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ABSTRACT

This study compared the concentration of ascorbid &etween citrus fruits collected from the farhikerman in
Iran. Determination of ascorbic acid was carriedtausing a liquid chromatography coupled to a dicateay
detector, with reverse phase and isocratic elutibime validation parameters showed efficiency, adtglinearity,
relative standard deviation values 0.02 % (n=10) fepeatability and 0.5 % (n=15) for reproducibifit limit of
detection (LOD) was 0.2 mg'tecovery was between 97.3 % and 103.6%. Ascorbhit \aas determined for 10
species of citrus: sour and sweet orange, umbil@ainge, novel orange, lime, lemon, pink and whitgpefruit,
aeglemarmelos, bergamot, sour and sweet tangedandsclementine. The average ascorbic acid was idjgelst in
Shahdad'’s citrus fruits.
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INTRODUCTION

The nature and concentration of the organic acidguits are of interest because of their imporiafitence on the
organoleptic properties and stability of fruit jegc The organic acid profile and concentration rmit§ and
vegetables depends on factors such as specieansladitress conditions to which the fruit was sutadi[1]. Citrus
juices are highly appreciated and consumed becafidkeir taste and high vitamin C content. The thié
evaluation is based on the evolution of vitaminu€iny storage, although there are other qualitampaters such as
color and flavor. Vitamin C is a very importantatin for human nutrition that is supplied by frugtsd vegetables
[2]. L-Ascorbic acid is the main biologically actiform of vitamin C. As a potent antioxidant, istlthe capacity to
eliminate several different free radicals [3]. G#rfruits, one of the important fruit crop groupse consumed
mostly fresh or as juice because of their nutrailoralue and special flavor. Consumption of cifwise is found to
be beneficial in preventing coronary diseases dndnic asthma [4]. Citrus fruit extracts are alsarfd to have
antioxidant, anti-inflammatory, anti-tumor, antirigal and blood clot inhibition activities [5]. Trebealth benefits
of citrus fruit have mainly been attributed to tpeesence of bioactive compounds, such as ferruid, a
hydrocinnamic acid, cyanidinglucoside, hisperidimigamin C, carotenoid and naringin content [5, Gifrus fruits
are classified as acid fruits, since their soluidnbds are composed mainly of organic acids andsgvhich are
used as the main index of maturity and one of tlagpmanalytical measures of flavor quality. Sevexahlytical
methods have been reported for the determinatiomsabrbic acid using titrimetry [7], spectromet] [and
amperometry [9]. The preferred choice for ascorbiid determination is separation techniques: capill
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electrophoresis [10], gas chromatography [11] aiggid chromatography [12, 13, 14]. In this fieldigh
performance liquid chromatography (HPLC) is onerafre promising and more used techniques, eithatifegct
determination or by the analysis of derivatizeddmeis. Most of procedures developed until now foodf and
beverage analysis utilize either reverse phasdiparthromatography [15] or ion exchange chromedpgy [16,
17] with refractive index (RI), UV spectrophotomefrconductimetric or electrochemical detection][18 this
study, ascorbic acid from different species ofustfruits from Kerman in Iran such as: sour andeweange,
umbilical orange, novel orange, lime, lemon, pimk avhite grapefruit, aeglemarmelos, bergamot, smgr sweet
tangerines and clemantine to separate and wasndeget with using ultra-performance liquid chromatgghy
(UPLC) with photodiode array detection (DAD).

MATERIALS AND METHODS

Apparatus and Reagent

The UPLC-DAD system consisted of an Agilent 1208ese(Agilent, Santa Clara, CA) (quaternary pumgguum
degasser and diode array detector) connected timputer loaded with Agilent ChemStation Softwarer Ehe
detection of ascorbic acid, the detector was s@t=a64 nm. This setting was chosen since ascorbit la&s its
maximum optical absorbance close to 254 nm. Therbgcacid in the sample test solution was sepdrate
reversed phase chromatography on a 150 mmx4.6 chimbipm particle ZORBAX Eclipse XDB-g (Agilent,
USA) analytical column that was detected by absmbaand quantified with external calibration grashcorning
pH meter (Massachusetts, USA) was employed for mdguarements. All reagents were of analytical grate.
stock solution of ascorbic acid was prepared bgalisng an appropriate amount ascorbic acid (Meb=mstadt,
Germany) in deionized water and stored in darkgdametween the experiments at low temperature (+45@de
HPLC acetonitrile (Merck, Darmstadt, Germany), getam dihydrogen orthophosphate and phosphoric\aere
of analytical purity or for chromatographic use elater used was deionized.

Preparation of juice sample

Fresh fruits of sour and sweet orange, umbilicainge, novel orange, lime, lemon, pink and whitepghauiit,
aeglemarmelos, bergamot, sour and sweet tangesinésclemantine were purchased from the local msrket
Healthy fruits were selected randomly for unifoyn@f shape and color. The citrus fruit juice wasrasted by
cutting the fruit in half and careful hand-squeegzto obtain the juice. The juice was passed throaugirainer to
remove pulp and seeds. The freshly squeezed juae aentrifuged at 3000 rpm for 10 min and twice the
supernatant was diluted 1:5. The dilutions were brame filtered (0.2Qum) before injection. Two samples were
analyzed in duplicate.

General procedure

The determinations were made in isocratic conditiahambient temperature using a mobile phase ma@e%
acetonitrile and 50 mM phosphate solution (diss@\8g potassium dihydrogen phosphate in 900 ményéte pH
should be adjusted to pH =2.8 with phosphoric aoid then filled to 1000 ml with water) filtered dluigh a
polyamide membrane (0;8m) and degassed in a vacuum. The flow rate of thkilmphase was 1.2 mL mirfor
all the chromatographic separations. The separatitumn was balanced with mobile phase until thechiae was
stabilized. Sample injections were made at thisitppdihe volume injected was B for either prepared sample or
standard solution.

RESULTS AND DISCUSSION
In Fig. 1 the chromatogram of ascorbic acid ingteendard solution and real samples was given. ifkarity of the
method was evaluated according to area respondect&b wavelength for ascorbic acid, retention fime
concentration range of linear response, correlatoefficients and detection of limit (LOD) were sonarized in
Table 1.

Table 1.Wavelength, retention time, linearity, corelation coefficient and detection limit for ascorbc acid.

analyte Mm  RTmn linearity (mg Y)  Correlation coefficient§§ LOD (mg L%
Ascorbic acid 254 3.2 0.5-200 0.999 0.20
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Table 2. Ascorbic acid content of citrus fruits (mgL™)

Fruit Shahdad Jiroft Bam
Sour orange 118.51+0.11* 73.75%£1.0 113.63+0.54
Sweet orange 159.72+0.14  132.62+0.34  93.30+1.1
Umbilical orange 94.60+0.71 92.57+0.86 99.1040.75
Novel orange 92.70+0.8 72.4740.77 -
Lime 52.38+1.1 43.24+0.90 -
Lemor 96.90+0.5: 88.32+1. 49.27+1.(
Pink grapefruit - 73.12+0.88 -

White grapefruit 84.11+1.5 80.41+1.2 88.9740.80
Aeglemarmelo 106.61+1.0 - -
Bergamot - 64.18+0.51 -
Sour tangerines 55.39+0.75 53.38+0.71 41.70+0.47
Sweet tangerin 69.15+0.8! 94.58+0.3:  49.55+0.8:
Clementine - 36.93+1.2 -

*Results are expressed as mean+SD (standard demjath=3)
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Fig. 1. Chromatogram of the (a) standard solution bascorbic acid (30 ppm), (b) Sour tangerines of Ba, (c) Sweet orange of Jiroft and
(d) Sweet orange of Shahdad

The LOD could be defined as the smallest peak thtegith a signal height three times that of theetiae, while
the limit of quantification (LOQ) referred to thewest level of analyte which could be determinedhwan

acceptable degree of confidence. In the preserk,wdetection limit was estimated according to thpdthesis that
a peak to be detected should have a signal-to-ratse >3. Precision was tested on ten replicatealyases of
independent preparations of sweet orange juice.R3I value was percent indicating that the methed precise
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with a high degree of repeatability. The recovdrgsrorbic acid from citrus fruits ranged from 9%2.03.6%. The
amount ascorbic acid found in citrus juices wasashn Table 2. The ascorbic acid content of orawgs higher
than that of the other citrus fruits while the lemtas the lowest of content of ascorbic acid. Shhlsdfruits have
higher amounts of ascorbic acid among in citrusgsli

CONCLUSION

This work is a contribution to the development ofrapid and precise UPLC procedure for quantitative
determination of ascorbic acid in citrus fruits.cAgbic acid has been eluted from the column withiminutes. The
method can be successfully used to quantify ascaids in natural citrus juices. Sample prepanascsimple and
mobile phase consisted of a simple buffer. It waseoved that the ascorbic acid present in citrice§uwas species,
cultivar and horticultural practice-dependent armlild be considered as an active parameter for atititg
determination.
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