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ABSTRACT KEYWORDS
Grapejuice concentrate isatraditional product of grape-harvesting areas Grapejuice concentrate;
of Iran which is generally produced from the year-end harvest of poor Clarifying agent;
quality. In order to examine the effect of different clarifying materials on Sail;
the quality of grape juice concentrate, a plan was executed using factorial Bentonite;
statistical method with completely randomized design. The first factor Silicasol;
wastypeof clarifiersin six levels, comprising grape juice concentrate soil Gdatin.

(GJCS), bentonit, silicasol, gelatin-bentonit, gelatin-silicasol, gelatin-
bentonit-silicasol; and the second factor was the quantity of clarifiers at
three levels with three replicate. Results of statistical analysis showed
that an increase in the quantity of GJCS decreased acidity of grape juice
concentrate and leaded to increasing pH, while an increase in other clari-
fiers concentration (bentonit, silicasol and gelatin) did not influence the
acidity and pH significantly. Bentonit and silicasol compared to GJCS,
significantly increased transparency and decreased turbidity of grapejuice
concentrate. Adding gelatin to bentonit and silicasol, compared to the
sole application of bentonit and silicasol, decreased the turbidity and
increased the transparency. Treatment with gelatin-bentonit-silicasol com-
pound leaded to a product with highest level of transparency (89.47%)
and lowest level of turbidity (8.48%). In grapejuice concentrate produced
viathistreatment, no crucial decreaseinimportant quality criteria; suchas
pH, acidity, protein, sugar, ash, brix and total dry material; was observed.
Finally, treatment of grape juice concentrate using a complex clarifying
agent containing 2% gelatin, 4% bentonit and 7% silicasol, is prescribed
in order to produce a clear and transparent product.

© 2013 Trade ScienceInc. - INDIA

INTRODUCTION of grapejuicetothebrix scaleof over 70-80%, inopen

containersor in vacuum, and without adding sugar or

Grape juice concentrate, with thelocal name of  other additives*2. Grapejuiceconcentrate containshigh
Dooshab, isatraditional product of grape-harvesting  volumesof natura sugar, minerals, vitaminsA, B,, B,
areasof Iran, produced from boiling and condensation  and C,organic acidsand antioxidants. It, therefore, plays
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animportant rolein thenutrition of variousagegroups,
especialy children and athletes*®. Grapejuice con-
centrateisquickly absorbed by the body asaresult of
itshighvolumeof digestiblemonosaccharide. Itis, there-
fore, useful for thoseweakened asaresult of achronic
disease or after undergoing amedical operatiol*37#l,
Grapejuice concentrate isarich source of chemical
elementsessentia to human body, such ascopper, zinc
andiron. Iron contained in grapej uice concentrate may
be useful inthetreatment of anemiapatients*. Clarifi-
cation ways of grapejuice concentrateare similar to
those of clarification of grapejuice. Infruit juiceindus-
try, clarificationisaunified processthat comprisesthe
elimination of undesired color, aromaand flavor; tur-
bidity; bitternessand gassy!™’!. Inthe processof clarifi-
cation, clarifiersare utilized which are combined with
charged particles of fruit juice such asprotein, pectin
and phenolic materialsand are consequently separated
fromtheenvironment. Usud clarifiersinfruitjuicein-
dustry arebentonit, gelatin and silicasol. Bentonitisa
kind of clay of montmorillonite group with the charac-
teristic of shallow absorption surficia absorption, and
affectsproteins, poly-phenolic materids, meta ionsand
therest of thetoxicg™. Thesolubleproteingdatinis
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 compoundg 1,

This study also made use of a certain white soil
caled grapejuice concentrate soil astheclarifier mate-
rial 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
trestmentson the phys cochemica and rheol ogical char-
acteristicsof pomegranatejuice. Ra et d. (2007) sud-
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.
EhteshamiM oeinabadi et a. (2005) used sodium car-
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bonateto reduceacidity and bentonit asclarifier in pro-
ducing gragpejuiceconcentrate. The present Sudy aimed
to andyzetheeffect of different clarifiersonthequdity
of the grapejuice concentrate produced.

MATERIALSAND METHODS

Materials

Grape (Razeghi variety) was harvested from the
gardensof Nazloochay digtrictin Urmia. Materia used
for clarificationincluding bentonit (SIHA, Paranit Na-
Cabentonit), glatin (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-
tained from the grapej uice concentrate producers’ ba-
zaarinUrmia

Methods

(a) Production of grapejuiceconcentrate

Fifty four samplesof grapejuice concentrate (in-
cluding six treatmentsin threelevelsand threerepeti-
tions) produced around early October 2011 inthere-
search center of minigtry of agricultureinUrmia(TABLE
1). For each sample, about 5 liters of grape juice
squeezed from 10 kg of grape by ajuicer (Toshiba,
Japan), and the pH, acidity and brix of thejuiceswere
measured.

GJCSreducesacidity and diminatesmateria sblur-
ring thegrapejuice. The soil wasfirst dissolved into
part of grapejuice and then added to the sasmplesand
wasthoroughly mixed. After 2-3 hours, grapejuice con-
centrate cracksonthe 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
(425 g/5litersof grapejuice) tothefina pH=8.5. Then
thedarifying agentswereadded and thejuicewasseved
by apieceof percdeafter 30 minutes. All sampleswere
finally transferred to the cooking section and concen-
trated to brix=704+2.

(b) Physicochemical and microbiological analysis
of grapejuiceconcentrate

The solid material in the solution (brix) was mea
sured by adigitd refractometer (Ceti, Belgium)equipped
with temperature modifieri*®l. Tota solid matter (dry
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extract) was measured at 70°C, under pressure less
than 250 mm/Hg, invacuum oven(Memmert, Garmany),
andtotal ashwasmeasured, usingan electrical furnace
(Barnstead Thermolyne F6000, Germany)in 550°C. pH
was measured by pH-meter (WTW 720, Germany)
andtotd acidity wasmeasured by titration method. Also,
total sugar, reducing sugar and sucrose were deter-
mined, using Lane-Eynon method with Fehling’s solu-
tion; fat, raw fiber and protein content of the samples
weredetermined by digital Soxhlet extractor (Buchi,
Swiss), Fibertec (Foss, Swede) and digital macro-
Kjeldahl (Buchi, Swiss)respectively9. To determine
the color, transparency and turbidity, grapejuice con-
centrate diluted up to brix=12 degreeswith distilled
water, and then the transparency and color of the
sampleswererespectively determined by measuring the
transmission of light in 625 and 440 nm using spectro-
photometer (Uv-VisbleVarian, Augtrdia) and turbidity
measured with turbidimeter (Wagtech, England). Tota
bacterid, mold & yeast, coliformsand acidophilusbac-
teriacountswere determined using plate count agar
(PCA), Y GC agar, Crystd Violet Neutral Red Bile Glu-
coseAgar (VRBA) and orange extract agar respec-
tively2l.,

TABLE 1: Clarifying agentsused in grapejuice concen-
tration.

Treatments®  Clarifying agent Concentration
Tia Sail 3(g/100ml)
Tis Sail 4(g/100ml)
Tic Sail 5(g/100ml)
Ton Bentonit 4(g/lit)
Tos Bentonit 5(g/lit)
Toc Bentonit 6(g/lit)
Tsa Silicasol 5(mli/lit)
Tss Silicasol 6(ml/lit)
Tac Silicasol 7(ml/lit)
Tan Gelatin + Bentonit ~ 2(g/lit) + 4(g/lit)

Tas Gelatin + Bentonit ~ 2(g/lit) + 5(g/lit)

Tac 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)

Tena Gelatin + Bentonit ~ 2(g/lit) + 4(g/lit)
+ Silicasol + 7(ml/lit)

Tes Gelatin + Bentonit ~ 2(g/lit) + 5(g/lit)
+ Silicasol + 6(ml/lit)

Tec Gelatin + Bentonit ~ 2(g/lit) + 6(g/lit)
+ Silicasol + 5(ml/lit)

aall treatments done in three replicate.

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
ANOVA test. The medians were compared through
LSD test at p< 0.05.

RESULTSAND DISCUSSION

Effect of clarifying agent on physico-
chemicalproperties
(@) pH and acidity

Analysisof grapejuice samplesfor pH and acidity
showed these parameters respectively equal to
3.56+0.01 and 0.59+0.01. Concentration of grape juice
led to significant changesin these propeties. Figure 1a
and 1b show pH and acidity of grapejuice concentrate
samples produced by different clarifying agents. Ac-
cordingtothesefiguresthereisno Sgnificant difference
between pH and tota acidity of different treatments (p<
0.05). Theanaysisof mediansshowsan increasein
pH and adecreasein acidity of the samplesasaresult
of increasing the GJCS content. But theincreasein other
materia sdid not haveasignificant effectinpH and acid-
ity. GICSisan akali agent (pH=8.5) which reduces
theacidity of the grapejuicesignificantly, whileother
filter-aid materials are chemically neutral (bentonit
pH=7.3, gelatin pH=7.1 and silicasol pH=6.8) and
therefore have no effect on the acidity and pH.

Intheacidity neutralization stage of grapejuice, tar-
taric acid changesinto insoluble calcium tartrate and
removed from thejuice after being deposited and sev-
ing stage. Overdl, among different treetments, thelow-
est pH belongsto GJCStreatment becauseof itsalka
linenature. Our findingsarein conformity withthere-
sultsof Zomorodi et d. (2002) and Badiri (2007). Also,
Rai et d. (2007) anayzed the effect of filter-aid mate-
rial on mosambi orangejuice. Bodbodak et al. (2009)
andyzed variousclarification agentson phys cochemi-
cd andrheologica characterigticsof pomegranatejuice.
Both Rai et a. and Bodbodak et a. observed no sig-
nificant changesin pH. Oszmianski and Wojdylo (2007)
a sodid not report asignificant changein theacidity of
applejuicesampleswhilestudying thetraditiona method
of juicedarification.
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So: Soil, Be:Bentonit, Si: Silicasol, Ge: Gelatin; Different letters on bars differ significantly (P<0.05, n=3). Different treat-
mentsrefer to TABLE 1.
Figure1: Effect of typeand quantity of clarifierson quality of grapejuiceconcentrate: A: effect on pH; B: effect on total
acidity; C: effect on transparency; D: effect on turbidity; E: effect on color, F: effect on protein content.

(b) Brix, dry material and sugar content

AccordingtoANOVA analysistherewasno sig-
nificant difference between brix and dry materid of GJIC
produced using different clarifiers(datanot shown). The

mean value for brix of grape juice samples was
23.1+0.37 which increased to 71.1-72.8 afted con-
centration using different clarifiers. The sugar content
of GJC samplesdiffered statistically (datanot shown);
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with thehighest concentration (72.6%) inthetreatments
T, and T, andthelowest concentrationin T, (70.4%).
Bodbodak et a. (2009) studied the effect of different
clarifying agents on physiochemical and rheological
properties of pomegranatejuice and saw no significant
difference in solid material in different treatments.
Gockmen at . (2001) reported similar resultswhile
claifyinggpplejuiceusing different clarifiers.

(c) Total ash

ANOVA test showed no significant difference be-
tween ash content of different treatments (data not
shown) (p> 0.05). The ash content of GJC samples
was between 0.91-0.98%.

(b) Fatand raw fiber

Thequantity of fat and raw fiber wasreported nil in
all trestments, which indicatesthat thebasic material
(grapejuice) and dlclarifiersdo not containfat and raw
fiber (datanot shown).

(e) Transparency

ANOVA test showed asignificant difference be-
tween different treetmentsin termsof trangparency (P<
0.05). Trestment with gelain-bentonit-slicasol resulted
to the clearest product (T, . = 89.47%) while the
transparency of the samplestreated with GJCSwas at
least (T, . =73.47%). By increasing thesoil concen-
tration, the product transparency increased (Figure 1¢)
dueto colloidsand impurities separation.

Asboth bentonit and silicasol have negative el ec-
tric charge, they can floccul ate positively charged com-
pounds (such as proteins). Colloidal materials and
agents that make the grape juice opague are mostly
positively charged particles. In addition, thesetwo com-
pounds bind phenolic materials via surface absorp-
tion1°23, Also, Triberti and Castinor (1992) showed
that bentonit decreased flavonoid compoundssuch as
tannin.

Addition of gelainto clarifying agent complex had
asynergisticeffect in clarification. Gdatinwith postive
charge absorbs negative-chargemateridslike phenolic
compounds, tannins and pectin while silicasol and
bentonit absorb materials with positive charged®!.
Bravo et a. (1991) showed that the combination of
gdatin-bentonit reduced phenolic materids, which con-
firmsthefindings of the present study. Thetreatment
containing 2% gel atin-4% bentonit-5% s licasol hadthe

most transparency (T, ., =95.57%). Thisresultisin
conformity with those of Zomorodi et al. (2002),
Bodbodak et d. (2009), Rai et d. (2007) and Gockmen
et al. (2001). Figure 1c showsthe effect of type and
quantity of clarifierson thetransparency of grapejuice
concentrate.
(f) Turbidity

ANOVA test showed asignificant difference be-
tween different treetmentsin termsof turbidity (P<0.05)
inaway tha gdlatin-bentonit-silicasol treetment had the
least turbidity (8.48. NTU), and the GJCS treatment
had themost turbidity (25.062 NTU). Themost opaque
GJC belonged to treatment containing 3% GJCS
(34.293 NTU) whiletheclearest sampleproduced us-
ing 2% gel atin-4%bentonit-7%silicasol (3.327 NTU).
Figure 1d showstheeffect of typeand quantity of clari-
fiersontheturbidity of grapejuice concentrate.

(g) Color

ANOVA test showed asignificant difference be-
tween color intengity of different trestments (p< 0.05).
Thedarkest GJC produced in treatment containing 3%
GJCS, and the brightest one produced by clarifying
complex containing 2% gelatin-6% bentonit-5%
slicasol. Accordingto Figure 1e, anincreasein GJCS,
bentonit and silicasol significantly decreasescolor in-
tensity and brightens GJC. GJCS, bentonit and silicasol
have ahigh absorption potential and reduce pigments
withsurficid absorption method®. Molinaetd. (1995)
showed that bentonit reduces color intensity and the
quantity of pigments. Also, Triberti and Castinor (1992)
showed that bentonit reduced thecolor intengity of wine,
which confirmsthefindingsof the present study. Inan-
other hand, positively charged gl atin floccul ates phe-
nolic compounds. Bravo et al. (1991) showed that the
combination of gelatin-bentonit reduced free anthocya
nins (reduction of pigments). Moreover, Gockmen et
al. (2001) studied on clarification of applejuiceand
found that traditiona clarification using gdlatin-bentonit
complex reduced phenolic compounds, which confirms
thefindingsof the present study. The highest reduction
ratein color intensity was gained in trestment contain-
Ing 2%0gel atin-6% bentonit- 7% slicasol whichisdueto
asynergitic effect in theelimination of phenolic com-
poundsand pigments. Bodbodak et a. (2009) studied
different darification treetmentson physochemicd and
rheologica propertiesof pomegranatejuiceand indi-
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cated that gelatin-bentonit-silicasol complex reduced
23% of thetotal anthocyanins.
(h) Protein

ANOVA test showed significant differences (p<
0.05) between protein content of different treatments.
Thehighest protein content gained in grapej uice con-
centrate treated with soil (1.59%) and thelowest pro-
tein content bel onged to grapej ui ce concentratetrested
with bentonit (1.29%). However increasing the soil con-
centration reduced the protein content of the samples.
This may be dueto the soil ability to absorb protein
compounds. In treatments containing bentonit and
silicasol, gelatin-bentonit and gelatin-silicasol, asthe
quantity of bentonit and silicasol increase, the protein
content of the samplesdecreased. Bentonit and silicasol
have negativedectric charges and the spectacul ar abil-
ity to combinewith positively charged proteing®29,
Molinaet d. (1995) used bentonit suspensionto clarify
red wine and showed that bentonit reduced the pro-
tein. Accordingto Figure 1f, treating thegrapejuice by
solebentonit or silicasol compared to gdl atin-bentonit
and gelatin-silicasol complexesleaded to greater de-
creasein protein content of thefina product. Therea-
son may bethe competition between positively charged
gelatin and proteinto combinewith negatively charged
bentonit and silicasol. Thetreatment containing 2% gela
tin-4% bentonit-7% silicasol leaded to highest protein
content in comparison to other triple complexes. Treat-
ment with gel atin-bentonit-silicasol complex reduces
protein content of final product effectively morethan
treatment with gel atin-bentonit or gelatin-silicasol. The
reasonistheincreasein density of negative charge due
to simultaneous use of bentonit and silicasol, and in-
creaseinthegpeed of reaction between bentonit-glicasol
and protein9,

CONCLUSION

According to thefindings, treatment of GJC with
gelatin-bentonit-silicasol complex resulted to clearest
(89.47%), | east opaque (8.48%) and brightest sample
compared to other treatments. Thistreatment did not
affect agnificantly thequditative characteristicsof GJC
such aspH, acidity, protein, carbohydrates, ash, brix
andtotal dry materids. Finaly, production of GJC us-
ingdarifying complex including gelatin 2%%-bentonit 4%,
slicasol 7%isrecommended.
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