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ABSTRACT

Grapejuice concentrate isatraditional product of grape-harvesting areas
of Iran which is generally produced from the year-end harvest of poor
quality. Average of iron, copper and calciumin the grapesis 30, 6.5 and 180
mg/kg respectively. These elements are essential and useful in human
nutrition. In order to examine the effect of different clarifying materialson
the amount of essential elements of grape juice concentrate, a plan was
executed using factorial statistical method with completely randomized
design. The first factor was type of clarifiers in six levels, comprising
grape juice concentrate soil (GJCS), bentonit, silicasol, gelatin-bentonit,
gelatin-silicasol, gelatin-bentonit-silicasol; and the second factor was the
quantity of clarifiers at three levelswith three replicate. According to the
results obtained from statistical analysis, maximum quantity of iron and
copper obtained from Gelatin-Bentonit-Silicasol treatment, and maximum
quantity of zinc and magnesium has been resulted from Gelatin-Bentonit
treatment and the maximum quantity of calcium has been obtained from
Gelatin-Silicasol treatment; the least quantity of iron and cal cium has been
obtained from Bentonit treatment, the least quantity of copper and zinc
has been obtained from GJCStreatment and theleast quantity of magnesium
has been achieved by Silicasol treatment.
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INTRODUCTION

Grape juice concentrate, with the local name of
Dooshab, isatraditional product of grape-harvesting
areasof Iran, produced from boiling and condensation
of grapejuicetothebrix scaleof over 70-80%, inopen
containersor in vacuum, and without adding sugar or
other additived®8. Grapejuice concentrate contains
highvolumesof naturd sugar, minerds, vitaminsA, B,

B,and C, organic acidsand antioxidants. It, therefore,
playsanimportant rolein the nutrition of variousage
groups, especidly children and athletes5%29, Grape
juice concentrateisquickly absorbed by thebody asa
result of itshigh volumeof digestible monosaccharide.
Itis, therefore, useful for those weakened asaresult of
achronic disease or after undergoing amedical opera
tion:61826271 Grapejuice concentrateisarich source
of essential elementsto human body, such as coppe,
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zincandiron. Iron contained ingrapejuice concentrate
may beuseful inthetreatment of anemiapatients*,

Copper, zinc, iron, calcium and magnesum arees-
sential el ementsin humanfood. They areal so neces-
sary and useful for human health. Excessiveintake of
the said e ements, more than standard level causespoi-
soning in human body™. Moreover, the quantity of the
said metalsplaysagresat rolein quality of grapejuice
concentratein such away ashigh concentration of such
elementsasiron, zinc, manganeseand magnes um Causes
instability, opacity and poor quality of grapejuice con-
centrate??. Copper, asacatayst, playsasignificant
rolein oxidizing organic compoundsand processing
such products as beer and wine. The main source of
copper in products such as beer and grape j ui ce con-
centrateistheequipment used for production. Although
zinc hasbeenidentified asoneof nutrient and essentia
elements, it may be poisonous depending on its con-
centration. Onekilogram of an adult’s body contains
about 33 mg of zinc. Thesaid dement, asamainingre-
dient of afew enzymes, isinvolvedin various physi-
ological processes such asprotein synthesisand en-
ergy metabolism™.

Clarification ways of grapejuice concentrate are
similar tothose of clarification of grapejuice. Infruit
juiceindustry, darificationisaunified processthat com-
prisestheelimination of undesired color, aromaand fla:
vor; turbidity; bitternessand gassy!?. Inthe process of
clarification, clarifiersareutilized which arecombined
with charged particlesof fruit juicesuch asprotein, pec-
tin and phenolic materia sand are consequently sepa-
rated fromtheenvironment. Usud darifiersinfruitjuice
industry are bentonit, gelatinand sillicasol. Bentonitisa
kind of clay of montmorillonite group with the charac-
teristic of shallow absorption surficia absorption, and
affectsproteins, poly-phenolic materiads, meta ionsand
therest of thetoxicd®. Thesolubleproteingelatinis
obtained through relativehydrolysisof collagenexisting
inanimal skin, bonesand cartilage. Intermsof extrac-
tion method, gelatinisdividedinto acid (A) and alka-
line(B) variants®!. Gelatin characteristicsinclude de-
creasing the quantity of polyphenolsand pectin, mak-
ingcomplex with naturd proteinsof fruitjuiceand bright-
eningthecolor of fruit juice. Silicasol isanother clarifier
which hdpstobrightenthecolor of thefruit juicethrough
creating negativechargeinfruit juiceand flocculating
with positively charged compounds®?2.

This study also made use of a certain white soil
caled grapejuice concentrate soil astheclarifier mate-
ria intheproduction of grapejuice concentrate. In ad-
dition to depositing suspending material, the soil neu-
tralizesthe acidity of the grapejuice’®. Bodbodak et
al. (2009) studied the effect of different clarification
treetmentson the phys cochemica and rheologica char-
acteristicsof pomegranatejuice. Rai et a. (2007) stud-
ied the effect of clarifierson thequality of mosambi
orangejuice. Gockmen et a. (2001) and OSzmianski
and Wojdylo (2007) studied the effect of clarifierson
the quality of apple juice clarification. Ehteshami
Moeinabadi et al. (2005) used sodium carbonate to
reduceacidity and bentonit asclarifierin producinggrape
juice concentrate. Demirozu et a. (2002) studied the
quantity of such elementsasiron, copper, andzincin
grapejuiceconcentrate; Galbani et a. (2010) studied
thequantity of essentia € ements(iron, copper and zinc)
incommercial fruit juicesin Pakistan and Nascenteset
a (2005) studied the quantity of such elementsascop-
per, manganese, zinc and lead in bear; Schiavo et a
(2008) studied the quantity of lead, cadmium, and cop-
per inwineand grapejuice.

Relying onrevision of respective sources, inthis
research, it hasbeen tried to make use of theclarifier
materia's, which havenot been usedin producing grape
juice concentrate yet and to study the effect of thesaid
materialson quantity of such elementsasiron, copper,
zinc, calcium and magnesium, which play aprominent
rolein quality of grapejuice concentrate because ab-
sorption of thesaid dementsby human body ismainly
donethroughfood (foods, beveragesand water). Thus,
duetoimportance of nutritional value of thesaid ele-
ments and effect of the same on quality of products,
measurement of thequantity of thesaid elementsinfood-
stuff products must be studied accordingly!Y.

MATERIALSAND METHODS

Materials

Grape (Razeghi variety) was harvested from the
gardensof Nazloochay digtrictin Urmia. Materia used
for clarificationincluding bentonit (SIHA, Paranit Na-
Cabentonit), gatin (mesh 35, typeA, bloom 80, DGF
Stoess), commercid silicasol 15% (Baykisol 15%) and
calcium carbonate (Charleaux brand, EUQ) was pro-
vided by Saroone Co. Urmia. Also, GJCS was ob-
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tained from the grape jui ce concentrate producers’
bazaarinUrmia

In order to measure respective metalsin grape
juice concentrate samples, concentrated NitricAcid
of 65% and Standard Stock Solution of 1000 mg/liter
with respect to such metal sasiron, copper, zinc, cal-
cium and magnesium of high purity, mark: Merck, have
been used. Moreover, in order to specify quantities of
metalsin the said sample, flame atomic absorption
spectrophotometry device, Mark: Perkin Elmer,
Model an Analyst 400, has been used. Moreover, in
order to supply energy, multi-element lamps (Lumina
Lamp) have been used accordingly.

Methods
Production of grapejuiceconcentrate

Fifty four samplesof grapejuice concentrate (in-
cluding six treatmentsin threelevelsand three repeti-
tions) produced around early October 2011 inthere-
search center of ministry of agriculture in Urmia
(TABLE 1). For each sample, about 5 litersof grape
juice squeezed from 10 kg of grape by a juicer
(Toshiba, Japan), and the pH, acidity and brix of the
juiceswere measured.

TABLE 1: Clarifyingagentsused in grapejuice concentra-
tion

Treatments® Clarifying agent Concentration

T Sail 3(g/200ml)

Tis Sail 4(g/100ml)

Tic Sail 5(g/100ml)

Toa Bentonit 4(g/lit)

Top Bentonit 5(g/lit)

Toc Bentonit 6(g/lit)

Ta Silicasol 5(mi/lit)

Tss Silicasol 6(mi/lit)

Tsc Silicasol 7(mi/lit)

Tan Gelatin + Bentonit 2(g/lit) + 4(g/lit)

Tss Gelatin + Bentonit 2(g/lit) + 5(g/lit)

Tsc Gelatin + Bentonit 2(g/lit) + 6(g/lit)

Tsa Gelatin + Silicasol 2(g/lit) + 5(ml/lit)

Tss Gelatin + Silicasol 2(g/lit) + 6(ml/lit)

Tsc Gelatin + Silicasol 2(g/lit) + 7(ml/lit)

Ton Gel atin.f Bentonit + 2(g/lit) + 4(g/lit) +
Silicasol 7(mi/lit)

Tes Gel atin_f Bentonit + 2(g/lit) + 5(_g/|it) +
Silicasol 6(ml/lit)

Tec Gelatin + Bentonit + 2(g/lit) + 6(g/lit) +

Silicasol

5(m/lit)

aall treatments done in three replicate

—=> Regulor Paper

GJCSreducesacidity and diminatesmateria sblur-
ring thegrapejuice. The soil wasfirst dissolved into
part of grapejuice and then added to the samplesand
wasthoroughly mixed. After 2-3 hours, grapejuice con-
centrate crackson the surface. At thistimetheexisting
foam should beremoved from the surfaceand sieved
through apieceof percale. Inall other treatments, the
acidity of grapejuicewas set off by calcium carbonate
(42.5g/5litersof grapejuice) tothefinad pH=8.5. Then
thed arifying agentswereadded and thejuicewassieved
by apieceof percdeafter 30 minutes. All sampleswere
finally transferred to the cooking section and concen-
trated to brix=704+2.

Test procedure of metals.

After homogeni zing grapejuice concentratesample,
two grams of the homogenized samplewasweighed
ingdeacrucible, washed with acid (acid wash: All [abo-
ratory glassy kitsused in thistest, wereput in Nitric
Acid of 10% - volumetric-volumetric for theentireone
night and thenwashed using didtilled water). After wash-
ing, the glassy kitsweredried in oven — (Memmert-
Germany) - at 80 centigrade degrees for one hour).
The crucible was put in oven for 1-2 hour/s at 100
centigrade degrees and eventually, water inthe said
sampleevaporated. Then, thesaid cruciblewas put on
fire beneath Hood until respective samplewas com-
pletey burnt with no smoke. Thesad cruciblewastrans-
ferred to an el ectric furnace (Barnstead Thermolyne
F6000, Germany). The said furnace wasregul ated at
450 centigrade degrees. Thecruciblewasremoved from
the furnace (6-8 hours) and became cool. Then, the
resulted whiteashwas solvedin NitricAcid of 1Mo-
lar, using avolumetric flask and clarified accordingly.
The prepared solution, using the said sampl e, together
with Blank (NitricAcid— 1 Molar) and respective stan-
dards, wasput in flame atomi c absorption spectropho-
tometry device (Perkin Elmer, America) in order to
measure their optic absorption. Absorbed quantities
have changed to concentration using Cdibration Curve.
Fina concentration of metalsinthesaid samplehasbeen
obtai ned by inserting dil ution coefficientt.

Satistical analysis

The design of experiment used wasrandom com-

pleteblocks(factoria) with two factors(typeand quan-

tity of clarifiers) and threerepetitions. Resultsweresta-
tistically analyzed, using the M STAT-C software and
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ANOVA test. The medians were compared through
LSD test at p< 0.05.

RESULTSAND DISCUSSION

Analysisof grapejuice

Andysisof grapejuicesamplesfor pH and acidity
showed these parameters respectively equal to
3.56+0.01 and 0.59+0.01. The mean value for brix of
grapejuicesampleswas 23.1+0.37 which increased to
71.1-72.8 after concentration using different clarifiers.

Theeffect of typeand quantity of clarifying agents
on quantitiesof iron, copper, zinc, ca cium and magne-
sium have been given in TABLES 2, 3, 4, 5 and 6.
ANOVA test showed that thereisasignificant differ-
ence between different treetmentsin theview of quan-
tity of mineralsat statistical level of 5% (P<0.05). It
should be noted that al tests have been repeated for
threetimes. Respectivefiguresgivenintheaforesaid
tablesarethe average of threerepetitions.

Considering comparison of averages, theresults
show that maximum quantity of iron and copper has
been obtained from Gelatin-Bentonit-Silicasol trestment
and maximum quantity of zincand magnesum hasbeen
obtained from Gd ain-Bentonit treetment and maximum
amount of cal cium has been obtained from Gelatin-
Silicasol trestment. Theleast quantity of iron and cal-
cium has been obtained from Bentonit trestment, the
least quantity of copper and zinc has been obtained
from syrup soil trestment and theleast quantity of mag-
nesium has been obtained from Silicasol trestment. In-
crease of syrup soil except for calcium and magnesium
leads to increase of other metals, measured. While
bentonit trestment, increase of the quantity of bentonit
has significantly increased iron and zinc. However, it
has had no effect on quantity of copper, calcium and
zinc. WhileSilicasol treatment, increase of itsquantity
of Silicasol hasledto sgnificantincreaseof that of iron,
copper and zinc. However, it hashad no significant ef-
fect onthequantity of calciumand magnesum. Gelatin-
Bentonit treatment, increase of quantity of Bentonit on
iron, copper, zinc and magnesium hasnot been signifi-
cant. However, it hassignificantly decreased the quan-
tity of calcium. In Gelatin-Silicasol trestment, increase
of thequantity of Silicasol hasincreased that of copper
and zinc and decreased quantity of calcium. However,
it has had no significant effect on quantity of ironand

magnesium. While Gd atin-Bentonit-Silicasol trestment,
increase of the quantity of Bentonit and Silicasol has
led to increase of copper and zinc. However, it hashad
no significant effect on quantity of iron, calcium and
magnesium. Studying theresourcesin measurement of
meta singrapejuice concentratewith variousclarifier
materias, no researcheshave been obtained. However,
study of referencesand researcheswith respect to mea-
surement of the quantity of metalsin grapejuice con-
centrate, produced using atraditional method, iscon-
ducted andin concluding, theresultsobtained fromthis
research are compared to those of other researches
and discussed accordingly.

TABLE 2: Effect of typeand quantity of clarifiersoniron

Clarifier concentration

Treatments

A B C
T, 94.8:1.71  106.11+2.46"  111.72+2.219
T, 65.01+1.16 79.25¢2.32  88.97+2.35

Ts 107.5¢3.11"  113.96+2.84%9 124.87+1.52°
Ts 123.04:1.57%  124.72+1.68%  136.59+2.00°
Ts 121.28+2.39%  138.15+1.63° 141.33+1.67®
Te 12014258 141.31+2.08° 144.70+1.42%

Different letters on data differ significantly (P<0.05, n=3),
Different treatmentsrefer to TABLE 1

TABLE 3: Effect of typeand quantity of clarifierson copper

Clarifier concentration

Treatments
B C

T, 35.95:0.85" 44.56+1.31° 47.23+1.36'
T, 43.25:0.76° 55.43+1.23° 56.36+1.18™
Ts 28.08:0.36'  52.8:1.30° 55.34+1.24™
Ts 53.37+1.06™ 55.09+1.63" 58.38+1.65%
Ts 45.02+1.26° 48.53+1.02" 55.34+1.50™
Ts 53.35:0.97* 57.66+1.59° 59.85+0.92°

Different letters on data differ significantly (P<0.05, n=3),
Different treatments refer to TABLE 1

TABLE 4: Effect of typeand quantity of clarifierson Zinc

Clarifier concentration

Treatments
B C

T. 36.00:0.87% 42.06+0.99° 46.34+1.02%
T, 48.42+0.8° 57.59+1.74" 60.85+1.22
Ts 38.63:t0.98° 48.45+0.83° 58.78+1.77%
Ta 57.4:1.61* 5851+1.24%° 61.37+1.98°
Ts 38.45:0.43° 45.24+1.41% 51.38+1.01™
Ts 51.25+1.09° 59.72+1.4% 62.32+1.88

Different letters on data differ significantly (P<0.05, n=3),
Different treatmentsrefer to TABLE 1
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TABLE5: Effect of typeand quantity of clarifier son calcium

Clarifier concentration

Treatments
B C

T, 123.13:1.61% 106.64t2.78 132.07+1.64°
T, 110.85:2.64  89.72+1.12' 124.94+1.67°
Ts 128.67+1.97° 106.36:2.47 111.30+2.27
Ta 124.04:2.72° 121.23:2.60% 90.77+1.60
Ts 135.41+1.27% 132.39+1.75* 115.35+1.13"
Te 03.10+1.04“ 134.55:0.97® 119.8+1.62°

Different letters on data differ significantly (P<0.05, n=3),
Different treatments refer to TABLE 1

TABLE 6: Effect of typeand quantity of clarifierson magne-
sium

Clarifier concentration
Treatments

B C
T. 96.36:2.32"  87.15+1.14" 115.07+1.49"
T, 97.76+1.15" 105.72:1.90% 96.30+2.39'
Ts 88.19+1.66" 111.33t2.10° 95.35+1.58"
Ts 120.69:2.80° 121.26+2.42° 92.13+1.08°
Ts 94.61+1.659 114.21+2.60° 103.05+1.77°
Ts 112.07£1.90° 85.14+1.19" 106.50:2.72°

Different letters on data differ significantly (P<0.05, n=3),
Different treatments refer to TABLE 1

Demirozu et al.™ conducted a study on 108
samples of grapejuice concentrate, produced using a
traditional method and reported the quantity of iron,
copper and zincin thesaid samplesusing GJCSwithin
arangeof 5.50-130 (with an average of 26.32), 0.06-
18 (withan average of 2.90), 0.12-11.20 (with an av-
erageof 3.69) mg/kg. Theresultsof our study indicate
the quantity of iron, copper and zinc inthe samplesof
grapejuice concentratein arangeof 65.01-144.7 (with
an averageof 115.74), 28.08-59.85 (with an average
of 50.31), and 36-62.32 (with an average of 51.26)
mg/kg respectively.

Althoughthequantitiesof iron and zincin our sudy
havebeen morethantheresultsobtained fromthe afore-
said researches, on awhole, one can say that there-
sultsliein alow limit. However, with respect to the
guantity of copper, theresults obta ned from our stud-
ies have been far more than those obtained from the
said researches. Such variablesascultivation of grapes,
varieties of grapes, geographical region and environ-
ment, typeand compounds of soil of regionfor cultiva:
tion, and equi pments used in production are the most
sgnificant factorsaffecting the quantity of elementsin
grapejuice concentrate samples. Thus, thedifference

—=> RegUlOr Peper

invariousresearches with respect to quantity of ele-
ments, subject of study, may be caused by thesaid fac-
tors. Becausein thisresearch, themost important goal
isto study the effect of variousclarifier d ementson the
quantity of metal sin produced grapejuice concentrate.
Further to the aforesaid factors, on awhole, we can
say that themain factor affecting thedifferencein quan-
tity of thesaid e ementsin varioustreatments, typeand
compound aswdll asquantity of darifying agents(Grape
juiceconcentratesoil, Bentonit, Silicasol, Gelatin), used
in producing grapejuice concentrate. Type and quan-
tity of additivesusing variousclarifying agentswith di-
rect effect on pH of consuming grapejuiceplay agreat
rolein corrosion and oxidation of equipmentsusedin
producing grapejuice concentrate. Such corrosion of
thesaid equipmentsshall resultin entranceof tiny metal
filingsinthefruitjuice.

Ustun and Tosun'®! studi ed the quantity of metals
in 11 samplesof grapejuice concentrate. Theleast and
most quantity of respective parameters, sudiedingrape
juice concentrate samples have been reported in detail
asfollows: Calcium: 50.86-206.13mg/100 g; Sodium
25.38-83.33 mg/100 g; Magnesium 11.03-68.31 mg/
100g; Phosphorus: 0-95.06 mg/100 g; iron: 2.62-16.30
mg/100 g; copper: 0.29-0.94 mg/100 g; Zinc: 0.18-
0.74mg/100g.

Artik and Velioglu? reported the quantity of the
respective e ementsin grape]uice concentrate asfol -
lows

Sodium: 25.4-83.2 mg/100 g; Phosphorus: 81-
95.06 mg/100 g; Potassium: 1470 mg/100g; Copper
0.29-0.94 mg/100g; Calcium 50.9-206/1 mg/100 g;
manganese: 11.03-68.31 mg/100 g; Magnesium: 140
mg/100g; iron: 2.62-16.30 mg/100g; zinc 0.18-0.74
mg/100g.

Batu® reported the quantity of Phosphorusingrape
juice concentrate between 28.7-652.2 mg/kg.
Karakayaand Artik!* reported the quantity of ironin
grapejuice concentrate for 0.3 mg/kg while the quan-
tity of iron (with an average of 115.74 mg/kg) ingrape
juice concentrate samples, subject of study far more
thanthesaid quantity.

Karakayaand Artik!*, Batu® reported the quan-
tity of potassumin varioussyrupsas1.160 mg/kg and
1.359-2.874 mg/kg respectively.

Ozturk and Oner?Y reported the quantity of cal-
cium and iron in grape juice concentrate as 0.084-
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0.086% and 0.005-0.01% respectively. The results
obtained from our studi es, indicatesthe quantity of ca-
cium (with anaverageof 116.68 mg/kg) and iron (with
anaverage of 115.74 mg/kg) morein grapejuice con-
centrate samples.

Zomorodi et a %, considering theeffect of darify-
ing agents on the quality of grape juice concentrate,
and through analysisof mineras, indicated that the ef-
fect of typeof trestmentson thequantity of suchmetals
ascalcium, zinc, manganese, copper andiron at level
of 1% and on magnesium at level of 5% hasbeensig-
nificant. Maximum gquantity of magnesium and | east
guantity of other metal's, which have been measured,
wererdated totreatment of syrup soil. Incresseof metd
elementsof fruit juice, especiadly whenthey aremixed
with phosphate and complicated mineral compounds
shall cause opacity of itscolor. Ironiscombined with
tanninsof fruit juice, producing bluedye. More quan-
tity of copper shall also cause opacity dueto protein-
tannin, especialy during stock period of thefruit juice.
Thequantity of iron and copper, which naturaly exist in
fruit juice, doesn’t cause opacity of the fruit juice. The
averageof quantity of ironand copper ingrapeisgiven
as 30 and 6.5 mg per kg respectively. Morequantity of
iron and copper isassoci ated with other resourcesrather
than fruit. Using respective equipments, which areat
risk of corrosion, shall lead to entrance of tiny metal
filingsat fruit juice. In order to prevent such oxidation,
the equipmentsused must beresi stant against oxidation
and corrosion®, |f metd ionsof grapejuiceare sepa-
rated using replacing cation resins, bright color of grape
juice concentrateiskept during preservation period™.

CONCLUSION

Thisresearch hasbeen conducted in order to pre-
vent theeffect of varioustreatsfor clarifier onthe quan-
tity of mineralson grapejuice concentrate. In consid-
eration of comparison of averages, theresults show
that maximum quantity of iron and copper has been
obtained from Gel atin-Bentonit-Silicasol treatment,
maximum quantity of zinc and magnesium has been
obtained from Gelatin-Bentonit treatment and maxi-
mum quantity of calcium has been obtained from treat-
ing Gelatin-Silicasol. Theleast quantity of ironand
calcium has been obtained from treating Bentonit, the
least quantity of copper and zinc has been obtained

from GJCStreatment and theleast quantity of mag-
nesium has been obtained from Silicasol treatment.
Such variableas manner of cultivation of grapes, vari-
etiesof grapes, environment, geographical region for
cultivation and type and compounds of soil of there-
gion, type and quantity aswell ascompounds of vari-
ousclarifier materials, used in producing grapejuice
concentrate and equi pment used in production arethe
most effective elements on quantity of elements of
grapejuiceconcentrate elements.
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