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Effect of storage temperature on the crispness, colour and bioactive
compounds of an orange snack obtained by freeze-drying
Marilú Andrea Silva-Espinoza, María del Mar Camacho, Nuria Martínez-Navarrete
Food Technology Department, Food Investigation, and Innovation Group, Universitat
Politècnica de València, Camino de Vera s/n, 46022, Valencia, Spain.

Abstract
Purpose: A healthy and easy-to-use orange snack obtained from the freeze-dried
orange pulp puree is proposed. Once the commercial packaging of the snack has been
opened, the effect of conventional home storage temperature on its physicochemical
properties and on the content of bioactive compounds has been studied. This research
aims to recommend the consumer, and therefore the manufacturer, the best conditions
for home storage of this product, keeping its nutritional quality and antioxidant capacity,
as well as maintaining its color and crispness.
Design/methodology/approach: The water content, water activity, hygroscopicity,
crispness, colour, vitamin C, β-carotene, total phenolic compounds, and antioxidant
activity were characterised both when the orange snack was newly obtained and after
one, two, and six months of storage inside zipper bags, at 4 and 20 ºC.
Findings: The results indicated that, in these conditions, the orange snack increased its
water content, causing a loss in both its porosity and its characteristic crispness.
Nevertheless, the bioactive compounds remained stable throughout the storage period,
with the exception of β-carotene, the content of which decreased markedly when the
orange snack was stored at 20 ºC.
Originality: Few studies have evaluated the stability of food products during home
storage. The findings showed that the maximum storage time to ensure a proper texture
of the orange snack studied is between 2 and 6 months, both at 4 and 20 ºC. However,
from the point of view of the conservation of both vitamin C and, especially, of β-carotene,
it is recommended that this product be stored in refrigeration.
Keywords: crispness, colour, vitamin C, total phenolic compounds, β-carotene, zipper
bag, orange puree, gum Arabic, bamboo fibre, antioxidant activity.
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1.

Introduction

Fruits have been reported to contribute positively to human health due to the
antioxidant activity provided by different bioactive compounds, such as phytochemicals,
some vitamins, and fibre (De Ancos et al., 2000). In particular, the orange and its derived
products are a rich source of flavonoids (mainly hesperidin), carotenes, and vitamin C
(Aschoff et al., 2015). Citrus fruit production is significant and is of great global economic
importance, especially in the Mediterranean area. For this reason, fruit represents a good
niche of opportunities for the development of new products and formats.
Orange is composed mainly of fibers, simple sugars and a wide variety of bioactive
compounds that possess antioxidant properties and have a positive impact on health.
Vitamin C, a characteristic compound of this fruit, is considered a powerful antioxidant
that can inhibit the development of the main human oxidative reactions (Du et al., 2012;
Zou et al. 2016). Phenolic compounds are also associated with a lower risk of suffering
from different types of diseases. Most of these compounds, in citrus fruits, are flavonoids
that include flavanones, flavones, and flavonols (Celano et al., 2019). Both hesperidin
and narirutin are the predominant flavanones in orange (Hunlun et al., 2017) and have a
wide spectrum of beneficial health effects involving the prevention of cancer and
cardiovascular disease (Roohbakhsh et al., 2015) and the suppression of oxidative
stress (Chanet et al., 2012). Nowak et al. (2018) showed that vitamin C and polyphenols
act synergistically and define the antioxidant properties in both citrus and other fruits and
vegetables. The carotenoids present in the orange, in addition to being responsible for
the color and activity of provitamin A, probably have a relationship with the prevention
and/or protection against cancer, heart disease, and macular degeneration, among other
illnesses, which may be related in some way with their antioxidant properties (MeléndezMartínez et al., 2007).
The snack market is one of the most rapidly evolving sectors. According to the
Global Consumer Snacking Trends ‘State of Snacking’, 60% of adults prefer to eat small
snacks during the day rather than larger meals, this number increasing to 70% for the
‘millennials’. Also, 61% of the population can’t imagine their life without daily snacking
moments, which means that snacking is tightly integrated in the way we eat. In addition,
snacking is considered a way of relating to each other, sharing identities and cultures
(Mondelez International, 2019). Likewise, in recent years, consumers have become
more and more aware of the importance of healthy food, increasing the demand for new
healthy products. From this point of view, an orange snack obtained from the orange
pulp puree by freeze-drying may be an attractive and ready-to-eat product for all ages.
This orange snack may be consumed as such or may be crushed to obtain powdered
fruit to be rehydrated and consumed as a juice or infusion, added to a dessert, dairy
product, salad, ice cream, etc., and even for the purposes of enriching almost any food
in bioactive compounds.
Freeze-drying is a dehydration technique known for providing final products of high
nutritional and physical quality attributed to its less intense heating (An et al., 2016; SilvaEspinoza et al., 2020a). It has been reported that different biopolymers may be used as
drying aids, in order to obtain more stable dried products, reducing the stickiness related
to the low molecular weight sugar content in fruits (Telis & Martínez-Navarrete, 2012). In
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this study, gum Arabic and bamboo fibre were used as carrier agents, since these
biopolymers were observed to improve the final physical quality of the freeze-dried
orange puree, reducing its hygroscopicity and increasing its glass transition temperature
(Silva-Espinoza et al., 2020b). In addition, it has also been proven that they improve the
in vitro bioaccessibility of the vitamin C and phenolic compounds present in the orange
snack better than other biopolymers, such as maltodextrin, starch substituted with
octenylsuccinic groups, native corn starch, or pea fibre (Silva-Espinoza et al., 2021).
However, it is important that the product maintain a good physicochemical quality as
long as possible during storage. In addition, the stability of the different bioactive
compounds throughout storage is a very important objective for obtaining a final orange
snack with excellent nutritional and functional characteristics. Two types of storage may
be considered: commercial storage and home storage. On the one hand, Silva-Espinoza
et al. (2020b) suggested the maximum level of relative humidity (RH) in the environment
which would preserve the crispy texture and the colour of the orange snack. The
commercial packaging of this product may ensure that RH during marketing for long-time
storage. However, it is also interesting to evaluate the stability of the orange snack during
home storage, once the package is opened and considering the storage temperatures
usually available at home: room or refrigeration temperature. The storage temperature
has been observed to have an effect on the colour and functional compounds in
dehydrated fruit and vegetables throughout storage (Cárcel et al., 2010; Miranda et al.,
2014; Syamila et al., 2019).
The aim of this study was to evaluate the stability of the orange snack throughout 6
months of storage under simulated consumer home conditions inside zipper bags and at
4 and 20 ºC. To this end, different physicochemical properties (water activity, water
content, colour, texture, and hygroscopicity), bioactive compounds (vitamin C, total
phenolic compounds, and β-carotene), and antioxidant activity were considered. With
this research it is intended to recommend the consumer, and therefore the manufacturer,
the best conditions for home storage of this product, keeping its quality as high as
possible.
2.

Material and Methods

2.1. Raw material
Oranges (Citrus sinensis cultivar ‘Navelina’) were purchased at a local supermarket
in Valencia (Spain). They were selected based on a homogeneous size and colour, with
no external physical damage.
As proposed by Agudelo et al. (2017) and Silva-Espinoza et al. (2020a), the
biopolymers used as carrier agents were gum Arabic (GA, Scharlab, Sentmenat, Spain)
and bamboo fibre (BF, VITACEL®, Rosenberg, Germany).
2.2. Sample preparation and storage
The orange pulp puree was triturated, mixed with (5 g GA + 1 g BF)/100 g orange
puree, distributed in plates, 0.5 cm thick, and frozen at -45 ºC (freezer chest Liebherr
Mediline LGT 2325, Liebherr, Baden-Wurtemberg, Germany) for at least 24 hours. Then,
the frozen samples were freeze-dried at 5 Pa, -45 ºC in a condenser and at a shelf
temperature of 50 ºC for 5 h 50 min (Telstar Lyo Quest-55 freeze dryer laboratory
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equipment, Telstar, Terrassa, Spain). Once the orange snacks were obtained, each of
them was placed in a zipper bag (Albal®, Cofreso Ibérica S.A.U., Madrid, Spain) and all
the air contained inside the bag was extracted manually. This procedure was selected
for the storage study as it is a common way of storing this type of product in any home
once its commercial packaging is opened. Nevertheless, for a better control, the zipper
bags were distributed and placed into two hermetic canisters in which the relative
humidity (RH) was 40% (TFA Dostmann GmbH & Co. KG, Wertheim, Germany), and
were stored at 4 ºC (Liebherr refrigerator GKv 6410 ProfiLine, Baden-Wurtemberg,
Germany) and 20 ºC (refrigerated cabinet Hotcold B, J.P. Selecta® S.A., Barcelona,
Spain) for six months in darkness.
2.3. Analytical determinations
The orange snacks were analysed at different intervals: newly obtained after the
freeze-drying (time 0 = t0) and after one, two, and six months (t1, t2, and t6), respectively.
2.3.1. Water content
The water content, (xw g water/ 100 g orange snack), was determined using an
automatic Karl Fisher titrator (Mettler Toledo, Compact Coulometric Titrator C10S,
Worthington, OH, USA). Three replicates were taken per sample.
2.3.2. Water activity
The water activity (aw) was measured with a dew point hygrometer (Aqualab 3TE,
Meter Group, Munich, Germany). Two replicates were taken per sample.
2.3.3. Porosity
The porosity (, %), was calculated from the apparent density (a) and true density
() according to Eq. (1). The ratio weight (g)/volume (cm3) of five orange snack portions
per sample was used to calculate the mean a (Eq. 2). These portions were obtained
with a cylindrical punch and their height (h) and diameter (d) were measured with a
Vernier calliper CM (0.02 mm;1/1000’’).  was calculated based on the sample
composition (Eq. 3).
ε(%) = 100
ρa =

w
d 2
π( 2 ) h

ρ−ρa
ρ

(1)
(2)

where w, d, and h are the weight (g), height (cm), and diameter (cm) of each sample
portion.
ρ=

Xw
ρw

1
X
+ ρ CH

(3)

CH

where xw and xCH are the mass fractions of the two main components of each sample
(water and carbohydrates, respectively: x w was determined as described in Section
2.3.1., and xCH by difference); ρw and ρCH are their densities (ρCH = 1.4246 g/cm3, ρw =
0.9976 g/cm3 (Okos, 1986)).
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2.3.4. Hygroscopicity
Hygroscopicity (H) was measured following the method of Goulas and Adamopoulos
(2010), with minor modifications. Portions of each snack of the same size described in
section 2.3.2. (0.40 g) were placed at 25 ºC in a hermetic plastic container filled with
NaCl saturated solution (RH 75%). After 90 min, the portion was weighed, and H was
expressed as g water gained / 100g orange snack solids. Three replicates were taken
per sample.
2.3.5. Colour
The hue angle (h*, Eq. 4) and chroma or saturation (C*, Eq. 5) were calculated from
the CIE L*, a*, and b* colour coordinates measured on the surface of the orange snack
(spectrophotometer Minolta, CM 3600D, Japan, reference system D 65, 10º). Five
replicates were taken per sample. To calculate the global impact of each storage period
and temperature on the colour of the orange snacks, Eq. (6) was used.
h* = arctan(b*/a*)

(4)

C* = (a*2 + b*2)0.5

(5)

∆E* = ((∆L*)2 + (∆a*)2 + (∆b*)2)1/2

(6)

where ∆E* is the total colour difference between the orange snack stored at each time
and temperature, and that of the sample at t0.
2.3.6. Crispness
20 x 20 mm portions of the orange snack were penetrated with a cylindrical probe
10 mm in diameter, at 1 mms −1 up to 80% strain, using a texture analyser (TA-XT2i,
Stable Micro Systems, Godalming, UK). The force-distance curves were registered and
the number of force peaks (force threshold 0.05 N) of each sample were obtained in
order to evaluate the crispness of the orange snack. Four replicates were taken for each
sample.
2.3.7. Vitamin C
The determination of the total vitamin C content (VC) was based on the reduction of
the dehydroascorbic acid to ascorbic acid (AA) using high-performance liquid
chromatography (HPLC) (Jasco, Italy). The reduction conditions were achieved out by
using DL-dithiothreitol solution (Scharlab, Spain), taken as a reference to the procedure
described by Silva-Espinoza et al. (2020a). The extraction was carried out according to
Xu et al. (2008). The HPLC conditions were: Kromaphase100-C18, 5 mm (4.6 × 250
mm) column (Scharlau SL, Sentmenat, Spain); mobile phase 0.1% oxalic acid, volume
injected 10 μL, flow rate 1 mL/min, detection at 243 nm (detector UV-visible MD-1510,
Jasco, Cremella, Italy) at 25 °C. VC was identified by its retention time and quantified by
the integration of the areas of the peaks obtained from the chromatograms using AA as
standard. A standard solution of L (+) ascorbic acid (in the range of 5–200 ppm) was
prepared (Scharlab SL, Sentmenat, Spain). The VC content was calculated as mg
AA/100 g orange snack. This test was carried out in triplicate for each sample.
2.3.8. Total phenolic compounds
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The method of Silva-Espinoza et al. (2020a) was followed for the methanolic
extraction of total phenolic compounds (TP). The supernatant was collected and
analysed as to TP using the Folin–Ciocalteu method, which was adapted from Singleton
et al. (1999) with some modifications as described by Selvendran et al. (1990). The TP
content was calculated as mg of gallic acid equivalents (GAE)/100 g orange snack. A
standard curve in the range of 0–1000 ppm of gallic acid (Sigma-Aldrich, Saint Louis,
MO, USA) was prepared. This test was carried out in triplicate for each sample.
2.3.9. Antioxidant activity
The methanolic extract obtained from the extraction of TP was used to evaluate the
antioxidant activity (AOA) by means of FRAP and DPPH assays. The FRAP test was
carried out by spectrophotometry according to Benzie and Strain (1999) and the
absorbance was read at 593 nm. The DPPH test was also carried out by
spectrophotometry, at 515 nm, following the method of Brand-Williams et al. (1995). The
absorbance was measured at time 0 and after 15 min., when the reaction reached the
steady state for the orange snack samples. The results were expressed in % DPPH
following Eq. (7):
%DPPH = (

Acontrol − Asample
Acontrol

) ∗ 100

(7)

where Acontrol is the absorbance of the control (initial time) and A sample the absorbance of
the sample at the steady state.
The results for both methods were converted to mmol Trolox equivalents/100 g
orange snack. Both tests were carried out in triplicate for each sample.
2.3.10. β-carotene
The β-carotene (BC) was extracted and quantified according to Igual et al. (2016),
based on the use of a solution of hexane:acetone:ethanol (50:25:25, v/v/v) for extraction
purposes and the spectrophotometric reference method of AOAC (2000) for the
quantification. The absorbance was measured at 446 nm. The BC content was
calculated as mg BC/100 g orange snack using a β-carotene (Dr. Ehrenstorfer,
Augsburg, Germany) calibration curve in the range of 0.5–7 ppm. This test was carried
out in triplicate for each sample.
2.3.11. Statistical analysis
Statgraphics Centurion XVII software was employed to perform a one-way analysis
of variance (ANOVA) using Tukey’s HSD test in order to establish the significant
differences between samples with 95 % confidence interval (p<0.05).
3.

Results and Discussion

3.1. Physicochemical properties
The results obtained from the physicochemical evaluation of the orange snacks are
shown in Table 1.
The water content of the orange snacks significantly (p<0.05) and progressively
increased from the first month of storage (Table 1). No significant effect of the storage
temperature was observed at any time (p>0.05) except at the end of the storage (t 6),
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when the orange snack stored at 4 ºC showed a lower water content (p<0.05) than that
stored at 20 ºC. The increase in the water content may be a consequence of both the
hygroscopicity of the orange snack and the permeability of the zipper bags. On the one
hand, although the zipper bags are commercialised as impermeable storage food bags,
they are usually made of low-density polyethylene, which may allow a slight permeability,
so facilitating the interchange of gases and vapour. On the other hand, the H value of
the newly-obtained orange snack was 6.5±0.2 water gained / 100g orange snack solids.
Similar values were obtained for tomato pulp and orange juice concentrate powders,
which were evaluated using the same methodology as in this study and were qualified
as evidently hygroscopic (Goulas & Adamopoulos 2008; Goulas & Adamopoulos 2010).
Although the added biopolymers reduce hygroscopicity (Silva-Espinoza et al., 2020b),
the low concentration of these in the formulation still makes the orange snack highly
hygroscopic due to the hydrophilic groups present in the low molecular weight
components and organic acids present in fruit. That increase in the water content
caused, at the same time, the decrease in H, due to the fact that there was less
availability for new bonds with water molecules from the environment, the difference
being only significant at the end of storage at 20 ºC, as compared with t 0. (Table 1). On
the other hand, the increase in the water content led to the progressive increase in the
water activity (p<0.05, Table 1) throughout storage. Water activity has been used as a
common measure of stability of foods since it may be related to the relative rates of
various deteriorative changes. Due to the composition of the orange snack, with the
presence of polyphenols, ascorbic and citric acid, simple sugars, and free amino acids,
and taking into account the low-intermediate aw values shown by all the studied samples,
especially mechanical changes and/or browning reactions may be expected to occur in
this product. Consequently, the evolution of the texture and colour of the samples during
storage was studied. The structure of the orange snacks was affected throughout
storage. From the force-distance curves, the number of force peaks was obtained. They
decreased as storage progressed, with no effect of the storage temperature. A much
smaller number of force peaks were obtained from t 2 (Table 1, p<0.05). This decrease
may be related to the fact that the orange snacks lose part of their crispy behaviour
(Alonzo-Macías et al., 2004). At the end of storage, no force peaks were observed at any
storage temperature, which indicated the total loss of crispness at that moment. From
this point of view, the decrease in crispness observed throughout storage time may be
related to the evolution in the water content of the samples (Katz & Labuza, 1981). A
previous study that relates the sorption isotherm of this freeze-dried orange snack with
its mechanical properties indicates that storage at atmospheres with RH ≥ 32%, which
supposes an aw ≥ 0.32 in the equilibrated sample, leads to the loss of its crispness (SilvaEspinoza et al., 2020b). In this sense, despite the small number of force peaks observed
at t2, the crispness of these samples should still be considered acceptable. On the other
hand, a decrease in the  of the orange snacks was only observed at t3 (Table 1, p<0.05),
although storage at 4 ºC avoids a more pronounced loss of  than at 20 ºC (p<0.05). A
significant negative relationship was obtained between both the number of force peaks
and  with xw (r=-0.89 and r=-0.96, respectively; p<0.001), which indicates that the higher
the water content, the lower the degree of crispness and porosity of the snack. Also, a
significant positive correlation (r=0.67, p<0.001) was obtained between  and the number
of force peaks.
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Table 1. Mean values (± standard deviation) of the physical chemical properties studied for the newly freeze-dried orange snack (t0) and
throughout storage (one month (t1), two months (t2), and six months (t6) from the beginning of the storage), at 4 and 20 ºC.

t0

t1

t2

t6

-

4

20

4

20

4

20

xw

3.96 ± 0.18 d

4.10 ± 0.17 d

4.27 ± 0.06 d

5.85 ± 0.07 c

5.55 ± 0.07 c

8.4 ± 0.3 b

9.600 ± 0.001 a

aw

0.232 ± 0.002 f 0.246 ± 0.002 e 0.252 ± 0.001 d 0.301 ± 0.002 b 0.287 ± 0.002 c 0.415 ± 0.004 a 0.416 ± 0.002 a



85.7 ± 0.2 a

86.5 ± 0.2 a

85.3 ± 0.8 a

85.7 ± 0.6 a

85.0 ± 0.5 a

78.2 ± 1.9 b

74.5 ± 1.9 c

H

6.5 ± 0.2 a

5.0 ± 0.3 a

4.2 ± 0.6 ab

4.4 ± 0.9 ab

4.5 ± 0.3 ab

3.7 ± 1.6 ab

1.5 ± 0.2 b

L*

84.9 ± 0.8 a

85.4 ± 0.9 a

84.2 ± 0.8 a

84.8 ± 0.9 a

84.1 ± 1.5 a

85.1 ± 0.5 a

81.7 ± 0.7 b

C*

38.8 ± 1.3 a

32.1 ± 1.6 c

37.6 ± 1.2 ab

38.4 ± 0.7 a

34.2 ± 1.3 c

34 ± 3 bc

40.4 ± 0.7 a

h

86.7 ± 1.4 b

87.6 ± 0.3 a

86.7 ± 0.5 b

86.9 ± 0.2 ab

86.7 ± 0.6 b

86.9 ± 0.4 ab

84.4 ± 0.2 c

∆E

-

6.4

1.4

0.5

4.7

4.5

3.9

47 ± 4 a

43 ± 8 a

9.8 ± 0.9 b

10 ± 6 b

0±0c

0±0c

Peaks 46 ± 4 a

xw: water content (g water / 100 g orange snack); aw: water activity; : porosity (%); H: Hygroscopicity (g gained water/ 100 g orange snack solids); L*: luminosity; C*:
chroma; h: hue angle; ∆E: total colour difference as related to t0; Peaks: number of force peaks
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All these results suggest that orange snacks should be stored in RH < 30% to avoid
the structural collapse reflected in a porosity decrease and a loss of crispness. In this
sense, the proposed storage inside zipper bags allows the crispness of the snack to be
ensured for a period of time of more than 2 but less than 6 months, at any of the studied
temperatures.
The colour is another relevant physical property to be controlled since it is the first
attribute that the consumers perceive. The values of L* and h remained constant up to t2
at both temperatures (Table 1). However, a small although significant decrease in L* and
h (p<0.05) was observed in the sample at t3 stored at 20 ºC. Therefore, a slightly darker
and less yellowish orange snack was shown by the sample after 6 months of storage at
20 ºC, which may be a consequence of the gradual non-enzymatic browning which can
begin to occur from a certain water content and water activity in the samples. It has been
reported that the refrigerated storage of apple and citrus juices reduces product browning
(Burdurlu & Karadeniz, 2003; Roig et al., 1999). Factors such as temperature, moisture,
aw, carbonyl compounds, organic acids, O 2, and sugars are responsible for the nonenzymatic browning in stored foods (Muralikrishna et al., 1969). No clear trend in the
evolution of C* was observed as the storage progressed (Table 1). In any case, the
global impact of each storage period and each temperature on the colour of the orange
snacks may be more clearly observed through the total colour differences (Eq. 6),
calculated with reference to the orange snack at t0. All the ∆E* values obtained were
lower than 6.4 (Table 1). It can be considered that ∆E* values lower than about 6 units
indicate small changes in colour (Mosquera et al., 2011; Telis & Martínez-Navarrete,
2009), which means that the length and temperature of storage had little impact on the
colour.
3.2. Bioactive compounds and antioxidant activity
The impact of the storage period and temperature on the bioactive compound
content and the antioxidant activity was evaluated. Fig. 1 shows the evolution of VC and
TP. It can be observed that the VC content of the orange snack remained stable during
storage at both temperatures, except after 6 months of storage at 20 ºC, when a
significant decrease was observed (p<0.05). The decrease may be related to the higher
aw value of this sample, providing a greater availability of water to participate in
degradative reactions. Moraga et al. (2012) also observed a significant decrease in the
VC of grapefruit powder with aw higher than 0.4 stored at 20 ºC. Nevertheless, according
to the results in this study, a lower storage temperature (4 ºC) seems to delay the
degradation reactions, promoting the whole preservation of VC.
The TP content increased as the storage progressed (Fig. 1). Regardless of the
storage temperature, higher values of TP content, were obtained, especially from t 2
(p<0.05). The increase in TP content may be related to the synthesis of compounds with
polyphenolic activity. It has been reported that the decrease in some organic acids during
the storage period of citrus is due to their function as a substrate for the synthesis of
phenolics, including anthocyanin and non-anthocyanin phenolics (Igual et al., 2010; Kalt
et al., 1999).
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Figure 1. Evolution of vitamin C content (VC, left axis, solid lines) and total phenolic
compounds (TP, right axis, dashed lines) throughout the storage period (storage time=0:
newly-obtained orange snack) at 4 and 20 ºC. Error bars represent Tukey’s HSD
statistical significance bars.

The BC content decreased significantly (p<0.05) in the first month of storage, this
being more pronounced when the orange snack was stored at 20 ºC (Fig. 2). It indicated
the fast degradation of this compound, despite the low aw of the samples at that moment,
due to the fact that it is extremely sensitive to oxygen and higher storage temperatures
(Çinar, 2004; Leskova et al., 2006; Tang & Chen, 2000).

3.5

BC (mg BC/100 g db orange snack)

4 ºC

20 ºC

3.0
2.5
2.0
1.5

1.0
0.5

0.0
-0.5
0

1

2

6

Storage time (months)

Figure 2. Evolution of β-carotene content (BC) throughout the storage period
(storage time=0: newly-obtained orange snack) at 4 and 20 ºC. Error bars represent
Tukey’s HSD statistical significance bars.
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In general, the AOA remained stable during the whole storage period (p>0.05, Fig.
3), with values from t0 =1.89 to t6 =1.84 and 1.74 mmol Trolox equivalents/100 g orange
snack at 4 and 20 ºC, respectively, according to the DPPH assay. In the same way, the
AOA obtained by the FRAP assay showed values from t 0 = 2.0 to t3 = 2.2 and 2.1 mmol
Trolox equivalents/100 g orange snack at 4 and 20 ºC, respectively (p>0.05). The AOA
is provided by different compounds, such as VC, carotenoids, and flavonoids, among
others. Therefore, the high degree of stability of VC and TP obtained in this study may
also have contributed to the markedly stable nature of AOA. Furthermore, according to
the results of this study, the storage temperature did not seem to have a great impact
(p>0.05) on the evolution of the AOA.

3.0

4 ºC
20 ºC

2.8

2.5

2.6
2.0

2.4
1.5
2.2
1.0
2.0
0.5

1.8
1.6

FRAP (mg Trolox equivalents/100 g db
orange snack)

DPPH (mg Trolox equivalents/100 g db
orange snack)

3.0

0.0
0

1

2

6

Storage time (months)

Figure 3. Evolution of the antioxidant activity measured by DPPH test (left axis, solid
lines) and FRAP assay (right axis, dashed lines) throughout the storage period (storage
time=0: newly-obtained orange snack) at 4 and 20 ºC. Error bars represent Tukey’s HSD
statistical significance bars.

4.

Conclusion

More than the colour change or the bioactive compound loss, the crispness is the
critical property that defines the loss in quality of the orange snack during storage.
Despite the use of zipper bags, the sample gained water as the storage time lengthened,
with a consequent loss in porosity and crispness. In these conditions, a proper texture of
the orange snack may be ensured for at least 2 months, both at 4 and 20 ºC. However,
from the point of view of the conservation of vitamin C and, especially, of β-carotene, the
refrigerated storage of this product is recommended.
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