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ABSTRACT

lon species present in various popular commercial beverages were suc-
cessfully determined by ion chromatography. 1ons identified with solvent
conditions utilized included Na', H,*, K*, C&**, Mg**, PO,*, SO,*, and CI*.
Beverages analyzed included popul ar types of wheat beer, non-wheat beer,
mescato white wine, concord grape red wine, green tea, herbal tea, vitamin
waters, fruit juices (ie. cranberry, orange pineapple, etc) and various fla-
vored waters. All samples were injected without dilution but clarified and
kept sterile. The solvent system utilized here successfully separated ions
from aliquot injected without problems within the column and conductivity
detector. All alcohalic beverages showed Cl%, Mg?, Ca2* and K*; with wheat
beer and mescato white wine showing these ions as well as both Na* and
NH,*. Flavored waters (ie. cherry, tangerinelime, strawberry) showed vari-
ous cations and anions with significant variation of quantity and types.
Likewise, commercial teas and fruit juices showed substantial variationsin
types and quantities of ionic species detected. Several example ion chro-
matograms are presented and show clearly the overall excellent resolution
of species peaks obtained with this solvent system and instrument param-
eters. Therefore abroad variety of commercial beverageswere analyzed by
ion chromatography producing well elucidated chromatogram peaks and
identification of cations and anions important in nutrition. These param-
eters should allow effective analysis of a broad assortment of food prod-
ucts for nutrition appraisal. © 2010 Trade Sciencelnc. - INDIA
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lon chromatography refersto the modern method
of chromatographi ¢ separation of cationsand aniong.
Althoughdilution of samplesisvery common, research-
erspursueexperimental parameterspermitting straight
or non-treated sampleinjection™™. Major requirements
of system parametersincludethefollowing: 1) Efficient

exchange columnswith maximal number of plates; 2)
Eluti on gpproach permitting resol ution of retentiontimes;
3) Rapid achievement of equilibrium sothat pesk broad-
eningisminimized; 4) Convenient dutiontime; and5)
Eluent and resin compati blewith the detection systemfY.
lon chromatography andyssisapplied tofood and bev-
erageanaysis, pharmaceuticals, watersanays's, pet-
rochemical, and other industries™3.
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Speciation ducidation of nitrogeninwater samples
isanimportant category of environmental studies, with
ion chromatography an effective approach for determi-
nation of nitrogen speciesNO,, NO,*, and NH ",
Other studies have al so substantiated the efficacy of
ion chromatography for identification of anthropogenic
sources of nitrates and related species emitted from
municipal andindustria wastes®. In addition, ion chro-
matography hasfound highly efficaciousapplicationin
food andydsfor thergpeutic nutrition, athletic programs,
and compliancewithlegal standardg®9.

lon chromatography hasbeen showntoidentify and
quantify EDTA in canned foodsaswel | as pharmaceu-
ticald¥. Total nitrogen content of foodsand environ-
menta samplescan beeffectivey quantified by ion chro-
matography following Kjeldahl digestion™. |on chro-
meatography with ultraviol et detection can Smultaneoudy
determine hypophospite, phosphate, chlorides, nitrate,
sulfate, and orthophosphatesY. Other studies have
demonstrated analysisby singlecolumnfor nitrateand
chlorideiong*?, phytic acid*¥, chloride in mustard
sauces’, bromideiong®, free and total sulfitege,
Presented hereareinstrumentd parameterssuitablefor
commercia beverageandysis.

EXPERIMENTAL

Reagentsand instrumentation

All reagentswere acquired from Sigma-Aldrich
Company (Sigma-Aldrich, PO. Box 2060, Milwau-
kee, WI 53201 USA). For the reagents necessary to
operatethesingle column Metrohm 792 BasicICin-
strument, then 18 mOHM water was utilized as sol -
vent. For cation analysisaMetrosep Cation 1-2 col-
umn (size 7.0 um, pressure 6.5 MPa, cond 829.2 uSY
cm) was used with eluent 0.1 M H,SO,, 0.002 M
HNO,, and 0.00075 M 2,6-pyridinedicarboxylicacid
in 18 mMOHM water. For anion analysisalCSep AN1
column (size 10um, pressure 6.8 MPa, cond 12.9uY
cm) was used with eluent 0.1 M H_SO,, 0.0018 M
Na,CO,, and 0.0017 M NaHCQ, in 18 mOHM wa-
ter. lon detection was accomplished by conductivity.

Commercial samplesfor analysis

Various examplesof commercia beverageswere
obtained for analysiswhichincluded: flavored waters

Hnalytical CHEMISTRY o

(ie. cherry, strawberry, etc), fruit juices(ie. cranberry,
mango, etc) and mixturesof fruit juices(ie. orangepine-
apple, cranberry-grape, etc), teas (ie. green, herbal,
etc), vitaminwaters, and a coholicliquors(ie. Whesat
beer, non-wheat beer, red wine, whitewine). Aliquots
of beverageswereplaced into steriletubes (FALCON,
Becton Dickinson Labware, Franklin Lakes, NJ07417)
and stored at 4°C until analysis. Samplesfor anaysis
wereinjected onto columnsfor analysiswithout dilu-
tion.

RESULTSAND DISCUSSION

The chemica composition and physica properties
of foodsare utilized to eval uate the nutritive valug*.
Food analysisisapart of food quality assurance and
hasvariousdriving factorsincluding thefollowing: 1)
Customer expectationsof anutritiveand safefood; 2)
Environmental concerns(concernsfor safety of envi-
ronment); 3) Organi cfoods (more demandsfor organic
food); 4) Technology (new process and methods of
food devel opment have emerged); 5) Regulatory re-
guirements (stringent safety and quality demands)™”.

Minerdsindiet haveanutritiona and functiond im-
portance that necessitates the control and knowledge
of their level§'. Somefoodsarefortified withmineras
toincreased concentrationsabovethenatura level and
thereby required monitoring*”. Theminerascacium,
phosphorus, sodium, potass um, magnesium, sulfur, and
chloridearedietary macro minerals, of which an adult
requires morethan 100 milligramseach per day*”. In
addition, thereare 10 tracemineralsrequired at milli-
or microgram levelseach day'™”, and includeiron, io-
dine, zinc, copper, chromium, manganese, molybde-
num, fluoride, selenium, and silica. Necessary minerds
essentid rolesinbiologica actionwithinthebody. How-
ever, some mineralsaretoxic in the body, should be
avoided, andincludelead, mercury, cadmium, and du-
minum7,

TheNationd Academy of Scienceshasdetermined
arecommended dietary alowance of mineralsfor both
maleand fema ewhichincludethefollowing (maeffe-
mal e requirement): calcium (1000 mg/1200 mg), so-
dium (1100 mg/3300 mg), potassium (2000 mg/2000
mg), iron (10 mg/15mg), magnesium (350 mg/280 mg),
phosphorus (800 mg/1200 mg), chlorine (700 mg/700
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Cation chromatogram of cranberryjuice

Figurel:Achromatogram of examplevitamin water showsNa*, NH,*, K*, Ca*, and Mg* at 2.79 min, 3.17 min, 4.39min, 6.74
min, and 7.57 min, respectively. Theexample chromatogr am of cranberry fruit juiceshowsNa*, K+, Ca?", and M g** at 2.84

min, 4.23min, 6.39 min, and 7.56 min, r espectively
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Cation chromatogram of herbal tea

Cation chromatogram of greentea

Figure2: Chromatogram of example herbal teashowsNa*, K*, Ca?",and Mg at 2.95min, 4.25min, 6.88 min, and 7.82min,
respectively. Example of commercial green tea 2-way chromatogram showsNa*, NH,*, K*, Ca**, and Mg* at 2.68 min, 2.94

min, 3.78 min, 6.64 min, and 7.69 min, r espectively

myg), copper (2 mg/2 mg), and chromium (0.2 mg/0.2
mg)!8.

Therefore, commercia beverageshavebeen ana-
lyzed by ion chromatography for content of thefollow-
ing cations and anions: Na*, NH,*, K*, C&*, Mg,
PO,*, SO,? and Cl*. Examplechromatogramsfor vi-
taminwater and cranberry juiceare presented infigure
1. All sampleswereinjected without dilutionand for
thesebeverages pre-darification was done by the manu-
facturer, sofiltering by gravity filtration was not neces-
sary, which accd eratesthe speed and efficacy of analy-
gs.

Chromatograms provide a2-way plot of theelu-
tion profilefrom columndischargeasaplot of time (min-
utes) astheindependent variableversusmicroSiemens
per centimeter (uS/cm) as the dependent variable
(whereSemensisaunit of ectrical conductivity). The
top chromatogram presented infigure Lintroducesthe

examplevitaminwater showingNa', NH,*, K*, Ca&*,
and Mg? at 2.79 min, 3.17 min, 4.39min, 6.74 min,
and 7.57 min, respectively. The bottom chromatogram
present examplecranberry juiceshowing Nar, K+, Ca?*,
and Mg* at 2.84 min, 4.23 min, 6.39 min, and 7.56
min, respectively. The peaksareidentifiableand can be
utilized for quantization of ionswhen convertingto parts
per million. Notethat sodium, potassium, cacium, mag-
nesium aremacro nutrient mineralsand required nutri-
tion. Fromfood anaysi sthe consumer canmonitor vaue
of beveragefor supplying desired macro mineralsas
nutrition aswell asfor medicina consideration such as
for blood pressure and cardiovascul ar retrospection.
Thetop chromatogram presented infigure 2 intro-
ducestheexampleherba water showing Na', K*, Ca?*
and Mg* at 2.95 min, 4.25 min, 6.88 min, and 7.82
min, respectively. A commercia greentea2-way chro-
meatogram (see Figure 2, bottom chromatogram) shows
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TABLE 1: Cationsand anionsfound in commercial flavored waters
Sample type Molarity
Na’ NH," K* Ca’ Mg PO,* S0,% cl
Cherry water 4.42E-4 244E-4 433E-3 1.74E-4 6.03E-4 3.21E-6 ND ND
Black cherry water 2.38E-4 1.25E-4 5.62E-3 ND 4.56E-4 ND 1.49E-4 ND
Tangerine lime water ND ND 147E-4 ND 103E-5 37864 7.02E-5 1.40E-4
Strawberry water ND ND 1.30E-5 ND ND ND 8.34E-5 ND
ND=not detected
TABLE 2: Cationsand anionsin commercial vitamin waters
Sample type Molarity
Na* NH," K* ca Mg PO,* S0, cl
Peach plus calcium 4.43E-4 ND 1.12E-3  2.68E-2 ND ND ND 1.17E-2
Lemonade 3.92E-4 ND 142E-3 3.86E-3 6.76E-3 ND 7.60E-4  1.24E-2
Pomegranate 347E-4 198E-5 268E-4 209E-4 4.88E-4 1.15E-6 ND ND
ND=not detected
TABLE 3: Cationsand anionsof commercial fruit juices
Molarity
Sample type " " " " " 3 z :
Na NH, K Ca Mg PO, SO, Cl
Orange pineapple ND ND 6.62E-6 ND 1.73E-5 ND ND 2.42E-5
Cranberry grape 3.58E-5 ND 8.95E-6 3.03E-5 6.82E-6 ND ND 1.95E-4
Cranberry 2.88E-3 ND 5.77E-3 1.10E-3 3.24E-4 ND 7.89E-5 8.72E-5
Nectar (Strawberry- mango) 6.47E-3 2.35E-4 570E-3 126E-3 1.97E-3 1.15E-6 ND 4.49E-5
Nectar (Mango) 4.02E-3 ND 1.13E-3 2.61E-3 1.35E-4 ND ND 3.09E-4

ND=not detected

Na', NH,*, K*, Ca*, and Mg* at 2.68 min, 2.94 min,
3.78 min, 6.64 min, and 7.69 min, respectively. The
peaksareidentifiableand can beutilized for quantiza-
tion of ionswhen convertingto partsper million. Note
that sodium, potassium, ca cium, magnesium aremacro
nutrient minerasand required nutrition.

Knowing thetypeand concentration of specificmin-
erdsinfood beveragesisimportant inthefood indus-
try. Some physicochemica propertiesof mineralsthat
enduetheidentification and measure concentration are:
1) Low volatility; 2) Unique el ectromagnetic spectra;
3) Reactivity with reagents to produce measurable
change. Here, elution of ionsismonitored by conduc-
tivity measurement. Outcome of ion chromatography
analysisof commercial flavored watersispresentedin
TABLE 1. Noexamplewater showed dl ionsthat were
monitored (ND = not detected). For cations, potas-
sumwasfoundinal samplesa molaritiesrangingfrom
1.30E-5 molar to 5.62E-3 molar. Calcium cation was
found only in cherry water and chlorideanion wasfound

onlyintangerinelimewater.

Commercia vitaminwatersare quite popular and
widely availablefor consumption. Threevariantsof vi-
tamin water analyzed (see TABLE 2) showed that so-
dium, potassum, and calciumarepresentindl samples.
Sodium, potassium, and cal cium are macro nutrients
and definethe popul arity of thesebeveragesamong ath-
letes. lons of ammonium, phosphate, and sulfate are
found only in pomegranate and lemonadetype, respec-
tively. Previous studies have shown that potassium has
amodest blood pressurelowering effect inindividuas
having alow dietary intake™?. Magnesium playsarole
invarioustypesof chronic, diseaserdaed conditions®,
and magnes um hasamgjor rolein regul ation of blood
pressure?®. Although all data pertaining to use of mag-
nesiumisinconsi stent, it does appear that magnesum
intake reduces blood pressureis strongest when ob-
tained from food rather than supplements?. Research-
ershave shown that acombination of vitaminsand min-
eralscan effectively reduce blood pressurefor type 2
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TABLE 4: Cationsand anionsin commercial tea

ACAIlJ, 9(4) 2010 Ronald Bartzatt et al.

sample tvpe Molarity
Petyp Na’ NH," K* ca’ Mg PO* S0,% cl
Herbal tea 663E3 ND  703E3 743E-5 14384 ND  181E-4  ND
(Ginseng-Valerian)
Green tea 550E-3 1.85E-4 227E-3 962E-5 238E-4 430E-5 1.83E4 1.20E-4
Peach & green tea 4.82E-5 ND 5.81E-6 ND 1.21E-5 ND ND 1.15E-4
Ginseng-Honey 8.74E-6 ND ND 883E-6 132E-6 B887E-5 8.19E-5 ND
Green tea
ND=not detected
TABLE5: Cationsand anionsin commer cial alcoholic bever ages
Molarit
Sampletype " " T " L " T z -
Na NH, K Ca M g PO, SOy Cl
Wheat beer 2.21E-3 153E-2 3.95E-2 4.24E-4 6.50E-3 ND ND 2.98E-3
Non-Wheat beer ND ND 2.35E-6 2.07E-5 257E-5 1.15E-6 6.92E-5 1.01E-4
Concord grap-red beer 1.84E-5 ND 130E-5 6.32E-5 1.22E-4 ND 9.14E-5 1.51E-3
Moscato white wine 204E-5 7.10E-6 299E-5 511E-5 1.98E-5 ND ND 2.73E-3

ND=not detected
diabetic patientg?.

Fruit juicesarewd | known for beneficia vitamin
content, but they also can beasource of mineras. Out-
come results for fruit juice analysisis presented in
TABLE 3for wel known examplesof cranberry juice,
nectars (strawberry-mango and mango), and ubiqui-
tous combination such as orange-pinegpple and cran-
berry-grape. Cations potassium and magnesium are
foundinall examplesherewithammonium (NH,’) ap-
pearing only in strawberry-mango nectar. Sodium and
calcium appear inal fruit juice examples except or-
ange-pineapple. For anions, chlorideion appearsinal
samples with phosphate (PO,*) and sulfate (SO,*)
appearing only in strawberry-mango nectar and cran-
berryjuice, respectively.

Much publicity hasbeen givento greenteafor its
potentid inlending substantia benefitsfrom consump-
tion asabrewed tea. Various studies have shown that
the consumption of green teaaccompanying intake of
mushrooms can reducetherisk of breast cancer’®. In
addition, another study has shown that green teacon-
sumptionwithtamoxifen iseffectiveaganst breast can-
cer?, Some work has been completed that reveals
there are multiple targets for prostrate cancer
chemoprevention that areamenableto green teaappli-
cation®, Other studies have corroborated the poten-
tial for green teaconsumption to decreasetherish of
advance prostrate cancer?. Commercial teaswhere

analyzed and resultsfor ionidentification ispresented
inTABLE 4, showing one herbal teaand three green
teabeverages. Sodium and magnesium cationswere
found in all examplesat varying concentrations, with
ammonium (NH,") identified in only straight greentea
sample. Potassium was found in herbal tea, straight
green tea, and peach flavored greentea. Sulfate anion
(SO,*) wasfoundin herbal tea, straight greentea, and
ginseng-honey greentea. Chlorideanionwasidentified
instraight green teaand peach flavored green tea.
Alcohol beverages arewidely consumed and are
showninthisstudy to haveanumber of macro minera
nutrientssuch assodium, potassum, cacium, and mag-
nesium, with sulfur intheform of sulfate (see TABLE
5). Interestingly cal cium, potassium, magnesium, and
chloridewerefound in al examples: whesat beer, non-
wheat beer, Concord grape red wine, and moscato
whitewine. Sulfur intheform of sulfatewasfoundin
non-wheat beer and Concord graperedwine. Thean-
ion phosphate (PO,*) was found only in non-wheat
beer. Sodium wasidentified in wheat beer, Concord
grapered wine, and moscato whitewine. Somestudies
have shown that the consumption of a coholic bever-
ageshaveproven asubstantial portion of theability to
reducetherisk of heart diseaseislinked to theal cohol
content’®. Thesefindingsin accompanying other stud-
iesof nutrientsin a coholic beverageswill assstinde-
termining the overal health benefits/l oss of consump-
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tion of commercidly availabled coholic beverages.

CONCLUSION

lon chromatography effectively separated and iden-
tified variouscationsand anionsin commercia bever-
ages, including two types of beersand wines. Flavored
watersand vitaminwatersshowed Na', NH,*, K*, Ca*,
Mg*, PO,*, SO,*, and CI* to various concentrations
but not confluent acrossthe many samplesthat were
analyzed. For fruit juices cations K* and Mg? were
foundinal juicesaswas chlorideanion, whereasother
ionsvariedin presenceand concentration. Commercia
teas anal yzed varied in presence and concentration of
cationsand anions. For acoholic beveragesanayzed
(wheat beer, non-wheat beer, concord red wine,
moscato whitewine) K+, Ce?*, Mg?*, and CI*+ wasfound
in all samples, whereas other ionsvaried in presence
and concentration. lon chromatography at the param-
etersherereved ed information of commercial bever-
agesuseful for nutrition appraisal.
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