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ABSTRACT

The amounts of substances together with nutriti@mel medicinal properties of fruits from Berberigdae family
vary between the plant species. Aluminum chlora@ertnetric assay was used for flavonoids deterrtigmain 250
g of dried fruit. The Folin-Ciocalteau method wased to determine the total phenolic compound cdsitdine free
radical-scavenging activity was examined by stdblediphenyl-2-picryl-hydrazyl radical (DPPH) assayhe level
of total phenol in different Berberis Ecotypes Wd4.5 mg/g for Black berberis khorasanica, 296.8grigr Black
berberis bakhtiarica and 157.5 mg/g for Red berbddiorasanica. Furthermore, anti-radical activiti€€s,) of
these three Iranian Berberis species were 221.13%8nd 123.2 pg/mL respectively. The level obitel in Black
berberis khorasanica was approximately 2.42-folghleir than Black berberis bakhtiarica and 5.49-fhigher than
Red berberis khorasanica. The content of flavonoidBlack berberis bakhtiarica was aproximatelyifdes more
than its level in Black berberis khorasanica an853times more than its level in Red berberis khanasa. The
highest amount of phenol and total phenols weretesl in Black berberis bakhtiarica as its anti-real activity
was approximately 3.8 times more than Black besbétiorasanica and 2.1 times more than Red Berberis
khorasanica. We showed high level of antioxidambpounds in Black berberis bakhtiarica. Considerihg rate of
elements and compounds in three Iranian Berberigypes and based on their antioxidant and anti-catleffects,
the berberis can be of benefit to oppose free &ddim the body.
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INTRODUCTION

Nowadays, due to the potential adverse effectymthgtic drugs and increasing contraindicationth&r usage, an
increasing interest can be seen in the use of mmadliglants [1]. Plants with antioxidant activitgve been used to
treat various diseases. Recent researches havstasm promising results from these plants in teatment or
prevention of hard curable conditions such as dest2, 3], atherosclerosis[4, 5], hypertension[5afid cancer[8,
9]. These herbal medicines have also the capatitigsninish drug induced adverse effects[10, 11 aven heavy

metal toxicities[7, 12]. The antioxidant activities these plants have been attributed to theiroftamds and
phenolic components[13, 14].
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Berberidaceadamily is one of these plants, which are found ldwide, and its family has about 650 species.
Berberis is native plant of temperate and subtaipiegions of Europe, Asia, Africa, North and Solmerica.
Various ecotypes of Berberis grow well throughoiffedent parts of Iran. Several parts of plant utthg roots,
shoot, leaf and fruit can be used as medicine @d &iuff [15-17]. In Iran, Berberis seems to hawed®dy species

i. e., shrubs and bushes. Two ecotypes of Berlirgclading Berberis bakhtiaricaand Berberis khorasanicare
explosively belonged to Iran arRerberis integerrimaand Berberis crataeginare found in Iran as well as other
regions including East Anatolia, East Iraq, Afglsain, Transcaucasia, Turkmenistan, West Pakistashidir and
Central Asia. Several species of this family wezeently imported to Iran to use in different, araasornamental
[18, 19].

Medicinal herbs and their derivatives have longrbaeed as potential remedies for a wide rangeléstes,
however, valid researches have not yet fully praveir definite effects[20].

There is a considerable interest for Nutraceutiead functional foods have as potential alternatherapies in
order to for treat various insulin resistance aadiiovascular disorders.

Previous studies on glucose and lipid profile destr@ated the safety and effectiveness of a comlpinatf Barberry
extract in patients samples [21, 22] and it hasheggproved by FDA[23]. This fruit is used as a doreht and
flavoring supplrmernt in Iran and parts of Asia.rBeris fruit has a variety of nutritional constitie such as
dextrose, fructose, malic acid, tartaric acid,icitacid, pectin, resin and also is rich in vitantin vitamin A,

calcium, iron and potassium[24, 25]. The medicipdperties of this plant is attributed to BerberiBerbamine
alkaloids, Oxyaconthine, bervulcine, columbamin& @scorbic acid are found in the chemical compmsitf

different parts of the plant. Berberis is used hie treatment of various diseases such as scunpertansion,
Alzheimer, depression, diarrhea, diabetes, jaundidaey stones, gout, rheumatism and skin dis¢26e27].

Berberis fruit, as industrial application, is alsged as the natural colors in the food industiystanthocyanin [28].
In Iran, different organs of the plant especially fruit, has been used in the treatment of diahdtty liver,

hypertension, anemia, cardiovascular system, dgatstinal, genitourinary and breathing complicaio[29].

According to the geographical conditions, weattard its different traditionally reported medicineffects, it
sounds to be one of the most important crops ih lagricultural and pasture sectors [30, 31]. Indheer hand,
Iranian local therapists (herbalists) prescribe mmdmmend it for the treatment of various diseasksrefore, this
study aimed to determine the amount of mineral§psidants and anti-radical activity of three IraniBerberis
ecotypes includingBlack berberis bakhtiaricaBlack berberis khorasanicand Red berberis integerrimafrom

which the latest is not stone fruits.

MATERIALS AND METHODS

1. Plant material
A total amount of 250 g of dried fruit from eaclogge were acquired from the medicinal herbs storé®rdegan
and Mashhad cities, Iran. The Dried fruit were skghfrom impurities and prepared for laboratorylits.

2. Chemicals

Aluminum chloride, methanol, potassium acetatejwsudacetate, Folin-Ciocalteu reagent, Gallic abld2CO3,
DPPH and BHA were purchased from Merck, USA. Thghbst purity available commercially of all other
chemicals and reagents were used to ensure theslset.

3. Total flavonoids determination

Aluminum chloride colorimetric assay was used favdnoids determination as described previously.[E2ach
plant extracts (0.5 ml of 1:10 g H)lin methanol were separately mixed with 1.5 mhwdthanol, 0.1 ml of 10%
aluminum chloride, 0.1 ml of 1 M potassium acetatel 2.8 ml of distilled water. The solution wasubated at
room temperature for 30 min then the absorbandbefeaction mixture was measured at 415 nm witlowuble
beam Perkin Elmer UV/Visible spectrophotometer (JSA

4. Total phenols determination

The Folin-Ciocalteau method was used to determiigetotal phenolic compound contents [33, 34]. Auteid
sample of each plant extract (0.5ml of 1:10 g")or gallic acid (standard phenolic compound) wasegh with
Folin-Ciocalteu reagent (5 ml, 1:10 diluted withstilled water) and aqueous Na2CO3 (4 ml, 1 M). Tiigtures
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were left at room temperature for 15 min and thealtphenols were determined by colorimetry at 765 ithe
standard curve was prepared using 0, 50, 100, 20, 250 mg [* solutions of gallic acid in methanol: water
(50:50, v/v). Total phenol values are expressetiims of gallic acid equivalent (mg §of dry mass), which is a
common reference compound [35].

5. DPPH radical-scavenging activity

Determination of free radical-scavenging activifytloe extracts was perform using the stable 1, heligl-2-picryl
hydrazyl radical (DPPH) assay[33]. Different cortcations of each extracts were added, at an ecqulame, to
methanolic solution of DPPH (100M). After incubation for 15 min at room temperatutbe absorbance was
recorded at 517 nm. The JCvalues denote the concentration of sample, whicrequired to scavenge 50% of
DPPH free radicals[35].

6. Digestion procedures

In order to compare the minerals and elementsigddruit samples three sample digestion procedwers tested
to prepare dry and wet digestion samples. Whilatigedigestion was mainly used to measure the atmiure, Zn,
Cu, Mg and Cd, the wet digestion procedure wasahés measuring N, P, Ca, Mn and K [36].

6.1. Dry digestion

A total of 1.0 g of dried fruit samples were plaéeth a high-form porcelain crucible. The furnaeeperature was
slowly increased to 450 °C. The samples were aBireabout 16 h until a white ash residue was oltimThe ash
samples were treated with 5 ml HN@5% v/v) and the mixtures were heated slowly igsalve the residue if
needed. The resulting solutions were filtered thlowhatman filter papers and then transferred tbOanl
volumetric flask and the volume was adjusted fahesample. Blanks were prepared in the same wagrhiiting
the sample. The determination of metal contenthisclear solution was carried out by ICP-OES.eEhreplicates
(acid digests) were performed for each sample [36].

6.2. Wet digestion

For the digestion of samples, the temperature waiatained at 130 °C for 4 h during digestion of 4.6f sample
with 6 ml HNG; (65%) and 2 ml KD, (30%) mixtures on the hot plate until completeubdization of samples,
then diluted to 10 ml with distilled water. The ichse was filtered through whatman filter paper dhdn the
samples were diluted to 10 mL with distilled watEtement contents of final solution were determitgdiCP-

OES. Blanks were prepared in the same way omitlisgsample. Three replicates (acid digests) werfeimeed for

each sample [36].

7. Statistical tests
All the experiments were performed in three biotadjireplicated. The average and standard deviatioere
calculated using SPSS software version 22.

RESULTS AND DISCUSSION

The obtained results about flavonol, flavonoids totdl phenolic contents in the fruit of three leamBerberis are
exhibited in Table 1. As shown, flavonol contentBifick berberis khorasanicavas 2 times more thaBlack
berberis bakhtiarica and 5 times higher tharRed berberis khorasanicdlavonoids content iBlack berberis
bakhtiarica was over 2-fold higher thaBlack berberis khorasanicaand over 3-fold higher thaRed berberis
khorasanica The highest amount of phenolic content was rdlaa®lack berberis bakhtiarica

Table 1. Amounts of flavonols, flavonoids and pheric compounds found in the fruits of threel ranian Berberis species

Flavonol Flavonoid Phenol Total phenol
Mg/g Mg/g Mg/g Magl/g
Blackberberis khorasanicd 138.9 + 2.8 21.73+1.2 0.76+0.021 241.23 +4|29
Black berberis bakhtiaric | 57.43+1.8' | 43.36+1.5 | 0.89+0.02 | 296.43+7.4
Redberberis khorasanica | 25.26+1.65| 12.23+0.95 0.53+0.02 157.3+ 815

Berberis species

The anti-radical activities of three Iranian Beibespecies are listed in Table 2. As seen, theradital activity of
Black berberis bakhtiaricas around 4 times higher th&iack berberis khorasanicand 2 times higher thaRed
berberis khorasanica
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Table 2. Anti-radical activities (DPPH) of three Iranian Berberis species

Berberis species epg/mL
Blackberberis khorasanicd 221.10 +5.60
Black berberis bakhtiarica| 58.38 +7.53
Redberberis khorasanica| 123.20 + 6.48

The amounts of minerals and constituents in thraeidn Berberis species are presented in Table Bvd species
of Black berberis bakhtiaricandBlack berberis khorasani¢ahe concentration of magnesiumBtack berberis
bakhtiaricawas 2 fold higher thaBlack berberis khorasanicand Zn concentration iBlack berberis khorasanica
was 1.5 times more thdlack berberis bakhtiaricavhile in other cases both of them were similarrétwer, iron
concentration inRed berberis khorasanioaas about 5 times greater thRlak berberis Also, Zn content iBlack
berberiswas lower than half iiRed berberyNitrogen and Cu concentration in bd&kack berberiswvas lower than
threshold.

Table 3. The concentration of elements in fruits ofhree Iranian Berberis species

. N P K Ca Mg Cd Fe Zn Cu Mn
Specimen % % % % % mg.kg™* | mg.kg™? | mg.kg'* | mg.kg™! | mg.kg?
Blackberberis khorasanica 2.06 0.24 1.53 0.073 | 0.197 1.51 468.83 78.43 47.37 48.82
+0.1¢ | +0.01 | £0.2¢ | +0.01f | +0.01¢ +0.22 +42.5:2 +9.87 +3.4€ +1.92

2.46 0.26 | 1.08 | 0.173 | 0.479 1.18 415.53 56.37 49.84 46.37
+0.14 | +0.04 | +0.08 | #0.016 | +0.023 | +0.12 +26.82 +5.27 +3.03 +1.71
1.28 0.28 | 1.06 | 0.157 | 0.541 1.63 2650.34 27.53 33.67 58.61
+0.16 | +0.04 | +0.06 | #0.021 | +0.034 | +0.28 +290.57 +3.52 +2.69 +5.81

Black berberis bakhtiarica

Redberberis khorasanica

This study aimed to determine the amounts of miagemtioxidants and anti-radical activity involvadthe fruits
of three Iranian Berberis species. Free radicalyg ah important and deteriorative effect in humealth. Based on
the results of present study Berberis fruit withrkea antioxidants and anti-radical compounds cad te prevent
different diseases in human beings. The role ofpeopand zinc elements particularly in Cu/Zn-supitex
dismutase activity is very important[37]. and thBxxberis fruits showed significant amount of beleéments. Also
in accordance with the work of Rezatalab who cosetl that anti-oxidant properties of seed oil Bdrberis
integerrimawas at high level [38]. The results of presendgtindicated that the amount of phosphorous, cqopper
zinc, iron, sodium and potassium were different agthe fruits of studied Berberis species. Thiconte is not in
line with the published results of Berenji work ceming the concentration level of some elementsiwsounds to
be justifiable with regard to measurement methaa] different in crop harvesting [17]. Berberis Hasen
recommended in various Iranian dishes. Traditigrmisicians also use it in order to treat many disgalt seems
that patients with more iron accumulation in theady, including thalassemia and patients treateith Wwiood
products should be cautious about usked berberis khorasanichecause of high iron level. Otherwise, this
maintenance treatment approach will lead to irocuawlation in different tissues, damaging them. eer, the
antioxidant effect of this fruit might be useful liver damage resulted from iron accumulation iretitissue in
thalassemic patients due to a crucial role in rédncof fat-soluble antioxidants[39]. So, to comp with this
problem use oBlack berberisshould to be useful for the reason of higher arhofimnti-oxidant and anti-radical
activity in one hand and lower iron contents in tiieer hands. FurthermorBlack berberis khorasaniceompared
with other Berberis species likeed Berberisand some anthocyanin-rich fruits such as bertiésckberries,
raspberries, and cranberries contain high levedrdhocyanin. The results demonstrated that Berlaaritranian
native and wild fruit is rich in antioxidant compii@ns which could improve public health level [4Q]. According
to the prevalence of iron deficiency anemia thraughhe world especially in Iran, the prevalencehis illness in
developing countries (estimated to be 28.5%, irtrea Iran and 5-8% in industrialized countriebg prevalence
of these diseases can be prevented in the comnthnitygh incorporating mor@ed berberis khorasanida their
diets[42].

CONCLUSION

This study shows that the amount of antioxidant mpoamds inBlack berberisof Chaharmahal Va Bakhtiari
province was high. With regard to the role of zinghysiological actions, botBlack berberisof Khorasan and
Chaharmahal Va Bakhtiari provinces contain sigaiftcamounts of these two elemeiRed berberis khorasanica
used mostly in Iranian foods, had significant antewof iron and seems to be beneficial for iron defit patients;
however, in patients with high iron storage it ddobe used with caution. Many medicinal plants veatio Iran
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contain pharmaceutical active ingredients and fiai@ antioxidants and flavonoids, and many medicerad
therapeutic effects due to the presence of theseriala [42-74]. These plants may have the sanexisffand worth
examining.
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