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ABSTRACT KEYWORDS
Theidentification and determination of relative ratios of cationsand anions lon chromatography;
in various food products were determined by ion chromatography. All Cations;
samples studied werefresh and intact from the commercial containers. Where Anions.

appropriate the ssmpleswere diluted in distilled water beforeinjectioninto
a Metrohm 792 instrument with distilled water to reduce potential back-
ground effects of non-ionic components. Cationsidentified in orange juice
and include sodium, potassium, calcium, and magnesium, having relative
ratios of 1.88:119.6:1:2.2, respectively. For diet coke the cationsidentified
included sodium, ammonium, potassium, calcium, and magnesium having
relative amount ratios of 7.84:5.19:14.6:5.41:1, respectively. Potassumwas
the predominant speciesidentified in potassium citrate tablets and calcium
isthe major ion isolated from calcium carbonate antacid tablets. Potassium
ispredominant after distilled water extraction of fresh banana, followed by
magnesium, calcium, sodium, and ammonium, where the relative amount
ratioswere 248.9:25.2:14.7:2.08:1, respectively. Anions discerned in banana
included chloride, phosphate, and nitrate. Cations identified in powerade
zero included sodium potassium, calcium, and magnesium, while anions
included chloride, phosphate, and sulfate. A sample of Gatorade G-2 was
analyzed and cations sodium and potassium were predominant, while an-
ions observed included chloride, phosphate, and sulfate. The analysis of
food materials by ion chromatography reveal useful information pertaining
to the nutritional relevance of specific commercial products.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION larger organicionscan beidentified by IC when utiliz-

ing columns packed with solid ion-exchange material.

lon chromatography (1C) isanindispensabletool  Thesetypesof analysisreach into many branches of

of anaytical chemistry!, Separation of complex mix-  physical sciences¥. The capability toidentify multiple

turesof anionsand cations can beachieved for identifi-  ion specieswith asingle sampleinjectionispowerful
cation and determination®, Inorganicionsand even  characteristic of ion chromatography.
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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 preparation it hasbeen possibleto
determineinorganicionsinfood?. Manufacturersmay
have specific parametersto follow in order to adhere
to governmenta requirementsor smply qudity of prod-
uct. Presence and amount of chlorideanioninmustard
sauces can be effectively monitored by using asuitable
€luent system withion chromatography!®. Other stud-
ieshavedetermined bromideionsusing microwavedi-
gestion followed by ion chromatography with non-sup-
pressed conductivity detection®. SinglecolumnIC has
been shown previoudy to effectively separateand iden-
tify nitrate and chloride anions derived from the same
food sampl€e®.

A method todetect freeand tota sulfitesinfood has
been devel oped by use of ion chromatography utilizing
éectrochemica detection'®. lon chromatography canbe
used to detect phytic acid in oy flour, soy isolate, wheet
bran, wheat bread, and infant formulapowder™. The
EDTA concentration of various matrixes such as syn-
thetic druginjection drug solutions, contact |lenssolutions,
canned mayonnai se, and canned mushrooms can bede-
termined inthe presence of interfering anal ogous com-
pounds, such asEGTA, utilizingion chromatography
coupled with suppressed conductivity detection’®.

More complex anaytes have been successfully de-
termined usingion chromatography. Theseincludesting-
ing insectsvespid venoms® and various proteingo11,
Thiswork presentstheion chromatography anaysisof
various athlete orientated beverages, various mineral
tablets, aswell assoft drinks, banana, and orangejuice.
Thereativeamountsof ionspresent can bedetermined,
providing greater knowledge of the actua nutrient ca-
pability of thesecommercia 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-
mercid productswasnecessary (ie. dilution, solubiliza:
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tion, mixing, etc) then distilled water was utilized. For
the reagents necessary to operate the single column
Metrohm 792 Basic IC, then 18 mOHM water was
utilized assolvent. For cation anaysisaMetrosep Cat-
ion 1-2 column (size 7.0 um, pressure 6.5 M Pa, cond
829.2 uS/cm) was used with eluent 0.1 M H,SO,,
0.002 M HNO,, and 0.00075 M 2,6-pyridinedicar-
boxylicacidin 18 mOHM water. For anionanaysisa
ICSep AN1 column (size 10 um, pressure 6.8 M Pa,
cond 12.9 nS'cm) wasused witheluent 0.1M H,SO,,
0.0018 M Na,CO,, and 0.0017 M NaHCQ, in 18
mMOHM water. Detection was accomplished by non-
suppressed conductivity.

Preparation of liquid samples

Diet cokewasinjected undiluted into theinstru-
ment with nodilution. Orangejuice

Obtain 10.00 mL of juiceand diluteto atota vol-
ume of 200.00 mL using distilled water, then inject.
Gatorade G-2: Take 10.00 mL of sampleand diluteto
50.00 mL with distilled water theninject. Powerade
Zero: Obtain 10.00 mL of sampleand diluteto 50.00
mL total volumeusing distilled water, followed by in-
jectionintoinstrument.

Prepar ation of solid samples

For fresh bananamaterial, a65.958 gram amount
was placed into a200.00 mL volumetricflask thendis-
tilled water added to volume, followed by mixing by
inversion for aperiod of 50 minutes. After which the
liquid wasfiltered through Whatman #1 paper to sepa-
rate the solid material from the collected filtrate that
was then injected. Dissolve potassium citrate tablet
portion of 0.052 grams, taken from a total mass of
0.541 grams, into atotal volumeof 100.00 mL of dis-
tilled water, whichisthen followed by injection. For the
calcium carbonate antacid tablet, a0.072 gram portion
wastaken from atotal massof 1.346 gramtablet, dis-
solvedinto 100.00 mL of distilled water, followed by
injection.

RESULTSAND DISCUSSION
Food products are analyzed to meet compliance

with labeingandlega requirements, establish nutritive
value, determine product quality, and identify defects,
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research and development. Thisinformationisvitd for
economicaly producing safeand nutritiousfood. Medi-
cal studieshave shownthat judiciouschoicesfor food
consumption can hel p deter adversereactionsto food
dlergiesandfood sengtivities. Nutrition can play arole
incarcinogenesisaswel asaggravate conditionsof dia-
betes, digestive disease, eating disorders, heart hedlth,
osteoporosis, weight, and obesity. Knowledge of the
type and concentration of specific minerasfoundinfood
productsisimportant to thefood industry. lon chroma:
tography isknown to bean effectivetool inidentifying
many types of cations and aniong*>%3, thiswork fo-
cuseson water solubleionsthat arereadily availablein
common products. Inaddition thisanaysisestablishes
therelativeratio of theseion species, thisbeinginfor-
mation useful for deciding thenutritive potentia for di-
etary needs.

A regular orange juice product was obtained and
10.00 mL diluted quantitatively to 200.00 mL withdis-
tilled water prior to injection. This product was en-
hanced with potassium whichindeed appeared domi-
nant onthe chromatogram presentedinfigure 1. Taking
into account the dilution step the potassium appearsto
be 0.115 molar in this orangejuice. Theratio of so-
dium, potassium, calcium, and magnesium by concen-
tration was determinedto be 1.88:119.6:1:2.2, respec-
tively. Thereforefor thisorangejuicethe potassumwas
amajor component and in greater amounts than so-
dium, ca cium, and magnesium. Concentrationsof cal-
cium, sodium, and magnesium are determined to be
0.000941 M, 0.00309 M, and 0.00339 M, respec-
tively. Thisorangejuice could be applied asasignifi-
cant source of nutritive potassum. Anionsidentifiedin
thisorangejuiceincluded chloride, phosphate, and sul-
fateinreativeratiosof 1:17.2:3.6, respectively.

The dominant phosphateisdeterminedtobeat a
concentration of 0.0143 M. Thereforethisanadysiswill
beuseful for dieticiansrequiring theseminerasfor pa:
tient treatment. The diet coke samplewasinjected di-
rectly into theinstrument and did not requiredilution
geps. Variousmonova ent and divalent ionswereiden-
tified and showninfigure 2. Within diet cokeand el ut-
inginthefollowing order are sodium, ammonium, po-
tassum, calcium, and magnesum at relativeratios (based
onamountsper liter estimated by instrument) 7.84:5.19:
14.6:5.41: 1, respectively. Potassum isat the highest
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amount within thissoft drink based upon mass per liter.
Anionsidentifiedin undiluted diet coked uted in order,
chloride, phosphate, and sulfate, respectively (Figure
1). The anions present in ratio, by mass per liter, as
1:4.26:2.49, respectively. Thereforetheamount of sdts
present in thissoft drink may require consideration if
dietary limitationsor persond hedthissuesaresgnifi-
cant.

Potassumisttilized clinicaly 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 the kidney!4. Po-
tass um supplementscan befound in theform of potas-
sum citratetablets (C,H.K 0., molar mass=306.395
grams/mole) that are solublein water. Excessve potas-
sium consumption runstherisk of cardiotoxicity!™. An
analysisof acommercial potassium citratetablet was
achieved by grindingthetablet first inamortar and pestle
followed by selection of aknown massof 0.052 grams
from atotal massof 0.541 gramsand that amount dis-
solvedintofina volumeof 100.00 mL of distilled wa-
ter. The cationsidentified are shown in figure 3 and
includein order of eution, sodium, ammonium, potas-
sium, and calcium. Therelativeratio of these cationsby
mass per liter where determined to be 2.56:1 :
163.0:24.6, respectively. Clearly and as expected the
potassium speciesisdominant re ativeto other cations.

Caciumispresentinsmall quantitieswithinextra:
cdlular fluid andisthefifth most dbundant dement in
thebody!4. Cacium playsimportant physiologica roles,
being essentia for function of thenervousand muscular
systems, and isnecessary for normal cardiac function4,
Over 90% of calcium within thebody isfoundinthe
skeleton intheform of phosphatesand carbonates,
abeit that calciumisin constant exchangewith theca-
ciumof theintertitial fluids*4. Calcium carbonate has
alargeneutralizing capacity anditisan excellent ant-
acid, having rapid onset and prolonged duration™, but
inducing acid rebound. An over the counter calcium
carbonate antacid tablet was ground by mortar and
pestlefollowed by a0.072 gram portion taken froma
total mass of 1.346 gram tablet and dissolved into
100.00 mL of distilled water, theninjected. Asantici-
pated the calciumionisthedominant ion compared to
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Figurel: Cationsidentified in orangejuice (ratio/concentration/RT) are sodium (1.88/3.55 mg/L /2.82 min), potassium
(119.6/225.5 mg/L /4.28 min), calcium (1/1.89 mg/L /5.64 min), and magnesium (2.2/4.12 mg/L /7.82 min). Anionsidentified
(ratiog/concentrations/RT) included phosphate (17.17/67.7 mg/L /5.92 min), sulfate (3.63/14.3 mg/L /6.46 min), and chloride

(1/3.94 mg/L/3.57 min)
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Cationsidentified in diet coke

Anionsidentified in diet coke

Figure2: Cationsidentified in diet cokeincluded (ratio/concentration/RT) magnesium (1/9.00 mg/L /7.59 min), calcium
(5.42/48.7 mg/L/6.35 min), potassium (14.6/131.3 mg/L /4.34 min), ammonium (5.19/46.7 mg/L /3.18 min), and sodium (7.84/
70.56 mg/L/2.86 min). Anions included chloride (1/74.67 mg/L/3.60 min), phosphate (4.26/318.6 mg/L /5.74 min), and

sulfate (2.49/185.6 mg/L/6.52 min)

theamounts of magnes um and ammonium (Figure 3).
Chlorideand sulfateanionsweredsoidentifiedinsmall
amounts by anion exchange chromatography. Bananas
aretouted as excellent sources of particular nutritive
ionswhichiscorroborated by cation and anion chro-
meatography accomplished followingextractionintodis-
tilled water. Thetypesof cationsidentifiedin order of
elution (Figure4) are sodium, ammonium, potassium,
cacium, and magnesium. Their relativeabundancera
tiosby massper volumeare 2.08:1:248.9:14.7:25.2,
respectively. Potassumisclearly the dominant ion spe-
cieswhich supportsthe contention that bananasarean
effective sourcefor theions potassium, calcium, and
magnesium. Al so discerned by anion chromatography
inorder of eution arechloride, nitrate, and phosphate.
The bulk of phosphate in the body islocated in the
bonesand isimportant in al the organsand tissues of
the body with even notable activity in acidifying the

urine™¥- Relativeratio of abundanceby massper liter
for chloride, nitrate, and phosphate are seen to be
24.4:1:50.8, respectively. Magnes umisthe second most
plentiful cationwithincdlular fluidsandisanimportant
activator of many enzyme systemsfoundinthebody!*4.
Bananas gppear to supply amultitudeof useful minerd
speciessgnificant totheavowed athleteaswell asdaly
nutritiond needs.

Two ahletic focused nutritivedrinks are Powerade
Zero and Gatorade G-2. Following dilution these mix-
tureswereinjected into theinstruments(Figure5) re-
veding that sodium and potass um arecommonto both.
Powerade Zero a so contained asignificant amount of
calcium and magnesium. Theanion specieschloride,
phosphate, and sulfate are common to both mixtures.
Theratios of these anion speciesdiffered greatly be-
tween thetwo mixtureswith that of Gatorade G-2 hav-
ing chloride, phosphate, sulfateinratios 11.49:4.44:1
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Cationsidentified in antacid calcium carbonatetablet

Figure 3: Cationsidentified in potassum citratepill (ratio/concentration/RT) include sodium (2.56/0.937 mg/L /2.63 min),
ammonium (1:0.365 mg/L /2.97 min), potassium (163.0/59.48 mg/L /3.86 min), and calcium (24.6:8.97 mg/L /6.49 min). For
anions(not shown), choride (1/2.95 mg/L /3.56 min) and phosphate (9.5/28.1 mg/L /5.65 min). For antacid tablet, cations
included ammonium (1/0.46 mg/L /3.36 min), magnesium (6.53/2.98 mg/L /7.65 min), and calcium (57.1/26.12 mg/L /6.24
min). For antacid tablet anions(not shown), included chloride (1/2.88 mg/L /3.63 min) and sulfate (2.26/6.52 mg/L /6.91 min)
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Anionsidentified in banana

Figure4: For uncooked bananathecations(ratio/concentration/RT) included ammonium (1/2.58 mg/L /2.97 min), sodium
(2.08/5.36 mg/L /2.59 min), potassium (248.9/641.2 mg/L /3.91 min), calcium (14.7/37.97 mg/L /6.26 min), and magnesium

(25.2/64.9 mg/L/6.9 min). For found anions, chloride (24.4/233.9 mg/L/4.05 min), nitrate (1/9.59 mg/L/5.58 min), and
phosphate (50.8/483.7 mg/L/7.07 min)

=
-
601 |'| o |‘|
f |
* A .
501 ” | 1
| 1. 1
“ 1IN i |
| ' I i |
b UGN, ST - S
) ‘l ‘ - : - — ,""J
20 I‘ % F
| g ] £
1t | e E
/ ..
| =
o |1 2 3 4 s 6 7 8 10 mid

lonsidentified in poweradezero

wSiem |

|
.7#
130

135

“140

=750+
|
7551

<760+

—— Fompan

' J
| e S ot et
[ (. T T
‘ g
| 3
| ]
| 3
| g
[ | *
1A
N M b N :
Cond—f+ T T T T - T
lif ] 3 4 5 6 7 8 9 10w

lonsidentified in gatorageg-2

Figure5: ThePoweradeZero cationsdeter mined included (ratio/concentr ation/RT) magnesium (1/1.094 mg/L /8.02 min),
calcium (3.77/4.124 mg/L /6.90 min), potassium (19.0/20.08 mg/L /4.41 min), and sodium (77.6/84.88 mg/L/2.91 min). The
Powerade Zer o anionsincluded, phosphate (1/0.75 mg/L /6.0 min), sulfate (14.5/10.89 mg/L /6.87 min), and chloride (189/
141.5mg/L/3.73min). For Gatorade G-2thecations, potassum (1/17.76 mg/L/3.92 min) and sodium (4.69/83.33 mg/L/2.71).

For Gatorade G-2 anions, sulfate (1/7.00 mg/L/7.98 min), phosphate (4.44/31.1 mg/L /6.82 min), and chloride (44.5/80.5 mg/
L/3.99 min)
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and that of Powerade Zeroinratios 188.7:1:14.5, re-
spectively. Chloriderepresented thedominant anionin
both mixtures, but far morein Powerade Zero. Both
drinksare used by athl etes presumably for support of
physiologica minera content.

CONCLUSIONS

lon chromatography isshown to be aefficacious
tool for invedtigating theion speciesavailablefromvari-
ousover thecounter drinksaswel | asnutrition supple-
ments. Theanaysisof bananaagueousextract waspar-
ticularly reveaing and corroboratesvariousnutritiveas-
sertions made about thisfruit. Analysis of the supple-
ments potassium citrate and cal cium carbonate con-
firmed the presence of advertised content aswell asthe
quantity cationswith other components. Singlecolumn
ion chromatography can be utilized to effectively iden-
tify ion speciesinacomplex mixture. The parameters
and e uentsused to conduct both cation exchangeand
anion exchange chromatography waseffectivefor dis-
tinguishing theion speciesof interest. Potassiumwas
identified in potassum citratetabl et supplement aswell
ascalcium cation discerned inan over the counter cal-
cium carbonateantacid. Diet cokewasinjected directly
and reveal ed the presence of five cation speciesand
three significant anion species. Potassium cation was
clearly distinguished in an over the counter potassium
citrate supplement. Likewiseca cium cation wasneatly
discerned from adistilled water mixtureof an antacid
tablet (CaCQ,). Orangejuicewasshownto containa
substantial amount of potassium. An extract of banana
intodigtilled water dearly showed themineralsby which
bananaproduct are noted for, including sodium, potas-
sium, calcium, magnesium, and ammonium. Whereas
anion exchange chromatography identified the species
chloride, nitrate, and phosphate. Cation speciescom-
mon to powerade zero and Gatorade G-2 were so-
dium and potassium. Three anion speciescommonto
Powerade Zero and Gatorade G-2 werechloride, phos-

phate, and sulfate. Thereforeion chromatography re-
ved ed nutritive useful information concerning various
over thecounter supplementsand severa commonfood
products.
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