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GENERAL ABSTRACT

INTRODUCTION. Grugru palm Acrocomia aculeataJacq.) Lodd. Ex Mart.) is
native to the savannas, open woodlands and ‘cesradatropical America. Several
products can be obtained from such palm, espectadyruit pulp with great nutritional
potential once it is a natural sourceed¢arotene, vitamin A and minerals. Grugru palm
fruits can be consumed fresh or in powder formy tten also be used as raw material
for formulations many products formulations. Thevder can be obtained by different
drying techniques, but some of these processes aalarge quality loss (nutritional
and sensory) in the final product. For this reasmowing the properties of the grugru
palm pulp and powder is important for adding valee the regional fruits and
approaching the drying processes for better coatien; development of products and
preparation of various types of food.

AIMS. Application of two drying processes, lyophilizatiamd oven dehydration in
order to obtain grugru palm powder, carry out ptaisiand physicochemical
evaluations, determine bioactive components and patp and powder hygroscopic
behavior to finally evaluate the stability of quwliparameters for the dehydrated
product stored for 120 days in different packages.

MATERIAL AND METHODS. The grugru palm fruits were harvested in the Amrip
Plateau of Cariri area, State of Ceara, Brazil, weth taken to the Laboratory of Food
Quality Control and Drying of Federal University @feara (UFC) the fruits were
selected according to both ripeness and sanitg tatbe soon sanitized and peeled, the
pulp was then set apart by the use of a knife amdlsss steel. All the obtained pulp
was homogenised, grinded and divided in plastickpges containing 100g pulp.
Initially, the product characterization was coneuakctconcerning respiratory rate,
physical, chemical and mineral analysis. Later the analyses on the pulp were
performed, handled to form two types of pulp: im&goulp (IP) and pulp with 8%
maltodextrin (MP). Four grugru palm powders werepared using the following
processes: oven drying with air circulation at €&for 25 hours, without maltodextrin
(T1) and with 8% of maltodextrin (T2); lyophilizatt for 25 hours, without
maltodextrin (T3) and with 8% of maltodextrin (T4hysical analyses were conducted
on: water activity, color, adsorption isothermsgioscopicity and degree of caking;
Physcochemical analyses were conducted on: moijspitte tritable acidity, soluble
solids; Bioactive components: total phenolic, yellffavonoids, vitamin Cp-carotene
and vitamin A. While studying the stability of qitglparameters, each treatment was
placed in different packages: plastic - P; lamidate; laminated and vacuum closed -
LV. Subsequently, the packages were stored at tearperature (£ 25° C) for 120 days
and analyzed every 30 days for the following deteations: moisture, water activity,
color, B-carotene, total phenolics and yellow flavonoidsatdd were statistically
analyzed through the analysis of variance (ANOVHje differences between the
averages were determined by the Tukey test at S¥%apility.

RESULTS AND DISCUSSION. The fresh fruit evaluation revealed a respiratiate r
of 74.45 ml CQ.kg™ h™. High levels of sugars, soluble solids, pH, #pids and
carotenoids were found; however, the pulp showedlé&vels of acidity, moisture and



ashes. Potassium (K) presented the highest coritdiotved by magnesium (Mg) and
calcium (Ca); zinc (Zn) showed the lowest contéltte results also showed high
contents off-carotene and vitamin A, high levels of water atgiand soluble solids,
low level of moisture and acidity in the grugru papulp, characterizing it as a sweet
product. The pulps in this study showed an orargercand the IP showed a more
intense orange color than that from MP. The T3 Bhdreatments presented the highest
levels of the bioactive compounds: phenolics, vital@, p-carotene and vitamin A,
indicating that lyophilization was better in holdithese compounds. However, both T1
and T2 levels of flavonoids showed higher valuemtthose of T3 and T4. The best
treatment in reducing moisture and water activty) (vas T3, but all drying methods
reduced moisture ang, devels, thus providing the inhibition of microbigtowth. The
T2 powder showed the darkest L* parameter, andchitematicities a* and b* of T3
presented the most saturated yellow color followgdT4, revealing more attractive
colors. The adsorption isotherms results showetldthanodels studied were fitted to
the grugru palm powder dehydrated in oven and Iyizahion. The adsorption
isotherms were classified as Type Ill. The valumshlygroscopic behaviors were 6.39
and 5.17% and for degree of caking were 3.11 ad8%.for T1 and T2, respectively.
The values for hygroscopic behaviors were 7.68 @B6% and for degree of caking
0.33 and 0.09% for T3 and T4, respectively. The GABdel was the best at
representing isotherms behavior in T1 and T3, &edQswin model in T2 and T4. For
the stability study on bioactive compounds anddbality parameters for grugru palm
powder analyzed each 30 days during 120 days odigoat room temperature (x 25°
C), the following results were obtained: the maistaontent and water activity for all
treatments and packages presented a gradual iacmasept for water activity in T1
and T2 packed in LV. At the end of 120 days of ager, all treatments stored in plastic
bags (P) and T1 stored in laminated packs surpabsadaximum moisture allowed by
the legislation. In the color evaluation, T1 show#d most visible changes in
brightness (L*) at the end of the experiment. Théugs for -a* coordinate were low,
presenting a grayish hue for the powder; this coatd showed no significant decrease
during the storage period. The chromaticity +b*wad a yellow hue for the powder for
all treatments, being T3 and T4 more saturated thhrand T2. The dehydration
method affected the content pfcarotene: T3 and T#-carotene concentrations were
higher than those from oven dehydration (T1 and a@dther factor that influenced the
[-carotene content was the addition of maltodexfaring the storage period, tifie
carotene has degraded regardless of both treatarahtpackaging. The phenolic
contents presented a decrease at the end of tlagetperiod. All treatments showed a
slight fluctuation in the flavonoids values andagse at the end of 120 days of storage.

CONCLUSIONS. The grugru palm fruit has a high respiratory rétteyrefore the pulp
processing is recommended in order to increaspritauct shelf life. Grugru palm pulp
proved to be a sweet fruit, presenting low acidiggnge color and excellent levels of
bioactive components, particularly the level$afarotene. The adsorption isotherms of
grugru palm powders can be classified as TypeThis powder is regarded as a non-
hygroscopic and non-caking product. The best drymmgcess in this study was
lyophilization. The best conservation of grugrunpgbowder at room temperature (+
25° C) is lyophilization without maltodextrin (T@nd storage in laminated and vacuum
closed packages (LV). This way, grugru palm candgarded as an alternative for food
enrichment and supplement.
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RESUMO GERAL

INTRODUCAO. A palmeira da macauba¢rocomia aculeatfJacq.) Lodd. Ex Mart.)

€ nativa das savanas, cerrados e florestas abdata&mérica Tropical. Diversos
produtos podem ser obtidos a partir desta palmeéastacando-se a polpa do seu fruto
que apresenta um grande potencial como alimentdivaitpor ser fonte natural d&
caroteno, vitamina A e minerais. A macauba podesesumidan naturaou na forma
de pd, sendo que este pode ser utilizado como iagiéma nas formulacdes de
diversos produtos. A obtenc&o do p6 pode ser & partliferentes técnicas de secagens
sendo que alguns destes processos causam gram#e n@equalidade (nutricional e
sensorial) do produto final. Por este motivo, ohmmmimento das propriedades da polpa
integral e do pé da polpa de macauba é importaata p valorizagcdo dos frutos
regionais, além de abordar os processos de secagean melhor conservacéo,
desenvolvimento de ingredientes e preparo de digdigos de alimentos.

OBJETIVOS. Aplicacédo de dois processos de secagem, liofilz&céesidratacdo em
estufa, para obtencdo dos pdés de macauba e awvalifigi&a, fisico-quimica,
componentes bioativos e comportamento higroscoga® polpas e poés, e avaliar a
estabilidade dos parametros de qualidade das pdgmdratadas durante 120 dias de
armazenamento em diferentes embalagens.

MATERIAL E METODOS. Os frutos de macauba foram colhidos na Chapada do
Araripe na Regido do Cariri — CE nos meses de dex@d2010 a marco/2011 e
encaminhados ao Laboratério de Controle de Quadiabed Alimentos e Secagem da
Universidade Federal do Ceara - URZ frutos foram selecionados de acordo com o
grau de maturidade e sanidade e depois higienizaataso descascamento, em seguida,
a polpa foi separada com auxilio de faca de acwidavel. Toda a polpa obtida foi
homogeneizada, triturada e separadas em embalgigstecas contendo 100 g da
polpa. Inicialmente foi realizada a caracterizad@ofruto, no que concerne a: taxa
respiratoria, andlises fisico-quimicas e minerabst&iormente, foram realizadas
analises nas polpas, as quais foram separadasisrot@s: polpa integral (PI) e polpa
com adicdo de 8% de maltodextrina (PM). Foram etdss quatro pos da polpa de
macauba pelos seguintes processos: secagem ema@stutirculacdo de ar a 65°C por
25 horas: T1 (sem adi¢ao de maltodextrina) e Téh(adicdo de 8% da maltodextrina);
secagem em liofilizador por 25 horas: T3 (sem adigd maltodextrina) e T4 (com
adicdo de 8% da maltodextrina). Foram realizadatisas fisicas: atividade de agua,
cor, isotermas de adsorcdo, higroscopicidade e geawaking fisico-quimicas:
umidade, pH, acidez titulavel, solidos solUveisnponentes bioativos: fendlicos totais,
flavonoides amarelos, vitamina (-caroteno e vitamina A. Para o estudo da
estabilidade dos parametros de qualidade, cadameato foi acondicionado em
diferentes embalagens: Plastica - P; Laminada Laneinada com fechamento a vacuo
- LV. Posteriormente, foram armazenadas em temperambiente (x25°C) por 120
dias e analisadas a cada 30 dias, realizando-segaintes determinacdes: umidade,
atividade de agua, cof-caroteno, fendlicos totais e flavonoides amaréls.dados
foram analisados estatisticamente por meio da sndle variancia (ANOVA), e as
diferencas entre as médias foram determinadas fste de Tukey a 5% de
probabilidade.
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RESULTADOS E DISCUSSAO.A avaliacdo da fruta fresca demonstrou uma taxa de
respiracdo de 74,45 mL GKg™' h'. Teores elevados foram encontrados para os
acucares, solidos soluveis, pH,, dipidios e carotendides totais, no entanto a golp
apresentou baixa acidez, umidade e cinzas. O jpoi&gsfoi 0 mineral de maior valor
encontrado, seguido do magnésio (Mg) e do calca&),(§endo o zinco (Zn) o mineral
de menor teor. Os resultados obtidos para as pdipasacauba apresentaram elevados
teores nas concentracdes fdearoteno e vitamina A, demonstrando baixa umidade
acidez, um elevado,ae teor de sdlidos soluveis, caracterizando-se com@roduto
adocicado. As polpas deste estudo apresentaramacédto laranja, sendo que a Pl
apresentou uma coloragao laranja mais intensa dgM.a0s compostos bioativos dos
pos dos tratamentos T3 e T4 obtiveram os maiomgsdalos fendlicos, vitamina @,
caroteno e vitamina A, mostrando que a liofilizagéo melhor na retencdo destes
bioativos. Entretanto os teores de flavonodides &seT T2 apresentaram valores
superiores aos T3 e T4. O tratamento que melharzreda umidade eyafoi o T3,
entretanto para todas as secagens realizadas favtidos teores de umidade @ a
reduzidos, proporcionando a inibicdo do crescimemtyobiano. O p6é que apresentou
0 parametro L* mais escuro foi o T2, e as cromddides a* e b* o T3 foi 0 que
apresentou a cor amarelo mais saturada seguido4daldmonstrando assim uma
coloracdo mais atrativa. Os resultados das isotemeaadsorcdo demonstraram que
todos os modelos estudados se ajustaram aos puadddba desidratados na estufa e
no liofilizador. As isotermas de adsorcdo foramssificadas como do Tipo lll. Os
valores obtidos para higroscopicidade foram: 6,3®184% e grau deaking 3,11 e
0,03% para o T1 e T2, respectivamente. Os valdredas para higroscopicidade foram
7,68 e 6,86% e grau @aking0,33 e 0,09% para o T3 e T4, respectivamente. @eloo
GAB melhor representou 0 comportamento das isotenpaaa os pés Tl e T3, e 0
modelo Oswin para o T2 e T4. No estudo da estaloiéddos compostos bioativos e
parametros de qualidade dos pés da macalba amwalisdurante 120 dias de
armazenamento em temperatura ambiente (x 25°C)mfoohtidos o0s seguintes
resultados: A umidade e atividade de agua durartanpo de armazenamento, para
todos os tratamentos e embalagens, obtiveram unerdangradativo, exceto para a
atividade de agua nos T1 e T2 acondicionados naslagens LV. Ao final dos 120
dias de armazenamento, todos os tratamentos arathena embalagem plastica - P e
o tratamento T1 embalagem - L extrapolaram o mé&yermitido pela legislacdo para
a umidade. Na avaliagao da cor, o T1 foi o tratdmene apresentou alteragbes mais
visiveis em sua luminosidade (L*) das amostradigal do experimento. Os valores
encontrados para a coordenada -a* foram baixos,on&mando uma tonalidade
acinzentada no po, essa coordenada sofreu umadmeddp significativa durante o
tempo de armazenamento. A cromaticidade +b* do @déndcaluba em todos os
tratamentos apresentaram tonalidade amarela, sen@8 e T4 sua cor mais saturada
em relacdo ao tratamento T1 e T2. O tipo de ddsighia influenciou na quantidade do
B-caroteno, os tratamentos T3 e T4 apresentararasteoaiores em relacdo aos pos
secos em estufa T1 e T2, outro fator que influanoesta determinacéo foi a adicdo da
maltodextrina. Durante o tempo de armazenamenfacaroteno sofreu degradacéo
independente do tratamento e embalagem utilizadeen@po de armazenamento em
cada tratamento demonstrou uma reducéo dos temsdemblicos ao final dos 120 dias.
Todos os tratamentos apresentaram uma leve osritags valores dos flavondides e
aumento ao final dos 120 dias de armazenamento.
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CONCLUSOES. O fruto possui alta taxa respiratéria e, desta érrecomenda-se
processamento das polpa para aumentar o tempalaéili do produto da macauba. A
polpa da macauba demonstrou ser adocicado, de aeictez, de coloracéo laranja e
com excelentes teores dos componentes bioativaos,destaque para os teoresfde
caroteno. As isotermas de adsorcéo dos pés da beg@madem ser classificados como
do Tipo lll. A macauba em pé é classificada comoproduto ndo higroscépico e nao
formador decaking O melhor processo de secagem deste estudo @lizaag@o. A
melhor condi¢do de conservacdo do p6 da macaubatduw tempo de armazenamento
na temperatura ambiente (£25°C) € a liofilizacam selicdo de maltodextrina (T3) e
armazenamento na embalagem laminada a vacuo (L&staldorma, a macauba pode
ser considerada uma alternativa para o enriquetimda dieta e suplementacao
alimentar.

Palavras chavesAcrocomia aculeatasecagem, liofilizagag-caroteno.
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Abstract

Studies are needed to know the grugru paktrdcomia aculeatapotential for food
industry. This study aimed to characterize phydienaical quality and minerals in the
mesocarp (pulp) of grugru palm. Grugru palm frditsm NE Brazil production area
were collected and analyzed. The determinationfudied: respiratory rate, sugars,
soluble solids, pH, titratable acidity, humidityater activity (&), ashes, protein, lipids,
total phenolics, total carotenoids, vitamin C, cadmd minerals. The fruit respiration
rate was 74.45 mL C&kg! h™. High levels were found for sugars, soluble soljuis,
aw, lipids and carotenoids; however, the pulp shiblegv acidity, moisture and ashes.
The values found for lipids, minerals and vitamirai@ equivalent to those observed in
the literature. The grugru palm fruit has a higte raf respiration, which turns necessary
the use of conservation techniques and methods.gfingru palm fruit pulp shows
physical quality parameters attractive to the camsy physicochemical quality and
nutritive composition which can be considered food ingredients and alternative
source of ingredient for supplementation of dietddor needy population.

Key words: Grugru palm Acrocomia aculeata mesocarp, minerals, carotenoids,

flavonoids.
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1. Introduction

The grugru palmAcrocomia aculeatdJacq.) Lodd. Ex Mart.) is native to the
grasslands, savannahs and open forests of trofmcatica, and in some areas occurs as
dense populations [1]. According to Henderson et[2], the Acrocomia aculeata
(Jacq.) Lodd. ex Mart. has several synonyms, antlogign areAcrocomia intumescens
Drude andAcrocomia sclerocarpMart.

In Brazil, these palms can be found abundantlyhin states of Ceara, Minas
Gerais, Mato Grosso, Mato Grosso do Sul, Sdo P&almna, Santa Catarina and Rio
Grande do Sul [3]. The common name of this palmeddp on the region that is found
as: Mbocaya (Argentina); totai (Bolivia); corozo o{@mbia, Venezuela); tamaco
(Colombia); Coyol (Costa Rica, Honduras, Mexico)Blrazil, it is known as bocailva,
chiclete-de-baiano, coco-baboso, coco-de-catarroco-de-espinho, macacauba,
macaiba, macaibeira, macajuba, macauba, macaleajanmucaja e mucajaba [4].

The family of palm trees has great importancehm tropical region due to the
large variety of products obtained, especially ¢hadated to its fruits and seeds, being
a major source of resources for food, homemade aimedi, fuel, house rooftop,
cooking utensils, household decorations and alsavasnaterial for local industries [5].

The fresh pulp is directly consumed or used tadpee flour that can be used
within drinks, candies, ice creams, custards, Gaja@ss and porridges; it has a sweet
and mucilaginous taste. It can be consumed freslbaked in soft drinks. It can also be
used for oil extraction with characteristics simiia that of oil palm, besides its almond
which produces a thin oil [6].

Ramos et al. [7] demonstrated in their researetptitential of grugru palm pulp
to enrich diet regional programs as a supplemdotal, being a natural source pf
carotene and vitamin A as well as the minerals eggmtassium and zinc.

Thus, the utilization of grugru palm pulp in prepg various foods can be an
income alternative for rural communities. Thereforefacing the need to value foods
prepared with palm tree fruits as grugru palm agekimg for a better understanding of
their nutritional potential and quality, the currestudy aimed to characterize

qualitatively the grugru palm mesocarp (pulp).
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2. Materials and Methods

Grugru palm fruits were harvested in the Araripatéau, Cariri region, Ceara
State, Brazil, and taken to the Laboratory of F@@ahlity Control and Drying for
selection and sanitization; they were subsequemgted and pulped for analysis of the
mesocarp. About five kilograms of ripe fruits wereserved after selection and
sanitization for determining the respiration rate.

The determination of respiration rate was perfatrag described by Brackmann
et al. [8], where in the fruits were packed in hetigally sealed glasses with three liters
capacity, and after two hours approximately theceatration of CQ was determined
through a gas analyzer (OXYBABY® WITT, SUNNYVALLBYitten, Germany).

The determination of lipids was performed by dirextraction with petroleum
ether as solvent in a Soxhlet extractor for sixrepaccording to the method 963.15 [9].
The protein concentration was determined by udnegtotal nitrogen conversion factor
of 6.25, in Kjeldahl technique, according to thetmogl 991.20 [9]. The ashes (stable
mineral residue) were determined by gravimetrichoét(930.22), in a calcination oven
at 550 °C [9]. The determination of sugars was mhd=igh the calorimetric method of
3,5-dinitrosalicilic (DNS), as by described Millgr0], using a 0.2 mL samples, which
were diluted in 1.3 mL water and added the DNSeagghen, it was taken to warming
for 100 °C for analysis of the compound absorbaidi0 nm.

The moisture content was determined gravimetgical105 °C in an oven until
constant weight according to the technique desdrilyelnstituto Adolfo Lutz [11]. The
water activity (@) was determined by a portable measurer (AqualLaBf@sEq,
Washington, EUA). The pH level was performed by aeptiometer, following the
method described by AOAC [9], number 31.1.07. Titratdble acidity was determined
through NaOH (1 mol &) until pH 8.1 was reached. The soluble solids weeasured
by a digital refractometer (Atago, Pocket-pal modrhsEq, Tokyo, Japan) with scale
from 0O to 35° Brix [12].

The total phenolics were extracted and determinesplectrophotometric Folin-
Ciocalteau method according to Buci-Kojic et aB][Wvith some modifications, 0.2 mL
of the extract was mixed with 1.8 mL of distillecter and 10 mL of Folin-Ciocalteau
reagent. After 30 s to 8 min, 8 mL of 7.5% of sedigarbonate solution was added and
put in dark place for two hours. After this peridtie absorbance was measured at

765nm (UV/VIS). Blank sample was prepared with watestead of the extract.
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Determination of total phenolic compounds was dated from the calibration curve
obtained with gallic acid (GAE), which was used asstandard and results were
expressed as mg GAE 100.gThe yellow flavonoids were extracted in accorcate
Francis [14], through a solution of ethanol:HC| In%ol L' (85:15). The total
carotenoids were determined by weighing about angpde, grinding up and adding 18
mL of acetone 80%; then the mixture was filteredaifight-free environment and the
reading performed with a spectrophotometer at 683 (chlorophyll a), at 646 nm
(chlorophyll b) and at 470 nm (carotenoids); thentents were expressed in mg g-1,
according to the formula described by Lichtenthfil®&]. The ascorbic acid (vitamin C)
was titrated by a solution of 2,6-dichloro-phenudtéphenol as described by Strohecker
and Henning [16].

The pulp colors were determined by a colorimetdmélta, model CR410,
Konica Minolta Sensing, Inc., Japan) in the mode Cla*b* and parameters D65 (Y =
93.9; x = 0.3167; y = 0.3336).

The minerals content was determined by nitro-dereh digestion using the
method of Malavolta et al. [17], and the determoratvas done by atomic absorption
spectrometry (Varian-mod. Spectra A 10 Plus). Phosgs (P) was determined using a
UV/VIS spectrophotometer according to the methostdbed by Pavan et al. [18].

3. Results and Discussion
The respiration rate of grugru palm fruits was B4#L CQ kg h*, which
demonstrates to be post-harvest short-lived frwith rapid senescence. Chitarra and
Chitarra [19] stated that the storage period faanplproducts is related to their
respiratory rate intensity. Generally, fruits anties vegetables with high respiratory
rates tend to age faster [20]. Therefore, as ftsfauch as grugru palm, more studies on
technologies for improving shelf-life are recommeddGomes et al. [21] reported that
a method for fruit pulp conservation available &mplication in the industry is drying,
which concentrates the product nutritional compsuadd enables to storage them at
room conditions for extended periods.

Table 1 shows the values for the physical, physiemical and bioactive
compounds of grugru palm mesocarp from the AraRfseau, Cariri region, Ceara
State (NE Brazil).
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Table 1 Physical and physicochemical charactesisind bioactive compounds of

grugru palm mesocarp.

Analysis Quantification 5
Total sugars (g.1009 21.67 +0.57
Reducing sugar (g.100Y 4.17 +0.05
Non-reducing sugars 1750 £ 0.51
Soluble solids (°Brix) 29.66 £ 0.57
pH 5.50 +0.02
Titratable acidity (g.100§oleic acid) 1.47 £0.07
Moisture (g.1009) 33.93+0.33
ay 0.9250 = 0.00
Ashes (g.1009) 1.15 + 0.02
Proteins (g 1009 3.03+0.72
Lipids (g 100g" 18.70 £ 0.77
Total phenolics (mg GAE.100% 50.89 £ 9.76

Yellow flovonoids (1g &)

350.00 +70.43

Total carotenoids (mg¥Y 17.69 + 0.61
Vitamin C (mg 100g ascorbic acid) 135.45 + 9.05
*L 42.52 +0.37
Color *a 5.37+£0.29
*b 17.75+1.06

Al analysis were determined on a fresh weight$asi

High levels of total sugars were observed in giugalm fruits, featuring the
pulp as a sweet taste product; it was also obsehatdhon-reducing sugars values were
higher than that of reducing sugars. Sanjinez-Adgéa and Chuba [22] found levels of
total sugars in fruits harvested in the states & aulo and Mato Grosso do Sul,
respectively, of 11.58 and 14.53 g 108, dpelow the levels observed in this study;
however, the reducing sugar levels herein werelaino those observed in the fruits

harvested in S&o Paulo and Mato Grosso do Sulecésply, 5.06 and 5.59 g 100'g
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Supporting the fruit sweetish characteristic, ie trugru palm pulp a high content of
soluble solids, high pH and low acidity were obgehvand these factors favor the fruit
sensory characteristics, making it more palataki.

The pulp moisture content in this study was re&yi low when compared to
other palm tree pulps, as shown by Canuto et 3], {£ho reported values of 83.30 and
84.80 g 100 ¢, in fruits of acai and bacuri, respectively. TioevImoisture content
found in this study could represent an importaatifee to prevent microbial growth;
however, according to Ribeiro and Seravalli [24jpWing the amount of water (water
activity) available in the food will provide staityl and safety, but the grugru palm pulp
presents a very highyaSanjinez-Argandofia and Chuba [22] fougdvalues of 0.95
and 0.90 for fruits collected in S&o Paulo e Matogso do Sul, similar values found in
this study.

The ashes, or stable mineral residue, showed vallose to those found in the
literature, where their concentrations ranged fra®2 to 1.51 g 100 §[7,22, 25].
However, differences between the stable amountioérals in the fruits from different
regions and localities may occur, probably duedibtgpe, climate and bioavailability
of minerals in each region [26].

The protein values found in this study were gmegtan that observed in the
literature, which ranged from 2.76 to 1.5 g 100[g, 25, 27]. The RDC Resolution No.
269 [28] indicates the values of Recommended Daikpke (RDI) for proteins,
vitamins and minerals; so according to these recendations, the intake of 100 g of
grugru palm represents a RDI of 6% protein for doltaand 8.8% for a child (7-10
years).

The lipid content found in grugru palm pulp ingtstudy was similar to that
found in Brasil [6] and Silva et al. [25], 13.80cah4.93 g 100 §, respectively, being a
higher value than that found by Ramos et al. [784# g 100 ¢; and lower than that
reported by NEPA-UNICAMP [26] of 40.70g 106g

The total phenolic content is above the valuesidoly Kuskoski et al. [29] for
cupuassu pulp 20.50 mg GAE 100, deing lower than those of fruits such as grapes
(117 mg GAE 100 Q) and acai (136 mg GAE 100*gwhich has great phenologic

potential.
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The flavonoids range in similar values to thosenfb in kale, 266-39%g ¢*
[30], cv. “Pera” orange pulp, 348 g*, and cv. “Gala” apple, 27{7g g [31]. No other
studies on flavonoids in grugru palm were found.

The grugru palm fruit has excellent levels of i@iéable carotenoids, such gs
carotene, becoming a natural source of vitamin JA The value found in grugru palm
pulp was greater than that found in fruits sucheui, 1.13 mg§, studied by Oliveira
et al. [32].

In the literature, there is a wide range of vitar@ content for grugru palm. In
this study, the content was higher than those fonrsémples from the Midwest region,
28.00 to 34.57 mg 100'gand 11.46 to 13 mg 100'dn samples from S&o Paulo State
[6, 22, 26]; however, the contents of vitamin Cc@abic acid) in this study are close to
that observed in samples taken from Piaui Stat®dgha [33], 185.10 mg 100'g
Therefore, this component behavior in differentZzfiran regions supports the statement
by Rufino et al. [34], in which the content can wamong regions, depending on
factors such as temperature, light intensity ancgstae content.

The color instrumental evaluation was specifietharcally in a spherical three-
dimensional space, defined by: L*, ranging fromcklg0) to white (100); a*, from
green (-a) to red (+a) and b*, from blue (-b) tdlow (+b) [35]. Based on this
definition, one can characterize the grugru palrip pwlor as a dark yellow-orange
color (L* tends to black). Grugru palm samples fr8&o Paulo SP-Sanjinez Argandofia
and Chuba [22] showed a less dark (light) yelloangre color than that in this study,
L* 70.66.

Table 2 presents the mineral characteristics afmr palm pulp (from NE
Brazil).

It is noted that potassium (K) presents the highaseral value, followed by
magnesium (Mg) and calcium (Ca), and zinc (Zn) emés the least mineral content.
Three studies on grugru palm minerals were fourtd¢chvwere carried out by NEPA-
UNICAMP [26], Ramos et al. [7] and Silva et al. [25he amount of Ca ranges within
those observed in the literature, from 61.96 t0.080ng 100 g; K and P contents did
not differ from those in the literature, from 36.f0766.37 mg 100 respectively. In
this study, Mg, Fe, Cu and Mn were higher than eholsserved in other studies. No

studies were found quantifying B (boron).
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Table 2 Mineral characteristics of grugru palm noasp.

Minerals Quantification 5
Calcium - Ca (mg 1009 101.33 +1.15
Potassium - K (mg 1009 649.33 +19.34
Magnesium - Mg (mg 1009 122.00 + 8.00
Phosphorus - P (mg 108y 53.33 +5.77
Iron - Fe (ug @) 120.66 + 10.35
Copper - Cu (ug Y 7.33+0.57
Manganese - Mn (LG 6.00 + 1.00
zZinc - Zn (ug @) 4.56 + 1.50
Boron - B (ug &) 25.77 +6.31

All minerals were determined on a fresh weight ®asi

According to a Ministry Act No. 31/1998-SVS/MS [3& food is characterized
as rich or source of mineral when it provides 30¢4%% of the Recommended Daily
Intake (RDI) per 100 g pulp, respectively. Ramoalef7] stated that grugru palm pulp
can be classified as rich in copper for childrerd aource for adults; it is also
considered as a source of zinc and potassium.

The grugru palm mesocarp (pulp) is the fruit pafthigher yield, which
corresponds to 48% of the total fruit weight [#etefore, the amount of pulp is an
important feature, reflecting on the importancdroit extractivism [22]. This fruit pulp
iIs up to technological utilization and supplying wofitritional components used in

various foods (vitamins, juice, cake, jelly, iceam, etc).

4. Conclusions

The grugru palm fruit presents high respiratioterd’he use of conservation
techniques and methods for extending the fruitesteperiod is recommended.

The grugru palm mesocarp has physicochemical ctarstics and mineral

nutrients that attractive to the consumption; thgspcochemical characteristics turn it
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palatable; and the desirable nutritional compasittan be considered diet enrichment
and supplemental food for needy population.
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LIST OF ABBREVIATIONS

IP: integral pulp;

MP: pulp with 8% maltodextrin;

T1: oven drying without maltodextrin;
T2: oven drying with 8% maltodextrin;
T3: lyophilized without maltodextrin;
T4: lyophilized with 8% maltodextrin;
PTFE: polytetrafluoroethylene;

RE: retinol equivalent;

o: standard deviation;

GAE: gallic acid equivalent;
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ABSTRACT

As there is little study on grugru palm, the knosge of the properties of the fruit pulp
and powder is important in the fruit productionaeering and in the enhancement of
the processes of dehydration for better consenvatievelopment and preparation of
diverse foods. The objective of this study washaracterize the bioactive compounds
and the physicochemical features of grugru palnp @md powder. Grugru palm fruits
were harvested in the Araripe Plateau, Cearda SBateil, and dehydrated by two
drying methods (in oven with air circulation andoilization) with and without
addition of drying adjuvant (maltodextrin). Aftemalysis, results revealed that pulp and
powder of grugru palm are products with high contdrsoluble solids and low acidity,
highlighting the high levels of-carotene and vitamin A. The lyophilized powder T3
have showed the best results in relation to thesipbghemical and bioactive
parameters.

KEYWORDS: Acrocomia aculeatadrying, lyophilization, maltodextrinp-carotene,

vitamin A.
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INTRODUCTION

Grugru palm Acrocomia aculeataJacqg.) Lodd. Ex Mart.) is native to the
grasslands and savannas of Tropical America (Cleeteal, 2005). This palm tree is
of great regional importance due to the wide diteref products, especially those
related to its fruits and seeds (Lorenzi, 2006).

The pulp is eaten fresh or used in the produatiopowders that can be used in
drinks, candies, ice creams, custards, cakesgadind juices (Brasil, 2002). The grugru
palm fruits show great potential in the enrichmeaftthe regional diet and in
supplemental feeding programs, being a naturalcsoofp-carotene and vitamin A, as
well as the minerals copper, potassium and zinon@zt al, 2008).

Dehydration of fruits and vegetables is utilized food preservation, which
maintains their nutritional and commercial valuesl @lso provides a new product in
the market, encouraging investments in agricultprabuction and processing (Soares
et al, 2001).

Many types of dryers utilized in dehydrating fome found in literature and in
the drying process of thermo-sensitive foods, adeltare required and have to be
added in the appropriate level in order to maint&i@ product acceptability and to
follow the limits set by legislation (Oliveirat al, 2007). One of the most common
additive applied in drying fruits is maltodextrinyhich has low cost and low
hygroscopicity thereby preventing agglomeration egtdining the volatile substances
in the range of 65-80% (Oliveiet al.,2006).

In the literature, the drying processes applied grmgru palm, namely
conventional forced air dryers at temperaturesirgnffom 45 to 65° C and/or drying
by direct sunlight can be found. However, othenmyymethods such as lyophilization
have not been studied, as well as a comparisoheoptocesses of dehydration on the
quality of grugru palm powder. Therefore, the objer of this study was to
characterize the bioactive compounds and the pbgisemical features of grugru palm

pulp and powder.
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MATERIAL AND METHODS

Raw material

Grugru palm fruits were harvested in the Araripatéau, Cariri region, Ceara
State, Brazil, and taken to the Laboratory of Fd@aality Control and Drying for
selection and sanitization; subsequently they wareled and the pulp stored in a
freezer at -20° C until drying and analyses.

The pulps were analyzed in the following formgegral pulp (IP) and with 8%
maltodextrin (MP).

Grugru palm pulps were dried by two processes:
T1: oven drying without maltodextrin.
T2: oven drying with 8% maltodextrin.
T3: lyophilized without maltodextrin.
T4: lyophilized with 8% maltodextrin.

Chemical

All chemicals and solvents used for determinaftecarotene and Vitamin A
were of reagent or HPLC grade. The standarfl-cdrotene was obtained from Sigma
Chemical Co. (St. Louis, MO).

Oven drying

The pulps (T1 and T2) were unfrozen, smasheddastdbuted in stainless steel
trays with 25cm diameter; then the trays were takea forced air oven (TECNAL,
model TE-394/l) at 65° C for 25 hours (Oliveghal, 2012). Immediately after drying,
the product was taken to a rotatory blade mill (A48, Marconi) in order to obtain a

homogeneous powder.

Lyophilization

The pulps (T3 and T4) were unfrozen, smashed &tdhbadited in stainless steel
trays with 15cm diameter; then the trays were takem ultra-freezer (LC 90-40V,
Terroni) at -40° C for 24 hours; after this peritte pulps were dehydrated in a
benchtop lyophilizer (LS 3000, Terroni) for 25 hsufOliveira et al, 2013).
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Immediately after lyophilization, the product wakén to a rotatory blade mill (MA
048, Marconi) in order to obtain a homogeneous @ywd

Bioactive compounds

The total phenolics were extracted and determiaecbrding to the method
described by Buci-Kojicet al (2007). The yellow flavonoids were extracted in
accordance to Francis (1982), through a soluticgtitdinol:HCI 1.5 mol t (85:15).

The ascorbic acid (vitamin C) was titrated by luson of 2,6-dichloro-phenol-
indophenol as described by Strohecker and Hendiag7().

The extraction off-carotene was carried out as described by Rodrigueaya (1999)
with a little modification. Samples (5g) sample wextracted with cold acetone until
the residue becomes colorless; then it was filtareder vacuum using a Buichner
funnel. The pigments extracted were then transdeiwepetroleum ether and washed in
distilled water until complete removal of the aceto The extract concentration was
made in a rotatory evaporator at 35° C. The pigsemtre dissolved in acetone, filtered
in a PTFE with 0.22 um membrane and then analyZbd.p-carotene content was
analyzed by HPLC chromatographic conditions dewsdopy Sant’Anaet al (1998)
with modifications. The devices utilized are: auld|chromatograph (model Gilson 321
pump) with automatic injector (model Gilson 234pdmandle of 20L (loop), column
ACE 5 C18 (um, 150x4.6 mm), visible-UV detector at 450nm (mo@glson 152).
The mobile phase was composed of methanol/acetefathyl-acetate (80:10:10) at a
rate of 1.5 ml.mitt with running time of 60 minutes.

The quantification off-carotene was attained by external standard cumvess.
vitamin A activity of B-carotene was obtained according to BauernfeindZ)jLand the
conversion factor; the calculation of vitamin A wa®vided by the National Research
Council (NAS, 1980) in which g of -carotene correspond to 1 Retinol Equivalent
(RE).

Physicochemical determinations

The moisture content was determined gravimetgicatll105° C in an oven until
constant weight according to the technique desdrtibeInstituto Adolfo Lutz (2005).
The water activity (@ was determined by a portable measurer (AquaLab®g. pH
level was performed by a potentiometer, followimg tmethod described by AOAC
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(1998), number 31.1.07. The titratable acidity watermined through NaOH (1 mol L
Y until pH 8.1 was reached. The soluble solids weeasured by a digital refractometer
(Atago, Pocket-pal model) with scale from 0 to 88ix (Carvalhoet al, 1990).

The pulp and powder colors were determined bylaricoeter (Minolta, model
CRA410, Konica Minolta Sensing, Inc., Japan) inri@de CIE L*a*b* and parameters
D65 (Y = 93.9; x = 0.3167; y = 0.3336).

Statistical analysis

All analyses were performed in triplicate (n=3at® were statistically analysed
using the analysis of variance (ANOVA) and theeléinces between the averages were
determined by the Tukey test at 5% probability gdime software Statistic, version 7.0
(Statsoft, 2007).

RESULTS AND DISCUSSION

Bioactive compounds of pulp and powder of grugrimpa

Table 1 shows the bioactive compounds of IP (nategulp) and MP (with 8%
maltodextrin). The loss of vitamin C in MP was 3%.2nd this is linked to the drying
additive which could have encapsulated the ascatid molecule, turning it difficult
to be extracted. The total phenolics is higher te found by Kuskosket al (2005)
in cupuassu pulp (20.5 mg GAE 100)@nd lower than those found in fruits such as
grapes (117 mg GAE 100"gand hog plum (136 mg GAE 100'g The MP flavonoids
were 32.1% lower than that of IP, even with no istisal difference at 5% of
probability. The pulp flavonoids range similar twose found in kale 266-399 pg g
(Huber and Rodriguez-Amaya, 2008), and in pulpsrahge var. ‘Pera’ 348 pg-qand
apple var. ‘Gala’ 277 pg“g(Arabbi et al, 2004). The pulps of grugru palm fruits
presented high levels @kcarotene and vitamin A, and these levels weredrighan
those found by Charoensgt al (2009) in orange 1.7 pg‘gwatermelon 6.2 pgJg
and papaya 4.7 ug'gRamoset al (2008) reported a content of 49 Lijfigcarotene in
grugru palm pulp. The high content [bcarotene in the pulp of grugru palm is related
to the color of fruits and vegetables, which ranigesh yellow to red and refers to high

levels of carotenoids, according to Uenejal (2007).
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Table 1. Bioactive compounds of grugru palm pufpegral and with addition of 8%

maltodextrin.

Analyses IB+5 MPP +5°
Total phenolics (mg GAE100g") 51.3%+10.7 * 49.8 +2.03
Yellow flavonoids (pg @) 372.1% £76.0 247.8° +46.3
Vitamin C (mg 1009) 118.2°+6.01 72.8°+8.70
B-carotene (ug Y 35.9%+1.09 34.7%+2.03
Vitamin A (RE° 100g") 599.7 +18.1 579.2° +33.8

3P: integral pulp®MP: pulp with 8% maltodextrin®: standard deviatioiGAE: gallic
acid equivalentRE: retinol equivalent. * Equal lowercase lettarsthie same line do
not differ statistically by Tukey test at 5% probiyn

Table 2 presents the bioactive compounds of grpghn powder in T1 and T2

(oven drying) and in T3 and T4 (lyophilized). Thentents of bioactive compounds
(phenolics, vitamin C and vitamin A) in T3 and T4ene the highest, showing
lyophilization a better process for retention ofedd compounds. However, the
flavonoids in T1 and T2 were higher than those ®fand T4; these lower levels in T3
and T4 were probably caused by the freezing pdrefdre the lyophilization. Huber
and Rodriguez-Amaya (2008) stated that procegsadlicts have flavonoids contents
substantially lower than those found in fresh fuit
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Table 2. Bioactive compounds of grugru palm pulpaoted by different processes of
drying, integral and with 8% maltodextrin.

Analyses Ti+5 T2° +5 T3+ T4 +5°
Total phenolics 82.7%% 65.1° 89.4° 86.9°
(mg GAE 100g")  +7.98 +6.7 +5.7 +8.5
Yellow flavonoids ~ 135.7° 121.1% 115.6° 93.6°
(Lo g +12.6 +4.47 +3.46 +3.51
Vitamin C 52.1° 51.7° 103.3° 100.7°
(mg 1004") +5.6 +3.09 +5.6 +5.63
B-carotene 51.5° 36.1° 80.1° 57.6°
(Lg g +0.66 +0.50 +7.3 +3.99
Vitamin A 859.4" 601.3° 1334.8 961.4°
(RE® 100gY) +10.9 +8.3 +122.0 +66.41

T1: oven drying without maltodextrifT2: oven drying with 8% maltodextrifiT3:
lyophilized without maltodextrin®T4: lyophilized with 8% maltodextrirf+s: standard
deviation; ‘GAE: gallic acid equivalent’RE: retinol equivalent; *Equal lowercase
letters in the same line do not differ statistigély Tukey test at 5% probability.

Physicochemical evaluation of pulp and powder afjgu palm

Table 3 presents the physicochemical parametdasedeto moisture, water
activity, acidity, pH, soluble solids and pulp coltin general, the maltodextrin did not
change these parameters, except fpramd color L*a*. The pulps have showed low
moisture and acidity and high soluble solids apd vehich makes them sweet and
susceptible to microbial growth. Different levellsnooisture and acidity were found in
the literature: Ramost al (2008) observed a high moisture content (52.99@ g*)
and Hianeet al (2005) reported values of acidity lower than 03300 @ . These
variations could have been caused by differentofacte.g., fruit origin, climatic
conditions, harvest time, type of pulping, etc. Hudps in this study have showed an
overall orange color, but the IP presented a muense orange color than the MP.
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Table 3. Physicochemical features of grugru palnip,puntegral and with 8%

maltodextrin.

Analyses IB+5 MPP +5°
Moisture (g 1009) 40.2°+0.72 41.3°+0.31
an’ 0.92°+0.01 0.94% +0.002
Titratable acidity (g 1009 1.43%+0.07 1.64%+0.27
pH 5.50° +0.02 5.68° +0.14
Soluble solids (°Brix) 29.7+0.58 27.6°+2.81
L* 42.4% +0.43 41° +0.69
Color a* 5.08%+0.31 1.46° +0.17
b* 17.3%+1.80 19.4*+0.36

3P: integral pulpMP: pulp with 8% maltodextrin®s: standard deviation‘a,: water
activity; L* (lightness-darkness), a* (redness-gnmeess) and b* (blueness-yellowness).
*Equal lowercase letters in the same line do ndédgtatistically by Tukey test at 5%

probability.

Table 4 presents the physicochemical parametegsugfru palm powder of T1
and T2 (oven drying), T3 and T4 (lyophilized). Tineatment T3 has showed the lowest
moisture and @ however, all drying processes have decreasedtune@iand @, which
provide the inhibition of microbial growth. Accordj to Ordo6fiez (2005), foods with a
below 0.60 are labeled as microbiologically stawithout microbial growth, which
confirms our results. There was no difference ambtrgatments in relation to acidity
and pH, which shows that the drying methods didatfect these factors. The T4 has
had the highest content of soluble solids follovisydthe T2, and the explanation for
such high levels is the addition of maltodextritneTgrugru palm with the darkest L*
parameter was the T2; in relation to the chromigtiat and b*, the T3 presented the
most bright yellow color followed by the T4, thusosving a more attractive color. The

other treatments (T1 and T2) presented a palencduioity.
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Table 4. Characterization of grugru palm powdergsosting to different drying

processes and with addition of 8% maltodextrin.

Analyses Ti+5 T2° 45 T3+ T4 +5°
Moisture (g 1009) 3.28%+0.08 3.417#0.11 3.12°#0.09  3.49%%0.12
ay 0.21°#0.01  0.22°+0.01 0.12°20.01  0.22%+0.01
Titratable acidity (g 100§ 2.10°+0.01  2.47%#0.55 2.06°#0.05  2.50°+0.32
pH 5.57°#0.02 5.62°#0.10 5.71°#0.01  5.60°+0.02
Soluble solids (°Brix) 40.83+0.89 45.7%+2.63 451" +1.28 50.3°+2.32
L* 49.7°+0.09  48.8°+0.23  49.7°+0.26  49.8°%0.14
Color a* -1.38°#0.04  -1.03* £0.14 -1.24"+0.10 -0.94°+0.09
b* 24.6°+0.16 22.6°%0.14 27.2%+0.28  26.3°+0.35

T1: oven drying without maltodextrifT2: oven drying with 8% maltodextririT3:
lyophilized without maltodextrin®T4: lyophilized with 8% maltodextrirf+s: standard
deviation; "a,: water activity; L* (lightness-darkness), a* (ress-greenness) and b*
(blueness-yellowness)*. Equal lowercase letters in the same line do nofedif
statistically by Tukey test at 5% probability.

Effect of drying on bioactive compounds

The technological processing and the types ofienits in the foods are directly
related to losses of bioactive compounds. In thislys there were different levels of
loss of bioactive compounds in the two processesugg dehydration, i.e., forced air
oven drying (T1 and T2) and lyophilization (T3 and).

The powders T1 and T2 suffered a reduction in phe of 0.32 and 21.4%,
respectively. This greater loss of phenolics in B2 probably associated to the
difficulties in extraction and quantification of @holics due to the addition of the
maltodextrin. The powders T3 and T4 did not suffeses of this constituent.

The levels of flavonoids were the most affectedthy treatments, and their
losses have ranged from 77.4 to 80.8%. Ewalal (1999) demonstrated that the great
loss of flavonoids in vegetables takes place dup@eling, cutting, pre-processing and

bleaching, which explains the losses found in shisly.



36

The vitamin C contents have reduced during théengrprocesses, as expected,
because the stability of this vitamin is affectgdseveral factors, such as oxygen, pH,
light, enzymes and catalysts (Ordofiez, 2005). Bhgekt losses have occurred in the
powders T1 and T2, 72.7 and 72.9%, respectivel/jybphilized products, T3 and T4,
have showed the lowest losses: 46.0 and 47.1%gctreely. The lyophilized products
have presented the lowest losses because thatgtabititamin C increases along with
decreasing temperature (Ordoiiez, 2005).

The treatments T1 and T2 have showed the largsse$ off-carotene and
vitamin A. The T1 and T2 have lost 11.4 and 37.9%hese constituents, respectively.
The levels of3-carotene and vitamin A in the T3 did not changel @ the T4 the loss
of these bioactive compounds was 0.67%.

The grugru palm fruits have an interesting nwteitpotential. The mesocarp of
grugru palm fruit provides significant concentrasoofp-carotene, a natural antioxidant
and pro-vitamin A; so the pulp can be included eeding programs of the poor and
contribute to the food enrichment as a sourcetaimin A. This work contributes to the
study of the stability of bioactive compounds andhlgy parameters of dehydrated
grugru palm pulp, aiming to define the best procesand conservation conditions for
applying to this raw material as a new ingredientdifferent formulations of food
products.

CONCLUSION

The grugru palm pulp is a product of low acidiyesents an orange color and
has excellent levels of bioactive compounds, egfigcof B-carotene and vitamin A.
The addition of 8% maltodextrin did not affect tencentration of vitamin C.

The lyophilized powders T3 and T4 have showedbtbst results in relation to
the physicochemical and bioactive parameters, ightihg the T3 in relation to

moisture content, water activity, and level$afarotene and vitamin A.
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Abstract

This work aims to investigate the hygroscopic bébraef grugru palm powder through
adsorption isotherms and its degree of caking. pbeders of grugru palm (T1 -
without maltodextrin, T2 — with 8 % of maltodex{riwere obtained by oven drying at
65 °C for 25 h. The experimental data was obtatheough static gravimetric method
at temperatures of 25, 30, 35 and 40 °C with dffiersaturated salt solutions. The
models of GAB, BET, Henderson, and Oswin were ditte experimental data. The
values of hygroscopicity were 6.39 and 5.17 % aegrekes of caking were 3.11 and
0.03 % for T1 and T2, respectively. The adsorptisotherms from mathematical
models can be classified as Type Ill. The GAB arglvi@ models were the best
representing the behavior of the powder isothefirhisand T2, respectively. The grugru
palm powder proved to be non-hygroscopic and ndoaggrating. The T2 with 8%of

maltodextrin presented the lowest hygroscopicity.

Keywords: Acrocomia aculeataSorption isotherms, Food drying, Degree of caking

Isotherms, Mathematical modeling, Powder technalogy
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Introduction

Brazil has a wide variety of oil plants, nativesimiroduced; among these species, the
grugru palm (Acrocomia aculeata) stands out fondpdiighly productive and native to
arid and semiarid regions (Kopper et al. 2009). phip is eaten fresh or used in the
production of powders that can be used in drinksdes, ice creams, custards, cakes,
jellies and juices (Brasil 2002).

The grugru palm presents a pulp which is consufmegsh or utilized in the
production of flour that can be employed in differfoods; this fruit is sweet,
mucilaginous and can be cooked for soft drinksiaadream (Brasil 2002).

According to Ramos et al. (2008), the bioavailapibf B-carotene, a precursor
of vitamin A, in the pulp of grugru palm is greatean the bioavailability of purp-
carotene.

According to Fernandes et al. (2011), it is vanportant and critical in the
economic process to select a suitable drying psodes preservation of fruit
characteristics. The research on drying of comnmoitsfhas been extensively carried
out; however, studies on exotic, tropical and reafruits are scarce.

During storage, foods exposed to several reldiiwmidities and temperatures;
and tends to reach equilibrium with the environmend accordingly adjust the
moisture (Toneli et al. 2008). Mathlouthi and Rqg@03) stated that to explain the
hygroscopic behavior of different food products,timmatical models of adsorption
isotherms have been proposed.

The understanding of adsorption isotherms of fomusture is very important in
science and technology of food for many purposesh &s design and optimization of
industrial processes, e.g., drying, packaging aoding, so it is crucial to model
moisture changes taking place during dehydrati@hiamrder to predict the stability of
shelf life (Jamali et al. 2006).

According to Jaya and Das (2004) the hygroscopigtthe ability of food
powder to absorb moisture from high relative hutgienvironment. In the case of fruit
powders, glucose and fructose are responsible tfong interaction with the water
molecule due to the polar terminals present indmaslecules.

Studies for obtaining grugru palmpowder is verypariant for food technology,
because it is necessary to discover the best mobsito attain the best storage

conditions. Hence, the objective is to investigéte hygroscopic behavior, the degree



42

of caking and to apply mathematical models to mtethe adsorption isotherms of

grugru palm powders obtained by oven drying wittcéal air ventilation.

Material and methods
Raw material
The grugru palm fruits were harvested in the Amrilateau, Cariri region, Ceara State,
Brazil, and taken to the Laboratory of Food Qualityntrol and Drying. The fruits were
selected according to the level of maturity andtgaand later were hygienized for the
peeled and then the pulp was separated throughirdesss steel knife. The pulp was
stored in a vertical freezer (Esmaltec, 340) a0-°€ until the the drying process
initiated.

Two grugru palm powders were utilized:
Control treatment (T1) — oven drying of pulp with@aldition of drying adjunvant.
Treatment 2 (T2) — oven drying of pulp with additiof drying adjuvant (8 % of
maltodextrin ‘Maltogill 20®’, dextrose equivalentDE 20). An aqueous maltodextrin

solution was prepared and homogenized with triaargiulp before drying.

Oven drying
The pulp was unfrozen and crushed, the pulp fowa$ distributed in stainless steel
trays with a diameter of 25 cm; the pulp for T2 waepared with an aqueous
maltodextrin solution and was homogenized and idigied into stainless steel trays
with a diameter of 25 cm; and the trays were placedn oven (Tecnal, model TE-
394/1) with forced air ventilation at 65 °C for anmod 25 h.

Right after drying, the product was taken to aataty blade mill (MA 048,

Marconi) and then sieved (mesh of 1,200) to obtain a homogeneous powder.

Modeling of adsorption isotherms

In determining the moisture adsorption isothermstatic gravimetric method described

by Wolf et al. (1985) was applied using saturateblit®ons of salts as described by

Greenspan (1977). The salt solutions were prepamdl put in tempered glass

containers sealed with silicone and stored at rtemperature (21+2 °C).
Measurements of adsorption isotherms were perfdrineriplicate. For each

cell about 0.20 g of each treatment were weighepgr@librated aluminum crucibles.
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Afterward, the crucibles were taken to cells, whecimtained the saturated solutions of
salts.

The process was monitored through sample weiglbimganalytical balance
every 24 h during 10 days until equilibrium moisgtuvas reached. After balanced
moisture, the water activity of the samples wagieined at temperatures of 25, 30, 35
and 40 °C using ,ameter (AQUALab 4TEV). Then were determinate of staie
content in an oven (Tecnal, model TE-394/l) witmcé air ventilation at 75 °C to
constant weight.

The equilibrium moisture (Xeq, Equation 1) wasco#ddted by the difference
between the mass of balanced sample and the dass: m

_ Meg—Ms

Xeq - m—s (1)

Where: Xeq = equilibrium moisture (d.b.)mneq = mass of balanced sample (gk =
mass of dried sample (g).

For adjusting of the experimental data from adsonpsotherms of grugru palm
powder, mathematical models of GAB, BET, Hendersomd Oswin were used,
represented respectively by the equations in Tabl€he parameter calculations for
each model were performed by the software Statisticsion 7.0 (Statsoft 2007).

The quality of adjusting different models was exéd through the best values
of the determination coefficient (R2) and the riglatmean deviation (E%, Equation 6),
defined by Iglesias and Chirife (1976):

__ 100 «p  |Xeqe—Xeqp|

E% =—X1, (6)

Xeqe

Where:E%= relative mean erroXeqe= experimental values{eq= values predicted by

the modeln = number of experimental data.
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Table 1. Mathematical models used to adjust the experiahetidta of adsorption

isotherms.
Models Equation8
GAB (Guggenheim—
Andersen—de Boer) (Van X, = X G K2y 2
ersen-de Boer) (Va 4~ T DK ay. (1 - Kay + C.K.ay) @)
Den Berg and Bruin, 1981)
Xn.Cay [1— (n+1).(ay)? + n. (a,)"*?!
BET (B | al, 1938) Xoq = ——— W s 3
(Brunauer el a ) Xeg =7 [ —(-0a,—Cay | &
Henderson Henderson, 2
( x_ = |nd-aw) @)
1952) eq b
. . a,, 1°
Oswin (Oswin, 1946) Xeq = & |—— ] (5)
1—ay,

2a,, = water activity:X,, = moisture content in the molecular monolayer g dry
basis);X., = equilibrium moisture content (g8 g* dry basis)C = constant related to
heat of sorption of the molecular layer;b, K = adjusting parameters.

Hygroscopicity

The analysis was performed using the methodologgaAdescribed by GEA Niro
Research Laboratory (2003), consisting of powdgrosure to air relative humidity
(RH) of 79.5 % and checking of weight increase gvBd min until the maximum
weight is reached. Approximately 0.5 g of the samphs weighed and evenly spread
on a plate, then the plate was placed in the apmaeand the analysis was started. The
calculation of hygroscopicity is given by Equatioh The parameters used to
characterize the hygroscopicity of grugru palm pemaere obtained as described by
GEA Niro Research Laboratory (2003).

(%WI + % FW)x100
100 + %WI

% Hygroscopicity= (7)

Where: %W = % free water;
%WI= ((c —b)/(b—a)) x 100; a = weight of plate (g)b = weight of plate +

powder (g);c = weight of plate + powder in equilibrium (g).
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Degree of caking

The amalysis was performed through the methodology AXgsscribed by GEA Niro
Research Laboratory (2003), which consists of exyoshe powder to absorb air
moisture (79.5% relative humidity) until reaching equilibrium as described in
hygroscopicity. Afterward, the powder was oven dira 105 °C and then sieved under
standard conditions (sieve mesh modified to 1,20). What was left in the sieve was
expressed as degree of caking. The calculatiorh@fdegree of caking is given by
Equation 8. The parameters to characterize theedenfrcaking of grugru palm powder
were obtained as described by GEA Niro Researclraatry (2003).

% Degree of Caking = b % 100/a (8)

Where:a= grams of powder usedl;= grams of powder retained in the sieve.

Statistical analysis

All analysis was determined in triplicate. Data were yred statistically through
analysis of variance (ANOVA), and differences bedwe the averages for
hygroscopicity and degree of caking were determingd ukey test at 5 % probability
using the software Statistic, version 7.0 (Stat26@7).

Results and discussion

The adsorption isotherms of grugru palm powdersvsidoa behavior characteristic to
Type lll, according to Brunauer classification (Ri1995), as can be seen in Figs. 1a
and b. Note that the values of the experimentah adtequilibrium moisture Xeq)
increased due to the increased water activity uodedition of constant temperature, as
e.g. at 25 °C.

From the analysis of Figs. 1a and b, the grugrimpaowder tend to gain
moisture under environment with, above 0.1, indicating increas#d, independently
of the conditions of relative humidity. Noting &tese figures, one can say that for T1
(Fig. 1a) GAB, Oswin and BET models adjusted beshe range of,afrom 0.1 to 0.6,
but all models had excellent fits from 0 6 to UMD Fig. 1b, all models adjusted to the
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experimental data of,arom 0.1 to 0.3 and from 0.8 to 1.0, and only GA®nderson
and Oswin models presented the best adjustmenég foom 0.3 to 0.7.
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Fig. 1 Adsorption isotherms of grugru palm powder at €5without maltodextrin - T1
(a) and with maltodextrin 8 % - T2 (b). (Abbrevats: & = water activity; Xe~
equilibrium moisture content g8 ¢* dry basis).

Table 2 contains the parameters obtained by GAH,,Bfenderson and Oswin
models for grugru palm powders (T1 and T2) measate@mperatures of 25, 30, 35
and 40 °C.

The parameters of the models applied to the exyatial data of adsorption
isotherms of grugru palm powders (determinationffements - R2 and the relative
average deviations E%) were utilized as evaluation criteria for the es@ntation of
isotherms are shown in Table 2.

According to the results shown in Table 2, all elsdstudied (GAB, BET,
Henderson and Oswin) can represent the behavigrugru palm powders, as they
exhibited excellent values of’Rand E%, respectively from 0.97411 to 0.99961 and
from 0.26 % to 1.82 %; these values are below thera recommended by Aguerre et
al. (1989), whereE% less than 10 % indicates a reasonable represmmtafi the
models, and by Labuza et al. (1985), in which thpre@sentation of isotherms is
considered extremely good f&9% less than 5 %. Thus, the GAB and Oswin models
were the best representing the experimental dafd aihd T2, respectively.

The GAB model is reported by several researcheriiiecasting adsorption
isotherms of various dehydrated foods, particuldfigrreira and Pena (2003) in
obtaining adjustment of this model with® Rf 0.9996 and 0.9991 for peach-palm
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powder, Silva et al. (2005) which found ®alues higher than 0.99 for yellow mombin
powder, and Alam and Singh (2011) who obtainedriagimum R for aonla flakes.

The moisture values in the monolayer (Xm) of GABdal for T1, between
temperatures 25 and 40 °C, showed random fluchmti@able 2) ranging from
0.079002 g KO g* to 0.090334 g kD ¢* on dry basis, with the highest value in the
temperature of 35 °C. The same was observed fastaontsC andK. The values oC
andK correspond to classification Type lll, accordingBaunauer 0K<1 and &C<2
(Blahovec, 2004).

Gabas et al. (2007) reported that strong adsodmgerbent interactions are
favored by lower temperatures, causing an incraa€ge which explain the temperature
variation and may be the result of a mathematicaipensation betweed andK.

The values of X are in accordance to the values reported forsfrtmprising
4-15 % on dry basis (Moreira et al. 2008); howel@ya et al. (2012) obtained values
for cassava ranging from 6.16g® 100 @' to 3.66 g HO.100 @ on dry basis. The
(GAB) X, parameter is important because it can be relateldet beginning of a series
of chemical reactions of food decaying (Ferreird Bena 2003).

The X, parameter also characterizes the moisture conteaetr which food is
stable, because at lower values qof Biochemical changes can be observed - lipid
oxidation (Ordofiez 2005). Thus, the values gf (Xable 2) for grugru palm show low
moisture content in the monolayer, hence lipid amwh can occur during storage in the
temperatures here studied. So to prevent and na@aisuch oxidative processes,
packaging should be impervious to air and light.

The Oswin model also showed the best fitting fehytirated garlic with R
ranging from 0.9148 to 0.9488 (Arora et al. 201Hasu et al. (2011) studying pectin
found values of Rbetween 0.82 and 0.97, whil& was less than 0.012. Lomauro et
al. (1985), quoted by Al-Muhtaseb et al. (2002ported the Oswin model just fitted 57
% of the isotherms described for foods. For grugalm powder in this study, the
Oswin model presented?Ralue of 0.99818 anB% of 0.52.

Jain et al. (2010) stated that the Oswin modellmised to plan and evaluate
drying, storage conditions and moisture amount @orédmoved during dehydration.
Sopade et al. (1996) reported that this model tsmtze used to predict the extension of

hydration or dehydration required.
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a

b

Models  Parametets Te 30°C 35°C 10°C Models  ParameteTs EoC 30°C 35°C 10°C

Xm 0.0790 0.0749 0.0903 0.0887 Xm 0.1351 0.9838 0.1101 0.1129
C 1.0632 1.1767 0.8827 0.9021 C 0.5786 0.0912 0.7175 0.7018
GAB K 0.9674 0.9901 0.9807 0.9995 GAB K 0.8969 0.7516 0.9453 0.9451
R? 0.9996 0.999 0.9991 0.9983 R 0.9928 0.9851 0.9825 0.9956

E% 0.26 0.43 0.40 0.47 E% 0.98 1.34 1.32 0.79
Xm 0.0772 0.1079 0.1390 0.1619 Xm 0.2083 0.2341 0.111 0.1129
C 1.4445 0.7924 0.6164 0.4364 C 0.3615 0.2541 0.8590 0.8719
BET n 1.3535 1.2986 1.2656 1.1246 BET n -0.7521 -0.5822 1.3158 1.2681
R 0.9979 0.999 0.9989 0.9983 R 0.9741 0.9708 0.9882 0.9987

E% 0.62 0.41 0.41 0.46 E% 1.82 2.31 1.00 0.41
a 0.5935 0.5691 0.5655 0.5473 a 0.661 0.6737 0.6324 0.6248
Henderson b2 3.3831 3.1328 3.0034 2.8181 Henderson b 3.6838 3.6527 3.3485 3.1871
R 0.9969 0.9946 0.9964 0.9951 R 0.9905 0.9863 0.9758 0.9897

E% 0.70 0.88 0.77 0.89 E% 1.18 1.31 1.56 1.23
a 0.0794 0.0799 0.0831 0.0843 a 0.0842 0.0874 0.0849 0.0902
Oswin b2 0.8758 0.9382 0.9626 1.0187 Oswin b 0.8525 0.8571 0.9311 0.9398
R 0.999 0.999 0.9989 0.9983 R 0.9981 0.996 0.9875 0.9984

E% 0.38 0.41 0.38 0.47 E% 0.52 0.68 1.05 0.45

2 T1: powder without addition of maltodextrifif2: powder with addition of 8% maltodextrifAbbreviations: R = determination coefficient.
E% = relative average error..X= moisture content in the monolayer (g0Hg" dry basis). C = constant related to the heat gitmm in the
= GAB constant related to midgers. n = BET constant related to multi-layeas& b = adjusting parameters of the

molecular layer. K

Henderson and Oswin models.
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Figures 2a and b show the graphical presentatibresigorption isotherms
moisture for grugru palm powder, in all temperasyradjusted by GAB and Osw
models for T1 and T2, respectively, which represérnihe besadjustmen

Figures 2a and b show that with increasing tempegahere is an increase
equilibrium moisture values of, higher than 0.6 for T1 and T2. Also there is li
influence of temperature oX.q of grugru palm powder with,abelow 0.6. Studies
carried out with surina cherry powder indicated influence of temperature
equilibrium moisture from,, above 0.3 (Vieira et al. 2007); this shows the guyzaln

powder has a hygroscopicity lower than that ofreur cherry powder
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Fig. 2 Adsorption isotherrr at different temperatures of tiest model (GAB)
for grugrupalm powder without maltodexti - T1 (a), and best moc (Oswin) of for
grugru palmpowder with maltodextri 8 % - T2 (b). (Abbreviations a, = water

activity; Xeq = equilibrium moisture content H,O g* dry basis)

Table 3 shows the values of hygroscopicity and ekegif caking for T1 and T.
Treatment T1 rendered higher hygroscopicity andncplegree in relation to T2. Tt
can be related to the addition drying adjuvant (maltodextrin), which results
decreased powder hygroscopicity, and this fact aia® found in the adsorptic
isotherms of this work.

The powder caking is an undesirable reaction, stingi initially in the powde
transformation into @ agglomerated and sticky material and resultinglécrease
functionality, smoothness and quality loss; the meause of agglomeration is t

presence of plasticizing water onto the surfageaoficles (Aguilera et al. 199!
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According to GEA Niro Research Laboratory (2008hich characterizes the
hygroscopic behavior and the degree of cakinggthigru palm powder is classified as
a non- hygroscopic and non-caking product.

Studies about sucrose by Mathlouthi and Rogé (R@&3orted that caking is
linked to solid bridges created during the agglahen process, which turned sucrose
more hygroscopic. The same can be seen in T1 ichaiie powder had the highest
caking and thereafter making grugru palm powdehwigher hygroscopicity, because
this is a sweet product with about 17.5 % of sugros

Costa et al. (2003) reported that the variationkyigroscopic behavior of food
powders are also assigned to the powder granula®products of finer particles have
a greater surface of contact and therefore a greatraber of active sites. This report
can explain the non-hygroscopicity of grugru palowger when compared to other
high hygroscopic fruits described in the literatuas the particle size of powder of
grugru palm is 1,20@m and most of other fruit powders present a partscte ranging

from 500um to 600um.

Conclusion
The adsorption isotherms of grugru palm powderasadfl by the mathematical models
can be classified as Type lIl.

All models adjusted to the powder of grugru pakewever, it is recommend
the GAB model in describing the equilibrium of agsan isotherms for T1 and Oswin
for T2.

The grugru palm powder showed a relative increesemoisture in the
monolayer (%) along with increasing temperature. The valuesCoénd K are in
conformity with the classification Type Ill, and aeding to Brunauer (k<1 and
0<C=2.

The grugru palm powder is characterized as nomdsggppic and non-caking.

The T2 treatment, with maltodextrin, showed le$sgroscopicity.

AcknowledgmentsTo Laboratory of Food Quality Control and DryingHC) for the
research supporting; to CNPq through INCT, and tauBaria Foundation for the
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ABSTRACT

The objective of this study was to determine adsmmpisotherms and hygroscopic
behavior of lyophilized powder from grugru palm.eThowders of grugru palm were
obtained by lyophilization process without maltonliex(T1) and with 8% matodextrin
(T2). The experimental data were obtained through dtatic gravimetric method at
temperatures (25°C, 30°C, 35°C and 40°C), withedéiht saturated solutions of salts.
The models of GAB, BET, Henderson and Os-win wated to experimental data. The
values obtained for hygroscopicity were 7.68% ai@®% and the degree of caking was
0.33% and 0.09% for T1 and T2, respectively. Matiwgral models of adsorption
isotherms for grugru palm powders can be classd®edype Ill. The GAB and Oswin
models represented better the behavior of isothdonsI'l and T2. Grugru palm
powder showed an increase in the humidity of theatayer X, along with increasing
temperature. The grugru palm powder demonstratdmkta non-hygroscopic product,

non-caking features.

Keywords: Acrocomia aculeate Adsorption Isotherms; Hygroscopicity; Degree of

Caking
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1. Introduction

Grugru palm Acrocomia aculeatdJacq.) Lodd. ex-Mart.) is native to the grasslands
savannas and open forests of Tropical America aodre in dense populations in some
localities [1].

It presents a fresh pulp, which is consumed fi@sbsed in the production of
flour that can be utilized in different foods; & sweet taste and is mucilaginous. This
fruit can be eaten fresh or cooked, and used indswiks and ice creams [2].

Ramoset al.[3] demonstrated the potential of grugru palm pagpa nourishing
food, able to contribute to the enrichment of tegional diet in supplemental feeding
programs, and a natural source fbtarotene, vitamin A and minerals as copper,
potassium and zinc.

Dehydration of fruits and food are used as a ntetif@reservation and storage,
providing a new product on the market, which hastivated the investments in
agricultural production and processing [4,5].

According to Toneliet al. [6], foods in storage period are exposed to various
relative humidities and to different conditionstemperature; so it is necessary to adjust
the moisture in order to reach equilibrium with tkavironment. These authors
observed physical changes (caking) in inulin powdeen there is humidity variation.
Mathlouthi and Rogé [7] stated that to explain bledavior of different insoluble food
products several mathematical models were propfasesbrption isotherms. Studies by
Kaymak-Ertekin and Gedik [8] for sorption isothermsapples and potatoes showed an
increase in temperature, resulting in decreaseuifibrium for moisture content.

The understanding of moisture sorption isothenm®od has great importance
in food science and technology for many uses, agldesign and optimization of
industrial processes, e.g., drying, assessing thblgms of packaging, modeling of
moisture changes that occur during drying, foreegsthe stability of shelf life and
predicting mixtures of ingredients [9].

Obtaining grugru palm powder is still handmade] atudies are necessary to
show the best techniques for obtaining and stattmgy product. Given the above, the
objective of this work was to evaluate the hygrgécdoehavior and the application of
mathematical models in predicting the adsorptiasthierms of Iyophilized powders

from grugru palm.
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2. Material and Methods
2.1. Raw Material

Grugru palm fruits were harvested in Araripe Plateathe Cariri Region, Ceara State,
Brazil, and taken to the Laboratory of Food Quabgntrol and Drying (UFCE), which
were selected and sanitized and subsequently péwlgdilp separation. The pulp was
stored at -20°C until the lyophilization process.
Two lyophilized powders of grugru palm were usede treatment without
addition of drying adjuvant and other with maltottexof dextrose equivalent (DE) 20.
Control treatment (T1l) - powder without maltodextrTreatment with

maltodextrin (T2) - powder with addition of maltodien 8%.

2.2. Lyophilization

The pulp was unfrozen and triturated; after thiscpss the pulp of T1 and T2 were
spread on stainless steel trays with diameter ofrdi5The trays were placed in ultra-
freezer (CL 90 - 40 V, Terroni) at -40°C for 24 Iguafter this period the pulp was
taken to a bench lyophilizer (LS 3000, Terroni) f86 hours. Right after the
lyophilization, the dried product was taken to tatimg knives mill (MA 048, Marconi)

in order to get a powder with homogeneous grartylari

2.3. Modeling of Adsorption Isotherms

In determining the moisture adsorption isothermstatic gravimetric method described
by Wolf et al. [10] was applied using saturated solutions of saltsording to
Greenspan [11], at room temperature of 25°C + ZF@e solutions of salts were
prepared and put in containers of tempered glasedlwith silicone.

Measurements of adsorption isotherms were perfdrimeriplicate. For each
cell about 0.20 g of each treatment were weighepgr@librated aluminum crucibles.
Afterward, the crucibles were taken to cells, whecimtained the saturated solutions of
salts.

The process was monitored by weighing of samphearalytical balance every
24 hours to obtain equilibrium. After balance thatev activity of the samples was
determined at temperatures of 25°C, 30°C, 35°C 40fC, using @ meter, model
AQUALab 4TEV. Then they were taken to a lab chamin air circulation at 105°C

for determination of moisture content.
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The equilibrium moistureX, Equation (1)) was calculated as the difference
between the mass of balanced sample and the daes: m

_ Meq—Ms

Xeq - m—s (1)

Where:Xeq = equilibrium moisture (d.b.)neq = mass of balanced sample (g);= mass
of dried sample (g).

For adjusting of the experimental data from adsonpsotherms of grugru palm
powder, mathematical models of GAB (Equation (BET (Equation (3)), Henderson
(Equation (4)) and Oswin (Equation (5)) were useghresented respectively by the
equations inTable 1 The calculations of parameters of each model weréormed

using the software Statistic version 7.0 [12].

Table 1. Mathematical models used to adjust the egpimental data of adsorption

isotherms.
Models Equation8
GAB (Guggenheim—
Andersen—de Boer) (Van X, = X C. K2y 2

ersen-de Boer) (Va 4~ T DK ay. (1 - Kay + C.K.ay) @)
Den Berg and Bruin, 1981)

Xn.Cay [1— (n+1).(ay)? + n. (a,)"*?!

BET (B | al, 1938) Xoq = ———— W s 3

(Brunauer el a ) Xeq =7 [ —(-0a,—Cay | ©
Henderson Henderson, 2

( x_ = | -aw) @)

1952) eq b

. . a,, 1°
Oswin (Oswin, 1946) Xeq = & |—2 ] (5)

1—ay,

2a,, = water activity:X,, = moisture content in the molecular monolayer g dry
basis);X., = equilibrium moisture content (g8 g* dry basis)C = constant related to
heat of sorption of the molecular layer,;b, K = adjusting parameters.
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The quality of adjusting different models was enéd through the best values
of the determination coefficient {Rand the relative mean deviatioB%, Equation
(6)), defined by Iglesias and Chirife [17]:

__ 100 o« |Xeqe—Xeqp|

E% =—X1, (6)

Xeqe

Where:E%= relative mean erroXeqe= experimental values{eq= values predicted by

the modeln = number of experimental data.

2.4. Hygroscopicity

The analysis was perform described by GEA Niro RegelLaboratory [18], consisting
in powder exposure to air relative humidity (RH) ©.5%, which was adsorbed
through the powder sample until a constant weighteached. The calculation of
hygroscopicity is given by Equation (7). The partere used to characterize the
hygroscopicity of grugru palm powder were obtairstording GEA Niro Research
Laboratory [18].

(%WI + % FW)x100 (7)
100 + %WI

% Hygroscopicity=

Where: %W = % free water;
%WI=((c — b)/(b —a)) x 100; a = weight of plate (g)b = weight of plate + powder

(9); c = weight of plate + powder in equilibrium (g).

2.5. Degree of Caking

The analysis was perform Al5a, described by GEAo NResearch Laboratory [18],
which consists of exposing the powder to absortsatare from the air (79.5% relative
humidity) until reaching equilibrium. Afterward,elpowder was dried and sieved under
standard conditions (sieve mesh modified to 12@). What was left in the sieve was
expressed as degree of caking. The calculatiorhefdegree of caking is given by
Equation (8). The parameters used to charactdmzelégree of caking of grugru palm
powder were obtained according to GEA Niro Reseastjoratory [18].

% Degree of Caking = b x 100/a 8)
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Where:a= grams of powder useb = grams of powder retained in the sie

3. Results and Discussio

3.1. Adsorption Isotherms

The adsorption isotherms ofophilized powders frongrugru palm fruits showed
behavior characteristic to Type lll, according taBauer classification [19]. It is can
observed inFigures 1 and 2 that the values of the experimental data for eguiim
moisture Keq) of lyophilized grugru palnpowders raised in accordance to increa
water activity, under conditions of consttemperature, e.g. at 25°C shown in FigL

cited.

O Experimental dats
— GAB

[ -—— EET
0.8 coee HENDEREZONM
— OSWIN

Xeq (gwater/gd b))
[ ]

oo o1 02 03 04 05 06 07 08 09 10
Boyy

Figure 1. Adosrption isotherms at 25°C of lyophilied powder of grugru palm

without addition of maltodxtrin (T1).
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Figure 2. Adsorption isotherms at 25°C of lyophilied powder of grugru palm with
addition of 8% maltodextrin (T2).

The parameters of the models applied to experimesdéa of adsorptio
isotherms of lyophilized powders of gru palm, the determination coefficients?)
and the rktive average deviationsE%) used as evaluation criteria for |
representation of isotherms are showTable 2

According to the results presentedTable 2, one notes that among models
studed (GAB, BET, Hederson andOswin) all can represent the behavior of gu
palm powders because they showed representat’® e E%, respectively, fron
0.9843% to 0.9996% and 0.23% to 1.57%, values béh@ncriteria recommended |
Aguerre et al. [20], where E% less than 10% indicate®asonable representati
models, and by Labuzet al. [21], in which the representation of isotherms
considered extremely good f(E% less than 5%. However, the GAB model-
parametric) represents more acculy the T1 treatment and the Oswin model-
parametricthe T2. Oliveiraet al.[22] also obtained better adjos¢nts of GAB mode
and Oswin model for lyophilizesapodilla.

The GAB model is reported by several researcherforiecastine adsorption
isothems for various dehydrated ods, as Ferreira and Pena [23] in obtait

adjustment of the model for peach palm powder;etet al. [24], for yellow mombir
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powder; Kaymak-Ertekin and Gedik [8] for dehydratgdpes and potatoes; and Goula
et al.[25], who obtained the best prediction for tomabavder.

The Oswin model did not fit to mathematic modelingpredicting the behavior
of foods studied by Goulet al[25] and Al-Muataselet al.[26]. This report does not fit
to that observed in T2 in this study, which shoviRéd= 0.9961 to 0.9979 anB% =
0.63 to 0.79. Kaymak-Ertekin and Gedik [8] also eeed that the Oswin model
presented data well correlated for apples and pesat.omourcet al. (1985), quoted by
Al-Muatasebet al. [27], reported that the Oswin model accounted fdy 7% of the
iIsotherms described for foods.

The values of moisture in the monolayer,JXin the GAB model for T1,
between the temperatures of 25 and 40°C, has raisdd increasing temperature
(Table 2). Similar behavior was observed in the determamatf adsorption isotherms
of flour of peach palmBactris gasipagsat 15°C [23] for surinam cherry powder at
temperatures of 20° C and 40°C [28].

The values of water content in the monolayer witlreasing temperature of T1
varied from 0.07 to 0.10 g watef* giry basis, and in T2 it was 0.07 to 0.08 g watér g
dry basis; values of T2 has the same trend obsenvée range presented by Rahman
(1995), quoted by Covet al [29], which is from 0.05 to 0.08 g watet* giry basis for
water content in the monolayer of starch rich paisluThe addition of maltodextrin in
T2 may be the explanation for this treatment besaustands in the profile of starch
rich products. However, Tallat al. [30] found values for banana, mango, pineapple
between 0.080 and 0.185 g watérdyy basis, values higher than previously reported.

The values oK in this study were inferior to 1.0 at all temperaty presenting
little variation between 0.97 and 0.99. Vieea al. [28], quoting Fernandez (1995),
reported that values oK lower than 1.0 show a characteristic indicatingt ttree
isotherm for food products tends to an asymptotenadctivity equals to 1.0.

One can observe that increasing temperature fr&fC 20 40°C leads a
reduction in values of the constaiita compatible behavior was observed by Galtas
al. [31] for pineapple powder with addition of maltodéx, which demonstrates
temperature is dependent to the cons@nfhese same authors reported that strong
adsorbate-adsorbent interactions are favored berldemperatures, reflecting b
increase and showing that this variation along wetinperature may be the result of a

mathematic compensation betwégandK.
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T1° T2°
Models  Parametets 250 30°C 35°C 40°C Models  Parametets 2500 30°C 35°C 40°C
Xm 0.0705 0.0709 0.0825 0.1027 Xm 0.1122 0.1166 0.1156 0.0981
C 1.2663 1.2072 0.9623  0.6949 C 0.5982 0.5626 0.5596  0.7402
GAB K 0.9791 0.9925 0.9886 0.9796 GAB K 0.9278 0.9369 0.9459  0.9822
R? 0.9996 0.9993 0.9992  0.9996 R 0.9897 0.9900 0.9904 0.9965
E% 0.23 0.31 0.40 0.29 E% 1.13 1.24 1.16 0.69
Xm 0.0755 0.2301 0.0690 0.1579 Xm 0.2241 0.1259 0.1387 0.1524
C 1.4186 0.2770 1.3286 0.4451 C 0.3314 0.6404 0.5478  0.4968
BET n 1.3371 -0.6423 1.0522 1.1523 BET n -0.7423 1.3501 1.3105 1.2144
R? 0.9988 0.9916 0.9991 0.9994 R 0.9859 0.9961 0.9954 0.9976
E% 0.39 1.39 0.40 0.34 E% 1.39 0.76 0.79 0.58
a 0.5836 0.5591 0.5533  0.5450 a 0.6155 0.6047 0.5942 0.5873
Henderson b2 3.3685 3.1554 3.0070 28519 . b 3.5360 3.3701 3.2653  3.0546
R 0.9951 0.9940 0.9950 0.9966 ] 0.9843 0.9833 0.9828 0.9883
E% 1.01 1.08 0.93 0.78 E% 1.45 1.62 1.57 1.29
a 0.0773 0.0766 0.0801 0.0827 a 0.0756 0.0775 0.0780 0.0837
Oswin b2 0.8859 0.9421 0.9687 1.0099 oswin 2 0.9120 0.9417 0.9647 0.9962
R 0.9995 0.9993 0.9991 0.9993 ] 0.9961 0.9958 0.9954 0.9979
E% 0.26 0.32 0.40 0.31 E% 0.63 0.79 0.79 0.54

2 T1: lyophilized powder without addition of maltoden; °T2: lyophilized powder with addition of 8% maltoder. ‘Abbreviations: R =
determination coefficienE% = relative average error..X= moisture content in the monolayer (g0Hg" dry basis). C = constant related to the
heat of sorption in the molecular layer. K = GA@nstant related to multi-layers. n = BET constatated to multi-layers. ale = adjusting
parameters of the Henderson and Oswin models.
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In Figures 3 and 4, there is a graphical representation of the adsor
isotherms of moisture of grugru palm powder, fortenperatures studied, adjusted
GAB and Oswin model for T1 and T2, respectivi

There is little influence of temperature on equilim moistire content of
grugru palm powder fowater activitybelow 0.55 in T1, being observed from this p«
that for the same,ahere is an increase in the equilibrium moistureteot along witr
rising temperaturesF{gure 3). In T2, this effect was observdtom water activity
above 0.50 Kigure 4). In studies carried out with Smam cherry powder, it we
observed an influence of temperature on the equihi moisture content from,,
above 0.30 [28]; this shows that grugru palm powgltessents a hygroscoity below
that observed in Suram cherry powde

As may be observed, the curvesFigures 3and4 do not intersect themselv
with the increasing temperature, a fact also regbbly Kayma-Ertekin and Gedik [8
for apples with high content of pectind sugar, and for potatoes with high conten
starch. This similar behavior of grugru palm per to data of the previously cit
auhors is due to its sweet fruit with approximat@y% carbohydrates [32], bei
13.3% glucose [33].

1.0 ¢
0.9 H TAD

08f . 35
0.7
0.6 |
0.5 |
04 |
0.3}
0.2 |
0.1}

0.0 T
00 01 02 03 04 05 06 07 08 09 10

By

anon

Xeq (gwater /g db.)

Figure 3. Bestmodel (GAB) for adsorption isotherms at different emperatures of
lyophilized grugru palm powder without maltodextrin (T1).
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Figure 4. Best model (Oswin) for adsorption isothen at different temperatures of

lyophilized grugru palm powder with 8% maltodextrin (T2).

3.2. Hygroscopicity and Degree of Cakin

Table 3 shows the values of hygroscopicity and degree @&fngafor T1 and T2
Treatment T1 presented greater caking in relattoh2 This fact may be related to
addition of drying adjuvant, madextrin, in which its use entails a reduction ie

powder hygroscopicity; this fact is also evidengeddsorption isotherms of this wo

Table 3. Hygroscopicity and degree of caking of Iywhilized powders from grugru

palm.
Treatmertt Hygroscopicity (%) Degree of caking (%
T1 7.68 a* 0.33a
T2 6.86 a 0.09b

% T1 = lyophilized powder without maltodextrin; T2 Iyophilized powder with 8%
maltodextrin. * Equal lowecase letters in the same column do not differ blgejtest
at 5% probability.

Powder caking is an undesirable phenomenon, whmtmally consists o

transformation of powder into solid and sticky mmite resulting in decrease
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functionality and fluidity, so quality loss, andetimain cause of agglomeration is the
presence of water induced by plasticization ofsinéace of particles [34].

In accordance with  GEA Niro Research Laboratory8],[1in which is
characterize the hygroscopic behavior and degreeakihg, respectively, the grugru
palm powder is classified as a non-hygroscopicitg aon-caking product, Oliveirat
al. [35] showed similar response about this clasgiboa(hygroscopicity 5.17% and
6.39%; degree of caking 0.03% and 3.11%) for povgilegru palm obtained by oven
dryer.

In studies carried out with sucrose, Mathlouth dRdgé [7] reported the
formation of agglomerates is related to the solidiges created during the process,
which turns out sucrose more hygroscopic. The ssanebe observed in T1, where the
powder formed the greatest caking and consequemdking the grugru palm powder
more hygroscopic.

Costaet al. [36] stated that different variations in the hygpopic behavior of
food powders are also attributed to their sizefimear particles have higher contact
surface and therefore higher number of active .sitéss report may explain the non-
hygroscopicity behavior of grugru palm powder wlvempared to that of fruits found
in the literature, which showed high hygroscopicasg the particle size of grugru palm
powder is 1200 um and the particle size of most frowders is in the range from 500
to 600 pum.

4. Conclusions
Mathematical models of adsorption isotherms fogguypalm powders can be classified
as Type lll, according to Brunauer classification.

All models studied adjust themselves to lyophdiz@wder of grugru palm, and
GAB and Oswin models represent best the behavitheofadsorption isotherms for T1
and T2, respectively.

Grugru palm powder showed an increase in the hitynad the monolayer X
along with increasing temperature. The value€ @fere reduced along with increasing
temperature. The constaNsuffered small variations in function to temperatur

Lyophilized powders of grugru palm were charaegtias non-hygroscopic and

non-caking product.
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Abstract

The objective was to study the stability of phykigeghysicochemical and bioactive
components of grugru palm powder. The fruits werketed, sanitized and pulped;
subsequently, the pulp was crushed and submittéautatreatments: oven drying (T1:
without maltodextrin; T2: with 8% of maltodextridnd freeze-drying (T3: without
maltodextrin; T4: with 8% of maltodextrin). The pders of each treatment were
packed in: P: plastic; L: laminate; LV: laminate darvacuum packed. Physical,
physicochemical and bioactive compounds analyses wmade every 30 days during
120 days of storage. An increase in moisture carded water activity was observed,
and a fluctuation occurred in color saturation angalues of phenolic and flavonoids.
The content ofp-carotene decreased during the storage, and tleuey were
influenced by the dehydration method and by the tgp package. Thus, the optimal

condition for preserving the grugru palm powdefréeze-drying T3 in packaging LV.

Keywords:  Acrocomia aculeata dehydration, preservation, packaging,
[-carotene.
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Practical application

Acrocomia aculeat#@s a palm tree highly productive and with greaireamic value. All
plant parts are utilized and its fruits have areresting nutritive potential. The
mesocarp of grugru palm fruit provides significaiincentrations of3-carotene, a
natural antioxidant and pro-vitamin A; so the pagn be included in feeding programs
of the poor and contribute to the food enrichmenaaource of vitamin A. This work
contributes to the study of the stability of bioaetcompounds and quality parameters
of dehydrated grugru palm pulp, aiming to define biest processing and conservation
conditions for applying to this raw material aseavringredient in different formulations

of food products.

1. Introduction

The palm species is very important to the tropiegion due to the wide variety
of products that can be obtained from (Lorenzi,&0®lany palm trees native to the
Amazon region and other tropical regions in Latimekica have been subject to
research and development (Clement et al., 2009ziBr arid and semiarid regions
have a wide variety of oil plants, native or exptmmong which grugru palm
(Acrocomia acuelatais highlighted because it is highly productiveeg@nde, 2009)
and potentially nutritive (Ramos et al., 2008; @i et al., 2013a).

Grugru palm, according to Oliveira et al. (20]@gsents a high respiratory rate,
making it a highly perishable fruit. Thus, procegsand storage techniques have to be
applied to obtain a longer useful life. The choaehe technique should be careful in
order to keep the nutritional characteristics of fresh product into the processed
products. One of the processes most commonly usddod preservation is drying
(Park et al., 2002); in this context it is very ionfant to know the nutritional properties
of the raw material (Park et al., 2006).

Several studies are carried out with grugru pddawever, most of these studies
are focused on the production of biofuel or editile especially the high content of
oleic acid from the mesocarp. This is also usedifolustrial purposes as for the
manufacture of soap (Ciconini et al., 2013; Silva &ndrade, 2013); this way many
studies are aimed at the characterization of thanai its extraction method. The related
literature reports the use of dehydrated pulp egreparation of food products (Brasil,

2002): the powder is utilized for preparation ofiwas foods; however, no study on the
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techniques of drying and quality analysis of thiswder was found. Thus, it is
necessary to know the behavior of nutrients of grygalm pulp through the processes
of drying and storage period in order to use thi8 material in the preparation of food
products.

This paper presents a study of the stability efphysical, physicochemical and
bioactive components of grugru palm powder obtaibgdtwo methods of drying,
packaged in different containers and stored at reanperature (+ 25° C) for 120 days.

2. Material and Methods
2.1 Raw Material
The grugru palm fruits were harvested in the AmarPlateau, Cariri region,
Ceara State, Brazil, and taken to the Laboratofyoaid Quality Control and Drying.
The fruits were selected and sanitized; subsebyy¢héy were pulped. The pulp
was stored in a freezer at -20° C until the dryngcess.
The pulps were unfrozen, crushed and separatedtwd pieces for drying
(Figure 1).

Pulp without
maltodextnn-T1
Parcel 1 (pulp for )
7 oven drying) Oven drying
Pulp with 2% of
Pulp maltodextnn- T2
(unfrozenand [—
smashed) Pulp wathout
maltodextnn - T3
L Parcel 2 (pulp for Freeze-drying
freeze-drying)
Pulp with 8% of
maltodextnin- T4

Figure 1. Flowchart identifying the treatments andthe drying methods.

2.2. Application of maltodextrin

An aqueous solution of maltodextrin was prepar®dodows: for each 100g of
pulp, 8.0 g of maltodextrin, dextrose equivalenE(B 20), were dissolved in 10 ml of
drinking water. Afterward, this solution was addedthe pulps of T2 and T4 and
homogenized.
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2.3. Oven drying

The previously prepared pulps (T1 and T2) arersegly distributed on stainless
steel trays with 25 cm diameter and taken to am evi¢h air circulation at 65° C for 25
hours (Oliveira et al. 2012). After drying, the guat was taken to a rotary slicer (MA
048, Marconi) to obtain a homogeneous particle gipeluct which was passed through

a sieve with a mesh of 0.12 cm.

2.4. Lyophilization

The earlier prepared pulps (T3 and T4) were séglgrdistributed on stainless
steel trays with 25 cm diameter and taken to ama-tifeezer (LC 90-40V, Terroni) at -
40° C for 24 hours; thereafter, they were driechibench-top lyophilizer (LS 3000,
Terroni) for 25 hours (Oliveira et al. 2013b). Afidrying, the product was taken to a
rotary slicer (MA 048, Marconi) to obtain a homogeuns patrticle size powder, which

was passed through a sieve with mesh of 0.12 cm.

2.5. Storage

After obtaining the powder, each treatment waskedcin the following
packages: plastic - P, laminate — L, and laminatie vacuum packaging - LV.

Three samples of each treatment containing 10Qmpwider and stored at room
temperature (x 25 © C) were reserved and analyizée dime zero and at every 30 days
for a period of 120 days.

Container specifications:

Plastic: PET + POLI/PET + PE transparent film 88g: weight 100g .
Dimension: 195(height) x 100(length) x 60(width).

Laminate: aluminum/PET 17gfn+ ADES 2g + aluminum 21,6 + ADES 2g +
PE film 80g n¥: weight 122g rif. Dimension: 180(height) x 80(length) x 50(width).

2.6. Physical and physicochemical analyses

The moisture content was determined gravimetgicall105° C in an oven until
constant weight according to the technique desdrtieInstituto Adolfo Lutz (2005).
The water activity (@ was determined by a portable measurer (AquaLab®).
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The samples colors were determined by a colorin{&ienolta, model CR410,
Konica Minolta Sensing, Inc., Japan) in the mode Cla*b* and parameters D65 (Y =
93.9; x =0.3167; y = 0.3336).

2.7. Bioactive compounds

The total phenolics were extracted and determiaecbrding to the method
described by Bucic-Kojic et al. (2007). The yelldiavonoids were extracted in
accordance to Francis (1982), through a soluticgtitdinol:HCI 1.5 mol t (85:15).

Para a determinacdo da Vitamina A foi realizadex@acéo dg-caroteno e a
atividade vitaminica A d@-caroteno foi obtida segundo Bauernfeind (1972)gual
foi utilizado o calculo do valor de vitamina A fatido pela National Council Reserch
(1980) em que 6ug decaroteno correspondem a 1 Retinol Equivalente .(RE)

The extraction of-carotene was carried out as described by Rodrigneaya
(1999) with a little modification. Samples (5g) gamwere extracted with cold acetone
until the residue becomes colorless; then it wWissréid under vacuum using a Bichner
funnel. The pigments extracted were then trangdeiwegpetroleum ether and washed in
distilled water until complete removal of the aceto The extract concentration was
made in a rotatory evaporator at 35° C. The pigmemte dissolved in acetone, filtered
in a PTFE with 0.22 um membrane and then analyZbd.p-carotene content was
analyzed by HPLC chromatographic conditions dewedopy Sant'’Ana et al. (1998)
with modifications. The devices utilized are: aulid|chromatograph (model Gilson 321
pump) with automatic injector (model Gilson 234pdmandle of 20L (loop), column
ACE 5 C18 (um, 150x4.6 mm), visible-UV detector at 450nm (mo@glson 152).
The mobile phase was composed of methanol/aceatefathyl-acetate (80:10:10) at a
rate of 1.5 ml.mift with running time of 60 minutes. The quantificatiof p-carotene

was attained by external standard curves.

2.8. Data Analysis

For the stability analysis, three samples of gaatkaging type and treatment
were separated. All analyses were performed iidafe (n = 3). Data were analyzed
statistically using the analysis of variance (ANOyAnd the differences between the
averages were determined by the Tukey test at S8apility using the software
Statistic, version 7.0 (Statsoft, 2007).
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3. Results and Discussion

The determination of moisture content and wateivi in food is important
because these are factors that support microboathr and according to Ribeiro and
Seravalli (2007), low values of these factors vptbvide the conditions for food
stability and preservation. The values for moistwatent (g 1009) and water activity
are shown in Table 1. All powder moisture valuesttet zero time storage are in
accordance to the Brazilian Legislation (Brasil788 which allows a maximum of 5g
100g*. According to FAO (1995), different moisture camteare reported for several
dehydrated foods.

Table 1. Stability of moisture content and water ativity in grugru palm powder

stored in different containers at room temperature(25 © C) for 120 days.

Treatment  Package Umidade (g 100Q) Atividade de agua ~a
Oday 30days 120days Oday 30 dag20 days
P 3.28% 498 7.27 020 029 047P
T1 L 3.28 377 596 0.2¢0 0.18¢ 0.27*¢
LV 3.28 368" 3.88 02¢ 0.17 0.18"
P 346 522 719 027 029 0.39
T2 L 3.40*% 4.03% 467 022 0.2 0.23¢
LV 3407 3.93¢ 4.1 027 0.19¢ 0.20¢
P 3.12 539 7.42 0.12 033 044
T3 L 3.12 3.78° 425 0.12 o0.18¢ 0.20¢
LV 3.1 358 4.03" 0.12 017 017
P 348 523 656 027 034 047
T4 L 348 434 478 027 025 0.28
LV 348  4.11° 4.0 027 024 0.27F

* T1: oven drying without maltodextrin; T2: ovenytirg with 8% of maltodextrin; T3:
freeze-drying without maltodextrin; T4: freeze-dryiwith 8% of maltodextrin.

** P: plastic package; L: laminate package, LV: laate with vacuum packaging.

*** Same lowercase letters in the column and sapyeucase letters in the line do not
differ by the Tukey test (p>0.05) in the analyses.
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The values of moisture and water activity durifge tstorage time for all
treatments and packages were gradually increaskugpt for water activity in T1 and
T2 packed in LV, which showed decreasing valuess fiay have been influenced by
the vacuum closed laminate package. Costa et @l3f2studied the passion fruit
powder and also observed an increase in moisturgegb and water activity,
corroborating the findings of this study. At thedeof the 120 days of storage, all
treatments stored in plastic - P and T1 with lat@neackage extrapolated the maximum
moisture allowed by the legislation; so the packadyewas the only one effective
against to increasing moisture content and watevigcof the powders in this study.
The low water activity levels support the powdessgy, since reactions (chemical and
enzymatic) is reduced or halted under the conditigiwen in this study. Furthermore,
according to FAO (1995), water activity values bel0.4 prevents caking when the
products are stored at room temperature.

The color of food products is an important evabratparameter; it directly
represents the quantity of certain bioactive compisu(e.g. carotenoids) and it has an
attractive power to the consumer. The color pararsdL*, a* and b*) are presented in
Figure 2.

The parameter L* (0: black and 100: white) detewsi the brightness of the
product. The T2 powder at zero time was the darkest in relation to the other
treatments and during the storage period minor gémmccurred. The T1 showed the
most visible changes of brightness in the samplethea end of the experiment: the
plastic package (P) did not change, while L packslgmved trends for whitening and
LV for darkening.

The parameters a* and b* are the chromatic coatds -a* represents the
direction to green and +b* the direction to yelld®@ne can observe that the values for -
a* were low, demonstrating a grayish tonality; tbeordinate showed a non significant
decrease during the storage time. The chromatidity in all treatments showed a
yellow tone, with T3 and T4 presenting a more sdad color in relation to T1 and T2.
T1 suffered the greatest loss of yellow saturagthscoloration) during the storage time.
An effectiveness of packing on the conservatiorpafvder color was observed: the
package LV kept the yellow color saturation. Qiarale (2012) stated that appropriate
storage conditions for products containjiqgarotene prevent color fading and loss of

bioactive potential.
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Time (Days) Time (Days) Time (Days)

Figure 2. Stability of color parameters (CIE L*a*b*) under different treatments
and drying methods with three types of packages atom temperature for 120
days of storage.

(T1: oven drying without maltodextrin; T2: oven gy with 8% of maltodextrin; T3:
freeze-drying without maltodextrin; T4: freeze-anyi with 8% of maltodextrin. P:
plastic package; L: laminate package, LV: laminaith vacuum packaging. Color
parameters: brightness - *L; chromaticity - *a &bl

Figure 3 shows the stability @fcarotene content in the grugru palm powder.
Grugru palmp-carotene is highly bioavailable when compared twe#-carotene
(Ramos et al., 2007). Thecarotene in the plant kingdom is present in vdgetawith
dark-green leaves and in yellow to red fruits (Jenet al., 2007; Tang et al., 2009).
The pulp dehydration process influences the amotithis carotenoid: treatments T3
and T4, which were lyophilized, presented highgele of B-carotene in relation to the
oven dried pulps (T1 and T2). Another factor inflamg this carotenoid content was
the addition of 8% of maltodextrin. The addition this drying adjuvant may have

hindered the extraction d¢f-carotene. Costa et al. (2013) observed a decileage
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content off-carotene in passion fruit powder. Thwearotene is susceptible to the action
of light, heat and oxygen, and can undergo autdadian (Lin & Chen, 2005).

A)T1 B)T2
80 30
0 P 70 P
=60
o [ &L
450
a- LV *g’ 4 LV
g a0
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20
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] 30 60 o0 120 ] 30 60 o0 120
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Figure 3. Stability of p-carotene f1g.g?) under different treatments and drying
methods packaged in three types of packaging at rao temperature during 120

days of storage.

(A-T1: oven drying without maltodextrin; B-T2: oveinrying with 8% of maltodextrin;
C-T3: freeze-drying without maltodextrin; D-T4: @&=se-drying with 8% of
maltodextrin. P: plastic package; L: laminate pgekalV: laminate with vacuum
packaging. Color parameters: brightness - *L; clabaity - *a and *b).

During the storage period, tifiecarotene has degraded regardless of treatment
and packaging. P and L packages were not effeevi® losses, and the LV package
was the best in the conservation of grugru palmdeswAccording to FAO (1995), the
vacuum packaging prevents the action of atmosplwetygen, especially in products
containingp-carotene.

The phenolic compounds present biochemical priggethat are important to
human health (Meot-Duros & Magne, 2009); this biv&ccomponent is subject to
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some losses after food processing. According toaBadt al. (2011), during the fruit
processing, the cells are ruptured and the pulpenged non-enzymatic oxidation,
resulting in loss of phenolic compounds. Howevershown in Figure 4, the phenolic
components were not influenced by the different&inf drying and the addition of 8%
of maltodextrin did not affect the results. Therage time for all treatments caused a
reduction in phenolic levels at the end of 120 daysl the analysis every 30 days of
storage confirmed that only the 90-day period shbaesignificant difference (p>0.5)
between LV and P packaging in the treatment T2Q)d&V the highest value; in the
other storage periods, there was no differencedmtvpackages for each treatment, and
the same behavior was observed by Bakowska-Baarz@dlKolodziejczyk (2011) in the
study on strawberry powder encapsulated with maktsth with different DE (11, 18,
21).

0 30 60 90 120 0 30 60 90 120
Time (Days) Time (Days)

Total phenolic (mg GAE 100g°1)
Totalphenolic (mg GAKE 100g

0 30 60 90 120

0 30 60 90 120 Time (Days)

Time (Days)

Figure 4. Stability of total phenolic content (mg.00g") under different treatments
and drying methods packaged in three types of packgng at room temperature for
120 days of storage.

(A-T1: oven drying without maltodextrin; B-T2: oveinrying with 8% of maltodextrin;
C-T3: freeze-drying without maltodextrin; D-T4: @&ze-drying with 8% of
maltodextrin. P: plastic package; L: laminate paekalV: laminate with vacuum
packaging. Color parameters: brightness - *L; clabaity - *a and *b).
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Figure 5 shows the levels of yellow flavonoidgifferent grugru palm powders.
A slight value fluctuation was observed in all treants with an increase at 120 days of
storage. Costa et al. (2013) found the same behewvpmassion fruit powders during the
storage time. The T1 and T2 showed the highestgadalucomparison to the lyophilized
powders; this fact may have been due to the frgeztiep before grugru palm pulp was
submitted to freeze-drying. The content of flavalsoin processed products degrades,
making it smaller than in fresh fruits (Huber & Rigiez-Amaya, 2008). Each
processing stage (peeling, pulping, pre-procesampbleaching) of vegetables causes a
loss of flavonoids (Ewald et al., 1999).

The addition of 8% of maltodextrin in T2 and T4aled no positive effects for
the stability of bioactive compounds and for thealgy parameters in relation to
treatments without maltodextrin (T1 and T3); thiusther studies should be conducted

to justify its use in the process of drying grugaim pulp.
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Figure 5. Stability of yellow flavonoids (mg.100d) under different treatments and
drying methods packaged in three types of packagingt room temperature for 120
days of storage.

(A-T1: oven drying without maltodextrin; B-T2: oveinrying with 8% of maltodextrin;
C-T3: freeze-drying without maltodextrin; D-T4: @&=se-drying with 8% of
maltodextrin. P: plastic package; L: laminate paekalV: laminate with vacuum
packaging. Color parameters: brightness - *L; clabaity - *a and *b).
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Conclusion

The stability of bioactive compounds and the duadarameters of grugru palm
powder changed during the storage time: moistuegdemactivity, color and content of
B-carotene were affected by the treatments appliet by the packages used in the
storing period.

The ideal conditions for the preservation of theggu palm powder that ensures
greater stability of bioactive compounds and qualitributes are freeze-drying without

addition of maltodextrin (T3) and vacuum packadéed)(
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