ORIGINAL ARTICLE

A CG Rec. Nat. Prod6:4 (2012) 339-349 SAEBI DLl
publications o ' products

Evaluation of Fatty Acid Composition, Antioxidant and
Antimicrobial Activity, Mineral Composition and Cal orie Values
of Some Nuts and Seeds from Turkey

Fatma Giilay Kirbaslar®, Gulen Turker?, Zeliha Ozsoy-Giing"", Muammer
Unal®, Basaran Diilger”, Erdal Ertas® and Bayram Kizilkaya®

'Department of Elementary Education, Faculty of Heéé Yiicel Education, Istanbul University,
34070, Istanbul, Turkiye,
2Department of Chemistry, Faculty of Science and,AZanakkale Onsekiz Mart University, 17020,
Canakkale, Tarkiye,
*Department of Biology, Faculty of Science, Istaribiversity, 34134, Istanbul, Tiirkiye,
*Department of Biology, Faculty of Science and ABmnakkale Onsekiz Mart University, 17020,
Canakkale, Tarkiye,
*TUBITAK Marmara Research Center, Food Institute)4#, Gebze, Kocaeli, Turkiye,
®Science and Technology Application and Researche€eBanakkale Onsekiz Mart University,
17100, Canakkale, Tirkiye

(Received March 12, 2011; Revised January 20, 28d@epted Apryl 11, 2012)

Abstract: The samples of the hazelnut, peanut, pistachimomdl, walnut, chestnut, pumpkin seed and
sunflower seed were collected from Turkey. Theyfatid compositions of Turkish nut and seed oilseve
analyzed by Gas Chromatography (GC) were determifiee antioxidant activity of the samples was ass@s
by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical seaging capacity assay toward BHT and Vitamin C.
Retinol anda-tocopherol were analyzed using High-Pressure Higthromatography with UV Detector (HPLC-
UV). The antimicrobial and antifungal activities Béirkish nut and seeds were evaluated using thedififsision
method toward 9 bacteria and 5 yeasts. The nutsaads showed strong antimicrobial activity agatinsttest
organisms. Spectroscopic determination of minef@slcium, magnesium, potassium, sodium, iron, coppe
manganese, selenium, zinc, chromium, aluminum)ut$é mnd seeds was performed with inductively caliple
plasma-atomic emission spectrometer (ICP-AES). Gdlerie values of samples were measured using abBom
Calorimeter.

Keywords: Nut and seed; fatty acids; antioxidant; antimigablactivities; calorie values; mineral content;
hazelnut.

1. Introduction

Nuts are considered to be one of the most nutatiauman foods, due to their high contents of
proteins, carbohydrates, unsaturated fatty actdmins and essential minerals [1]. Nut consumption
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lowers the risk of cardiovascular heart disease §;Hvhich may be partly explained by the
cholesterol-lowering effect [2,3]. The favorabldtyaacid composition and lipid lowering effect of
nuts have been demonstrated in experimental studtbsalmonds, peanuts, pistachios and walnuts
[4-7]. Recently oilseeds have been thoroughly itigaged taking into account especially the
phytochemicals representing the minor componetlike focopherols, squalene, chlorophylls, and
phenolic compounds) [8]. This interest is conneetét the activity of such compounds against CHD
[9], lipid oxidation, protein cross-linking and DNrutations [10-12]. Most of these beneficial efect
are due to antioxidant activity: especially whea gresence of phenolic compounds and tocopherols
is involved in the stability of oils [13].

Natural antioxidants function as free radical sogess are widely used in the food industry to
enhance the sensory, health-promoting, or keepiaditg of foods [13]. Consumption of foods rich in
natural antioxidants has been reported as beirtgginge against certain types of cancer and may als
reduce the risk of cardiovascular and cerebrovas@aients. These actions of antioxidants have been
attributed to their ability to scavenge free ratlicahereby reducing oxidative damage of cellular
biomolecules such as lipids, proteins, and nuckeétds [14]. Therefore, dietary supplements,
consisting of antioxidants such as flavonols andmins, could be used to effectively protect body
cells from the attack by oxidative stress and ®sprve human body health in general [15]. Several
nuts such as walnuts and peanuts are among tretaeydolants known to have significant antioxidant
contents [16-19]. The stable radical species Iphatiyl-2-picrylhydrazyl (DPPH), has been widely
used for antioxidant capacity screening and esiimadue to its clear reaction mechanism, solvent
compatibility and the technical simplicity of itssays which requires no special equipment [20].

In recent years, multiple resistances in humanqggghic microorganisms have developed due
to the indiscriminate use of commercial antimicedldrugs commonly employed in the treatment of
infectious diseases. This situation, the undesralule effects of certain antibiotics and the emecg
of previously uncommon infections [21] have forceaentists into looking for new antimicrobial
substances from various sources like medicinaltplahhe screening of plant extracts and plant
products for antimicrobial activity has shown tiwégher plants represent a potential source of new
anti-infective agents [22].

Essential elements, including the main elementsaamaimber of trace elements, fulfill various
functions: as electrolytes, in enzymes, vitamimnimme constituents [23,24]. Nuts are an important
source by the essential minerals for the healbf28]. Moreover, there has been growing intenest i
evaluation of the macro and microelements in aetyamf food samples. The importance of mineral
composition is due to their nutritional propertaasl beneficial health effects, as well as theirtinge
of dietary guidelines required for a healthy didt [

In this study we have investigated fatty acid cosipan, totalw-3 andw-6 fatty acids,a-
tocopherol, retinol, radical scavenging capacityPfPl), antimicrobial activity, calorie values and
mineral content of hazelnut, peanut, pistachio,oaldy walnut, pumpkin seed and sunflower seed
grown in Turkey.

2. Materials and Methods
2.1. Plant Material

Materials were collected from hazelnut sampl€rylus maximaMill.), in Trabzon on
Blacksea Coast; peanut samplasachis hypogaed.), in Osmaniye; pistachio sampldigtacia vera
L.), in Gaziantep; almond sampleRrnus amygdaluBatsch.), in Mgla; walnut samplesJ(nglas
regialL.), in Balikesir; chestnut sampleGdstanea sativMill.), in Bursa; pumpkin seed<C(icurbita
pepolL.) and sunflower seedsiélianthus annus.) in Edirne province in 2008 harvesting time.

2.2 Fatty Acid Composition

Fatty acid methyl esters (FAMESs) were prepared fainsamples and determined by gas
chromatography (GC) according to the method desdriy Slover and Lanza [29]. FAMEs were
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prepared using BFin methanol (20% of Bfin methanol) and extracted with n-hexane and then
analyzed by GC.

2.3. Radical-Scavenging Activity (Antioxidant Aityiy

The free-radical-scavenging activity of the extsastas determined by the DPPH. assay as
described by Bloiss [30]. Briefly, each sample vdilsited in methanol prior to the analysis (1
mg/mL). An aliquot (0.1 mL) of the solution was addto 3.9 mL of DPPH solution (6x2M in
methanol), throughly mixed, and the absorbancéefsample at 515 nm was recorded after the time
necessary for the reaction to reach a plateau [Rig§. absorbance of DPPH solution in methanol,
without any antioxidant (control), was also meaduréhe percentage of remaining DPPH was
calculated as follows:

% DPPH scavenging = [(Ahirol — Asamplid/Acontro] X 100

Where Aampie IS the absorbance of sample after the time negessaeach the plateau (30

min) and Aonror IS the absorbance of DPPH.

2.4. Vitamin A (Retinol) and Vitamin E-Tocopherol) Content

Retinol anda-tocopherol exhibit their characteristic maximaf absorption at 324 and 292
nm, respectively. The best separation within aaealsle time as well as good peak shape were
achieved with a mobile phase consisting of methanal n-hexane in proportion of 72:28 at a flow
rate of 1 mL/min. The retention times were: 2.2840and 2.95+0.03 min for retinol anetocopherol
respectively. To determine the amounts of retimal @tocopherol samples calibration curves were
constructed by plotting the peak areas versus tmeemtration. Linearity was achieved in the
concentration range 0.35-70 and 0.23-46 uM fotrafis-retinol andi-tocopherol respectively. The
detection limits calculated as signal-to-noiseor@gual to 2 were: 1.10 uM for retinol and 0.78 pM
for a-tocopherol [32-34].

2.5. The Antimicrobial Activity

The antimicrobial activities are evaluated agai@sam positive $taphylococcus aureus
ATCC 6538, Bacillus cereus ATCC 7064, Mycobacterium smegmati€CM 2067, Listeria
monocytogene@TCC 15313,Micrococcus luteud.a 2971) and Gram negativ&dcherichia coli
ATCC 11230, Klebsiella pneumoniadJC57, Pseudomonas aeruginosATCC 27853, Proteus
vulgaris ATCC 8427) bacteria and the yeast cultu@andida albicandATCC 10231 Kluyveromyces
fragilis NRRL 2415, Rhodotorula rubraDSM 70403, Debaryomyces hansendSM 70238 and
Hanseniaspora guilliermondDSM 3432) using disk diffusion method. Antimicrobsareening: Disk
diffusion method: Sterilized antibiotic discs (6 nwere used following the literature procedure [35-
38].

2.6. Mineral Content

Spectroscopic determination of minerals (Calciunggnesium, potassium, sodium, iron,
copper, manganese, selenium, zinc, chromium, alumjrof samples was performed with a Varian
Liberty Series Il AX sequential model inductivelpupled plasma-atomic emission spectrometer
(ICP-AES) with a glass nebulizer and SPS 5.

2.7. Calorie Values

The calorie values of samples were measured usingGO-AC (350) Bomb Calorimeter.
The samples were placed in the bomb chamber, presduo 425 psi with pure oxygen, combusted
and the amount of heat liberated recorded on &epldihe calorimeter was calibrated against benzoic
acid standard before the analysis of samples [39].



Evaluation of nuts and seeds in Turkey 342

3. Results and Discussion

Oil yields of nuts and seeds are given in TabldHe highest fat content was detected in
walnut (76.0%) and the lowest in chestnut (3.54%he fat content in descending order was walnut,
pistachio, hazelnut, pumpkin seed, almond, peammflower seed and chestnut. For almond hazelnut
peanut pistachio and walnut were in agreement thighvalues found by Miraliakbari and Shahidi
[18], Kornsteiner et al. [40]. Chestnut was in agnent with the values found by Borges et al. [41],
Pugliese et al [42].

As can be seen form Table 1, almond, hazelnutagh#, walnut, pumpkin seed, peanut and
sunflower seed oils contain high amounts of unsétdrfatty acids (93.36, 89.44, 89.73, 89.71, §9.59
86.97 and 82.75%, respectively), while chestnutaritains them in the lowest amount (69.85%). The
highest amount of monounsaturated fatty acids (MUwAs found in almond, pistachio and hazelnut
oils (72.75, 68.45 and 63.52%, respectively); wipiganut, chestnut and sunflower seed oils (56.69,
36.00 and 33.05%, respectively) contained lowerwarhof MUFAs. Pumpkin seed and walnut oils
had the lowest amount of MUFAs (18.19 and 13.8%pectively). The most abundant MUFAs was
oleic acid (18:1) found in the range of 13.55-7¥®0ollowed by palmitoleic (16:1), eicosenoic
(20:1) and heptadecenoic acids (17:1). The higblest acid content was found in almond, pistachio
and hazelnut oils (71.98, 67.18 and 63.21%, res@dgl, while peanut, chestnut and sunflower seed
oils contained relatively low amount of oleic aib.41, 33.88 and 32.69%, respectively). The lowest
guantities were found in pumpkin seed and walnus ¢l7.62 and 13.55%, respectively).
Polyunsaturated fatty acids (PUFA) content of wabmd pumpkin seed oils were 75.86 and 71.40%,
respectively; which were the highest values foumdhis study. Sunflower seed, chestnut, peanut,
hazelnut, pistachio and almond oils contained loamapunts of PUFAs (49.70, 33.85, 30.28, 25.92,
21.28 and 20.61%, respectively). The linoleic a(&:2) content in the samples studied in this
research was found to be in the range of 13.647%0.1The highest linoleic acid content was
determined in the pumpkin seed and walnut oils @477 and 63.42%, respectively. The linoleic
content of sunflower seed, peanut, pistachio anebadl oils was found to be 48.58, 26.51, 20.53 and
20.37%, respectively; while hazelnut oil had thedst linoleic acid content (13.64%). Eicosadienoic
acid (20:2 n-6) and docosadienoic acid (22:2 n-6)ewfound to be in the ranges of 0.04-0.38% and
0.03-0.40%, respectively. The compositiorudinolenic acid (18:3 n-3) (ALA)y-linolenic acid (18:3
n-6) and eicosatrienoic acid (20:3 n-6) in the daspvere in the ranges of 0.04-12.22%; 0.03-1.46%,
0-2.00%, respectively. The highest ALA content viasnd in walnut (12.22%) and hazelnut oils
(12.14%), while almond oil (0.04%) was the pooiesfLA acid. Peanut (1.46%) and chestnut oils
(0.57%) were the nuts richestydinolenic acid, while hazelnut oil was the lowasty-linolenic acid
(0.03%). The highest amount of eicosatrienoic aeab found in peanut oil 2.00%, followed by
pumpkin seed oil 0.75%, while there was no eictsadic acid in almond oil. The highest
eicosadienoic acid content was found in chestlu0d8%), while hazelnut and sunflower seed oils
were the poorest in eicosadienoic acid (0.04%) s@he oil was the richest in terms of docosadienoic
acid (0.40%), while hazelnut and walnut oils wdre poorest (0.03%). The other PUFAs such as the
arachidonic acid (20:4 n-6) was found only in chaswil and the eicosapentaenoic acid (20:5 n-3)
(EPA) was found in chestnut and sunflower seed(dédble 1).

Oleic and linoleic acid content of Pistachio oilsnia agreement with the values found by Satil
et al. [43], Seferoglu et al. [44]; for hazelnutwas in agreement with the values found by Ozdeir
al. [27], Alasalvar et al. [28]>arcia et al. [45], Parcerisa et al. [46], Kirbaglad Erkmen [47]; for
peanut oil was in agreement with the values found ltberoso et al. [8lnd Chiou et al. [48]. Oleic
acid content of pumpkin seed oil was found to h&elothan that of literature while linolenic acid
content was higher [8,49,50]. For sunflower seégtlog¢ data were in agreement with the data found
by Tuberoso et al. [8]; for walnut and almond ailsre in agreement with the value found by Arranz
et al. [51]; for chestnut oil was in agreement vitike value found by Pugliese et al. [42]. Oleiadaci
can reduce the risk of heart attack by lowering ldneel of serum triacylglycerides and LDL
cholesterol and increasing the HDL cholesterol [32id recently was found to influence the breast
cancer risk by dramatically cutting the levels efg involved in the disease development [53].
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In the samples used in this study, oleic acid andldic acid were found to be the main
MUFA and PUFA, respectively. This shows that thmaf the oleic and linoleic acids comprises the
highest amount of the unsaturated fatty acids.uinstudy, moreover the sum of the oleic and lirolei
acid amounts of the sampled nuts and seeds wasl fiouthe range of 92.35-62.75. According to
Yildiz et al. [54], this is of particular interespnsidering that mainly of the unsaturated fatigs can
be attributed to oleic and linoleic acids, bothadfich are important from a nutritional point of wie
besides oil stability.

The highest amount of saturated fatty acids waeddn chestnut oil (30.14%), followed by
sunflower seed, peanut, hazelnut, pumpkin seedyutvahd pistachio oils (17.10, 13.03, 10.56, 10.41,
10.29 and 10.27%, respectively); while almond oihtained the lowest saturated fatty acid amount
(6.64%). The main fatty acids found in the samplese palmitic acid (16:0) 5.39-15.16%, stearic
acid (18:0), 1.20-4.89%, and lower amount myriaticd (14:0) 0.03-2.00%. The highest palmitic acid
content was found in chestnut and sunflower seledth.16 and 11.83%, respectively), while peanut,
pistachio, hazelnut, walnut, pumpkin seed and athrmis had lower amounts of palmitic acid (9.48,
8.20, 7.37, 7.18, 5.62 and 5.39%, respectivelyk fibhest in stearic acid were sunflower seed and
pumpkin seed oils (4.89 and 4.49%, respectivelyiijleshazelnut, walnut, peanut, pistachio, chestnut
and almond oils had considerably lower amountsisfacid (3.08, 3.07, 2.98, 1.93, 1.90 and 1.20%,
respectively). Chestnut oil was the richest in styei acid (2.00%), while pistachio, sunflower seed,
pumpkin seed, almond, hazelnut, walnut and peaitau(@11, 0.09, 0.06, 0.05, 0.04, 0.04 and 0.03%,
respectively) contained relatively low amounts ofristic acid. The other saturated fatty acids were
found in the samples investigated in this studyeA@xanoic acid (6:0) found only in sunflower seed
oil, 0.03%; octanoic acid (8:0) found in chestrdu?,8% and sunflower seed oils, 0.03%; decanoic acid
(10:0) 1.69%, undecanoic acid (11:0) 1.85%, dodeicaacid (12:0) 1.84%, tridecanoic acid (13:0)
1.37%, pentadecanoic acid (15:0) 1.25% and hemoosacid (21:0) 0.24% found only in chestnut
oil. Arachidic acid (20:0) 0.07% was found only hiazelnut oil. Beheic acid (22:0) was found in
chestnut 0.58%, peanut 0.54%, pumpkin seed 0.24%pemtachio oils 0.03%. No beheic acid was
found in hazelnut, almond, walnut and sunflowerdseiés. Tricosanoic acid (23:0) was found only in
chestnut (0.48%) and sunflower seed oils (0.23%pl@ 1).

The unsaturated/saturated ratio (ratio of the sfimnsaturated fatty acids to the sum of
saturated fatty acids) previously was used by Rensht al. [26] for hazelnuts. This ratio showed a
significant difference between nuts and oil seedshis study: almond (14.51), pistachio (8.74),
walnut (8.72), pumpkin seed (8.61), hazelnut (8.4Rd peanut (6.67) had significant higher
unsaturated/saturated ratio than sunflower see84)4and chestnut (2.32) (Table 1). The
unsaturated/saturated fatty acids ratio of hazgB4{7) was in agreement with the value (8.6) found
by Ozdemir et al. [27] and was lower than the vdlL&1) found by Koksal et al. [55]. The lower the
ratio, the longer was the shelf life. The rates axidation of fatty acids are approximately
1:10:100:200 for stearic, oleic, linoleic and lieoic acid, respectively [56]. Acids containing
unsaturated bonds like linoleic and linolenic wsi®ngly oxidized at higher temperature [57]. 1a th
study of roasting operation of hazelnut, linole@dain hazelnut oil was found to start degradation
after 20 minutes at 135 degrees [47].

ALA and EPA were found to be the main3 fatty acids. The highest amount of ALA was
found in walnut and hazelnut oils (12.22 and 12.148spectively), the other oils contained low
amounts of ALA. EPA also was found in chestnut $%) and sunflower seed oils (0.43%); while
EPA was not found in the other oils. Linoleic a¢i®:2),y-linolenic acid (18:3), docosadienoic acid
(22:2) and eicosatrienoic acid (20:3), lower amamachidonic acid (21:4) were found to be the main
-6 fatty acids. The highest amount of linoleic aeigre found in pumpkin seed, walnut and
sunflower seed oils (70.17, 63.42 and 48.58%, wsm@dy), chestnut, peanut, pistachio almond and
hazelnut oils (28.86, 26.51, 20.53, 2037 and 13,6#8spectively) contained lower amounts of
linoleic acid. The highest amount-gfinolenic acid was in peanut oil (1.46%). The righamount of
docosadienoic acid was in chestnut oil (0.40%).
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Table 1.Fatty acids composition (%) of Turkish nut anddse#s
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Fatty acid Oil type

Hazelnut Peanut Pistachio Almond Walnut  Chestnut Pmpkin seed Sunflower seed
Caproic 6:0 - - - - - - - 0.03
Caprylic 8:0 - - - - - 1.78 - 0.03
Capric 10:0 - - - - - 1.69 - -
Undecanoic 11:0 - - - - - 1.85 - -
Lauric 12:0 - - - - - 1.84 - -
Tridecanoic 13:0 - - - - - 1.37 - -
Myristic 14:0 0.04 0.03 0.11 0.05 0.04 2.00 0.06 090.
Pentadecanoic 15:0 - - - - - 1.25 - -
Palmitic 16:0 7.37 9.48 8.20 5.39 7.18 15.16 5.62 1.83
Palmiteloic 16:In-7 0.14 0.20 0.56 0.56 0.10 1.56 0.12 0.21
Heptadecenoic 17:1 0.03 0.07 0.08 0.12 0.06 0.18 04 0. 0.04
Stearic 18:0 3.08 2.98 1.93 1.20 3.07 1.90 4.49 9438
Oleic 18:1n-9 63.21 55.41 67.18 71.98 13.55 33.88 17.62 32.69
Linoleic 18:2n-6 13.64 26.51 20.53 20.37 63.42 28.87 70.17 48.58
y-Linolenic 18:3n-6 0.03 1.46 0.18 0.06 0.09 0.57 0.27 0.31
Arachidic 20:0 0.07 - - - - - - -
a-Linolenic 18:3n-3 12.14 0.06 0.31 0.04 12.22 2.00 0.11 0.18
Eicosenoic 20:h-1 0.14 1.01 0.63 0.09 0.14 0.38 0.41 0.11
Eicosadienoic 20:1-6 0.04 0.12 0.07 0.10 0.07 0.38 0.06 0.04
Eicosatrienoic 20:3-6 0.04 2.00 0.11 -- 0.03 0.27 0.75 0.12
Henicosanoic 21:.0 - - - - - 0.24 - -
Behenic 22:0 - 0.54 0.03 -- -- 0.58 0.24 0.15
Arachidonic 20:4-6 - - - - - 0.22 - -
Docosadienoic 22:8-6 0.03 0.13 0.08 0.04 0.03 0.40 0.04 0.04
Tricosanoic 23:.0 - - - - - 0.48 - 0.23
Eicosapentaenoic 20rb3 - - - - - 1.15 - 0.43
Unsaturated/saturated 8.47 6.67 8.74 14.51 8.72 2.32 8.61 4.84
Qil Yield (% w/w) 69.78 50.85 69.86 55.86 76.00 3.54 57.69 48.35
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The highest amount of eicosatrienoic acid was anpeoil (2.00%), the other oils contained
low amounts of eicosatrienoic acid and there waginosatrienoic acid in almond oil. Arachidonic
acid only was found in chestnut oil (0.22%). Liriolacid is essential for humans and is a precwfor
many substances that regulate blood clotting, blquéssure, temperature, inflammation,
immunological activity, regulation of cell differgation, repair of DNA damage and many other
functions [52,58].

According to Yang et al. [3] walnuts are good segrof both antioxidants ang3 fatty acids,
in particular high amounts of ALA (6.3 g/100 g), evkas other nuts such as almonds and pistachios
possess much lower amounts (0.4-0.7 g/100 g).idrsthdy, the highest amount of ALA and tatal
3 fatty acid were found in walnut. Although almoand pistachio values were lower than the value
found by Yang et al. [3] walnut value (12.22%) veagher than. EPA was found in only chestnut and
sunflower seed. The highest amount of taied fatty acid was found in pumpkin seed and walnut.
Walnut was found only nut which contained both erwhigh rates the highest amount of tateB
andw-6 fatty acids.

In this study,a-tocopherol and retinol contents were investigalidte highest amount ai-
tocopherol was found in pumpkin seed (530 mg/kgljpwed by sunflower seed, peanut, hazelnut,
almond, walnut and pistachio (170, 160, 150, 150 and 140 mg/kg, respectively):Tocopherol
was not detected in chestnut. Retinol content waalinond and pumpkin seed 280; walnut and
sunflower seed 270 mg/kg, and it was not detectealdé others. The pharmacological properties-of
tocopherol, widely used as a natural antioxidam veell known [59].

The DPPH radical scavenging abilities of nuts aeelds along with the reference standards
BHT and ascorbic acid were expressed ag\&@lues. The Ig value of BHT was 9.64 mg/mL and of
ascorbic acid was 2.51 mg/mL. All of nuts and sestdsved DPPH scavenging activities, but DPPH
scavenging activity of chestnut was the greaten BidT and ascorbic acid with the lowesgd@alue
(1.26 mg/mL). Pistachio 46.44, hazelnut 47.21, pkimseed 47.53, walnut 48.24, almond 48.30,
peanut 53.13 and sunflower seed 57.11 mg/mL alseodstrated lower activity toward BHT and
ascorbic acid. Pistachio, hazelnut, pumpkin seednwt, almond, peanut and sunflower seed (46.44,
47.21, 47.53, 48.24, 48.30, 53.13 and 57.11 mg/rekpectively also demonstrated lower activity
toward BHT and ascorbic acid.

Traditionally, the scientific literature has suggesthat tocopherols were the main antioxidant
component of nuts [3]. In our study, chestnut shibwe greatest DPPH scavenging activity toward
the others although-tocopherol and retinol were not found in chestiiliis great radical scavenging
effect may be originated from some other phenolideitules rather thasmtocopherol.

Most antibacterial medicinal plants attack Gramipas strains while few are active against
Gram-negative bacteria [60]. The Turkish nuts aeetls showed strong antimicrobial activity against
the Gram (+) and Gram (-) bacteria and the fundfuces studied, chestnut and pistachio showed
higher antimicrobial activity according to the atimeits and seeds.

Hazelnut inhibited more effectivagainstProteus vulgaris;peanutagainstDebaryomyces
hansenii; pistachio againstEscherichia coli,Staphylococcus aureus, Micrococcus luteus, Listeria
monocytogenes, Rhodotorula rubralmond againstProteus vulgaris, Pseudomonas aeruginosa;
walnut Proteus vulgaris, chestnut against Escherichia coli, Bacillus cereus, Mycobacterium
smegmatis, Candida albicans, Pseudomonas aeruginpsapkin seedagainst Staphylococcus
aureus, Micrococcus luteus, Kluyveromyces fragdimflower seedgainstProteus vulgaris, Listeria
monocytogenes, Kluyveromyces fragilis

Calorie values of nut and seed samples were imastl. The highest calorie value was found
in walnut and the lowest calorie value was foundhastnut. The values found were for walnut 7730
cal/lg, hazelnut 7406 cal/g, pistachio 7384 callgyoad 7027 cal/g, sunflower seed 6991 cal/g,
pumpkin seed 6907 cal/g, peanut 6856 cal/g, che4886 cal/g.

Calcium, magnesium, potassium, sodium, iron, cgppanganese, selenium, zinc, chromium
and aluminum contents of nut and seed samplestigatsd as mineral content. Calcium content of
samples was in the range of 476.5-1221.74 mg/kg Ribhest calcium contents were found in
pistachio 1221.74, almond 1075.25, walnut 977.5 leamklnut 806.23 mg/kg. Magnesium content of
samples was in the range of 420.90-427.83 mg/kgcamients of all samples were close values.
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Potassium content of samples was in the range 66.83-4739.15mg/kg, the highest potassium

contents were in chestnut 4739.15, pumpkin seef.80%nd sunflower seed 3094.09 mg/kg. Sodium
content of samples was in the range of 403.91-P4i1ihg/kg and of chestnut 403.91 mg/kg which

was the lowest content. Sodium content of otherpsesnwas close values. Iron content of samples
was in the range of 8.79-40.98 mg/kg, contentsunfigkin seed 40.98, sunflower seed 28.30, walnut
24.90 and almond 23.95 mg/kg were the highest. @oppntent of samples was in the range of 1.87-
10.13 mg/kg, the highest contents were in sunflosesd 10.13 and walnut 8.14 mg/kg. Manganese
content of samples was in the range of 5.82-35.8kgn the highest contents were obtained for
pumpkin seed as 35.30, walnut 35.13 and chestn8t.2g/kg. Selenium content of samples was in
the range of 0-3.08 mg/kg, the highest contenteweanlmond 3.08 and walnut 3.05 mg/kg, and there
was no in chestnut. Zinc content of samples walamrange of 8.02-53.14 mg/kg, content of pumpkin

seed 53.14 and sunflower seed 38.65 mg/kg beirtgebigChromium content of samples was in the
range of 0-0.35 mg/kg, the highest contents weiguimpkin seed 0.35 and pistachio 0.34 mg/kg and
chromium was not found in chestnut. Aluminum cobt@nsamples was in the range of 1.43-11.03

mg/kg and its have at toxic concentrations. Simylalues were found in the literature, although

variability within each nuts and seeds variety banobserved and explained by geographical origin,
harvest year, climate and methods of cultivatidn28].
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