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ABSTRACT

This study reports on the analyses of important inorganic elements such
asNa, K, Mg and Fein two varieties of Avocado, Fuerte (anatural hybrid
originated fromAtlixco, Mixico) and Hess (Seed planted LaHabaraHeights,
California) adopted for growing in North of Iran. Element determination
was performed by atomic absorption method. In both varieties, K concen-
tration was found dominant among the aforementioned elements (in Fuerte
it was higher than Hess), whereas Na content in Hess was more than that
of Fuerte. Mg was in similar concentration range in both varieties. The
amount of Fe and Ca was very low; however, they were higher in Hess.
Sinceit issupposed that the structural composition of these fruits changes
with respect to the variety and climate, an elemental analysis of Persian
Hess was compared with that of Florida and California Hess and finally
with the Persian Fuerte. Resultsreveal ed that variety and climate were two
factors which could affect the amounts of elements in the samples under
investigation. The soil in which the Avocado fruits had been cultivated
was also analyzed and the findings indicated that there was no relation-
ship between the concentration of the elements in the Avacado varieties
and the corresponding elemental composition of the soil of cultivation.
© 2011 Trade SciencelInc. - INDIA
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INTRODUCTION

All fruitsmay beclassified into two broad catego-
ries: Dry, and fleshy. Avocado fallsinto the latter cat-
egory. Theavocado (Persia Americana mill) belongs
totheLauraceae, afamily of mainly (sub) tropical trees
and shrubs; other well-known membersarelaurd, cin-
namon, saffrasand green+-heart (atimber of the Guianas).
The English namewas derived from a Spanish word

abogada, which changed into avocat in Frenchi¥. Avo-
cadoisasingle-seeded berry and isthematured ovary
of aflower. Basically, it consists of theovary wall, or
pericarp, which encloses one or more seeds?. The
pericarp isdevelopedinto threelayersof tissues: the
outer layer isexocarp, whichiscommonly called the
skinor rind. Themiddlelayer ismesocarp which, gen-
erally, makes up the bulk of the pericarp. The inner
layer iscaled endocarp. Insomefruitsitistough, lesthery
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Figurel: Shapesof Hessand Fuerteavocados

or hard, whereasin othersitissoft or fleshy. Figure 1
showstheshapesof two varietiesof thisfruit cultivated
innorthern part of Iran.

Avocado hasexisted for thousands of years, and it
isstill apopular food in Central America. It isanutri-
tiousfruit withlow sugar content; therefore, it can be
recommended asahigh energy food for diabeticg?.
Determination of major, minor and trace elementsin
foodsisnecessary for proper assessment of their nutri-
tional and/or toxicologicd effectson humanbeings. An
initia stepinthisassessment istheeval uation of natu-
rally occurring background levelsin agricultural prod-
ucts. Kikutaand Erickson® compared five el ements
including K, Na, Ca, Mg and Fe in Hess avocados
cultivated in two provinces of United States, Florida
and Cdifornia. Thisstudy hasanadyzed and character-
izedthedementa composition of two varietiesof Avo-
cado fruitswhichwascultivatedin Iran, Babol city. The
high oil content of thefruit hasattracted specid atten-
tionwith regard to itscomposition, but unfortunately,
nearly afew studies>% have been done onthe com-
ponents of mesocarpsof avocado fruits. Sincethereis
not enough informati on concerning the structural com-
position of thisfruit anditsprobablechangesasafunc-
tion of variety or climate, the present study is an at-
temptinthisregard. That is, to that aim, thisresearch
has compared the components of the mesocarps of
Hessand Fuerteavocado grown in North of Iran. The
elementd analysi sof important inorganic dementse.g.
Na, K, Mg and Fewasthen performed by atomic ab-
sorption method. Finally, the obtained datawere com-
pared with those reported by Kikutaand Erickson
regarding Hess variety cultivated in Californiaand
Forida. Therefore, the present study was supposed to
investigatetheeffect of climateor variety onthe struc-
turd composition of thisfruit. Researchinthisarea(es-
pecidly ontheandysisof volatilecongtituents) isdtill in

progress.
BioTechnology

TABLE 1: Wavelengthsand detection limits

Limit of detection (ppm) Waveength (nm) element
0.070 589.0 Na
0.081 766.5 K
0.051 285.2 Mg
0.044 2483 Fe
0.080 4227 Ca

MATERIALSAND METHODS

A sampleof avocado fruitsconsisting of Hessand
Fuerte varieties was prepared from the same origin
(Babol city inlran) to consider the effects of climate
and cultivation site. All stages of sample preparation
and analysiswere carried out in aclean air environ-
ment. Prior to sample analysisor digestion, all glass-
wareand plasticwarewere scrupul oudy cleaned, rinsed
severd timeswith double-distilled water, and dried out
inaclean air environment. The avocados werefirst
cleaned and washed with water and then washed sev-
eral timeswith double-distilled water. After separating
the Mesocarps of avocado fruits (1000 g per eachva
riety), wedried them out at 60°C for 48 h. The heating,
coding, and weighing cyclewasrepeated asmany times
asit wasrequired to achieve successive weightsthat
do not differ from one another by> 0.2-0/3 mg. The
dried sampleswere burnt and the obtained asheswere
placed in e ectrothermal furnaceat 700°Cfor 6to 7 h.
A wet-ashing procedure was employed to convert the
elementsof interest into asusceptibleformthrough com-
mon analytical techniques. In thisstudy, the reagent of
nitric/hydrochloric acid mixtureshad been used for di-
gesting of the avocado ashes.

Elementa anaysiswasconducted using aiomicab-
sorption and emission spectroscopy. Distribution of d-
ementsin these two varieties of avocados had been
Investigated. Standard addition solutionsweremeadeand
their absorption wasread by atomic absorption appa-
ratus. Concentration wasdetermined by using cadibra
tion curves. Elementd analysishad been measured us-
ing aVarian atomic absorption spectrometer Perkin
Elmer 2010, spectraAA-10. Other devices, which
wereutilized included BP211D balance, electro ther-
mal mantdl, and € ectro thermd furnace. Theanaytica
wave ength with corresponding detection limitsusedin
thisstudy, arelistedinTABLE 1.
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Hydrochloric acid (37%), nitric acid (65%), per-
chloric acid (70%), methanolic potassium hydroxide,
n-hexane and standard sol utionsincluding sodium, po-
tassium, calcium, magnesium andiron, were obtained
from Flukachemical's, sodium sulfate was purchased
from Merck chemicals.

Moreover, somesoil wascollected inthesamearea
wheretheAvocado fruitsaregrowing. Toobtainatruly
representative gross sample, arandom sampl e of soil
that weighed ~5 kg wasremoved from abulk of mate-
rialsby chance. At thisstagethe preliminary steps of
mixing solid laboratory sampleswereemployed for dl
cases. Decomposition of sampleshad been performed
by fluxes. To that aim, thesampleintheform of avery
fine powder was mixed with ~10-fold excess of the
flux; thefluxesused in thisanaysiswereamixture of
boricanhydride(B,0,) and lithium carbonate (CO, Li,).
Fusion with these reagentswas performed at ~700°C
for 2h.

RESULTSAND DISCUSSION

The concentration of metal elementssuchasNa,
K, Mg, Feand Cainthetwo varietiesof avocado (Hess
and Fuerte) was investigated. The method of |east-
squareswas applied for dl measurementsto draw cali-
bration curves. Statistical factors consisting of |east
sguare equations, and correl ation coefficients, have
been shown in TABLE 2, for avocados. Asit can be
seen the factor of regression for most casesis more
than 0.980.

TABLE 3demondtratesthe concentration of K, Mg,
Fe, Caand Nainmg per 100g of freshweight of avo-
cadoscultivatedin Iran. Resultsdrawn from theanay-
sesof different varieties of Avocado for sodium, potas-
sum, magnesum,ironandcadumwerelisedinTABLE
3 and were shown in histogram of figure 2. Figure 2
indicatetheelementd anaysesof two different variet-
ies of avocado fruits. Comparison of the potassium
concentration with the other e ementsin thetwo variet-
iesdemondrated that itsconcentration wassignificantly
higher than that of the other elements; that is, in aver-
age, the potassium concentration was~15timesmore
than that of the other elements. K and Nawere deter-
mined through emi ssion techniques and atomic absorp-
tion was applied for measuring Mg, Caand iron. It
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Figure2: Elemental analyssof K,M g, Fe, Ca, and Nafor Iran
Hessand Fuerteavocados

should be noted that the concentration of these ele-
ments has been represented asw/w%, and therefore
they are comparablewith other concentration.
Comparison of the sodium concentrationintwo dif-
ferent veritiesof avocadosreveal ed that the presence
of sodium wasdifferent. Asit was seen, the concentra-
tion of sodium in Hesswas~2 times more than that of
Fuerte. Accordingto thefindings, Fuertecontainsmore
concentration of potassium than Hess. Fuerteand Hess
contained theleast concentration of calciumandiron
respectively. Though K and Fewerefound to behigher
in Fuertein comparison with Hess, Hessbenefited from
more concentration of other elementsunder investiga:
tion. Analysisof magnesuminthetwovarietiesof avo-
cadosreveal that they had comparable concentration
inthisregard, and the sodium content wasvery closeto
magnesum. Againg theHessavocado cultivatedinIran,
theHessof Cdiforniaand FHoridashowed significantly
more amount of sodium about 5-10fold.
Furthermore, inorder to consider theideathat the
structurd composition of thisfruits, changesasfunction
of climate, we compared Hess vari ety avocados culti-
vaedinnorthof Iranwiththoseof Cdiforniaand Horida
(TABLE3). Theanalyssof Cdiforniaand HoridaHess
vaietieshasbeenligedin TABLE 3wasextracted from
reference®. The Comparison of the elements of the
variety cultivatedin lranwethosegrowingin Cdifornia
and Foridaindicated that theamount of e ementsdif-
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TABLE 2: Satistical factor sfor Hessand Fuerteavocados
cultivatedinnorthernlran

Statistical factorsfor Fuerte

Statistical factorsfor Hess avocado

avocado
Correlation Least square Correlation Least square
. ! o : Element
coefficient eguation coefficient eguation

0.9927
0.9987
0.9955
0.9983
0.9552

A=0.0060C+0.0492
A=0.0025C+0.0742
A=0.0281C+0.3399
A=0.0053C+0.0019
A=0.0036C+0.0003

0.9994
0.9978
0.9809
0.9729
0.9465

A=0.0062C+0.0791 Na
A=0.0027C+0.0531 K

A=0.0191C+0.2534 Mg
A=0.0054C+0.0008 Fe
A=0.0036C+0.0009 Ca

TABLE 3: Concentrationsof Na, K,Mg, Fe,and Cain 100g
of fresh weight of Iran cultivated avocadosof Fuerteand Hess
and aswell asHessof Floridaand California (4)

FloridaHess California Hess Iran Hess Iran Fuerte

avocado (100 g) avocado (100g) avocado(100 g) avocado (100 g)eI emen

351 mg 507 mg 466.440 mg 548.37 mg K
24 mg 29 mg 35.861 mg 32.652mg Mg
0.2mg 0.6 mg 0.439 mg 0.882 mg Fe
10mg 13mg 0.741mg 0.205 mg Ca
2mg 8mg 37.823 mg 20.181 mg Na

fered depending on different climates, andindl of them
theamount of potassiumwassignificantly higher than
that of the other d ements. The sodium concentrationin
Persian Hesswas much morethan that of California
and FloridaHess. It isinteresting to compare the con-
centration of calcium in Iran Hess on one hand and
Cdifornia& FloridaHessontheother. Thefindingin-
dicated that Cacontent in Cdiforniaand FloridaHess
was much morethan the Persian one (~20 fold more).
Ironwasfoundto bealittleinal of them, and magne-
sium had nearly similar concentration rangeso did so-
dium. However, K wasentirdy dominantinthedl avo-
cados. Fehad theleast concentration among the other
elementsin Hessvarieties. Contrary to the abovere-
aults, themaost amount of Naexisted inthe PersanAvo-
cado.

Elementd anadysisof thesoil collected fromthear-
easwheredifferent varieties of Avocadoswere grow-
ing aso reved ed that the concentration of the e ements
among corresponding areas were the same and this
confirmed that therewas no rel ationshi p between con-
centration of theelementsin thevarieties of avocados
and the corresponding € ementd composition of thesoil
of cultivation. Thesameresult wasobtained for Kiwi-
fruitsreported by Samadi-Maybodi et a.[*Y. Conse-
guently, it could be deduced that different concentra-
tion of each element in different varieties of avocados
referred to thekind of avocado and climate not to the
soil of cultivation.

CONCLUSION

Thisstudy reported on theelementd anaysisof K,
Mg, Fe, Ca, and Nain different varieties of Avocado

fruits (Hessand Fuerte) grown in thenorthern part of
Iran, and Cdlifornia& FloridaHessavocadosaswell.
Resultsindicated that theamount of metal ementsvar-
ied not only in different varietiesbut also in different
climate. Furthermore, among thedementsof interestin
thisresearch, K concentration was found dominant.
Finaly, theanalysisof soil revealed that therewasno
rel ati onship between the concentration of theelements
indifferent varieties and the corresponding € emental
composition of thesoil.
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