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ABSTRACT

Food products are analyzed to meet compliance with labeling and legal
reguirements, establish nutritive value, determine product quality, identify
defects, research and development. This information is vital for economi-
cally producing safe and nutritious food. lon chromatography is known to
be an effective tool in identifying many types of cations and anions, with
thiswork focusing on water solubleions that are readily available in com-
mon fresh fruit products. Extraction into an aqueous partition layer revealed
numerous anions and cations that were effectively separated by fast ion
chromatography. Cation analysis utilized a Metrosep Cation 1-2 column
and alCSep AN1 column for anion analysis. lonsidentified and measured
included sodium, ammonium, potass um, cal cium, magnesium, fluoride, chlo-
ride, nitrate, phosphate, and sulfate. Chromatogramsidentified the well re-
solved anion and cation species associated with consumption of fruits.
Their concentrations were determined for dietary and nutritive consider-
ations. Fast ion chromatography under conditions specified in this study
coupled with non-suppressed conductivity detection is an efficacious ap-
proach to measure ion species associated with fresh fruits. Nutritive con-
siderations, manufacturing regulations, and response to consumer demands
make important the monitoring and determination of mineralsand vitamins
in fresh produce. lon chromatography effectively measures various ions
found in fresh fruits that are necessary nutriments for dietary sustainment.
A broad spectrum of monovalent and multivalent ions were identified and
measured utilizing these ion chromatography parameters.
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INTRODUCTION

lon chromatography (1C) hasbeenfoundto bean
indispensabletool of analytical chemistry!™. Various
methodol ogy hasbeen devel oped to sudy complex mix-
turesof anionsand cationsand their separation for iden-
tification and measurement!¥l, Polyatomicinorganicions

and even larger organicions can beidentified by IC
when utilizing columnspacked with thegppropriatesolid
ion-exchange materia. Thesetypesof analysisreach
into many branches of physical sciences. The capa-
bility toidentify multipleion speciesand polyvdentions
withasinglesampleinjectionispowerful characteristic
of ion chromatography.


mailto:rbartzatt@mail.unomaha.edu

810

Cations and anions in fresh fruit juice by fast ion chromatography

ACAIlJ, 10(12), 2011

Full Peper —

Whereasthetypesand amount of ionsareaissue
for dietary nutritioniststhe application of IC enables
better understanding of the nutritional value of food
preparations. With the application of judicious ap-
proachesto sample preparationitispossibleto deter-
mineinorganicionsinawidevariety of food products?.
Manufacturers have specific parametersto comply in
order to adhereto governmenta requirementsand prod-
uct qudity. Accordingly themeasurement of theamount
of chlorideanionin mustard sauces can be effectively
monitored utilizingasuitabled uent sygemwithionchro-
matography®®. Previous studieshave determined bro-
mideionsby microwavedigestionfollowed by ion chro-
matography with non-suppressed conductivity detec-
tion®. Single column IC has been utilized to separate
and measurenitrate and chloride anionsderived from
the same vegetabl e sampl es of |ettuce, potato, carrot,
and cucumbert.,

A method to detect freeand totd sulfitesin severa
dehydrated foodsaccomplished by ICthat utilizesel ec-
trochemical detection®. IC can be applied to detect
phytic acid insoy flour, soy isolate, wheat bran, wheat
bread, and infant formulapowdert. The EDTA con-
centration in synthetic drug injection drug solutions,
contact lens solutions, canned mayonnaise, and canned
mushroomsismeasured in the presence of interfering
anad ogous compounds, suchasEGTA, by utilizingion
chromatography coupled with suppressed conductivity
detection’®. Pretreatment of food samples can enhance
andysisof organic aswell asinorganiciong¥. Carboxy-
licacidsand metallicions are determined from food
samples?. |C coupled with ultraviol et detection has
been applied in determination of hypophosphite, phos-
phate, and orthophosphateionl*Y.

Thetotd amount of nitrogeninenvironmenta, food,
and other samplesisdetectable by IC*2. Mass spec-
trometry coupled with 1C hasbeen showntodlow mea-
surement of perchlorate in beverages and various
foodg™. Sodium azideisutilized asapreservativefor
laboratory reagents and has a high acute toxicity™4,
Sodium azide is applied as a preservative in some
wines, Determination of sodium azideisdonein bev-
eragesus ngion chromatography through combination
of sample preparation with abubble and trap appara-
tus(removing any interferences) and sampleacidifica-
tion, converting azideinto volatile hydrazoic acid*4.

Hnalytical CHEMISTRY o

Thiswork presentsafast ion chromatography andy-
sisof variousfresh fruitsfor ion species considered of
nutritiveimportance, such aspotassum, cacium, chlo-
ride, magnesium, sul phate(sulfur), and phosphate (phos-
phorous). Theidentity and rel ative amounts of ion spe-
ciespresent can be determined, which providesgreater
knowledgeof theactud nutrient capability of thesecom-
mercid products.

EXPERIMENTAL

Reagentsand instrumentation

All reagentswere acquired from Sigma-Aldrich
Company (Sigma-Aldrich, PO. Box 2060, Milwau-
kee, W1 53201 USA). Wherefurther trestment of com-
mercial productswas necessary (ie. dilution, extrac-
tion, mixing) then distilled water was utilized. For the
reagents necessary to operate the single column
Metrohm 792 Basic IC, then 18 mOHM water was
utilized asthe solvent. For cation andysisaMetrosep
Cation 1-2 column was used (size 7.0 um, pressure
6.5 MPa, cond 829.2 uS/cm), with eluent 0.1 M
H,SO,, 0.002 M HNO,, and 0.00075 M 2,6-
pyridinedicarboxylic acidin 18 mOHM water. For an-
ionanaysisalCSep AN1 column (size 10 um, pres-
sure 6.8 M Pa, cond 12.9 uS/cm) was used with el uent
0.1 M H,SO,, 0.0018 M Na,CO,, and 0.0017 M
NaHCQO, in 18 mOHM water. Detection of eluted ions
was accomplished by non- suppressed conductivity.
Unitsof conductivity detectionismicroSiemensper cen-
timeter, where Siemensisunit of the conductance (one
Siemensisequal to thereciproca of oneohm). Com-
plete el ution required lessthan nine minutesfor both
cationsand anions.

Prepar ation of samples

All raw juice/pul p derived from fruitswerefiltered
through Whatman #1 filter paper prior to dilution and
injectionintoinstrument. For preparation of strawberry,
orange, and tomato samplesamassof 61.80 g, 33.50
g, and 39.40 gram portions, respectively, wereground
inmortor and pestle. Then 1.00 milliliter aliquot of ob-
tainedliquidwasdiluted into 10.00 mL volumetric flask
utilizing distilled water, theninjected into anion and cat-
ioninstrument. All strawberry samplesoriginated from
Cdifornia, USA.
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Similarly, for peach, pear, nectarine, and Chilean
red plum, amassof 35.10¢, 35.10g, 33.50¢, 25.60
gram portions, respectively, were ground in mortor
and pestlewith extractioninto 13.0mL, 3.0mL, 12.0
mL, and 15.0 mL, respectively. Thena1.00 mL ali-
quot taken of extract to dilute (ditilled water) to 10.00
mL volumetric flask followed by injection for cation/
anionanayss.

For grapefruit, cantelope, lemon, and lime, an
amount of 62.70g, 62.20g, 112.6 g, and 57.30 grams
of pulpisgroundinmortor and pestle. Then 4.00mL of
filtered juiceisdiluted to 100.00 mL volumetric flask
using distilled water, prior toinjectioninto cation/anion
instrumentation. In the case of Chilean green seedless
grapes and Chilean red seedless grapes an amount of
fruit pulpweighing 67.30 g, 63.40 g, respectively, were
groundinmortor/pestle, juicefiltered through Whatman
#1, then 4.00 mL aliquots of filtered juicediluted to
50.00 mL with distilled water in volumetric flask. Di-
luted juicewasinjectedinto ICinstruments.

For raspberries, amassof 31.00 gramsof fruit was
ground by mortor/pestle, the juice filtered through
Whatman #1, then a2.00 mL aliquot of filtered juice
wasdilutedto 10.00 mL volumetricflask utilizing dis-
tilled water. Theninjected into cationand anion ICin-
Srumentation.

RESULTSAND DISCUSSION

Food productsare analyzed in order to meet com-
pliancewith labeling and lega requirements. In addi-
tion, andysisestablishesnutritiveva ue, determinesprod-
uct quality, identifiesdefects, enhancesresearch, and
product devel opment. Thisinformationisvital for the
economica production of safeand nutritiousfood prod-
ucts. Medica studies have shown previously that judi-
cious choicesof food consumption can help deter ad-
versereactionstofood alergiesand food sengitivities.

—— Fyll Peper

Itisclear that nutrition can play aroleininhibiting car-
cinogenesisaswell asdeter aggravating conditions of
diabetes, digestive disease, eating disorders, heart
hedlth, osteoporosis, weight, and obesity.

Knowledge of thetype and concentration of spe-
cificminerasfoundinfood productsisimportant tothe
food industry. Whileion chromatography isknown to
bean effectivetool inidentifying many typesof cations
and aniong*> 19, this study focuses on water soluble
ionsthat arereadily availablein fresh fruit products.
Thisbeinginformation being useful for deciding thenu-
tritivepotential for dietary gods.

Potassumistutilized dinicaly asadiuretid* andis
amgor cationwithin cdls. Deficiency in potassumcan
be manifested by impaired neuromuscular function,
changesin gastric secretion, myocardium abnormadlities
such as conduction defects and disturbed ECG pat-
terns, and abnormal functioning of thekidney*". Itis
known that excessive potass um consumption runsthe
risk of cardiotoxicity”.

Caciumispresentinsmall quantitieswithinextra:
cdlular fluid and isamong the most abundant e ements
inthe body™7. Calciumisvital for variousimportant
physiologicd activities, it being essentid for function of
thenervetransmission, intracellular sgnding and hor-
monal secretion, musclefunction, for normal cardiac
function, and vascular contraction and vasodilation™”.
Over 90% of calcium within thebody isfoundinthe
skeleton, as phosphates and carbonates, athough cal-
ciumisin constant exchange with the calcium of the
interstitia fluids'. Deficiency or insufficient uptake of
caciummay lead to: osteomal acia; osteoporos's; Rick-
ets; or Tetany.

For agueous extracts of orange, raspberry, and
tomato; the instrument parameters and solvent sys-
tem quickly (lessthan nine minutes) resolved sodium,
potassium, calcium, ammonium, and magnesium (see
Figure 1). Potassium isadominant speciesthrough-

TABLE 1: Molarity of ionsin raw juicesamples

Sample Na* NH," K* ca* Mg® F cr NOs PO 0.2
Orange 9.848E-04 ND  4.163E-02 1.999E-03 4.201E-03 ND  1.061E-03 4.241E-05 ND  3.325E-03
Raspberry ~ 7.965E-04 3.19E-05 3.158E-02 1.647E-03 5.585E-03 ND  1.771E-03 842E-05 2.724E-04 6.435E-04

Tomato 1.393E-03 ND 4.432E-02 ND

Strawberry  1.63E-03 3.55E-05 2.350E-02 3.617E-03 2.747E-03

1.224E-03 4.566E-04 3.386E-03 4.725E-05 9.916E-04 1.263E-03

ND 1.013E-03 1.621E-04 1.073E-03 1.855E-03

ND= not detected
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ORANGE CATION CHROMATOGRAM

wSiem| [ §
| )
[ :

ik L
|

s |l
|
Lyl | |

o |
|

CHN
T -Magnestum

um
3 Calelum

RASPBERRY CATION CHROMATOGRAM

wsem i '| 5
|
|

B 4
| f|
-

a

-
S
wr

EY)
0

m
> -Magnesiem

Sodium
-
Callcin

1 |-, iy Y LN |
i J W/ b .] AN S AW, — _ﬂ )

l——,_.ﬂ_ | 7 ; " . i Eoa ]
[] "l 7 B O =

4 3 4 ] & 7 B

TOMATO CATION CHROMATOGRAM

uSlem

[]
r'

]

- )

befum
,
7 -Magmesmm
(/ -

||
e g i
Lol SRR
|‘ | 7 ’..". |

il \_

'_'{‘;.4:.

A
II',_.»' L AN
jrowalil P
o

T T - T T ¥ 7 ¥ T
z k] 4 5 [ T 8 L] 1] min

Figurel: Orangecationsseparation: Theprimaryionis
potassium determined to be 0.04163 molar in raw fruit.
Other cationsidentified include sodium, calcium, and mag-
nesium. Raspberry cationssepar ation: Themajor ion ispo-
tassium assayed to be 0.001263 molar in raw fruit. Other
cationsidentified include sodium, ammonium, calcium, and
magnesium. Tomato cationsseparation: Theleadingionis
potassium measur ed to be 0.04432molar inraw fruit. Other
cationsdeter mined include sodium, calcium, and magne-
sium. Unitsof conductivity detection ismicroSiemens per
centimeter

out, followed by calcium and magnesium. Smaller
amountsof anmonium (NH,") arefoundin strawberry
and raspberry (see TABLE 1). By molar concentra-
tion, thereis 990 times more potassium than ammo-
nium in raspberries. Likewiseby molar concentration,
for strawberries, thereis 662 timesmore potass umthan
ammonium. Thesodiummolar concentrationinraw juice
fromfruit orange, raspberry, tomato, and strawberry

ranged from thelow value of 7.965E-04 molar (rasp-
berry) tothehigh of 1.63E-03 molar (strawberry). For
thesamefour fruitstherangefor potassumwasalower
2.350E-02 molar (strawberry) to the higher 4.432E-
02 molar (tomato). For the samefour fruit theranges
for cal cium and magnesium, ranged fromlower value
1.647E-03 molar (raspberry) to 3.617E-03 molar
(strawberry), and thelower 1.224E-03 molar (tomato)
tothehigher 5.585E-03 molar (raspberry), respectively.
A very small amount of fluoridewasfound intomato
(4.566E-04 molar), but noneintheremaining threefruits
above. Nitrateswere very low in concentration, with
lowestinorange (4.241E-05 molar) to highest in straw-
berry (1.621E-04 molar). Phosphate was not detected
in orange, however ranged from low in raspberry
(2.724E-04 molar) to high in strawberry (1.073E-03
molar). Chloride (ClI*), wasidentifiedindl four fruits
above, ranging from low in strawberry (1.013E-03
molar) to highest intomato (3.386E-03 molar). Sulfate
(80,?), wasfoundinal four fruitsabovefromthelower
6.435E-04 molar (raspberry) to the highest in orange
(3.325E-03 molar).

Thebulk of phosphatefound within thebody islo-
catedinthebonesand it playsanimportant roleinvir-
tually all the organs and tissues of the body, with even
notable measured activity inacidifying the urind”. In-
sufficiency in phosphorous can lead to: anaemia; dem-
inerdization of bones; nervedisorders, respiratory prob-
lems; weakness, or weight Loss. Magnesumisthe sec-
ond most plentiful cationwithincdlular fluidsandisan
important activator of many enzyme systemsfoundin
thebody!". Deficiency can occur gradually and leads
to: anxiety; fatigue; insomnia; muscular problems; nau-
sea; premenstrua problems, with more extreme cases
of deficiency being associated with arrhythmia. Studies
have strengthen evidencefor theimportance of potas-
sium for blood pressureregulaioninthegenerd popu-
|lation*8, Potassiumin particular hasbeen shownto have
amodest blood pressure-loweringeffect in normoten-
sive personswith low dietary intake®. Animportant
rolefor magnesium istheregulation of blood pressure.
It appearsthat aninversere ationship between magne-
siumintake and blood pressureisstrongest for magne-
sium that is obtained from food rather than that ob-
tained viasupplements¥. Some studies suggest that
lifestyle changesthat include an adequate magnesium

Hnalytical CHEMISTRY o
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Sample

Na*

NH,*

K+

ca®

Mg?

=

cr

NOs

PO,

802

Red Plum
Peach
Pear
Nectarine

8.770E-04
8.173E-04
1.117E-03
6.686E-04

2.605E-05
1.607E-05
7.205E-06
2.106E-05

2.860E-02
2.319E-02
2.297E-02
1.496E-02

ND
ND

9.214E-04
2.353E-04

6.113E-05 7.219E-04

ND

ND

1.281E-02
3.487E-02
9.326E-04
2.522E-03

ND
ND
8.57E-04
1.02E-03

4.064E-05
3.757E-05
3.903E-05
6.064E-05

ND
ND
ND
ND

1.295E-02
5.214E-03
4.502E-03
2.027E-03

ND= not detected
CHILEAN RED PLUM CATION CHROMATOGRAM
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Figure2: Chilean red plum cationssepar ation: Theprimary
ion ispotassium assayed to be 0.02860 molar in raw fruit.
Other cationsidentified include sodium, ammonium, calcium,
and magnesium. Nectarinecationsseparation: Theprimary
ion ispotassium measur ed to be0.01496 molar in raw fruit.
Other cationsidentified include sodium, ammonium, calcium,
and magnesium. Peach cationssepar ation: Theleadingionis
potassium appraised tobe0.02319 molar inraw fruit. Some
other cationsevaluated include sodium, ammonium, calcium,
and magnesium.

intake can benefit blood pressure control, promote
weight loss, and improve chronic disease risk!9. For
type 2 diabetic patients, acombination of vitaminsand
mineras(rather thanvitamin Cand EoranMgandZn
combination), can decrease blood pressure?”,

IC cation chromatograms are presented in Figure
2 for Chilean red plum, nectarine, and peach fruit ex-
tracted juice. Peaksfor sodium, ammonium, potassum,
cacium, and magnesium areresolved and well defined.
All ionspeciesared uted inlessthan nineminutes. Con-
centrationsof cations sodium, ammonium, and potas-
sium, found inraw juice of red plum, peach, pear, nec-
tarine, ranges are (see TABLE 2): 6.686E-04 molar
(nectarine) to 1.117E-03 mol ar (pear), 7.205E-06 molar
(pear) to 2.605E-05 molar (red plum), 1.496E-02
molar to 2.860E-02 molar, respectively. Caciumwas
not detected in red plum, peach, and nectarine (pear
having 6.113E-05 molar). Magnesium washot detected
in nectarine, however concentrationinraw juicefor red
plum, peach, and pear, was 9.214E-04 mol ar, 2.353E-
04 molar, and 7.219E-04 mol ar, respectively. Thean-
ion detection for thesefour fruits (above) did not reved
any phosphates and no chloride was detected in red
plum and peach. Concentration of fluorideinraw juice
ranged from low of 9.326E-04 molar (pear) to high
3.487E-02 molar (peach) (see TABLE 2). Concentra-
tion of nitrate (NO,") ranged from low 3.757E-05
molar (peach) to high 6.064E-05 molar (nectarine).
Concentration of sulfate (SO,*), foundinall four of
thesefruit, ranged from 2.027E-03 molar (nectarine)
to high of 1.295E-02 molar (red plum).

IC cation chromatogramsare presented in Figure
3for fruit Chilean cantelope, Chilean green grapes, and
Chilean red grapes extracted juice. Peaksfor sodium,
ammonium, potassium, calcium, and magnesium are
resolved and well defined. All ion speciesareelutedin
lessthan nineminutes. Calcium cation wasnot detected
inlemon, red grape, lime, grapefruit, and cantal oupe

— a%a['yttaa[’ CHEMISTRY
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TABLE 3: Molarity of ionsin raw juicesamples

Sample Na* NH,* K* ca* Mg? F cl NO3 PO, Sof
Green Grape 7.582E-04 9.54E-03 2.459E-02 7.230E-04 1.813E-03 ND ND 338E-05 ND  2.382E-02
Lemon 5.29E-03 1574E-05 5.10E-01 ND 1.779E-04  ND ND 927E-03 ND  1.053E-03
Red Grape  7.384E-04 3.547E-05 1.97E-02 ND  3485E-04 9.078E-03 ND ND ND  2.088E-02
Lime 3.462E-05 2.416E-05 2.36E-03 ND  4.020E-03 ND ND 201E-04 ND  2.992E-03
Grapefruit ~ 6.720E-03 6.650E-04 8.17E-01 ND  2546E-04 2.275E-05 3.90E-04 ND ND  5.740E-02
Cantaloupe  1.114E-03 ND 1.04E-02 ND  4.550E-02 ND  2.30E-03 8.77E-03 1.09E-04 5.840E-02

ND= not detected

(seeTABLE 3), but found in green grapesat 7.230E-
04 molar. For sodium and ammonium cation, thelevels
for green grape, lemon, red grape, lime, grapefruit, and
cantal ouperangesfor sodium low of 3.462E-05 molar
(lime) to high of 6.720E-03 molar (grapefruit), and
ammonium low of 1.574E-05 molar (lemon) to high of
9.54E-03 molar (green grape), respectively. For po-
tass um and magnesium cationsthe concentration ranges
for these six fruits (above), are potassum low of 2.36E-
03 molar (lime) to high of 8.17E-01 molar (grapefruit),
and magnesium low of 1.779E-04 molar (lemon) to
high 4.550E-02 molar (canta oupe). Chlorideanion was
not detected ingreengrape, lemon, red grape, and lime,
but found at 3.90E-04 molar and 2.30E-O3 molar in
grapefruit and cantal oupe, respectively. Phosphatean-
ion was not detected green grape, lemon, red grape,
lime, and grapefruit but found at 1.09E-04 molar in
cantal oupe. Fluoride anion was not detected in green
grape, lemon, lime, and cantd oupe, but found a 9.078E-
03 molar and 2.275E-05 molar in red grapeand grape-
fruit, respectively. Sulfateanionwasdetectedinal these
six fruits (above) with range of low 1.053E-03 molar
(lemon) to high of 2.088E-02 molar (red grape).

Detection of anionssuch asfluoride, chloride, ni-
trate, phosphate, and sulfate was effective under in-
strument parameters and sol vent conditions. Several
chromatogram resultsof anion elution arepresentedin
Figure 4 for nectarine, Chilean red plum, and pear;
showing distinct peaks. Elution of dl anionswas com-
pleteinlessthan nineminutes. The use of non-sup-
pressed conductivity asdetection modewill utilizea
low capacity column coupled with diluteacidic e uents
to achievethelow background signal. Applying non-
suppressed conductivity detection does producelinear
calibration curvesfor ammonium and weakly basic
amines?y,
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Figure 3: Cantelope cations separation: Themajor ion is
potassium valuated to be 0.0104 molar in raw fruit. Some
other cationsidentified include sodium, calcium, and magne-
sium. Chilean green grapecationsseparation: Theleading
ion ispotassium measur ed to be 0.02459 molar in raw fruit.
Other cationsidentified includesodium, ammonium, calcium,
and magnesium. Chilean red grape cationssepar ation: The
leadingion ispotassum appraised to be0.0197 molar in raw
fruit. Someother cationsevaluated include sodium, ammo-
nium, calcium, and magnesium.
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NECTARINE ANION CHROMATOGRAM
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Figure4: Nectarineanionsseparation: Theprimary anionis
fluorideat 0.002522 molar inraw fruit. Other anionsidenti-
fied includechloride, nitrate, and sulfate. Chilean red plum
anionssepar ation: Anionssuch sulfatemeasured at 0.01295
molar and fluorideat 0.01281 molar aremajor components.
Other anion identified is nitrate. Pear anions separation:
L eading anion is sulfate determined at 0.004502 molar in
raw fruit. Someother anionsrecognized ar efluoride, chlo-
ride, and nitrate. Units of conductivity detection is
microSiemensper centimeter.
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Information regarding the amounts and types of
specific minerals present in food productsisimpor-
tant inthefood industry. Various physi cochemicd char-
acteristicsof mineralsuseful for determination are: 1)
Their low volatility; 2) Reactivity with specific chemi-
cal reagents; 3) Unique e ectromagnetic spectra. Min-
eralsareof nutritional and functional importanceand
ca cium, phosphorus, sodium, potassium, magnesium,

—— Fuyl] Paper

chlorine, and sulfur constitute members of dietary
macro minerals. For reasons of food quality and rel-
evanceto dietary significance, the determination of
minerasinfood productsisuseful. Theintake of suf-
ficient mineralsisnecessary for proper bodily func-
tions, in particular with regard to the building of bones
and soft tissues, the regul ation of processes such as
heartbeat, blood clotting, nerve response, and oxy-
gentransport.

CONCLUSIONS

Utilizingasinglecolumn IC instrument with cation
analysis by Metrosep Cation 1-2 column and anion
analysiswith alCSep AN1 column the minerals of
variousfresh fruitswere detected and measured. Cat-
ionsandionswereidentified in chromatograms, made
resolved and distinct under theseinstrumental condi-
tions. Important dietary mineral s such assodium, cal-
cium, potassium, magnesium, and phosphorous (as
phosphate) wereidentified and assayed at |evel s of
concentration advantageousfor nutritive consider-
ations. Fast ion chromatography is shown to be an
effective approach toinvestigate raw juiceextract of
variousfruit typesand derived from diverse geographi-
cal regions. Theapproach presented inthis study uti-
lizes extraction into aqueous phase, followed by ex-
pedient pre-conditioning (ie. Filtration, dilution) prior
toinjectioninto thesingle columnMetrohm 792 Basic
IC. Elementsdetected include fluorineand sulfur (as
sulfate), are considered useful for nutritive consider-
ations. ICisan effective methodol ogy to analyzefood
productsand for fresh fruitsthe efficacy of establish-
ing nutritive benefitsfor macro mineralsis presented
here. Any variation of mineral concentrationfromfruit
typetotypeisdetectable under conditions presented.
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