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ABSTRACT

Pomegranate is an excellent source of many nutrients able to contribute to a healthy diet. Taif is the first leading
Pomegranate producers in Saudi Arabia. To our knowledge, there has been no research on the Taif Pomegranate
fruit juices. this study, for determination of minerals elements (sodium , potassium, copper, lead and iron) was
carried out for four different pomegranates origins commercially available in Taif province, KSA such as (Abha,
Egyptian, Yamani 1, Yamani 2) using Atomic absorption spectrometry and flame photometry. The results showed
that the concentrations of sodium and potassium were (0.3-0.36 mg/100 gm.) and (50-95 mg/100 gm.) respectively.
Lead and iron were not detected whereas copper was 0.1ug/100 gm. In conclusion, the authors recommend these
methods for analysis of minerals concerning the food and human health safety.

Key words: Taif pomegranateAtomic absorption spectrometry and flame photoygiomegranate fruit juices,
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INTRODUCTION

Food is routinely analyzed for a variety of elenseiot assess possible nutritional or toxicologiogdlications and to
ensure compliance with governmeaagulations or product qualityFruits are generally acceptable as good source
of nutrient and supplement for food in a world fhaeith problem of food scarcity. Fruit and fruitsopucts are
known to be an excellent source of nutrients sichierals and vitamins [1Minerals are of prime importance in
determining the fruit nutritional value. Potassiucalcium and magnesium are the major ones. In ifsd of
many fruits, calcium is one of the mineral beliexeche an important factor governing fruit storageality [2].

It has been reported to delay ripening and senesci] and to reduce storage disorder [4]. The importamice
minerals such as potassium, calcium, sodium ettwunan health is well known. Required amountshete
elements must be in human diet to pursue goodhehift [5]. Trace elements play an important role in human
biology, because they are either inadequately ggitkd or not synthesized in the body. Trace ansonintome
metals manganese, copper, and zinc, for exampegsgential micro nutrients and have a varietyiofiemical
functions in all living organisms. While these eknts are essential they can be toxic when takesxdess. In
addition, some metals like lead, do not occur radiirin the body, and their presence, usually aultesf
occupational or pollution-related exposure, isntfal to health and children are more sensitivéhese metals
than adults [6, 7]. The content of mineral elementplants depends to a high degree on the soisiddnce,
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including the intensity of fertilization [8].

Mineral components of fruit and vegetables contebio their nutritive value. A number of mineratmlents are
required in varying amounts by humans for propemgfn, function and overall well-being [9, 10]. fecent years,
food analysts have been interested in the amourtseovarious nutritive components and their chanigefruits,
and the importance of dietary minerals in thprevention of several diseases such hene
demineralization, arterial hypertension, and oVecardiovascular risk [11- 13Mineral nutrients are divided
into two broad groups; major and trace elementgoiMainerals represent 1 per cent of bodyweight amedrequired
in amounts greater than 100 mg per day, while traiceerals make up less than 0.01 per cent of beiiv and
are essential in much smaller amounts [12]is estimated that 70 biological elements aredede by all living
things for the normal function of their metdism,reproductive and immune system [9,12].

At present the determination of major, minor anacér elements has taken on considerable importabbtim
pomegranate juice and pomegranate beveragesniyofrmm nutritional, but also from the texhogical point
of view. These elements can have a consideralfleeite on the production process with , in somsesa
negative effect such as oxide- reduction reactoecipitation, colloidal alteration, formation o€l14]. Analysis
of thirteen minerals content in pomegranate juigeirmuctively couple plasma- optical emission spaoetry
(ICP-OES) in commercial pomegranate juice consumeéklrkish market [15].A comparative study on elemental
composition of seven pomegranate cultivars wasrhated in the different parts of the pomegranateit fr
include the arils. The concentrations of major @sta (N, P, K, Ca, Mg, S, Cl and Na) and trace elem(Mn,
Fe, Cu, Zn, B, Ni, Co, Cr, Pb, Cd, Se, Al, As, &r, Ti and V) were determined using (ICP-OES) catédwith
different concentrations of standard solutionshe& minerals [16].

Atomic absorption and flame photometer are a popelehnique for the determination of metals in mtypes of
samples. I commonly used for the analysis of food [ 14,17- Z@e different of Omani fruit including the Omani
pomegranate fruit were assessment in terms of oreisif the arils and minerals elements in the juismg
atomic absorption spectrometry monitoring potassaodium and iron [21]. The physical and physicodicam
studied the changes during different stages of ratitun including total seed juice extracted frontip@, half-ripe
and full-ripe stage are reported. The researchecleded knowledge of changes in mineral contentsldvbe very
useful for determination of fruit quality. The measment of minerals elements observed using At@bgorption
spectrometry [22]. Twenty different varieties ofnpegranate from Turkey were analyzed for vitaminligid
content and elemental analysis such as (Ca, Mg,N@e,and K) using Atomic absorption spectrometry
(AAS) technique [23]. Physico-chemical propert@sd mineral contents usigtomic absorption spectrometry
(AAS) of two commercial pomegranate fruits from Taia were established [24Feven different brands of
pomegranate molasses from Turkish market were z@@dljor minerals elements some which are impoiftant
nutrition and health using (AAS) instrument [25he pomegranate fruit has become an internatioigdl-value
crop for the production of commercial pomegranatieg. The comprehensive chemical characterizatibd5o
commercial juice sample from 23 different manufeesuin the United State in addition to several ¢guproducers
such as Iran and turkey considering the pomegrgoetes adulteration, the concentration of the matseelements
in juices take apart from these analysis usingatbeic absorption and emissions techniques [26].

According to our knowledge a part of this researnb scientific study has been reported in KSAaqofarticularly
assessment of nutrition characterize to evaludtedriinerals contents and compered with the regneggranate
products such as (Abha, Egypt, Yamanl, Yaman R)this work describes a detailed procedure forathedysis
of minerals (Copper, Iron, Lead, Potassium and Buojliusing flame atomic absorption spectrometry #ache

photometer.

MATERIALSAND METHODS

Atomic absorption spectrophotometer (AAS) Buck stifee model 210 VGP equipped with a deuterium
background corrector and automatic hollow cathaahepl switch was used for absorbance measuremerdigitel
concentration readout device to analyze Pomegrafnesh fruit samples for copper, iron and lead diect
aspiration into the burner thought the sample duntion system . The method was interference frek a-lame
photometer Jenway clinical PFP7. The PEP7 flamdopheter is a low-temperature ( air/ natural gasjng
atomic emission photometer designed for the routieéermination of sodium and potassium in aqueous
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solutions, to very important foods industry and siblogical felids. The low-temperature (about 17%20)
generates strong emission only from the most easilited elements.

Wavelength isolation is by use of a simple narr@mdb pass interference filter that is designedaosmit only the
interest line. The PFP7 and PFP7/C flame photomaterlow temperature single channel emission flame
photometers designed for the routine determinatérmineral salts [27]. The hot flame evaporates the
solvent, atomizes the metal, and excites a valetedron to an upper state. Light is emitted atratteristic
wavelengths for each metal as the electron rettionshe ground state. Optical filters are used tectehe
emission wavelength monitored for the analyte sseciComparison of emission intensities of unknowms
either that of standard solutions, or to those mfirgernal standard, allows quantitative analydishe analyte
metal in the sample soluti¢g8, 29].

2.1 Reagentsand chemical materials:

Copper , Iron and lead stock standard solutionsied from Buck Scientific. The stock solutions tbese
elements at a contraction of 1000 mg/L were alrgaédpared in water and 5% HCL. Working solutionpared in
suitable concentration used for direct determimati@re made in water.

-Sodium chloride Extra Pure assay: 99.45% Merki@ermany)

-Potassium chloride Extra Pure assay: 99.56% MedklgGermany) Preparation of 1000 mg/L Sodium stock
standard solutian

Accurately weigh 1.2705gm of dry quality NaCl dissoin pure deionised water and transfer into anglO0
volumetric flask . fill to the mark with pure aciidid deionised water to prepare the standard soldtr use with
the flame photometer.

Preparation of 1000 mg/L Potassium stock standzltdisn:

Accurately weigh 0.9534 gm of dry quality KCI diss® in pure deionised water and transfer into and00
volumetric flask, fill to the mark with pure acigifl deionised water to prepare the standard salditiouse with the
flame photometer.

2.2 Sample Preparation:

Pomegranate fresh fruit from Taif product, Abhaduct and imported pomegranate Yamani and Egyptiaarke

purchased from local market. The seeds of pometgaget from the fruit by make a shallow slit at top the

pomegranate around the crown cut all the way ardbedop of the rind, creating a shallow circle.\@qush the
knife too deep, or you may burst some seeds. Relttown of the pomegranate off to reveal the inseeds.
Turn the pomegranate over. Repeat the processeafimg a narrow slit in the rind, cutting a cirelmund the
base of the fruit. Pull the bottom off the fruitufii the pomegranate back over. Cut slits in thessiof the rind,
following the lines of the pith, from the top ofetffruit to the bottom. Pull the fruit apart, youllwiow have sections
of the fruit with the seeds fully exposed.

Gently loosen the seeds from the pith and placa th& the clean bow. The pomegranate seeds weskadaunder
distilled water then dried.

The triplicate fresh pomegranate from each kindsevexactly weight (100 gm). The total amounts & feeds
hand squeezed to get pure fresh pomegranate jliesuspension solution were passed through destsaisteel
mesh sieves before filtering by Whatman filter pays@ng Buchner funnel.

The pomegranate juice sample final volume of sotuample 60 ml. Centrifuge and stored in refrigaraAn
aliquot of the samples was diluted with purifiedt@rao bring the concentration of the samples withie range of
the calibration curves. All standards and solutimely to analysis were passed through the 0.48ask filter.

2.3 Analysisof Mineral Elements:
Mineral compositions were carried out for fresh pgnanate juice samples for direct measurements$-ef Cu, Pb,
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Na and K) using air- acetylene flame in combinatigth single element hollow cathode lamps into B&dkentific
Atomic Absorption spectrophotometer was used tduate the Iron, Copper and Lead . The samplesisnlut
diluted within range of the calibration curves loé telements by deionized water.

Jenway Flame Emission Spectrophotometer for evialuaf sodium and potassium. Calibration of therumment
was repeated periodically during operation. Minarahtents were calculated by comparison of theindards
solutions. The blanks were used for zeroing theunsent before each analysis to avoid matrix ietenfices.

2.4 Moistur e content and pH measurement:
The pH for the fresh pomegranates juices weresaored by pH meter ( Jenway pH 3305) after standeddihe pH
electrode .The percent moisture content is detexthiny measuring the mass of the pomegranatesefidse and

after the water is removed by evaporation in merhmen (Germany) at 12(80 5 for 2 hours [30].
RESULTSAND DISCUSSION

3.1 Atomic absor ption:

Table (1) list the optimum parameter for the AASedisfor determination of iron, copper and lead. Ehes
conditions used for the aspiration of the standaalstions to the external calibration curve fack elements
under study. Equation y= 0.069x for iron and y=@x£0.024 for copper. Each curve done by aspiratioha
series of standards solutions diluted from thelstd standards 1000 ug/ml and 100 pg/ml. A sedéslilution
were made, The correlation coefficient was highant0.99 for all the elements evaluated. The lihefor copper
was (0.1-8ug/ml) and (0-10 pg/ml) for Iron. Thesfitgpomegranates fruit juices samples previousgpared and
measured in the same

time of analysis.

Table (2) shows the result of copper, Iron and leadhe Taif pomegranate juice, Abha and the ingubrt
pomegranate ( Egypt,Yamanl and Yaman 2). The sesuméis that the copper concentration in Taif
pomegranate is in similar concentration with AbEgypt and Yaman 1 and Yaman 2 pomegranates. Théses
are the mean of the triplicate samples for eachl.kih shows negligible standards deviation for lalids ,this
indicated that the method used it is highly precisen and lead is not detected in all kinds of the
pomegranates for the operation parameter in thi$s Aéchniques [15feported that the copper, lead and iron
were found at trace levels which agree which waagireement with what found in the pomegranatesnstdedy.

3.2 Flame photometer:

After setting the flame photometer for the best smioin signal of the elements under study (sodiund an
potassium). y=1.301and y= 0.96x+0.036 are repratigatthe equations for calibration curves for sadiand
potassium respectively. The correlation coeffitieas higher than 0.99 for all the elements evaliatThe
linearity for sodium was (0.1-4 pg/ml) and (0.2-3u6/ml) for potassium. The fresh pomegranates fuittes
samples previously prepared and measured in the siame of analysis. The calibration curves wereduseind
and calculated the concentration of pomegranatie® jsamples. Table (3) shows the result of sodand
potassium in the Taif pomegranate, Abha and théomsgoomegranate (Egypt ,Yamanil and Yamani 2)is |
the mean of the triplicate samples for each kinds.

It shows negligible standards deviation for sodinrall kinds of pomegranate and less than 2% feaggum. The
sodium element concentration in Taif pomegranate similar with that measured for Egypt and Yamini 1
Yaman 2 pomegranates. On the other hand, thdtress obtained for determination the potassium was
present in all sample in different concentratidre thighest potassium content, (95+1.48mg/1009) faasd in
Abha and the lowest (50+£1.59mg/100g) in Yaman 2il&he concentration of potassium in Taif pomegtan
juice was 78+00 mg/ 100 gm. It is clear that patamsis the most abundant element in fruit followsdNa then
Cu, while Iron and lead is not detected in all kirod the pomegranates . These results show thiis#m different

in the concentration of sodium and potassium inkistw, Tunisun, Omans and the pomegranates (TaihiaAb
Egypt, Yaman 1, Yaman 2) under study. But the tesagree what they reported that the potassiunmrsadilim
content th e highest among the minerals elementsimegranates juice and similar order of minerakeatration.
Most of the findings in the present study with neb#&o the mineral components of the pomegranateeJaie
consistent with the result of the other studiesdalibtedly duo to the strong influence of the ctenaf the place,
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different environmental place, types of the soitl agricultural procedures on the contents of theleenents in
which is study[21- 24].

3.3 Percentage of Moistureand pH:

Fruits contain large quantities of water in promortto their weight. Table (3) provides the watentent of
several pomegranates under study. Moisture comtigd within among pomegranate fruit cultivarse thwest
was in Yamani 2 while Taif pomegranate containkd highest in most of kinds. On average for trigkc
samples, among all the pomegranate kinds , thetaneigontents in pomegranate 81.75+0.73 per ¢€aif) ,
75.77+1.35 per cent (Abha), 79.79%£1.27 pent ¢Egypt),78.45+0.97 per cent (Yamanil) and 65563t per
cent (Yaman 2). The maximum moisture vales areiddafor Taif pomegranate closer to what the ALmAn
reported.

Variations in moisture contents have been attridbute the influence of climatic, genetic and geogiegih
factors as well as differences harvest year and growth conditions of plants.

pH was measured with a pH meter the highest pHevalas obtained for Yamanl pH (4.18) and the loast
Egypt pH (3.79) Table (3). That main the Egyptiamggranate fruit juice is more sour fruit juicearttthe other
under study are common sources of weak acid.

Table (1): Recommended analysis conditionsfor Cu, Feand Pbin (AAS)

Element Cu Fe Pb

Wave length 327.4nm 372.0nm 217.0 nm

Current 1.5mA 3mA 3mA

Slit 0.7 nm 0.2 nm 0.2

Air flow meter readin 5 5 5

Acetylene flow meter readil 4 4 4

Background Correction deuteriun ON ON ON

Table (2): Composition of minerals elements in fresh pomegranate fruit juicein 100 gramsweight seeds samples using atomic absor ption
spectrometry (AAS)

Elements Original Taif Abha Egypt Yamanil | Yamani2 | linearity | R2
Cu ug/100 grams (AAS) 0.1+NG 0.1+NG 0.1+NG 0.1+NG 0.1+NG 0.1-8 | 0.995
Fe ug/100 grams (AAS ND ND ND ND ND 0-10 0.997,
Pb ug/100 grams (AAS) ND ND ND ND ND 5-50 0.995
Water % 81.75+0.73| 75.77£1.35| 79.79+1.27| 78.45+0.97| 65.63+2.01
PH 3.99 4.02 3.79 4.18 4.15

Table (3): Composition of minerals elementsin fresh pomegranate fruit juicein 100 gramsweight seeds samples using flame emission

spectrometry (FES)
Original . . . ) .
Elements Taif Abha Egypt Yamanil| Yamani2 | linearity | R2
Na mg/100
grams(FES) 0.300+NG | 0.360+NG| 0.300+NG| 0.300+NG| 0.300tNG| 0.1-4 | 0.991
Kmg/100 | 7.1 33 95+1.48 | 84+1.65 | 60+1.45 | 50+1.59 | 0.2-1.0| 0.994
grams(FES)
1 triplicate samples were analysis,; R square of correlation coefficient; ND: Not detected with the operation condition for AAS
NG: Neglected
CONCLUSION

The composition of pomegranate Juice depends orctitesar type, soil type, environmental conditioaad
bioavailability of trace elements, have been ingikd in the variability of trace elements and hemsatals in
pomegranate fruit cultivars [31]. In this study divminerals elements were determined in five kinds o
pomegranates. The results presented in this wookv shat consuming pomegranate arils is good sounte
mineral element in human diet which are essefar@human health, consuming a fruit per day mayecdhe needs
amounts of the daily requirement of many mineréésnents for an average . The accurate determinafidrace
metals in products food is important. Here in thethind was used in this project for determinatiofiraf, cupper,
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sodium ,potassium and lead in pomegranate wasleiamul does not required the sample to be subj¢ctady
harsh and further treatment or time consuming rimeats environmental friend “ Green chemistry”. tiddion the
procedure is advantageous because it has shown geepective of being applied without further cheathi
treatments. The method may be applied by the ingasjuality control laboratory.

Atomic emission and atomic absorption are fastplmand sensitive method for the determinationtrate
concentration for sodium, potassium, iron and coppsolution. The method is free from interferené®m other
elements.
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