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cold drying This work examined the stability of lyophilized ‘mangaba’ pulp powder, rolled and packaged

Hancornia speciosa Gomes
storage

in plastic containers, with and without vacuum during 90 days of storage under room
temperature, with evaluation of the parameters every 15 days. Analyses of ascorbic acid
concentration, pH, color and water activity were carried out. It was found that ascorbic
acid remained in accordance with the standards specified for daily consumption according
to the Brazilian legislation in all analyzed packages, with preservation of stability in the
laminated package with vacuum, which was also effective in maintaining water activity,
which contributes to better stability of the product.
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RESUMO

A conservagdo de produtos desidratados, como aqueles obtidos por liofilizagéo,
torna necessaria a avaliacdo das caracteristicas fisico-quimicas do produto durante o
armazenamento. Foi analisada a estabilidade da mangaba em p6 obtida por secagem,
através de liofilizagdo, acondicionada em embalagens laminadas e plasticas, com e sem
vacuo, durante 90 dias de armazenamento em temperatura ambiente. A cada 15 dias de
armazenamento foram realizadas as andlises de concentra¢do de acido ascorbico, pH,
atividade de dgua e cor. Verificou-se que o acido ascorbico se manteve de acordo com
os padroes indicados para consumo diario, conforme a legislacdo brasileira em todas as
embalagens analisadas, com preservagdo da estabilidade pela embalagem laminada com
vacuo, que também foi eficaz na manuten¢ao da atividade de 4gua, o que contribui para
melhor estabilidade do produto.
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INTRODUCTION

Mangabeira (Hancornia speciosa Gomes) is a tree native
to Brazil, belonging to the Apocynaceae family, which has
medium size and height from 5 to 10 m, and its fruit is the
‘mangaba’ (Campos et al., 2011).

‘Mangaba’ has high nutritional value and, according to
Almeida et al. (2016), can be considered as excellent source
of vitamin C. According to Santos et al. (2009), the fruit also
has, as characteristics, excellent physical properties, aroma
and taste. Perfeito et al. (2015) point out that ‘mangaba’ is
highly perishable, which makes viable the use of dehydration
through adequate methods to prolong its storage.

Lyophilization is a dehydration method used in food
industry. This process enables a better preservation of the
characteristics of the product, maintenance of final quality
and increase in food’s useful life due to the reduction in the
water content and consequent decrease in the moisture of
the product (Sanjinez-Argandoiia et al., 2011). The principle
used for it is the sublimation, i.e., the change from solid
state directly to the gaseous state, using vacuum and low
temperature in the dehydration process (Oikonomopoulou et
al., 2011). Storage in adequate packages becomes necessary in
lyophilized products, for the stability during storage.

The package must have a barrier against moisture and
must be able to prevent the transfer of oxygen to the product,
whose quality attributes must be monitored and evaluated to
guarantee safety and acceptance (Jangam et al., 2010).

The present study aimed to evaluate the stability of
‘mangaba’ pulp powder obtained through lyophilization and
stored in laminated and plastic packages, with and without
vacuum, through physical-chemical analyses, for the period
of 90 days.

MATERIAL AND METHODS

‘Mangaba’ pulps were purchased in the industrial zone of
Natal-RN, Brazil, and transferred under refrigeration to the
Laboratory of Food Quality Control and Drying of the Federal
University of Ceara, Pici Campus, Fortaleza-CE, where they
were stored under freezing (-18 °C) in a vertical freezer.

The pulps were thawed under temperature of refrigeration
for later addition of maltodextrin DE 20 (dextrose equivalent),
at concentration of 30%, in a mixer at 14000 rpm for 5 min,
until complete homogenization. Subsequently, the pulps were
arranged on stainless-steel tray with diameter of 18 cm and
thickness of 2.5 cm, for freezing in ultra-freezer (CL 90-40
V), for the period of 24 h at 38 £ 1 °C. The frozen product
was taken to the lyophilizer (Liotop, model L101), for the
dehydration process also for 24 h, reaching final pressure of
17 pHg and condenser temperature of -52 °C.

The dehydrated product was ground in knife mill
(Marconi, model 048), to obtain the product in powder. Seven
lyophilizations were made to obtain the product in powder
in amount sufficient for the analyses during the proposed
period.

The lyophilized ‘mangaba’ pulp powder was stored in
laminated and plastic packages at room temperature and
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protected from light. Laminated packages consisted of
aluminum/PET + adhesive (ADH) + aluminum + ADH +
PE film, with thickness of 970 um. Plastic packages consisted
of polyethylene terephthalate (PET) + polymer/PET +
polyethylene, with thickness of 970 um. The packages were
sealed with and without vacuum.

The analyses are described below and were performed at
the time zero (after processing) and every 15 days, totaling
90 days. Ascorbic acid was determined through titration
with 2,6 dichloroindophenol, according to the methodology
of Strohecker & Henninger (1967). The pH was determined
according to the methodology of IAL (2008). Water activity
was determined in an Aqualab 4TEV device, at 25 °C,
calibrated with distilled water. Color was determined using a
colorimeter Konica Minolta CR-410, through the CIE system,
obtaining the parameters L*, a* and b*, where L* represents
luminosity (L* = 0 black and L* = 100 white) while a* and b*
are chromaticity (+a* red, -a* green, +b* yellow and -b* blue)
(Carvalho et al., 2017)

The experiments were performed in triplicate and
the statistical evaluation consisted in analysis of variance
(ANOVA) and Tukey test, at 0.05 probability level, using the
program Statistica 7.0 (Statsoft Co., 2007).

RESULTS AND DISCUSSION

During the storage, the aspect of powder was maintained
by the studied packages, except the plastic package with
vacuum. After 75 days of storage, it was not possible to
evaluate the samples stored in this package due to the
great agglomeration of the particles. This phenomenon is
attributed to the water absorption on the surface of the
particles, forming a saturated solution, thus making the
particles sticky, compromising handling and causing the
phenomenon of caking, or agglomeration of the particles
(Goula & Adamopoulos, 2008).

The results for the ascorbic acid of the powder are
presented in Table 1, which shows a significant reduction
over time in the plastic package without vacuum (PSV) at 90
days of storage and in laminated package without vacuum
(LSV) and plastic with vacuum (PCV) at 75 days, which
demonstrates stability promoted by the package. Teixeira
& Monteiro (2006) claimed that the package influences the
quality of the products and must maintain them protected
from oxygen, light and humidity, since these factors may lead
to sensory changes and loss of vitamins. Still according to the
authors, oxygen may be present dissolved in the product, in
the free space of the package or it may permeate through the
package material, causing, as adverse effects, the degradation
of the ascorbic acid. Sousa et al. (2016) report significant
difference at 30 and 45 days of storage for vacuum-sealed
laminated and plastic packages, respectively, in the storage of
atomized cashew juice.

Among the analyzed packages, there was an accentuated
reduction of 15% at 75 days of storage in PCV, which
demonstrates in the present study the influence of the use
of sealing without vacuum in the plastic package for the
preservation of ascorbic acid. Moreira et al. (2011) cite the



Table 1. Stability of lyophilized ‘mangaba’ pulp powder stored in different packages regarding the content of ascorbic acid

Stability of ‘mangaba’ pulp powder obtained by freeze drying

0 55.98 Aa + 2.84 55.98 Ca = 2.84
15 56,04 Aa = 1.92 55.39 Ca = 0.90
30 55.84 Aa = 1.18 54.95 Ca = 0.66
45 55.95 Aa = 0.51 54.67 BCab + 0.76
60 54.30 Aa + 0.66 53.66 BCa = 1.68
75 51.57 Aab = 2.54 49.12 Aab = 0.57
90 50.58 Aa + 2.85 50.24 ABa =+ 2.27

55.98 Ba + 2.84

55.25 Ba = 0.51

54.76 Ba = 0.53

53.99 Bb + 0.49

52.21 Ba = 0.55

47.58 Ab = 1.97
n.d.

55.98 Ba + 2.84
53.92 Ba + 2.88
53.99 Ba + 0.27
55.07 Bab = 0.47
53.90 Ba = 0.90
53.39 Ba = 1.06
47.97 Aa = 0.94

LCV - Laminated package with vacuum; LSV - Laminated package without vacuum; PCV - Plastic package with vacuum; PSV - Plastic package without vacuum; n.d.- Not determined; Means
followed by the same letter do not differ (p = 0.05) by Tukey test, equal uppercase letters do not differ in the column and equal lowercase letters do not differ in the row

influence of the polyethylene package in the reduction of
ascorbic acid in the storage of dehydrated cupuagu. Oliveira
et al. (2015a) cite that, besides the influence of the type of
package, the ascorbic acid content may be altered by pH,
water content, oxygen inside the package, temperature and
relative humidity of storage.

Among the analyzed packages, laminated with vacuum
(LCV) and PCV were significantly different only at 45 days,
while PSV and PCV were significantly different at 75 days,
without significant alteration between the packages at the
final time. In the entire period of the present study, except
at 90 days of storage in PCV, the product showed ascorbic
acid content above the recommended daily dose of 45 mg 100
g, according to BRASIL (2005), being considered as source
of vitamin C. At 90 days of storage in the PCV package, the
product did not show physical conditions for the analyses of
the present study.

Regarding the pH, in the LSV package, there was
significant alteration in relation to the initial time, in all
periods of storage, with increase of 1.92% in the period of 90
days (Table 2).

For the storage in LCV package, there was alteration only
at 15, 30 and 60 days and increase of 0.64% in pH, because
in the final time this increase is not harmful to the product,
since it can be classified, according to Gava (2009), as acidic

(pH < 4.0), which inhibits the growth of microorganisms. In
the study on viability of cupuagu pulp dehydrated for 90 days,
Moreira et al. (2011) reported values very similar between the
beginning and end of the period.

Between the laminated packages, the pH does not differ
statistically at 15 days and at 60 and 75 days of storage. As
to the plastic packages, there is a significant difference
between PCV and PSV, at 30 and 75 days of storage, which
demonstrates that there was no significant alteration resulting
from the use of vacuum in most of the analyzed period.

At 75 days of storage in PCV and at 90 days in PSV, there
were increments of 1.60 and 0.32%, respectively, in relation
to the initial time, demonstrating higher efficiency of PSV
to maintain the pH, in the present study. Among the four
analyzed packages, only LSV showed statistical difference at
the final time, at 90 days of storage, in relation to the initial
time, at time 0, which indicates stability of the product. All
pH values are not within the range of 5-7, which allows
enzymatic darkening in most plants, according to Breda et
al. (2012).

In the analysis of water activity (Table 3), there was an
increment at the final time in the packages, with significant
difference at 15 days of storage. Breda et al. (2012) also
observed increase in water activity over time, in the storage
of guavira powder.

Table 2. Stability of lyophilized ‘mangaba’ pulp powder stored in different packages regarding the pH

0 3.12 Aa = 0.00 3.12 Aa = 0.00
15 3.03 Db = 0.51 3.18 Dab = 0.00
30 3.25 Ca + 0.00 3.15Cb = 0.00
45 3.17 BAa = 0.00 3.16 BCb = 0.00
60 3.19 BCab = 0.00 3.18 Db = 0.00
75 3.17 ABb = 0.00 3.17 BDb = 0.00
90 3.14ABb = 0.01 3.18 Da = 0.01

3.12Ba = 0.00

3.33Aa = 0.14

3.16 Bb = 0.00

3.15Bb = 0.00

3.21 Aba = 0.01

3.17Ba = 0.01
n.d.

3.12 Ca = 0.00
3.14 Cab = 0.01
3.25 Aa = 0.00
3.15Cb = 0.00
3.19 Bab = 0.01
3.13Ch = 0.00
3.13Ch = 0.00

LCV - Laminated package with vacuum; LSV - Laminated package without vacuum; PCV - Plastic package with vacuum; PSV - Plastic package without vacuum; n.d.- Not determined; Means

followed by the same letter do not differ (p = 0.05) by Tukey test, equal uppercase letters do not differ in the column and equal lowercase letters do not differ in the row

Table 3. Stability of lyophilized ‘mangaba’ pulp powder stored in different packages regarding water activity

0.162 Ba + 0.00

15 0.283 Dc = 0.01
30 0.244 Ac = 0.01
45 0.306 Db = 0.00
60 0.331 Dc = 0.00
75 0.366 Cb + 0.00
90 0.368 Cb + 0.00

0.162 Ca + 0.00
0.276 B¢ = 0.00
0.340 Db = 0.05
0.339 D¢ = 0.01
0.342 Db = 0.00
0.360 Db = 0.01
0.474 Aa = 0.00

0.162 Ca = 0.00

0.234 Bb = 0.00

0.310 Aa = 0.00

0.384 Da = 0.00

0.304 Ad = 0.00

0.409 Da = 0.00
n.d.

0.162 Ca = 0.00
0.320 Da = 0.01
0.310 Ba = 0.00
0.334 Dc = 0.00
0.377 Aa = 0,00
0.409 Aa = 0.00
0.479 Ea = 0.36

LCV - Laminated package with vacuum; LSV - Laminated package without vacuum; PCV - Plastic package with vacuum; PSV - Plastic package without vacuum; n.d.- Not determined; Means

followed by the same letter do not differ (p = 0.05) by Tukey test, equal uppercase letters do not differ in the column and equal lowercase letters do not differ in the row
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Laminated packages with and without vacuum remained
statistically unaltered only at 15 and 75 days of storage. At
the end of the analysis period, there was significant alteration
between the packages sealed with and without vacuum,
which demonstrates the necessity of using vacuum for better
maintenance of water activity, and LCV has a final mean
value lower than those of LSV and PSV.

The laminated package with vacuum also showed
mean value lower than 0.4, which, according to the Food
and Agriculture Organization (FAO, 1995), prevents the
phenomenon of caking in dehydrated products stored at
room temperature. Oliveira et al. (2015b), in the storage of
lyophilized macauba palm, in three different types of package,
observed that the laminated package with vacuum was the
most effective to maintain water activity of the product,
corroborating with the present study.

Only in PSV, the luminosity of lyophilized ‘mangaba’
pulp powder did not show significant alteration between the
final and initial times, with maintenance of this parameter,
as presented in Table 4. In LCV, LSV and PCV, there was a
decrease in the values over time, but much inferior to the
reduction reported in other studies, such as Alexandre et al.
(2014), who studied the stability of pitanga powder. In the
study on the stability of the stored powder, the reduction of
luminosity, with loss of brightness, allows to analyze if there is
darkening in the product resulting, probably, from the gain of
moisture and/or loss of carotenoids and ascorbic acid during
storage or even from a reaction of non-enzymatic nature,
which in processed foods is associated with the storage
conditions, which may lead to the occurrence of Maillard
reaction (Ribeiro, 2014).

The packages PCV and PSV remained statistically
unaltered in relation to one another at 45 days, and LCV
and LSV at 90 days, demonstrating in most of the analyzed
period the significant variation between the packages, which

indicates the influence of the type of package and sealing
used.

Table 5 shows the values of green intensity during the
storage of lyophilized ‘mangaba’ pulp powder. The negative
values (trend to green) may be related to the addition of
maltodextrin because, according to Tonon et al. (2009), the
addition of this drying adjuvant favors the reduction of this
parameter.

In all packages, there was an increase of this variable
and significant alteration at the final time in relation to the
initial time of storage with oscillations, although stability
was observed between certain times. LCV and PSV showed
increments of 7.25 and 5.81%, respectively. Lisboa et al.
(2012) report the increase in the intensity of the coordinate
-a* during the storage of prickly pear powder, related to the
temperature of the environment and also with darkening of
the sample.

Some packages remained unaltered in relation to one
another; for example, at 45 days, LCV, LSV and PCV did not
differ statistically. Only in the final time of storage, there was
significant alteration between all packages.

The results presented in Table 6, relative to yellow
intensity, during the storage of the powder, demonstrated
that there was no statistical difference at the final time of 90
days only for LSV and at 75 days for PCV, in relation to the
initial time. Among the packages, PSV and LSV remained
statistically unaltered at 45 days and LCV and LSV at 75 days.

There were reductions of 4.16 and 9.29% in this parameter
in LCV and PSV, respectively, with significant alteration at
the final time of storage. Oliveira et al. (2015b) cite the
laminated package with vacuum as more efficient to maintain
the yellow color in the lyophilized macauba pulp. Lisboa et
al. (2012) observed reduction greater than that of the present
study, from 17 to 19% in prickly pear powder at 40 °C, stored
in laminated package.

Table 4. Stability of lyophilized ‘mangaba’ pulp powder stored in different packages regarding luminosity, L*

Packages

PCV PSV

Time

(days) LCV LSV
0 62.80 Da = 0.01 62.80 Ca = 0.01
15 60.63 Gc = 0.06 59.66 Bd + 0.03
30 63.07 Bd + 0.01 63.21 Cc + 0.01
45 62.96 Cb = 0.01 61.52 Aa + 0.58
60 62.52 Eb = 0.00 60.09 Bd + 0.01
75 63.21 Aa = 0.00 63.00 ACc = 0.00
90 61.23 Fb = 0.01 61.30 Ab = 0.00

62.80 Da + 0.01

63.79 Ba = 0.00

63.85 Aa = 0.01

62.48 Eb = 0.00

62.70 Ca = 0.01

62.71 Cb = 0.01
n.d.

62.80 Da = 0.01
61.05 Cb = 0.01
63.49 Ab + 0.02
62.91 Db = 0.01
61.42 Bc = 0.09
61.03 Cd = 0.03
62.81 Da = 0.11

LCV - Laminated package with vacuum; LSV - Laminated package without vacuum; PCV - Plastic package with vacuum; PSV - Plastic package without vacuum; n.d.- Not determined; Means

followed by the same letter do not differ (p = 0.05) by Tukey test, equal uppercase letters do not differ in the column and equal lowercase letters do not differ in the row

Table 5. Stability of lyophilized ‘mangaba’ pulp powder stored in different packages regarding green intensity, a*

Time Packages

(days) LCV LSV PCV PSV
0 -2.58 Ca = 0.01 -2.58 Ca = 0.01 -2.58 Ca = 0.01 -2.58 Ca = 0.01
15 -2.38 Dc = 0.00 -2.37 Da = 0.01 -2.61 Db = 0.00 -2.38 Ac = 0.01
30 -2.54 Bb = 0.00 -2.46 Bc = 0.01 -2.48 Ac = 0.00 -2.51Ba = 0.01
45 -2.37 Db = 0.00 -2.36 Ab = 0.00 -2.36 Bb = 0.01 -2.41 Da = 0.00
60 -2.48 Ab = 0.01 -2.16 Ec = 0.00 -2.45 Ab = 0.00 -2.28 Ea = 0.01
75 -2.34 Ec = 0.00 -2.34 Ac = 0.00 -2.30 Bb = 0.01 -2.19Fa = 0.00
90 -2.38 Db + 0.01 -2.29Da = 0.00 n.d. -2.43Dc = 0.01

LGV - Laminated package with vacuum; LSV - Laminated package without vacuum; PCV - Plastic package with vacuum; PSV - Plastic package without vacuum; n.d.- Not determined; Means

followed by the same letter do not differ (p = 0.05) by Tukey test, equal uppercase letters do not differ in the column and equal lowercase letters do not differ in the row
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Table 6. Stability of lyophilized ‘mangaba’ pulp powder stored in different packages regarding yellow intensity, b*

Time Packages

(days) LCV LSV PCV PSV
0 10.33 Ea = 0.01 10.33 Fa = 0.01 10.33 Ca = 0.01 10.33 Aa = 0.01
15 9.84 Ca = 0.02 9.15 Ec = 0.00 10.18 Dd = 0.00 9.28 Eb =+ 0.01
30 10.08 Ab + 0.01 10.23 Bd + 0.00 10.13 Ea + 0.00 10.00 Fc = 0.00
45 10.34 Eb = 0.00 10.09 Cc = 0.01 10.74 Aa = 0.00 10.07 Fc = 0.00
60 9.51 Dc = 0.00 9.21 Db + 0.01 9.36 Fa = 0.01 9.53 Cc = 0.05
75 10.34 Ec = 0.01 10.34 Fc = 0.01 10.39 Ca = 0.01 9.66 Bb = 0.01
90 9.90 Ba + 0.02 10.32 Fb = 0.00 n.d. 9.37 Da = 0.04

LCV - Laminated package with vacuum; LSV - Laminated package without vacuum; PCV - Plastic package with vacuum; PSV - Plastic package without vacuum; n.d.- Not determined; Means

followed by the same letter do not differ (p = 0.05) by Tukey test, equal uppercase letters do not differ in the column and equal lowercase letters do not differ in the row

CONCLUSIONS

1. The physical-chemical parameters of ‘mangaba’ powder
exhibit stability during the storage of 90 days and only the
plastic package with vacuum did not allow the maintenance
of the powder characteristic, during the entire storage period.

2. The concentrations of ascorbic acid remain within the
standards required by the Brazilian legislation in all packages
along the studied storage period, and the laminated package
with vacuum is the most effective in the preservation of
ascorbic acid concentration and water activity, which allows
better conservation of the product in comparison to the other
analyzed packages.
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