1011

Vol.56, n.6: pp. 1011-1017, No_vemb_er—Decgmber 2013 BRAZILIAN ARCHIVES OF
ISSN 1516-8913 Printed in Brazil BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Production of Grape Juice Powder Obtained by Freeze
drying after Concentration by Reverse Osmosis

Poliana Deyse Gurak™®, Lourdes Maria Correa Cabral® and Maria Helena Rocha-Le&d
Ynstituto de Quimica; Universidade Federal do R Jhneiro; RJ - Brasil’Embrapa Tecnologia de Alimentos -
RJ - Brasil. °Escola de Quimica; Universidade Federal do Rio @meiro; RJ - Brasil."Departamento de
Engenharia Quimica; Universidade Federal do Rio @ta do Sul; Porto Alegre; RS - Brasil

ABSTRACT

This study aimed to evaluate the freeze-drying ggedor obtaining grape juice powder by reverseassusing
50% grape juice pre-concentrated (28.5 °Brix) ar@b hydrocolloids (37.5% maltodextrin and 12.5% acab
gum). The morphology of the glassy food showedilisence of crystalline structure, which was the gumous
wall that protected the contents of the powder. Shmples were stored in clear and dark containdrsoam
temperature, evaluated for their physical (X-raffrdiction) for 65 days and chemical (polyphenol teo) stability
for 120 days. During the storage time in plasticsals, samples remained physically stable (amorghand the
phenolic concentration was constant, indicating pled¢entiality of this technique to obtain a stapleduct with a
high concentration of phenolic compounds. Thereftiie freeze-drying process promoted the encapeulaif
concentrated grape juice increasing its stabilitydashelf life, as well as proving to be an applieghrocess to food
industry.
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INTRODUCTION polyphenolics in this juice has increased the
interest in studying its behavior in various
Grape juice has many compounds with healthjndustrial processes. According to Houston et al.
energetic, nutritional and bioactive effects. Natur (2007), juice powder made primarily of multiple
antioxidants present in the grapes includdruits, vegetables and berries, is seen in a fdolera
anthocyanins and others flavonoids, which ardéight for the treatment of several cardiovascular
ubiquitously distributed in the vegetable kingdomdiseases. Rho and Kim (2006) studied the freeze-
as secondary plant metabolites (Paganda and Riarying used for powders fitis labruscana Bailey
Evans 1997). Many studies have suggested thgtapes, grape pomace and grape juice. When
ingesting phenolic compounds can help preveribcluded in male rats’ diet, it showed a possible
diseases (Scalbert and Williamson 2000; Park elelay of onset of various degenerative diseases
al. 2003; Houston et al. 2007; Spormann 2008uch as cancer, and of the aging process caused by
Russell et al. 2009). Since grape juice has almogte accumulation of free radicals in body cells.
three times the total polyphenolic concentration oEncapsulation by freeze-drying can be used in the
orange or grapefruit, there are large differencefood industry to protect the nutraceuticals by
between the classes of juice flavonoids (Russell @reventing the oxidation, reducing the losses of
al. 2009). The discovery of a high amount ofvolatile substances, making handling easier,
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facilitating or making more difficult the premature kinetics the first one, with higher reaction rate
interaction with other ingredients, and regulatingconstant, up to 45 — 60 days of storage, and the
food bioactive content during its industrializationsecond one, after this period, with lower
processes (Shahidi and Han 1993; Pothakamudegradation rate, with both temperature and water
and Barbosa-Canovas 1995). In addition, it keepactivity negatively affecting anthocyanin stability
them stable in storage at room temperature andintioxidant activity also decreased with the
ensures the release of an appropriate dosage iringrease of water activity, but was higher for the
gastric or intestinal pH (Andreev 2004). powders stored at 35°C. Maltodextrin 10 DE was
Depending on the encapsulation process usethe carrier agent that showed the best pigment
matrices present various shapes (films, spheregtotection and the highest antioxidant activity for
irregular particles) and various physical structureall the conditions studied. Other studies also
(amorphous or crystalline dehydrated solidshowed the benefits of the encapsulation process
rubbery or glassy matrix) that influence thefor the protection of food additives used as
diffusion of core or external substances (oxygerfunctional food. Zheng et al. (2011) produced
solvent), as well as food product stability duringbayberry microcapsules by a phase separation
the storage. In the food industry, the wall matsria method using ethyl cellulose as a coating material.
most used to encapsulate the nutraceutic&italua et al. (2010) produced beetroot juice using
substances include carbohydrates, cellulose and gsim Arabic as wall material; Bakowska-Barczak
derivatives, lipids, some proteins, and gumsand Kolodziejczyk (2010) produced black currant
(Shahidi and Han 1993). The hydrocolloids, sucimicrocapsules.

as maltodextrin and arabic gum, were choseduice power may act as a functional substance, a
because they are, among the wall materials, mosatural additive, a natural coloring, or as masking
commonly used by different encapsulationcolors and flavors, which do not correspond to the
techniques. Righetto and Netto (2005); Zhang etonsumers’ preference, among other applications.
al. (2007); Valduga et al. (2008); usedIn this context, the objective of this study was th
maltodextrins and arabic gum as the carrier agengsoduction of grape juice powder pre-concentrated
in the fruit juice encapsulation process. Accordindy reverse osmosis and evaluation of its capsules
to Valduga et al. (2008), who studied how towall behavior during the storage period.

produce a natural pigment (anthocyanin) from

“Isabel” grape bagasse powder with the use of

spray drying, the combination of maltodextrin with MATERIALS

arabic gum was the best choice among th
formulations studied. Similarly, Zhang et al. . Y .
(2007) showed that procyanidins extracted fro Vinho, Brazil; maltodextrin DE 20 fro.m the
the grape juice waste and wine productions wer OX-REX 1920 - Com Products, Brazl and

- . : o rabic gum from the Isofar-Micro Med - Ind. and
;nlrlgkr)?: n;ﬁﬁfu'atg& )\_N't.rllh;nalrt:t?s thfn éﬁgf ) Ci?g?lom. Prod. Quimicos, BraZil All other reagents
substance to wall material was 30:70 (w/w) anc!ijsed were analytical grade.
the content of the slurry was 20% (w/v). The
analysis of the product showed that the ETHODS
procyanidin microcapsule membrane was not
busted or pierced; proving the stability of theProduction of grape juice powder and water
products was improved. activity
There are other studies related to encapsulatioihole grape juice produced at the industrial
polyphenolic extracts. Tonon et al. (2010)processing unit of Embrapa Uva and Vinho was
evaluated during 120 days the anthocyanimised as raw material. The process of concentration
stability and antioxidant activity of powdered acaiby reverse osmosis was conducted on a batch fed
juice produced by spray drying using maltodextrirusing 20 L of juice. The module used was the type
10 DE and 20 DE, gum arabic and tapioca starcplate and frame (DSS), with a 0.65 permeation
as carrier agents. The samples were stored atea (membrane HR98PP - DDS, Denmark). The
different temperatures (between 25 and 35°C) arfuest process was at 50°C and 60 Bar (Gurak et al.
water activities (between 0.328 and 0.529)2010), giving a 28.5 °Brix concentrated juice. The
Anthocyanin degradation exhibited two first-orderevaluation of the concentrated juice quality

&rape juice was obtained from the Embrapa Uva e
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revealed that there was a proportionakputtered (Bal-Tec SC 050, Germany), and
concentration increase to the VCF (volumetriexamined by Jeol Scanning Microscope (JSM-
concentration factor) of physical-chemical ands310), operated at 15 kV with a working-distance
quality parameters assessed, such as the totdl10 mm.

acidity, intensity of color, anthocyanins content

and phenolic compounds (Gurak et al. 2010). Ifstatistical analysis

addition, the reverse osmosis pre-concentratethe results were statistical analyzed by the linear
juice was freeze-dried in a Labconco FreeZonelhodel analysis of variance (ANOVA) and Tukey
Freeze Dry System - model 740020 — under 4&est (p <0.05) for the main effects of storage time
mbar and - 47°C. The formulation used was 50%etween the matrices using software Microcal
of grape juice concentrated by RO (28.5 °Brix)Origin™ 7.0 version (Origin Lab Corporation,
and 50% of hydrocolloids (37.5% of maltodextrinNorthampton, USA).

and 12.5% of Arabic gum) as proposed by

Riguetto and Netto (2005). The solution of the

hydrocolloids and the concentrated grape juic:tBESU'-TS AND DISCUSSION

were mixed during 60 min and stored in an,
isolated container. This sample was then rapidl
iced with liquid nitrogen and immediately o
submitted to the freeze-drying process. Beside
reverse osmosis, freeze-drying process, during tr}:
different stages of the experimental procedure, tr}%i
water activity (A,) was measured (triplicate) in
Aqualab Series 3TE (Decagon Devices Ind.
Pullman, Washington, DL, USA).

roduction of grape juice powder

he grape juice pre-concentrated by reverse
smosis was freeze-drying with and without the
drocolloids; however, under the second
ndition, the powder was not obtained. The grape
ce drying process by spray-drier was difficult
due to its high sugar content. Valduga et al. (2008
turing anthocyanins spray-drying
microencapsulation observed losses of the core

: : material because a large part of was retaineden th
Evaluation of the phenolic compounds and X- ) :
ray diffraction in the grape juice powder walls of the drying chamber, which showed that

The powder obtained after the freeze-drying wa}%he freeze-drying process with the addition of

transferred to Falcdntubes and stored in clear and ydrocolloids was an interesting viable alternative
ghe humidity of the powder remained lower than

dark containers at room temperature. During th % and there was a significant increasing of 86%
storage period, the stability of the amorphou n the total solids content compared to the whole

surface and the powder were evaluated by X-ra rape juice (Table 1). The water activity decreased
diffraction and phenolic compound. The first wa from 0.98 to 0.43, increasing the product shelf lf

gf;:gggi;jelrjs'r;?;g&g?&?grdo'(cﬁézp ro_pozf:d Ei)é:]hsé.igniﬁcantly, reducing powder contamination by
resolutions, with a generator ID3000 Seifert), théhe i ngl_lc_:oorggnlsn:js_ tar_1df |3(_:r(3a3|tng their
powder samples were carefully pressed on doubl ppiicability as ingredients in food industry.

face tape covering aluminum trays and exposed S reports about the stability and water activity o
CuKx radiation { = 15418 A) at diffraction angles grape {UICQ po|¥vder have not beendreaorted,ththe
of 20, from 10 to 100°C (step size 0.05, time pelpresen resufts - were  compare o other
step 1.0 s) at every 15 days. The phenoli ncapsulated raw materlals. 'The' water activity of
compound content was analyzed every seven da fhconcEnérat?q greé;;halphlg_lajwce Wﬁ] addetd
(in triplicate) according to Singleton and Rossi. 'th maitodextrinand arabic gum. ese wo

(1965) and the result were expressed in gallic acil@grgdients were addgd_ in 'the same proportion
equivalent (g/kg). applied to the grape juice in the present work,

ranging from 0.21 in the spray-drying to 0.23 in
Scanning Electron Microscopy the freeze-drying. The microcapsules were 6.3 and
Scanning Electron Microscopy (SEM) was used td-0% humidity, respectively (Righetto and Netto
investigate the structure of the glassy food modef005). Barros and Stringheta (2006) reported that
and the morphology of the powder referredh® encapsulated anthocyanins extracted from
previously in this work. The dried samples wergViellinis minutiflorapresented the humidity of 4%

prepared through direct deposition on a conductiy@hen mixed with 30% maltodextrin, while the
carbon tape covering aluminum stubs, goldéombination of 25% maltodextrin and 5% arabic
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gum increased the powder humidity to 4.6%. Thehelf life stability during the storage on 50°C/0.5
freeze-dried samples of pomace containing, for two months.
anthocyanin and maltodextrin DE20 showed good

Table 1 -Water activity, humidity and total solids samplégmape juice in different steps submitted.

Samples a\é\{i%ti(ta; + Te”}?g;i‘t“re Humidity ' s-I(-)CIJiEjasIT
Grape juice 0.98 24.4 85.23 14.77
Grape juice pre-concentrated by RO 0.96 24.5 69.82 30.18
Grape juice concentrated by RO and hydrocolloids 930. 24.5 31.58 68.42
Powder 0.43 25.0 4.79 95.21
"Mean of three replications.
Scanning Electron Microscopy shaped microcapsules for the encapsulaed

Figure 1 shows x70, x1000 and x2000 zooms afarotene, which was produced by freeze-drying
the grape juice encapsulated. The close-up imagesocess. Farias et al. (2007) studied the
proved that it was possible to obtain an amorphousncapsulated alpha-tocopherol in a glassy food
structure that retained the core. The powdemodel applying rapid freeze and freeze-drying.
showed irregular structures of different sizes thathe results of these experiments were capsules
eventually formed aggregations, because theith a slightly smooth surface and a rather fragile
ground was dry in mortar. The physical reactiongnd porous structure due to cavities formed by ice
to speed up the degradation of the core materiatystal during the freezing process and the absence
were not detected. of crystalline structure.

Desobry et al. (1997) also obtained different

T
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Figure 1 - Scanning electron microscopy shown with differemdrms (x70, x1000 and x2000 times,
respectively) in encapsulated grape juice with guabic and maltodextrin.
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Evaluation of the phenolic compounds and X- peaks with much rustling, and no damage was
ray diffraction in the grape juice powder observed in the different conditions of storage.

The evaluation of the stability behavior of thelt is important to state that the X-ray diffraction

powder by the analysis of phenolic compoundrofile behavior in this work was similar to those

showed that there was no significant differenc@bserved by Cano-Chauca et al. (2005), which
(5% significance level) in the samples stored ashowed that the powders of the mango juices
room temperature in the clear or dark containersbtained through spray drying process using the
during 120 days (Fig. 2). However, black carrotcarries maltodextrin and arabic gum presented
microcapsules encapsulated by spray-drying amsurfaces of amorphous particles. Similarly, Farias
containing maltodextrin as wall material had theiret al. (2007), studying the encapsulation of the
amount of anthocyanin reduced to 33% at the eralpha-tocopherol in glassy food model matrix

of 64 days storage at 25°C (Ersus and Yurdageising the solutions of maltodextrin and gelatin by

2006).
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freeze-drying, showed that capsules remained
stable during 90 days storage at 25 and 35°C. The

40 o gfrir presence of amorphous material could be due to
SSL B3 A i the fact that during the drying process, the matteri
I H BB o) did not crystallize because the arabic gum had

high molecular weight and high viscosity that
increased the glass transition temperature, turning
the surface amorphous. Such change from this
state to crystalline state occurred above the glass
transition temperature (Cano-Chauca et al. 2005).
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Figure 2 - Analysis of phenolic compounds in grape
juice powder stored in clear and dark
containers during 120 days.

The analysis by X-ray diffraction showed the

presence of diffused and large peaks containing
amorphous material due to the fact that in the
amorphous state the molecules were disorderly
displayed, producing disperse bands whereas
crystalline materials yielded sharp and defined
peaks, since they were presented in a highly
ordered state (Cano-Chauca et al. 2005). The X-
ray diffraction spectrum showed the presence of
many rustling and peaks without definition or

uniform behavior, which was not characteristic of

crystalline samples. Figure 3 shows the spectrum
of the grape juice powder storage in clear and dark
containers at room temperature on the first day of
storage. The spectra of the samples stored for 22
and 45 days (data not shown) and 65 days (Fig. 4),
respectively showed the same profile and behavior

Intensity
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of Figure 3, i.e., the powder remained with NOsig e 3 - Spectra of the powder at room temperature
crystalline regions in the amorphous matrix as in clear (a) and dark (b) after freeze-drying.
confirmed by the presence of large, no-defined
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