at 517 nm was measured by a spectrophotometer. The percentage of
inhibition (%I) of the radical was calculated according to the following formula:
%I = [(ADPPH – AP)/ADPPH] × 100
where ADPPH and AP presented the absorbance of the DPPH solutions containing ethanol and plant extracts, respectively.



Fig. 1 Calibration curve of gallic acid

Fig. 2 Calibration curve of quercetin

Statistical analysis
This project was implemented by using a completely randomized design with three replications and 55 accessions.
Analysis of variance (ANOVA) was accomplished by using the SAS software (version 9.3). The mean comparisons were
performed by Duncan's multiple range test (DMRT) at a 5% probability level.

Results and Discussion
Total phenol (TP) and total flavonol (TF) Contents
Analysis of variance of the data showed a significant difference in the amount of phenol and flavonoid of the extracts from
different genotypes at the level of 1% probability (Table 2).

Table 2 Analysis of variance of difference in the phenol and flavonoid content of extracts between different accessions
average of squares

S.O.V                          df
flavonoidphenol
7.3**0.03ns2bloc
7.7**0.9**54accessions
0.70.08108error
2411.4-Cv (%)

ns and ** mean non-significance and significance at the level of  1% probability, respectively.

The results of the mean comparison showed that the highest and lowest flavonoids measured in different genotypes were in
separate groups A and T. The rest of the genotypes were grouped as an intermediate between these two statistical groups.
The observed variation in phenol was divided into three separate statistical groups, A, B, and S, and the other genotypes
showed an intermediate statistical grouping. B. integerrima × crataegina (genotype code 4-1) with an average of 4.2 had
the highest phenol content, and B. integerrima (genotype code 23-4) with an average of 1.7 had the lowest. The flavonoid
in B. integerrima (genotype code 4-4) and B. orthobotrys × crataegina (genotype code 15-4) with an average of 6.3 had
the highest content, and in B. integerrima (genotype code 23-4) with an average of 0.4 had the lowest (Table 3).
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Table 3 Mean comparison of the accessions as the phenol and flavonoid contents

Genotype code
flavonoid
content

phenol
content

Genotype code
flavonoid
content

phenol content

1-1 2.3m-s 2.8c-i 10-3 2.6k-s 2.4g-q

2-1 3.3h-q 3.7B 11-3 5.6a-d 2.1ls

4-1 2.8j-s 4.2A 12-3 1.3Rst 2.3k-s

5-1 3.3h-q 2.4g-p seedless 4.2c-l 2.4g-q

7-1 1.4Rst 3.4Bc 1-4 4.2c-l 2.4e-p

8-1 2.04o-t 2.5e-n 2-4 6.05Ab 3.4Bcd

9-1 3.7f-n 1.9p-s 3-4 4.2c-l 1.8Rs

10-1 1.9p-t 1.9o-s 4-4 6.3A 1.8Rs

11-1 5.9Abc 3.3Bcd 5-4 5.4a-f 2.6e-n

12-1 2.3m-s 2.3h-s 6-4 4.9a-h 2.5e-o

13-1 2.1n-t 2.3i-s 7-4 5.1a-g 2.2k-s

14-1 2.2m-s 2.1k-s 8-4 4.6a-i 3.7B

1-2 3.7g-o 2.3j-s 9-4 6.1Ab 2.2k-s

2-2 5.7a-d 2.8d-j 10-4 4.6b-j 2.3h-r

3-2 3.3h-q 2n-s 11-4 5.1a-g 1.9o-s

4-2 2.6l-s 3.4Bcd 12-4 1.6q-t 1.8Rs

5-2 4.8a-h 2.3i-s 13-4 2.9i-r 2.3j-s

8-2 1.7q-t 1.8Qrs 14-4 4.3b-k 2.5f-p

10-2 4.7a-h 2.4g-p 15-4 6.3A 1.9o-s

11-2 1.6q-t 1.9o-s 16-4 1.8q-t 2.6e-m

12-2 3.5g-p 1.8Rs 17-4 1.2St 1.9o-s

13-2 2.7k-s 3.05c-f 18-4 3.9e-m 2.9c-g

14-2 4.5b-j 2.4g-p 19-4 5.5a-d 2.7e-k

2-3 4.9a-h 2.4g-p 20-4 6.02Ab 3.07Cde

3-3 3.3h-q 2.3i-s 21-4 1.8q-t 1.8Qrs

4-3 1.5Rst 2.3h-s 22-4 3.7g-o 2.09m-s

5-3 1.4Rst 2.7e-l 23-4 0.4T 1.7S

8-3 4.1d-l 2.9c-h - - -

similar letters indicate no significant difference between the means

In the study of Akbulut et al. (2009), the total phenolic content of fresh fruits of Berberis vulgaris in Turkey has been
reported to be 789.32 ±88.50 mg/100 g [18]. Total phenol content in barberry genotypes was reported as 689.82, 675.68,
and 702.94 [19]. Sasikumar et al. (2012) found the value of total phenolic as 410±0.02 mg/100 g for the fresh barberry
fruits [20]. Total phenol content as 8530 and 3450 mg/100 g fresh fruit was reported for Berberis integerrima and Berberis
vulgaris, respectively [21]. In a study, Yıldız et al., (2014) found total phenolic values of barberry fruits ranged from 2500
mg to 3720 mg GAE/L of fruit juice [22]. The total phenolic content of fruits of barberry genotypes in the Central Anatolia
region of Turkey has been reported between 2560- 3630 mg GAE per L. [23]. Some studies have shown, the amount of
measured phenol in fresh samples is higher than in dried samples [24, 25]. On the other hand, Vinson et al. (2005) showed
that the level of the phenolic compounds of dried fruits is higher than fresh fruits [26]. The total amount of phenol and
flavonoid obtained in this study has great diversity in all genotypes. Genotype and environmental conditions affect the



biosynthesis of phenol and flavonoid accumulation in different parts of the plant [27, 28]. Phenolic compounds are highly
effective free radical scavengers and antioxidants [29]. In the study of Sasikumar et al. (2012), the total flavonoid content
of fresh fruit barberry has been reported to be 320 mg equal to Eq quercetin/100 g [20]. Awan et al. (2014) stated total
flavonoids as 385.52, 376.93, and 395.09 [19]. Pyrkosz-Biardzka et al. (2014) found that the methanolic extract of
Berberis vulgaris contains significant amounts of phenolic compounds and flavonoids [30]. In a study conducted by
Balandari et al. (2017), a different method of analysis and extraction was done on 12 genotypes of the understudy
genotypes. A significant difference was seen on genotypes, according to the total phenol and flavonoid. Genotype code 5-1
with the average mean 1482/61 mg GAE/100g fruit dry weight (DW), and after that code 4-1 had the highest total phenol
content. Genotype code 12-1 had the lowest amount with a mean of 756/30 mg GAE/100g fruit dry weight (DW). The
total amount of phenol in genotype codes 4-1 ،2-2 ،5-2 ،5-3 ،11-1 ،10-1 and seedless were not significantly different from
5-1 code. There are various reports about the amount of phenol in seedless barberry, referred to different extractions and
measurements. Among the studied genotypes, genotype code 14-2 with 837/53 mg QUE/100g fruit DW had the highest
amount of flavonoid due to the high anthocyanin of this genotype. After this genotype code, 5-1,11-1, seedless,12-1 and
10-1 were placed respectively which all had dark color except seedless genotype. It shows the high amount of flavonoid
(492/56 mg QUE/100g Fruit DW) and anthocyanin in seedless barberry (significant difference with genotype code 14-2).
The lowest amount was genotype code 13-1 (219/72mg QUE/100g Fruit DW) [31].
DPPH radical-scavenging activity
The analysis of variance showed that the percentage of antioxidant activity was significantly different between the
genotypes at the level of 1% probability (Table 1).

Table 4 Analysis of variance of difference in the percentage of antioxidant activity between different accessions
antioxidant activitydfS.O.V
381.03**54accessions
25.14110error
14.2-Cv (%)

** stand for significant at 1%

Comparing the means showed that according to the obtained statistical grouping, due to a large number of genotypes and
the differences between them, the genotypes were divided into two separate statistical groups A and U, and more than ten
intermediate groups.The results of the mean comparison table showed that B. integerrima (genotype code seedless), with
an average of 59.06%, had the highest antioxidant activity. After that, B. integerrima (genotype code 4-23) with an
average of 54.9% was in the next group. The level of antioxidant activity decreased from 59.06 to 12.3% in B. orthobotrys
× crataegina with genotype code 18-4 (Table 5).

Table 5 Comparison of the mean of different accessions as a percentage of antioxidant activity

Genotype
code

Species name*
antioxidant
activity (%)

Genotype
code

Species name*
antioxidant
activity (%)

1-1 B. integerrima × crataegina 51.2abc 10-3 Berberis spp. 38.6 g-k

2-1 B. integerrima × crataegina 36.8h-l 11-3 B. integerrima × crataegina 36.4 h-l

4-1 B.integerrima × crataegina 39.2e-j 12-3 B. integerrima × crataegina 38.9 f-i

5-1 B. integerrima × crataegina 20.1q-u seedless B. integerrima 59.06 a

7-1 B.integerrima × crataegina 48.9b-e 1-4 B. integerrima 48.7 b-f

8-1 B. integerrima × orthobotrys 34.4h-m 2-4 B. vulgaris 24.7 m-s

9-1 B. orthobotrys 50.3a-d 3-4 B. integerrima 33.7 i-n

10-1 B. integerrima 29k-q 4-4 B. integerrima 48.1 b-g

11-1 B. integerrima 16.7r-u 5-4 B. integerrima 27.8 l-q

12-1 B. integerrima 15.4r-u 6-4 B. integerrima 42.4 c-i

13-1 B. vulgaris 28.2l-q 7-4 B. vulgaris 30.1 j-p

14-1 B. integerrima × crataegina 24.03n-s 8-4 B. integerrima 38.5 g-k

1-2 B. integerrima × crataegina 19.4q-u 9-4 B. vulgaris 30.3 j-p

2-2 B. vulgaris 41.9c-i 10-4 B. integerrima 36.5 h-l



3-2 B. integerrima × crataegina 48.9b-e 11-4 B. integerrima 13.9 tu

4-2 B. vulgaris 28.3l-q 12-4 B. integerrima 42.1 c-i

5-2 B. vulgaris 25.9m-r 13-4 B. integerrima 49.2 b-e

8-2 B.integerrima × crataegina 47.2b-g 14-4 B. orthobotrys 30.5 j-p

10-2 Berberis spp. 42.3 c-i 15-4 B. orthobotrys × crataegina. 17.2 r-u

11-2 B. integerrima 28.5 l-q 16-4 B. orthobotrys × integerrima 32.4 i-p

12-2 B. orthobotrys 47.9 b-g 17-4 B. vulgaris × integerrima 36.4 h-l

13-2 B. vulgaris 32.6 i-o 18-4 B. orthobotrys × crataegina 12.3 u

14-2 B. integerrima 39.4 c-h 19-4 B. orthobotrys × crataegina 22.7 o-t

2-3 B. crataegina × vulgaris 30.3 j-p 20-4 B. orthobotrys × integerrima 41.8 d-i

3-3 B. integerrima × crataegina 41.6 c-i 21-4 B. orthobotrys × integerrima 39.5 e-j

4-3 B.integerrima × crataegina 50.5 a-d 22-4 B. integerrima 22.6 p-t

5-3 B. integerrima × orthobotrys 43.9 c-h 23-4 B. integerrima 54.9 ab

8-3 B. vulgaris 30.05 j-p - - -

similar letters indicate no significant difference between the means
*The name of species and hybrids are still under investigation and are not defined. The naming was done by studying 40
morphologic investigations [14]

This method is based on the reduction of free radical DPPH methanolic solution by antioxidant compounds such as
phenols. These compounds have hydrogen donor groups and lead to the formation of non-radical DPPH forms. In this
state, the color of DPPH containing solution changes from purple to dark yellow, and the absorbance drops at 517nm [32,
28]. The antioxidant property of 15 barberry genotypes was assessed by four methods, DPPH, ferric reducing antioxidant
power (FRAP), beta-carotene linoleic acid, and total antioxidant activity based on the TFPL method. The results showed
that the total antioxidant activity in different barberry genotypes was directly related to phenolic compounds. Moreover,
genotypes with the higher phenolic compounds, especially total phenols, had higher antioxidant properties. Comparing
antioxidant activity in different methods for berry genotypes showed that total antioxidant activity based on the TFPL
method is a better technique for measuring antioxidant activity in barberry genotypes. It is due to its higher association
with antioxidant compounds such as phenols [33]. Hassanpour and Alizadeh (2016) found a significant correlation among
all three antioxidant assays (DPPH, Fe2+ chelating and ferric reducing antioxidant power (FRAP) [34]. Hosseini et al.
(2014) studied several existing laboratory methods to evaluate the inhibitory capacity based on its work, method, and
strengths and weaknesses. Their studies showed that despite the different methods for assessing antioxidant capacity, there
is a gap in the standardization of antioxidant capacity measurement. There is a theoretical consensus among researchers
that the use of several methods combination can be useful to assess antioxidant capacity in laboratory conditions [35].
Some studies have shown a positive correlation between phenolic contents and antioxidant activity in plants [20, 36, 28,
37]. On the other hand, some authors could not find such a relationship [39, 38, 28].
In the present study, all accessions contained significant phenolic contenets and antioxidant activity. Motalleb et al. (2005)
did not find any relationship between antioxidant activity and total phenolic contents in B. vulgaris fruit extract; however,
they found that B. vulgaris fruit extract had higher antioxidant activity in ethanol than water. Based on that, Motalleb et al.
(2005) concluded that B. vulgaris fruit in each type of solvent had a different antioxidant activity. It could be attributed to
different antioxidant components such as β-carotene, vitamin C, butylhydroxytoluene, and phenolic compounds [40].
Phenotype is a function of the genotype, the environment, and the differential phenotypic responses of genotypes to
different environments, also known as genotype by environment interactions [41]. Phytochemical content is affected not
only by genetic variation, but also by environmental conditions and seasonal and year-to-year differences [42]. For
instance, the phytochemical and antioxidant activity of 172 soybeans (Glycine max L.) landraces differed between two
cultivation years [43]. The phytochemical composition and biological activity of Parkia speciosa seeds varied significantly
depending on where the plants had been cultivated [44]. The obtained results of the study also showed the efficient role of
the growth location due to their different ecological and climatic characteristics on the accumulation of secondary
metabolites. Different phenol and flavonoid contents were observed in all accessions due to the similarity of the samples in
species, solvents, and extraction methods. Existing differences in the growing area, changes in ambient temperature,
changes in the intensity of solar radiation, and annual rainfall can be the reasons for the observed differences in the



synthesis and accumulation of the collected plant compounds.The main purpose of studying intraspecific diversity is to
preserve genetic resources and ultimately preserve and propagate them [45]. Research has proven that plants belonging to
a species that grow in different ecological and geographical conditions show distinct characteristics that lead to different
populations [46]. Gohari et al. (2011) examined the antioxidant activity of some medicinal plants and several species of the
mint family. They reported that the chemical composition of the extracts varied depending on the geographical area, type
of tissue, and harvest time [47].  Research on medicinal species has shown a direct relationship between increasing altitude
and ecological stress with the amount of phenolic and flavonoid substances and antioxidant activities of plant extracts [48].

Conclusions
The present study focused on phenolic compounds and antioxidant activities of 55 Iranian Berberis genotypes. The results
showed that Barberry has high diversity in phytochemical properties in different genotypes and is a valuable genetic
source for breeding research. The highest phenolic content was observed with extract of B. integerrima × crataegina
(genotype code 4-1), and the highest flavonoid content was observed with extracts of B. integerrima (genotype code 4-4)
and B. orthobotrys × crataegina (genotype code 15-4). Also, the highest rates of free radical scavenging DPPH were
observed with extracts of B. integerrima (genotype code seedless). These genotypes need further investigation to
determine the superior genotype in the future. The present information is published for the first time.
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