Food/Feed Science and Technology

Vol. 59: €16150362, January-Decembro 2016 BRAZILIAN ARCHIVES OF
PO SaN 16784324 Onine Editon. BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Spray Drying of Pequi Pulp: Process Performance and
Physicochemical and Nutritional Properties of the Bwdered
Pulp

Audirene Santand-? Louise Kurozaw&", Rafael Oliveira' and Kil Park*

!Faculdade de Engenharia Agricola; Universidade Bst de Campinas; Campinas — SP - Bra&illepartamento
de Ciéncia e Tecnologia de Alimento; Universidadtafual de Londrina; Londrina - PR - BrasiFaculdade de
Engenharia Quimica; Universidade Federal do Maran8&o Luis — MA Brasil

ABSTRACT

The objective of this work was to optimize the gpieying of pequi pulp using maltodextrin as carrégent and
Tween 80 as surfactant agent. A central compositatable design was used to evaluate the influeridelet air

temperature (140 to 200°C), maltodextrin (15 to 3086d surfactant (0 to 5%) concentration on the qass
performance and physicochemical and nutritionalgedies of the dried powdered pulp. The dependanables

were process yield (27.4 - 51.7%), outlet air terapge (106.5 - 135°C), energetic efficiency (2949.8%), moisture
content (0.25 - 1.43%), water activity (0.09 to1),hygroscopicity (9.1 - 12.1 g adsorbed moistL®8g dry matter),
vitamin C content (129.8 - 303.0 mg/g solids pegnd total carotenoids content (8.2 - 94.9 mg camoids/g solids
pequi). The spray drying of pequi pulp was optimhifm maximum vitamin C and total carotenoids canhtasing
response surface methodology, which were attairteti5a°C, surfactant concentration of 1% and maltdde

concentration of 18%. The characterization of tlegiy pulp powder obtained at the optimized conditwaluating
the particles sizes, bulk density and porosity. ogphology showed spherical and smooth particlits several
sizes.

Key words: Fruit, Tween 80, powder property, screening desigioroscopy

INTRODUCTION (Soares 2009). Among these fruits, there is the
pequi Caryocar brasilienseCamb), a typical fruit
Due to the attractive commercial point of view, aof the Brazilian savanna region, or "cerrado”. This
huge amount of fruits and Vegetables is produced 'ﬂfluit, which contains 1 to 4 seeds under a pasty,
the tropical and subtropical countries. Most obthe oleaginous and yellow pulp, is rich in oil,
products possess high water activity, making themgarbohydrates, proteins and phytochemicals
susceptible  to  decomposition by  thesybstances such as carotenoids and vitamins A and
microorganisms, chemical and enzymatic reactiong (Teixeira 2008).
Since these products are extremely perishabl&jtamin C is very important for human nutrition,
associated with the seasonal problem, they aignce is an essential substance that preventseisea
difficult to be marketed, or exported as freshsych as scurvy, and it plays the role of biological
produce. antioxidant. As humans have no capability to
In Brazil, the loss of tropical and subtropicalifsu  synthesize this vitamin, it should then be supplied
is significant, reaching about 5 million ton/yearpy the diet (Santos and Silva 2008). Appreciated fo
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the pleasing yellow, orange, or red color theyAs pequi pulp presents high lipid content
impart to many foods, carotenoids are also naturghpproximately 30% on wet basis), it is necesgary t
antioxidants and as such contribute to the stgbilitobtain a stable emulsion between the lipid phase
of foods. In addition, apart from the provitamin Aand maltodextrin aqueous solution, in order to have
activity, carotenoids can prevent, or reduce thle ri an effective spray drying process. Therefore, the
of various disorders in humans and animals andse of maltodextrin in combination with other
exert physiological benefits when consumed suchurface active biopolymers overcomes this
as cardiovascular and eye diseases prevention apbblem. Tween 80 (polyoxyethylene sorbitan
anticancer activity (Krinsky and Johnson 2005monooleate), one of the most commonly used
Rodrigues-Amaya 2010). However, these nutrientwater-dispersible non-ionic surfactants, is widely
are generally susceptible to degradation reactiorused in food emulsions as it can stabilize the
during the processing and storage, due to theemulsion for a short period by reducing the oil-
sensitivity to adverse environmental conditions anwater interfacial tension. The total concentratibn
food matrix such as temperature, pH, light, timeemulsifier present in the system is crucial for the
and presence of enzymes, oxygen and metallstability of droplets because there must be a
catalysers. sufficient quantity available to completely covér a

In this context, spray drying represents arthe droplets formed in the emulsion (McClements
alternative to improve the conservation of thelfina2005).

product, which facilitates the storage, handlingl a The objective of this work was to study the
transportation of the product. Due to the shorinfluence of inlet air temperature, surfactant
residence time, this drying method is suitable fofTween 80) concentration and carrier agent
heat-sensitive products, promoting higher retentiofmaltodextrin 10DE) concentration on dryer
of flavor, color, and nutrients. The physicocherhicaperformance, physicochemical and nutritional
and nutritional properties of spray-dried powdemproperties powder. The specific objectives were (1)
depends on the characteristics of the feed solutido optimize the microencapsulation process aiming
(viscosity, flow rate) and the drying air high nutritional retention; and (2) to characterize
(temperature, pressure, air flow), contact betweetihe microcapsules obtained under the optimized
the hot air and droplets in the drying chambecondition with respect to bulk and absolute
(concurrent, or countercurrent flow), and the typalensities, porosity, particles size distributiord an
of atomizer used (Masters 1991). According tamorphology.

Barbosa-Canovas et al. (2005), it is essential to

optimize the spray drying process, aiming to reduc
the cost and to obtain the products with bette&lATERIAL AND METHODS
sensory and nutritional characteristics. Material

Since fruit juices contain sugars and acids of loveqyi fruits were acquired from the Cooperative of
molecular weight, they present low glass transitiogsrande Sertfio Ltda (Montes Claros, Minas Gerais,
temperature  (Tg) ~and, consequently, higfBrazil). The fruits were stored at 5+1°C and rekati
stickiness. Thus, they can stick on the dryepymidity of 90-95%. They were dipped in a sodium
chamber wall during the drying, leading to lowhypochlorite solution (200 mg/L) for 15 min and
product recovery and operational problems. Due t@yanyally peeled. The internal mesocarp was grated
the high Tg value of maltodextrin (205°C, g optain the pulp, which was homogenized with
according to Roos and Karel 1991), its addition hagistilled water (pulp:water ratio 1:2.5, wiw). The
been used in the production of powders, reducingy|p was stored in a freezing chamber at -18°C and
the hygroscopicity, stickiness and wall depositionnawed according to the quantity required for spray
(Roos and Karel 1991). Maltodextrins have beegrying. The main characteristics of pequi pulp (on
widely used for the microencapsulation of food,et basis), obtained according to AOAC (2006),

ingredients susceptible to the deterioration byyere: moisture content of 52:8302%, fat content
external agents. Their advantages are low co f 30.66:0.75%, protein content of 5.66.03%,

neutral fla_lvor, low ~viscosity at h_|gh sohds ?Sh content of 1.28.001%, carbohydrate content
concentrations and good  protection agalnsof 10.7%1.05%, reducing sugar content of
oxidation. However, the biggest problem of this : 970, 9 g

microencapsulating agent is its low emuIsifyingS'O,Aio'n% and 338'3&_'06 mg vitamin C/g
capacity. solids of pequi. Carotenoids content (146®98
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Spray Drying of Pequi Pulp 3

mg carotenoids/g solids of pequi) was obtained

according to Rodrigues-Amaya (1999). For thel =/ + AX, + B X, + B X, + B, X7+, X7 +

spray drying process, maltodextrin Mor-fek910 P XTI+ X X, + B X X, + B X, X,

with DE 10 (Corn Products, S&o Paulo, Brazil) was 1)

used as carrier agent and polyoxyethylene _sorbit%ere Y is the response (dependent variaplg)s

monooleate (Tween 80) (Synth, Brazil) ase constant regression coefficiebit;B, andps are

surfactant agent. the linear regression coefficien{®i1, B2, andBss

are the quadratic regression coefficiefis; Bis

agnd B2s are the cross-product regression

coefficients; %, Xz, and X represent the coded

values of the independent variables (inlet air

gemperature, surfactant concentration, and
[todextrin concentration, respectively).

n order to obtain the regression coefficients, an

Spray Drying

Before the spray drying process, pequi pulp w
diluted with distilled water (pulp:water ratio 1:2
w/w) and filtered through a qualitative filter pape
The filtrate presented 12.8% of solids content. Th
purpose of this procedure was to remove suspend

particulates solids, avoiding obstruction of the ) ; .
atomizer nozzle of spray dryer. Maltodextrin anoan.aIySIS of variance (ANOVA) was carried out

Tween 80 were added directly to the fiItered"'S:c?g the Sl'iatlstlcg |9.0 (.S';)?tsoftzthTulsa, f.(LjJSA)
mixture at several concentrations according to tha0 vlvar(-f)pac a;%e. (yn yvalr:)a es wi acor:jl er(;ce
Table 1. The homogenization was carried out in aff & 200ve 6 §0.10) were considere

ultraturrax homogenizer (Extratur DisperserSignificant. o
Quimis, Brazil) operating at 14,000 g for 10 min For carotenoid and vitamin C content responses, the

For spray drying experiments, a laboratory spra c_torial screenir)g de;ign 2K (relate_d to design
pray drying exp Y SP gaomts 1 to 8), including central points (design

dryer was used (model B191, Buchi, Flawil,m-" - o
Sv)\//itzerland). The( equipment was operated?o'nts 15 - 17), indicated that the predictive mode

concurrently using a spray nozzle with an orifite oWVas Imear. Thu;, twas F‘Ot necessary to expamd.th
0.7 mm in diameter. The drying chamber had factorial screening (_je3|gn fo_r central composite
diameter of 110 mm and a height of 435 mm. Th ota}table design, with ad'dltlon. Of. axial . points
mixture was fed into the drying chamber using p0|n_ts_9to 14), bgcause th!s design is applieenwh
peristaltic pump. The feed mass flow rate andredictive modelis quadratic.

compressed air flow rate were 0.2 kg/h and 0.6 .

m¥h, respectively. The tests were performed unddpna!ytical Methods

different conditions with respect to inlet air rying Performance .
temperature (140 - 200°C), maltodextrin 10 =i order to evaluate the spray drying performance,

: - ield and energetic efficiency were
concentration (15 - 30%, weight of PTO¢ess Vi€ : Cy w
maltodextrin/weight of filtered pequi pulp) and calculated by Equations (2) and (3) (Cortés-Roja et

surfactant concentration (0 - 5%, weight ofal' 2009).

surfactant/weight of filtered pequi pulp), accoglin o (- X owmdar B M e
to Table 1 Y(%)=— _ <100
. 1‘1_ Xfeed b ; I\;‘Ifeed
)
Experimental Design where XouderiS the water content in the powder (kg

A central composite rotational design (CCRD) 2 ater/kg powder), ¥eqis the water content in the
(Table 1) was used to evaluate the effect of thgseqd solution (kg water/kg feed),Maeris the mass

independent variables inlet air temperatur@)(T of powder (kg) and Meq is the mass of feed (kg).
surfactant Tween 80 concentration (SC) and carrier

agent maltodextrin concentration (MC) on the n(os) = T, -T. . 100

responses dryer performance (process yield, outlet T, -T,..

air temperature and energetic efficiency), powder . )
physicochemical properties (moisture contentWhere T Tour ‘F’Lnd Toom are inlet, outlet and room
hygroscopicity and water activity) and powderfemperatures( C).

nutritional properties (vitamin C and total

carotenoids content).

The experimental data were fitted to the following

polynomial equation:
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Table 1 -Experimental design for the spray drying of pequppowder.

Independent variables Dependent variables
Desi Process performance Physicochemical properties Nitional properties
esign
: Tin SsC MC n H (g adsorbec VC (mg/g cc
point o o o Y Tout _ .
(°C) (%) (%) 0 o (%) X (%) Aw water/100g  solids  (mg/gsolids
(%) (°C) ; ; X
solids) pequi) pequi)
1 152(1) 1(1) 18(1) 45.7 111.0+0.282.7 0.89+0.0030.09+0.002 10.1+0.001 303.0+0.6 94.9+0.003
2 188 (1) 1(-1) 18(-1) 44.8 140.0#0.129.9 0.91+0.0010.10+0.01 11.4+0.001 258.6+0.8 55.9+0.011
3 152(1) 4(1) 18(1) 39.2 111.0+0.23.4 0.55+0.00D.06+0.001 10.89+0.001129.8+0.4 60.4+0.002
4 188(1) 4(1) 18(-1) 44.8 140.0+0.730.4 1.05+0.0010.10+0.01 12.0+0.001 137.3+0.6 42.1+0.03
5 152(-1) 1(1) 27(1) 37.7 110.0+0.534.4 0.80+0.003.08+0.003 12.1+0.002 251.3+0.1 43.5+0.004
6 188 (1) 1(1) 27(1) 48.7 135.0+0.432.4 0.84+0.0030.13+0.01 11.3+0.001 263.8+0.3 35.3+0.002
7 152(1) 4() 27 (1) 46.2 108.0+0.234.9 1.11+0.0020.10+0.03 11.3+0.001 143.5+0.6 20.2+0.01
8 188 (1) 4(2) 27 (1) 46.8 132.0+0.134.7 1.03+0.0030.14+0.01 12.1+0.002 164.7+0.7 12.4+0.01
9 (_1458) 25(0) 22.5(0) 389 99.0+0.2 356 1.43+0.0018+0.01 9.1+0.0001 - -
10 (12%%) 25(0) 225(0) 46.2 140.0+0.434.4 0.66+0.0010.14+0.01 11.1+0.0003 - -

11  170(0) 0 (-1.68)22.5(0) 46.7 119.0+0.335.5 0.65+0.0010.17+0.04 11.2+0.002 - -
12 170(0) 5(1.68)22.5(0) 34.0 117.0+0.237.2 1.37+0.0010.14+0.01 10.5+0.001 - -
13 170(0) 2.5(0) 15(-1.6851.7 111.0+0.4 41.7 1.18+0.0010.21+0.02 9.3+0.001 - -
14 170(0) 2.5(0) 30(1.68)27.4 107.5%+0.3 44.2 0.25+0.0010.15+0.01 10.4+0.001 - -
15 170(0) 2.5(0) 225(0) 42.2 106.5+0.24.8 0.26+0.0010.13+0.02 12.0+0.001 185.9+0.9 30.8+0.01
16 170(0) 2.5(0) 225(0) 42.9 110.0+0.41.5 0.25+0.0010.13+0.02 12.1+0.005 184.8+0.8 30.5+0.01
17 170(0) 25(0) 225(0) 42.1 110.0+¢0.21.7 0.29+0.0010.14+0.01 12.1+0.001 185.2+0.8 30.5+0.01
*The independent variables correspond to the ralales. Values enclosed in parentheses correspdhd tmded values.

Moisture Content (X) and Water activityu A Vitamin C Content (VC)

Powder moisture content was determined/itamin C of the powders (mg vitamin C/g solids

gravimetrically using a vacuum oven at 70°C untilof pequi) was obtained according to AOAC (2006),
constant weight. Feed solution moisture contenwhich was based on the reduction of the indicator
was determined using a forced air circulation oveR,6-dichlorophenolindophenol (DCFI) by ascorbic

at 60°C during 24 h and then a vacuum oven at 70°axid.

until constant weight (AOAC 2006). A Decagon

(Pawkit model, Aqualab, USA) was used toBulk and Absolute Densities

measure the water activity at 25°C. About 2.0 g of powder were placed in a 10 ml
graduated cylinder (readable to 1.0 ml). The
Hygroscopicity (H) cylinder was tapped by hand 50 times and the bulk

Hygroscopicity was evaluated according to Cai andensity was calculated by dividing the mass of

Corke (2000) with some modifications. About 1.0 gpowder by the volume occupied in the cylinder

of sample was placed into aluminum vials, weighedGoula et al. 2004). The measurements were carried
and equilibrated over saturated NaCl solutiorout at room temperature. The absolute densityeof th

(providing relative humidity of 75.3%) in hermetic powders was determined at 25°C using a helium
container at 25°C. Samples were weighed after orlgycnometer Automatic Gas (AccuPyc 1330,

week, and hygroscopicity was expressed as g dflicromeritics, Norcross, USA).

adsorbed moisture/100 g of solids.
Porosity

Carotenoids Content (CC) The porosity was calculated by Equation (4)
Carotenoids content of the powders (mgKrokida and Maroulis 1997).

carotenoids/g solids of pequi) was determinetezl_&xloo (4)

according to Rodrigues-Amaya (1999), based o P,

acetone extraction and separation into pEtrOIeuWherepb andpa are the bulk and absolute

ether. The absorbance was measured using dBnsities respectively

spectrophotometer at 450 nm, corresponding to the ' '

wavelength of the prevalent carotenoid of peiui

carotene.

Braz. Arch. Biol. Technol.



Spray Drying of Pequi Pulp 5

Particles Size Distribution SEM was carried out at 20 kV and 150 pA with a
The particles size distribution was measured usingiagnification of 3,008 and 5,008.

a laser light scattering analyzer Mastersizer S

(Malvern Instruments, Malvern, U.K.). A small

guantity of powder was dispersed in 99%RESULTS AND DISCUSSION

isopropanol and the particle size distribution was . .

monitored during five successive readings. Th&XPerimental Design . .
particle size was expressed as the mean volumetdd€ €xperimental data were obtained using 17

size D[4,3] (De Brouckere mean diameter) Whicﬁ:ombinations of the independent variables, inlet ai
! ' emperature,  surfactant and  maltodextrin

represents the mean diameter of a sphere with th : h in Table 1. Th I
same volume, and is generally used to characteri gneentrations, as shown in Table 1. The results
rom the experimental design were fitted to a

a particle. second-order regression model (Eq. 1). The
Particles Morphology regression coefficients and coefficient of
The particles microstructures were evaluated bgletermination (R are presented in Table 2. The
scanning electron microscopy (SEM). Powderson-significant terms &0.10) were eliminated and
were attached to SEM stubs using a double-sidgtle models were tested for adequacy and goodness
adhesive tape, coated with gold/palladium under af fit by analysis of variance (ANOVA). When the
vacuum in a sputter coater (model SC7620, VGalculated F value is greater than the tabulated F
Microtech, Ringmer, UK) at a coating rate of 0.51value, the variation is explained by the regression
A’ls, 3-5mA, 1V, at 0.08-0.09 mbar for 180 s. Th@nd not by the residues. Thus, the regression is
coated samples were examined by a scannirgignificant and the model can be considered
electron microscope (LEO440i model, Leicapredictive.

Electron Microscopy Ltd., Oxford, England). The

Table 2 -Coded second-order regression coefficients and/sisadf variance for experimental design responses.

Regiession —y T out n (%) X Aw H vC cc
Bo 4217 11063 4172 0.27 0.14 12.02 200.72 4153
B NS 12.89 NS NS NS 0.42 NS 19.20
B NS NS NS NS NS NS 6267  -11.77
Bs NS NS NS NS NS NS NS 11.77
Bu: NS 4.89 352 0.26 NS NS ; :
Bor NS 4.36 3.05 0.25 NS NS i :
Bss NS NS NS NS NS 052 : i
Bes NS NS NS NS NS NS NS NS
Bis NS NS NS NS NS NS NS NS
Bos NS NS NS NS NS NS 10.95 NS
R? NS 0.91 0.63 0.38 NS 0.29 0.93 0.84
Fe NS 41.43 11.92 4.35 NS 2.89 56.28 12.37
R NS 2,56 2.73 2.73 NS 2.73 3.11 3.07

Bi: the estimated regression coefficient for themimiear effectsBii: the estimated regression coefficient for thadpatic effectsBij: the estimated
regression coefficient for the interaction effe¢ts.1: inlet air temperature; i = 2: surfactanhcentration; i = 3: maltodextrin concentration. NS:
Non-significant (p>0.10).

Dryer Performance: Process Yield, Outlet Airprocess yield did not significantly change with
Temperature and Energetic Efficiency spray drying conditions (p>0.1) (Table 2), the: T
The outlet air temperature is an important sprayas influenced mainly by thei.T(Fig. 1), which
drying parameter, related to the energyas expected.

consumption of dryer and the powder quality.df: T Energetic efficiency is commonly used to evaluate
is greater than Tg, the powder can be sticky. Thine dryer performance and to optimize the spray
higher the temperature difference between thendrying process, since its indicates the efficieany
the higher the degree of stickiness would beheat transfer process between air-drying and the
reducing, therefore the powder recovery. Althouglatomized fluid. The values found in this work

Braz. Arch. Biol. Technol. v.59: €16150362, Jan/R6&6



6 Santana, A. et al.

varied from 29.9 to 44.8 % (Table 1), which wergree water in a food system that is responsible for
similar to those reported by spray drying of Bidensny biochemical reactions, whereas the moisture

pilosa L. extract (Cortés-Rojas et @015). The content represents the water composition in a food
srystem. Thus, the higher water activity, the shorte

experimental data were fitted by a second ord?ood shelf-life. Since water activity values varied

polynor_nial. model; however, as the coefficient Otrom 0.06 to 0.21 (Table 1), which were below 0.30
determination (R of the adjusted model was only the spray dried pequi pu'Ip could be considerea

0.63, the model and the response surface could ns%lble (Fennema 1996).

be obtained. An inverse relationship between thF/I . , .
) L . oisture content of the spray-dried products is an
energetic efficiency and outlet air temperature was

. . . D indicator of the adequacy of the drying process.

observed_(Flg. 2). Accordl_ng to Cortez-Rojas et alI'_ower residual moisture content limits the abibfy

(2015), this could be explained by the fact tha¢mwh .

hiaher drving temperatures are emoloved. the heV\ztater to act as a plasticizer and to depress the Tg
9 ying P ployed, As Tg of particles is a function of moisture coriten

transf(_er s faster_due to a higher heat evaporatiqp'e inlet variables become an important factor
capacity of the air; however, the heat losses ¢o trbecause they affect the powder stickiness an’d

environment increase caking. The Tg has also been used as indicator of
the molecular mobility, which changes the
diffusivity of molecular species. In the rubbery
state, the molecular mobility of the matrix and the
reactants are accelerated, which results in an

%0 increased rate of physicochemical properties of the
/% ‘5 products (Roos 2010). The powder moisture
9" % 2. contents in the spray-dried powders in the present

® study varied from 0.25 to 1.43%.

Although water activity of the powders did not
significantly change with spray drying conditions
(p>0.1) (Table 2), their moisture content was
influenced by the inlet air temperature and
surfactant concentration (Table 2). As the quadirati
factors of these independents variables showed
positive effect, increasing temperatures, or
outlet air temperature. surfactant concentrations led to the minimum
moisture content up to certain values of these
i . parameters; above them, an opposite behavior was
' observed. Increasing inlet air temperature results
larger temperature gradient between the atomized
feed and the air-drying. Thus, a higher heat temnsf
into the particles and, as consequence, higher
evaporation rate occur. Fazaeli et al. (2012) and
Tonon et al. (2008) also observed this behavior,
studying the spray drying of black mulberry and
- : : : : ‘ acai, respectively. At higher temperatures, an
T etaremmenne e increase in this process parameter led to the
formation of wetter particles. This behavior could
Figure 2 - Relationship between the responses energetige attributed to the higher contraction of particle
efficiency and outlet air temperature.  structure, forming a surface of higher thickness, a
to the faster crust formation. These facts hinbder t
diffusion of water inside the particle, thus redugi
he water evaporation, and resulting in the pasicl
ith higher moisture content. When the evaporation
rate is higher a saturated atmosphere with water
apor can be formed on superficial particles, which
Iso interferes on the diffusion of water from

O
00

Figure 1 - Influence of independent variables on

Energetic efficiency (%)
o =
& 5]

@

S
L

-

25

Powders Moisture Content and Water Activity
Moisture content and water activity are importan
index since they can greatly affect the shelf-tife
the powders. Water activity is different from the
moisture content as it measures the availability o
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Spray Drying of Pequi Pulp 7

interior of the particle to drying air. As a higher hygroscopicity when the lower oil

consequence, higher temperatures can get weticoncentration (and consequently higher gum
particles. This behavior was also observed for thArabic content) was used, which was expected,
microencapsulated coffee oil by spray drying asince coffee oil is a hydrophobic material, which

reported by Frascareli et al. (2012). does not adsorb water, and to the hygroscopic
The experimental data were fitted by a second ordnature of gum Arabic when compared to coffee oil.
polynomial model. As the coefficient of Therefore, as pequi pulp has a high content of
determination (B of the adjusted model was only sugars,  which  contributes to increase
0.383, the model and the response surface could rotgroscopicity, and a high fat content (30.7 %} tha

be obtained. does not adsorb water, it was difficult to analyze
o how the addition of maltodextrin could influence on
Powders Hygroscopicity the hygroscopicity of the powder.

The hygroscopicity values of the powder variedrhe experimental data were fitted by a second order
from 9.1 to 12.1 g water adsorbed/100 g solidpolynomial model. The coefficient of determination
(Table 1). These values were lower than thosgr?) of the adjusted model was 0.292, indicating
obtained by Moreira et al. (2009) and Tonon et akhat the model explained only 29.2 % of the total

(2008) for acerola and acai pulp with maltodextrinyariation. Therefore, the model and the response
respectively. Probably, this was due to the highetyrface could not be obtained.

lipid content of pequi. Table 2 shows the influence
of inlet air temperature and maltodextrin
concentration on the powder hygroscopicity. This 2 o
response was positive and linearly affected by the

temperature, which could be related to the moisture z
content of the powder. Particles with lower

11.5 1

Hygroscopic
(g asorbed water/100g solids)
.

moisture content are more hygroscopic, i.e., they 7
have higher capacity to adsorb the moisture from ~§ * | \ S
surrounding air. An inverse relationship between o5
the moisture content of the powder and 8

0 2 4 6 8 1 12 14 16
Moisture content (g kg™')

hygroscopicity can be seen in Figure 3. The same
behavior was reported by Goula et al. (2004) iirthe

work about spray drying of tomato pulp. ~ Figure 3 - Relationship between the responses powder
Several studies have showen a reduction in the moisture content and hygroscopicity_
microcapsules hygroscopicities when

maltodextrins are incorporated into the matrix o _
(Tonon et al. 2008; Bhusari et al. 2014; Mishra ePowders Vitamin C and Total Carotenoids
al. 2014). This may be due to the hightontents o
hygroscopicity of small molecular sugars andrable 1 showed the powders vitamin C and
organic acids present in the fruit juices. Since thcarotenoids content values, which ranged from
Tg increases with increase in molecular weight, thé29-8 10 303.0 mg/g solids of pequi and 12.4 t8 94.
addition of maltodextrin to the feed solution™9/g solids of pequi, respectively. Both nutrient
contributed  significantly to powder stability, concentrations were '|nﬂue'nced negatively by the
increasing the Tg of the powder, and consequentf§jHrfactant concentration (Figs. 4 and 5A).

reducing the hygroscopicity (Roos and Karel 1991): everal p_rellmlnarles tests without surfactant on
However, for pequi pulp powder, this behavior Wageed_ solut_lon have shown tha_lt there was not _free-
not observed. As the quadratic maltodextrirfloWing microcapsules formation by spray drying.
concentration parameter presented a significafffccording to Thies (2001), it is essential that the
negative behavior (Table 2), i.e., hygroscopicityemulsion is stable before and during the spray
increased with maltodextrin concentration until thedrying to occur the microcapsules formation. Since
response reached a maximum value; then, if§altodextrin has low emulsifying capacity and
reduction was observed. Frascareli et al. (201€qui pulp presents high lipid content, Tween 80
evaluated the influence of oil concentration on th&vas utilized as surfactant to obtain a stable
microencapsulation of coffee oil by spray dryingemulsmn and, conseque'ntly, mlcrocapsules powder
using gum Arabic as wall material. They foundProtected better the nutrients of pequi pulp.
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vitamin C degradation of pequi pulp powder (Table
2), despite the literature reports that the incrgme

400 in temperature results in a degradation of vita@in

00 (Hal et al. 2012; Solval et al. 2012). The
6; < ° concentration of maltodextrin concentration had a
58 o little effect on vitamin C content. However,
%50 400 carotenoid content suffered a negative influence
% o (Fig. 5B), probably due to the fact that high
%, @ 49 - maltodextrin - concentrations do not favor the
NN Z 6.2;\5§\\°.\\Q\° formation of stable emulsion, and consequently,
@%;}2/ @ﬁ;&\’z’\ microcapsules powder, thus reducing the protective

= = effect.

Figure 4 - Influence of independent variables on
powders vitamin C content.

Q
McClements (2006) pointed out that there must be %g
a sufficient quantity available of surfactant to %‘g"
completely cover all the droplets formed in the %a -
emulsion. In addition, several authors have regorte %, P
that emulsifier content is negatively related viita TS & :;f’,,-;»*

emulsion droplet size(Jafari et al. 2008;

Frascareli 2012). Since lower emulsion droplet

size leads to higher encapsulation efficiencysit i
expected that high surfactant concentration regulte 400

in a better nutritional retention after spray dgyin § Q
. . . . - =
However, in this study, nutrients retentions were 5%
not achieved successfully at higher surfactant g 50
concentrations. Zhang and Zhu (2004) reported that )

bovine serum albumin (BSA)-loaded poly(D,L-
lactic-co-glycolic acid) (PLGA) microspheres were %%
prepared successfully using Tween 80 as emulsifier
at several concentrations. However, microspheres
were not obtained when the Tween 80 content WaSgyre 5 - Influence of independent variables on
higher than 2%. In addition, the authors observed powders carotenoid content: (a) inlet air

&

that the BSA entrapment efficiency increased temperature x surfactant concentration; (b)
(reaching 25%) firstly as the Tween 80 maltodextrin concentration temperature x
concentration was enhanced up to 0.1%; however, surfactant concentration.

at above this value, there was a decrease from 25 t

10% of efficiency (at 0.5% Tween 80 o ) )
concentration). Laugel et al. (1996) verified anCharacterization of the Pequi Spray-dried
existence of an emulsifier optimal concentration©OPtained Under the Optimum Condition

lower concentrations were not sufficient to stakili OPtimization of the spray drying of pequi pulp was
the emulsion, and higher concentrations, maini§@rfied out using response surface methodology for
above the critical micelle concentration, led to 41 Maximum values of vitamin C and total
destabilization of emulsions. carotenoids content. Combining all the optimal
Figure 5 showed that air temperature had 4gions of the Figures 4 and 5, a inlet air
significant and negative effect on carotenoidemperature of 152°C and feed composition of 1%
content. This behavior was expected, since thaf Tween 80 and 18% of maltodextrin were chosen
chemical structure of carotenoids is very?S OPtimized condition for both responses.
susceptible to heat destruction and oxidation’@lidation tests were performed to determine the
However, temperature did not take affect thédequacy the polynomial models (Table 2).
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According to these models, the predicted resuits fanixture can occurred, where smaller particles
vitamin C and carotenoid content (274.37 and 74.2iémain at the bottom and larger particles at tipe to
mg/g solids pequi, respectively), obtained under th(O'Hagan et al. 2005). The presence of larger
optimum condition, were close to the experimentaparticles (60-110 pm) could be associated to the
responses observed (309.92 + 0.38 and 68.02 + 0.Béginning of agglomeration, due to the formation of
mg/g solids pequi, respectively). Therefore, ther@reversible link bridges.

was a good fit between the predicted results amd th
experimental responses, with an average relative
error of 11% and 9% for the vitamin C and 6
carotenoid content, respectively. Although some
responses did not significantly change with spray
drying conditions (p>0.1) and some models were
not obtained due to the low coefficient of
determination, moisture content, hygroscopicity, o 010 100 1000 10000 100000
process yield and water activity of pequi pulp Particle size (um)

powder were also determined: 0.86 + 0.02%, 10.3gigure 6 - Particle size distribution of spray-dried pequi
+0.02 g adsorbed water/100g solids, 46.63 + 0.12%owder.

and 0.10 £ 0.01, respectively.

Volume (%)
I

Particles Size Distribution Bulk and Absolute Density and Porosity
The pequi pulp powder obtained under theBulk and absolute densities, and porosity of the
conditions as above was characterized in terms pequi pulp powder were 42@0.03 gL,

particles size distribution, bulk and absolute;280.@¢0.01 g/L, and 0.68, respectively. Osorio
densities, porosity and microcapsules morpholog\and Carriazo (2011) and Horuz et al. (2012)
The mean diameter particles of pequi pulp powdeshserved similar results for the powders of guava
(D[4,3]) was 9.%0.3 um. This indicated that spray and pomegranate juice, respectively. Caparina et al
drying does not produce large particles. Thig2012) reported higher values of bulk density for
physical property is very important in respecti® t mango pulp powder than for pequi powder.
rehydration, since the lower the particle size, thgor packaging and shipping considerations, the
lower would be the solubility and flowability oféh knowledge of bulk density is of fundamental
powder. According to Hogekamp and Schuberimportance, because its shows how much material,
(2003), the presence of fine particles in partit@la by weight, will fit into a container. Thus, loweulk
systems can result in poor instantaneous propertiagensity of product is not interesting, which regqair
since the reduction of interstices can difficulé th a larger volume of package. As the bulk density is
penetration of water, adversely affecting powderelated to the porosity, the lower the bulk density
wettability and dispersibility. In addition, as the more would be occluded air within the powders
particle size decreases, the increase in the totahd, therefore, a greater possibility for product
particle surface area causes higher affinity t@xidation, reducing storage stabilitfReineccius
moisture content and ability to suffer caking dgrin 2001). To minimize these drawbacks, it is possible
drying process as well as during storage (Toth an@g obtain the powders with higher bulk just
Pallai-Varsanyi 2006). controlling spray drying conditions. At high feed
Figure 6 shows the particle size distribution @& th solids concentration and drying rates (due to high
pequi pulp powder. A bimodal distribution wasinlet air temperatures), there is a fast surfacstcr
observed, in which there were two distinct peaksormation. A vacuole forms within the particle and
indicating two predominant sizes. One of theninflates once the particle temperature exceeds the
corresponded to lower diameter (approximately 0.fpcal ambient boiling point and the vapor pressure
um) and presented a lower volume (< 1%). Thevithin the vacuole rises above the local ambient
major peak had a mean diameter close to 10umressure (Bhandari et al. 1992; Walton 2000;
According to Tonon et al. (2008), this bimodalNijdam and Langrish 2006).

distribution is particularly interesting for patiiate ~ Scanning Electron Microscopy

systems, since smaller particles can penetrate infthe pequi pulp powder morphology was evaluated
the spaces between the larger ones, thus occupyibg scanning electron microscopy (SEM) (Fig. 7).
less space. A compaction and segregation of Bhe particles showed spherical and several sizes,
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which is characteristic of the powders produced bfissure, surface cracks, or collapses, which is
spray drying. The particles presented a continuowdesirable. This work showed that powder properties
wall and absence of fissures, cracks, or collapseand dryer performance should be considered
Smooth and spherical particles are desirablsimultaneously to evaluate the spray drying

because there is a good aroma retention ammlocess. The results could be useful for food and
ingredient stability (lowest surface:volume ratio),cosmetic industries, which are looking for novel

higher bulk density (best packing) and goodand inexpensive sources of natural pigments and
flowability (Reineccius 2001) flavorings.
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