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ABSTRACT

An ultrasonic assisted extraction as a green way approach is described for simple, efficient and rapid determination
of trace metals in some complex matrices by atomic absorption spectrometry and/or other techniques. Their
optimized conditions are certainly investigated in details, in particular several variables that could affect the
performance of the method in comparison with those of standard methods. In this review, arsenic species are
focused to determine in chilli as the plant matrix, for example. Thiswill lead to improve mild extraction method as a
routine work for heavy metals in such food analysis with its emerging applications and future trends.
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INTRODUCTION

Fruits and vegetables, which are commonly the Hedc@omplex matrices, are immensely valuable mdy dor
their nutritional value but also for their effictelmealth functionality against various degeneratiigeases caused by
free radicals. They are also good source of naam@bxidants containing many bioactive componeviigh play a
significant role in prevention of free radical fation by scavenging or promotion of their decommsi In
particular, chilli pepper Gapsicum annuum L.) is known the most cultivated species from an eoun and
nutritional viewpoint worldwide [1]. Chillies arene of the widely consumed vegetables because afdimbination
of color, flavor, taste and nutritional value. Apfilom rich source of vitamin C, it has vitamin AdE, small
guantity of proteins, fats, carbohydrates and sagk minerals. It is valued for its pungency whishdue to
crystalline, acrid volatile alkaloid capsaicin, &y diverse prophylactic and therapeutic uses lapathic and
ayurvedic medicine. These properties are also decodue to the presence of phenolic compoundsteraiols and
capsaicinoids [2,3]. However, trace metal contatidmacould affect on human and plant [4] becausmeestrace
metals at low doses are essential for plants, iitigher doses they may cause metabolic disordetsgeowth
inhibition for most of the plants species. The érawetals are a toxic group used to describe mae thdozen
elements that are metals or metalloid [5,6] suclead, nickel, zinc, chromium, cadmium, copperniemd arsenic
etc. Human activity affects the natural geolog@atl biological redistribution of trace metals thybipollution of
air, water, animal, soil and plant [7]. The effe€trace metals on health including allergic reasi (e.g., beryllium,
chromium), neurotoxicity (e.g., lead) and canceg.(earsenic).

Trace heavy metals have long been known as tox@ntagin human being. Especially, arsenic (As) & a
poisonous metal that is found in inorganic and pigéorms in water, soil, dust, wood, plant andestimaterial [8].
Arsenic containing pesticides, wood preservati@snd other agricultural products can lead toateumulation of
arsenic and other toxic metals in soil and plant ace amounts of toxic metals, including arséoimd in food
and feedstuffs [10-12]. The determination of toxionessential element arsenic species in chilli pepp an
important screening procedure in the studies oicitgxand elemental chemical and biological effeotschilli

pepper. The arsenic compounds in plant tissuegctefl predominantly the extractable portions ofefirs
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compounds present in soil after amendment, andpidiitern was more significant in the first partvegetation
period. The results confirmed the ability of gemiera parts of plants to accumulate preferably oigarsenic
compounds, whereas in the roots and above grouachdss, mainly inorganic arsenic species are present
Evidently, the source of soil arsenic contaminatiaffiects significantly the extractable portions afsenic
compounds in soil and subsequently the distributibarsenic compounds within the plants [13,14].

Arsenic is widely distributed in large number ofnmials. Arsenic concentrations in soils and sedishame
dependent on the geological conditions as well rmsirthropogenic activities, e.g., the use of pelg& mining
activities, or industrial processes. Humans areosag to many different forms of inorganic and oigaarsenic
species, arsenicals, in food, water and other enmiental media. Arsenic in foods occurs due to renwmental
contamination. Foods of animal or vegetable orliane a relatively low concentration. Furthermomsgeaic must
be extracted from solid samples and presents iacueous form for speciation analysis by the mon@mon
methods such as ultrasonic system. It has beemebutpplied in laboratories as an alternative @anpreparation
procedure for challenging matrices that are usualyommended for atomic spectrometry. The physédfact
produced by ultrasonic system (either bath or prabeludes cavitation, which consist of the nudl@at growth,
and collapse of short-lived bubbles, which are fedmin liquids/solutions that are exposed to lovgirency
ultrasonic waves (<1 MHz). During sample prepargticavitations favor the extraction of chemical@es from
solid materials through dissolution or complete enattization performed at ambient temperature intotel acid
solutions. Therefore, the use of ultrasonic-assigetraction into dilute acid solutions for the etetination of
macro- and micronutrients in agro-industrial sammpdeoids the use of concentrated acid solutionss&nple
digestion [15].

This review is to pave the way for simple and aataimethod that suitable for routine applicatiométermine of
some metals available in such plant samples byeflatomic absorption spectrometry (FAAS) and somélme
speciation (inorganic and organic compounds) aralysing flow injection-hydride generation atomigsarption
spectrometry (FI-HGAAS). This will lead the devefent of a simple and robust sample preparationgoiae that
uses an ultrasonic-assisted extraction system Her determination of total metals using FAAS to &usp
conventional sample pretreatment procedures basedid digestion.

MATERIALSAND METHODS

2.1 Determination of arsenicin real samples

In many cases, arsenic has been chosen which vgnktmbe toxic since ancient time, for example.sTthixicity can
make the high levels of arsenic found in plantswijng on many contaminated sites problematic fompla
consumers [16,17]. Many arsenic compounds presethiei terrestrial and marine environments have lie¢ected
[18,19]. As(lll), As(IV), methylarsonic acid (MA)ral dimethylarsinic acid (DMA) are the predominanseaic
species found in terrestrial biota, including ptan€hronic exposure to arsenic, particularly inargaarsenite
(As(ll)) and arsenate (Ar(V)), has been implicatadnmany physiological disorders and various typEsancers.
Since the toxicity of arsenic depends on its chahfirm, both speciation and quantitative detertidmaof arsenic
are essential.

The determination of arsenic in samples can be doyevarious techniques including atomic absorption
spectrometry (AAS) [20], inductively coupled plasmass spectrometry (ICP-MS) [21,22], electrothermal
atomization atomic absorption spectroscopy (ETAfSS),24], hydride generation coupled with atomicapsion
spectroscopy (HGAAS) [25], or coupled with atomigofescence spectroscopy (HGAFS) [26], high perforce
liquid chromatography-inductively coupled plasmassaspectrometry (HPLC-ICP-MS) [27], graphite fumac
atomic absorption spectrometry (GFAAS) [28,29],uatively coupled plasma-atomic emission spectroyng@@€P-
AES) [30], high performance liquid chromatographygtide generation-inductively coupled plasma-mass
spectrometry (HPLC-HG-ICP-MS) [31], ultraviolet-ibge spectrophotometer [8] and electrochemistry].[32he
analytical techniques are suitable for determimatb arsenic due to high precision, sensitivity émd detection
limit. However, it is notable that HGAAS technigisewidely used for determination of arsenic whempared with
those mentioned techniques. HGAAS has been frelyuesed for direct determination of arsenic becanfsase,
quick operation, high sensitivity, low cost and loletection limit. Literatures on determination o$enic by FI-
HGAAS and other published methods are summarizddhbie 1 and 2.

However, HGAAS cannot be a direct determinationoofanic arsenic. Although the analytical methods fo
determination of organic arsenic compounds have lbeeducted, their limited and complex instrumeatagre
encountered. So, this study focuses on the devetlophod for organic arsenic analysis using ultnasassisted
extraction (UAE). UAE is an easy, convenient, aast fway of desorbing inorganic and organic polltggrom
sediments, soils and biological samples [33]. Thec@dure for arsenic extraction in mining resideegploying
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UAE and determination by HG-ICP-OES was develo®l.[The analytical method provided analytical |sien

and a better evaluation of environment impact ohing residue deposits. Optimal conditions for UAErev
obtained by an evaluation of parameters such apdkéion of the sample flask inside the ultrasolath and
temperature as a function of the immersion timee Tdsults for the extraction of arsenic in the mgnivaste by
employing a CCD design for the use of an ultrasdwith for energy proved to be quite satisfactottye arsenic
concentration obtained using the UAE was superiorthiat obtained by the standard method performed by
microwave assisted extraction (MAE).

Table (1): Literaturereviewson the deter mination of arsenic by FI-HGAAS

Sample Recovery (% LOD Ref.
Thai fruit wine and distilled spirit 91.4-119.0 f;g:';gﬁ}gp%pb As(V) 0.350.63ppp
acid digest of plant and peat - 23 ppb 35
phosphate-fertilizer and phosphate-rock  100.0-108,00.1 ppb 36
some contaminated ground water - 0.4 ppb 37
environmental solid - As(l11) 0.07 ppb total As 6.ppb 38
water, urine and plant 99.0-107.0 As(lll) 0.1 ppb 9 3
environmental sample 102.0-114.0 0.5-1.8 ppb 40
cigarette tobacco 93.0-94.0 2.6 ppb 41

Table (2): Literaturereviewson the deter mination of ar senic species by other published methods

Sample Method Recovery (%) LOD Ref.
. eP. ) As(Ill) 0.01 ppb As(V) 0.01 pph
rice flour HPLC-ICP-MS 94.7-102.1 DMAA 0.03 ppb 42
) . As(lll) 89
marine sediment HPLC-ICP-MS As(V) 104 - 43
blubber of ringed sea HPLC-ICP-MS - - 44
0.5 ng As(lll),
aloa samoles HPLC-HG-ICP-AES| 93 and 115 2.0 ng DMA, 31
9 p 1.0 ng MMA,
2.0 ng As(V)
Red tangerine peel HGAFS 94.9-97.7 0.039 ppm 45

2.2 Sample preparation by ultrasonic method

The extraction methods of plant commonly includé Wwater extraction (HWE), microwave assisted exiosc
(MAE), pressurized liquid extraction (PLE), ultraso solvent extraction (USE) and ultrasound-asgistetraction
(UAE). Although the main advantage of applying roigave is that it is time saving but its disadvastag
homogeneous heating [46,47]. Thus, the use of &masound is more convenient and affordable. Ulurado
processing presents a certain number of param@tarshould be carefully studies in that they aafluénce the
process. Ultrasonic frequency is one of importa@rating parameters and has a strong effect oaatixin yield. In
general, for ultrasonic cavitation, not all bubbédes capable of producing significant cavitatiofeefs. The greatest
coupling of the ultrasonic energy will occur whére tnatural resonance frequency of the bubble isleguthe
ultrasonic frequency. The resonance frequency eftthbble is equal to the ultrasonic frequency. Tdsonance
frequency equation of extraction bubble was dedumetiuang et al. [48]. It suggested that underdbeditions
described to study ultrasonic extraction, the yieldiquid medium can reach a maximum value atdpémum
ultrasonic frequency which helps to promote bublilassion by driving the bubbles into resonanceergfore,
determination of optimum ultrasonic frequency igesy important research subject, which may imprextaction
yields for natural products.

Table (3): Literaturereviewson the sample preparation by ultrasound-assisted extraction (UAE)

Sample Analyte Reagent Powe Ref.
oilseed crops copper, ~ manganese,  calcium  anqq by o 1 40 M HNG 40kHz | 15
magnesium

. . . 20 kHz

flower buds of sophora japonica rutin water and methanol 27 W 50

tobacco Kicotiano tabacum L.) . n-hexane and petroleum

seeds oil ether 40 kHz 51
. 20 kHz

caraway seeds carvone and limonene n-hexane 52
150 W
25 kHz

black tea polyphenols water 150 W 53

Ultrasound-assisted extraction is a novel methoeffectively extract the targeted components frdampproducts
which has been proven to significantly increasetdaetion yield together with shorter time, lowemigerature and
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smaller solvent. Recently, many studies have regdtat higher extraction yields could be achiewben an UAE
method was adopted on many plant products, suctitiasfrom flower buds of Sophora japonica, oilfrdobacco
(Nicotiana tabacum L.) seed, carvone and limonene from caraway sqmalgphenols from black tea, extraction of
carotenoids, pectins from grape pomace, D-pinitoif carob pods and vanillin from vanilla pods. Téasudies
mainly looked at optimization of other extractioonditions with regards to efficiency and/or yie#B]. Literature
reviews on the sample preparation by the ultrasassisted extraction are summarized in Table 3.
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