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Abstract: The aim of the study was to determine the effect of modified atmosphere (MA) packages
on the external quality of organically grown lowbush blueberry and half-highbush blueberry
(’Northblue’) and the nutritional value of the fruits. Fruits were divided into plastic punnets and
stored as follows: regular atmosphere (RA), punnets without packing; punnets sealed in a low-density
polyethylene (LDPE, Estiko) bag; punnets sealed in an Xtend

®
blueberry bag (Stepac). Fruits were

stored at 3 ± 1 ◦C. Compared to RA conditions, the Xtend
®

package prolonged the postharvest
life for 15 days for lowbush and 9 days for half-highbush blueberries. Fruit dry matter (DM) and
titratable acidity (TA) were higher in the Xtend

®
package. Fruit SSC decreased in the LDPE packages

and increased in the Xtend
®

packages during storage. Based on the decreased soluble solids content
(SSC) and titratable acidity (TA) ratio (SSC:TA) values during storage, it can be concluded that the
taste of the fruits became sourer in all packages. Anthocyanin biosynthesis of lowbush blueberries
was suppressed in MA, but this effect was not noticed for ‘Northblue’. Regarding fruit firmness,
shrivelling, and decay, there were significant differences between the MA packages, but the genetic
differences were more important: half-highbush blueberry fruits were firmer and less shrivelled.

Keywords: Vaccinium angustifolium; V. corymbosum x V. angustifolium; anthocyanins; soluble solids;
titratable acidity; colour

1. Introduction

Interest in blueberries (Vaccinium spp.) is rising because of their health-promoting constituents,
including flavonols, tannins, phenolic acids, and anthocyanins, which help to prevent cardiovascular
diseases, cancer, and inflammation [1]. Internationally blueberries are sold in fresh, frozen, and
processed forms, and additional research is needed to extend the postharvest life of fresh blueberries
to further extend the marketing season and to reduce waste.

The postharvest quality of blueberries is affected by diverse physical, physiological, and
pathological processes and aspects of blueberry deterioration including decay, shrivelling, and
softening [2]. Major causes of postharvest spoilage for blueberries are fungal decay and physiological
changes [3]. Though, storing blueberries in a CO2-enriched atmosphere is an effective way of
extending the postharvest life and inhibiting postharvest decay without fungicidal treatments [4].
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Modified-atmosphere packaging has the potential to provide low O2/high CO2 regimes, but the
packaging must maintain the appropriate atmospheric composition over a range of temperatures
commonly encountered between harvest and consumption [5].

Modified atmosphere packages combined with an optimal storing temperature extend the
storability of fresh produce by maintaining the sensory and nutritional quality [6,7]. Although several
studies have found no significant differences in storing blueberries in the range of 0–5 ◦C [2,8,9], the
most popular storage temperature is close to 0 ◦C [10,11]. At these temperatures, the blueberry may be
stored in a regular atmospheric storage for a maximum of 2 weeks. By raising the humidity to 85–89%,
the postharvest life can be extended for up to 6 weeks [12,13].

In Estonia, blueberries are sold mostly as fresh market fruit. Since a truly temperate climate is
prevalent for the region [14], winter hardiness is the most important requirement for cultivar selection.
Previous studies have suggested lowbush (V. angustifolium Ait.) and half-highbush blueberries
(V. corymbosum x V. angustifolium) (‘Northblue’) as being suitable for cultivating under these climatic
conditions [15–17].

A large volume of postharvest work has been performed with highbush blueberry cultivars
(Vaccinium corymbosum L.), with particular reference to controlled atmosphere storage [5]. However,
the current novel study was initiated as information concerning the modified atmosphere storage of
lowbush and half-highbush blueberries is not well known. Furthermore, there are very few postharvest
studies concerning organically grown blueberries.

Our hypothesis was that postharvest life of lowbush blueberries and half-highbush blueberries
may be extended using modified atmosphere packaging without affecting the fruit quality. The aim of
the study was to determine the effect of modified atmosphere (MA) packages on organically grown
lowbush blueberry and half-highbush blueberry (’Northblue’) external quality and the nutritional
value of the fruits.

2. Materials and Methods

2.1. Plant Material and Storage Conditions

Two species of blueberry were investigated: the lowbush blueberry (Vaccinium angustifolium Ait.)
and the half-highbush blueberry (Vaccinium corymbosum x V. angustifolium) cultivar ‘Northblue’. The
fruits were collected from a commercial farm in the Tartu county, South Estonia (58◦12’ N, 26◦41’ E).
Bushes were grown organically in the soil subgroup Fibri–Dystric Histosol [18] with a residual peat
layer that was 1.0–1.5 m deep. Uniform, disease-free blueberries at commercial maturity (beginning
of August) were hand-picked into regular-atmosphere 250-g perforated polyethylene terephthalate
“plastic” punnets (Infia TR80/58 mm, Produce Packaging, HL Hutchinson Ltd., Cambridgeshire, UK).
Punnets were designed for soft and highly perishable fruits such as cherries and tomatoes [19]. Mass of
the perforated punnets was 8 g and the dimensions were 143 × 96 × 58 mm. Punnets had four circular
perforations (diameter 8 mm) at the bottom and the lid had eight oval perforations (20 × 5 mm).
Treatments included:

1. a control, consisting of four regular atmospheric storage (RA) punnets only;
2. four regular atmosphere punnets sealed in a 30 µm thick low-density polyethylene (LDPE)

modified atmosphere bag (product of Estiko, Estonia);
3. four regular atmosphere punnets sealed in an Xtend® modified atmosphere blueberry bag

(Stepac, Israel).

There were 6 replicates per treatment and all treatments, including the control, were stored at
3 ± 1 ◦C for six weeks. Relative humidity ranged from 96 to 98%. The fruits were analysed on the day
of harvest and then 1 replication of four boxes of blueberries was destructively sampled each week.
Postharvest shelf-life was considered terminated when either the berries were too soft (firmness below
6.0 points), when shrivelling was ≥10%, or when the decay was ≥5%. For each treatment shelf-life was
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considered terminated at a different time: in regular atmosphere punnets it was 22 days for lowbush
blueberry and 28 days for half-highbush ‘Northblue’; in LDPE modified packaging, it was 22 days for
lowbush and 37 days for the half-highbush blueberry ‘Northblue’. For Xtend® modified atmospheric
packaging it was 37 days for both species. In this manuscript, the results at harvest (in the tables
named Pre-storage) and at the end (in the tables named After storage) of each treatment are presented.

2.2. Gas Measurements

During storage, O2 and CO2 concentrations were measured using a hand-held gas analyser
OXYBABY V (WITT-Gasetechnik GmbH & Co. KG, Witten, Germany). O2 and CO2 concentrations (%)
were measured nine times from within each closed system. The integrity of each bagged system was
maintained as an impermeable rubber septum was placed on the outside of each modified atmospheric
bag and, through the septum, a gas analyser needle was inserted, and an aliquot of air was drawn
out for both O2 and CO2 concentrations. O2 and CO2 concentrations in the natural atmosphere were
measured above the berries from the headspace immediately above the perforated holes in the punnets.

2.3. Subjective Quality Measurements

Fruit firmness, shrivelling, and decay were determined after storage at 3 ◦C. Firmness was
evaluated on a sub-sample of 10 berries by hand rolling, using a 1–9 scale (1 = berry ruptures on touch,
4.5 = berry surface depressed on touch, 9 = berry is firm, not yielding to touch). Shrivelling of the fruits
was determined visually and was expressed as a percentage of all fruits in a punnet. Fruit decay was
visually evaluated and it was expressed as a percentage of all fruits in a punnet. Any berries with
visible mould growth were considered decayed. Pathogens were not identified in the experiment.

A trained sensory panel of 10 assessors was used for the sensory descriptive analysis. Prior
to the sensory evaluation, assessors attended a discussion and training session, in which they were
introduced to the experiment-specific criteria for sensory analyses. Evaluation criteria were conducted
with modifications per the Schotsmans et al. [20] study.

2.4. Fruit Quality Analyses

Fruit quality characteristics were determined for each of the four punnets per replicate. All
diseased berries were counted and removed. For chemical analyses, 100 g of the remaining healthy
berries from each replication were pureed using a hand-held blender (Turbo MR 5550 M FP, Braun
GmbH, Barcelona, Spain). Measurements were repeated four times. Dry matter (DM) was determined
using a 10 ± 1 g sample and drying in a thermostat (Modell 400, Memmert GmbH + Co. KG Co.,
Schwabach, Germany) at 105 ◦C to a constant weight. Fruit dry matter content (%) was calculated on a
dry weight and fresh weight basis.

Soluble solids content (SSC) was analysed using a digital Pocket Pal-1 refractometer (Atago Co.,
Ltd., Tokyo, Japan). The instrument was calibrated with distilled water and the lens was carefully
rinsed and wiped dry between samples. Results are expressed as % of the fresh weight (FW) basis.

Titratable acidity (TA) was measured by neutralizing (to pH 8.2) 0.1 M of NaOH solution
(automatic titrator, Mettler Toledo DL 50 Randolino). Titratable acidity was expressed as % of citric
acid (% FW), as citric acid was the dominant organic acid in blueberries, using the milliequivalent
factor of 0.064 for the citric acid. From these data, the SSC:TA ratio was calculated.

For the determination of anthocyanins (ACY), 50 whole fruits were crushed, and 10 g of the
crushed fruit was soaked in an extracting solution containing HCl (0.1 M):C2H5OH (96%) = 15:85
(v/v). Solutions were shaken and held at 5 ◦C for 24 h. Total anthocyanin content was determined
spectrophotometrically using a Thermo Spectronic Helλios β spectrophotometer (Thermo Scientific
Inc., Loughborough, UK) by determining the difference in the absorbance between solutions of pH 1.0
and pH 4.5 at emissions of 510 and 700 nm [21]. Values are expressed as mg cyanidin-3-glucoside
equivalents per 100 g FW using a molar extinction coefficient of 26,900 L mol−1 cm−1.
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2.5. Colour Measurements

Both the external (fruit surface/exocarp) and internal (flesh/mesocarp) colour were recorded
using a reflectance colourimeter (Model CR-400, Minolta Co., Ltd., Tokyo, Japan). Two readings per
fruit were taken on opposite sides of each of the 10 fruits from each replicate (from four punnets).
In order to measure the colour of the fruit surface, the natural wax coating was removed mechanically
(the method by Kalt et al. [22]), and the same fruits were measured with a wax and without a wax
coating. For fruit flesh colour measurements, each fruit was bisected and measurements were taken
immediately to avoid discolouration. The colour of the fruit was expressed as L* (lightness; black = 0,
white = 100), a* (redness, red = +60, green = −60), b* (yellowness, yellow = +60, blue = −60), C*
(chroma), and h* (hue angle). A white plate was used for calibration (Illuminants C: Y = 92.6 x = 0.3134
y = 0.3196; illuminants D65: Y = 92.6 x = 0.3160 y = 0.3324).

2.6. Statistical Analysis

Statistical evaluation of the experimental results was performed by one-way analysis of variance
(ANOVA, Fisher LSD Test). In figures and tables, all data are presented as means of the replications.
Different letters indicate significant differences at p < 0.05, similar letters do not indicate significant
differences (p > 0.05). Data of O2 and CO2 from two blueberry species that were measured from
different modified atmosphere packages (LDPE film and Xtend® film) were statistically analysed at the
end of the storage period. Depending on the storage conditions (RA, LDPE and Xtend® film) firmness,
shrivelling, and decay were compared at the end of the storage period as well. Dry matter, total
anthocyanins, titratable acids, total soluble solids, SSC:TA, and the colour parameters (L*a*b*, C* and
h*) were statistically compared in pre-storage and after storage depending on the storage conditions
(RA, LDPE, Xtend® film).

3. Results and Discussion

3.1. Storage Time

Regular atmospheric (RA) storage punnets at 3 ± 1 ◦C and a relative humidity over 90% resulted
in a postharvest life of 22 days for lowbush blueberries and up to 28 days for ‘Northblue’, but
no longer (Figure 1). There was a significant improvement when the RA punnets were kept in
modified atmosphere packages. Indeed, both the LDPE and Xtend® packages had a positive effect
on the postharvest life for ‘Northblue’ for up to 37 days. However, for the lowbush blueberry
LDPE, the packaging extended the postharvest life for only 22 days, which was similar to the regular
atmosphere storage in punnets, whereas the Xtend® packaging resulted in a shelf-life of up to 37 days.
The postharvest shelf-life of blueberries is strongly correlated with genetics [23]. In our study, the
half-highbush blueberry (‘Northblue’) had a longer postharvest life compared to the lowbush blueberry
in the LDPE film, which refers to the genetic difference of these two taxa and may suggest that the
suitability of the film is species-specific. Peano et al. [24] described that increasing the quantities of
CO2 within the high-density polyethylene pallet and decreasing the quantities of O2 so as to reach
values in a range of 10–12% for both gases made it possible to induce a slowdown of the respiratory
metabolism of the fruits, which increased the conservation period up to 45 days. In the mentioned
study, the blueberries were kept for another 15 days under in RA conditions, achieving an overall
period of conservation of 60 days.
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Figure 1. The postharvest life of the lowbush blueberry and half-highbush blueberry cultivar
‘Northblue’ at 3 ± 1 ◦C in regular atmosphere (RA) or modified atmosphere packages (LDPE film and
Xtend® film). The means with different letters are significantly different (p < 0.05): a, b, c for lowbush
blueberry and A, B, C for ‘Northblue’. LDPE (30 µm low-density polyethylene bag, product of Estiko,
Estonia. Xtend® blueberry bag, product of Stepac, Israel).

3.2. O2 and CO2 Changes during Storage

The modified atmosphere packaging consists of sealing a certain quantity of fruit or vegetables
using plastic films; then the respiration of commodities increases the CO2 concentration and decreases
the O2 concentration inside the packages, while the transpiration rate increases the vapour pressure [25].
Even different cultivars of the same species can exhibit different respiration rates [13,23,26].

This trend was also observed in our study, although the O2 and CO2 concentrations did not reach
the recommended levels suggested by Kader [27] and Mattos et al. [13]. They suggested that the
optimal storage conditions of blueberries ranged from 0–5 ◦C with O2 concentrations between 2–5%
and CO2 concentrations between 12–20%. In our trial, the lowest O2 concentration recorded was 13%
and the maximum CO2 concentration was ca. 9.3%. The O2 concentration in the modified atmosphere
packages did not have a significant difference: the O2 concentration dropped by 15.7% in the LDPE
film bag and to 13.9% in the Xtend® bag for lowbush blueberries (Figure 2). For the half–highbush
blueberry, the O2 concentration at the end of the trial decreased to 14.0% in the LDPE film bag and to
13.0% in the Xtend® film bag.

In contrast, the CO2 concentrations showed significantly different results compared to the O2,
where CO2 increased to 3.4% in the LDPE film and to 8.5% in the Xtend® for lowbush blueberries
(Figure 3). The difference between CO2 concentrations for lowbush blueberries may have been caused
by the shorter storing time in the LDPE package. However, the same phenomenon was noticed with
‘Northblue’, where the CO2 content in the LDPE film was significantly lower (4.8%) compared to
Xtend® (9.4%). In the previous modified atmosphere study with raspberries, the O2 concentration was
also somewhat higher in the Xtend® film compared to LDPE: 15.7 and 14.9%, respectively [28].
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each parameter followed by a different letter are significantly different (p < 0.05): a, b, c for lowbush
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Figure 3. The changes in the CO2 concentration (%) in the modified atmosphere packages (LDPE
film and Xtend® film) of lowbush blueberry and half-highbush blueberry cultivar ‘Northblue’ during
storage at 3 ± 1 ◦C. (LW: lowbush blueberry. N: half-highbush blueberry (’Northblue’)). The means for
each parameter followed by a different letter are significantly different (p < 0.05): a, b, c for lowbush
blueberry and A, B, C for ‘Northblue’. Error bars indicate the standard error. LDPE (30 µm low-density
polyethylene bag, product of Estiko, Estonia. Xtend® blueberry bag, product of Stepac, Israel).

At the end of the raspberry experiment, the O2 content reached 15.1% in the LDPE and 13.1%
in the Xtend® bags. In that study, the CO2 content increased to 5.1% in the LDPE film and to 6.1%
in the Xtend® bags during the first 24 h, at the end of the experiment, it became 5.9% in the LDPE
and to 7.3% in the Xtend®. In another previous modified atmosphere experiment with strawberries,
the O2 decrease and the CO2 increase was more rapid in the LDPE packages compared to the Xtend®

packages, which suggests that that LDPE bags are less permeable to respiration gases [29]. Our
experiment showed similar trends, where the LDPE bag’s CO2 concentration did not reach the desired
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levels, which may have resulted in a poorer storability for the lowbush blueberry. Beaudry et al. [5]
observed that the atmospheric partial pressures of O2 within the low-density polyethylene packages
containing same mass of blueberries decreased with the increasing temperature and vice versa, which
indicates that the activation energy of the film O2 permeation was less than the activation energy of
the fruit. Previous studies have also reported that the steady-state O2 and CO2 levels depend on film
permeability and the product respiration rate and that the temperature dependence is determined
by the film type and commodity physiology [5,23]. Different varieties of the same product exhibit
specific respiration rates [13] and the success of the modified atmosphere packaging greatly depend
on the accuracy of the predictive respiration rate [27]. The MAP storage with the starch films by
Giuggioli et al. [30] helped to control the changes in post-harvest physicochemical properties, such
as the pH and TA, but also maintained the antioxidant and nutritional values of fruits after 15 days
of storage. In another experiment with three highbush blueberry cultivars ‘Coville’, ‘Blueray’, and
‘Jersey’, the fruit respiration rates in the modified atmosphere decreased with the increasing CO2,
but were little affected by changes in O2 [23]. On the contrary, Beaudry et al. [5] suggested that the
respiration is minimally affected by levels of CO2 below the approximate 20 kPa that accumulated in
the packages under hypoxic conditions. In their work with highbush cultivar ‘Bluecrop’, the oxygen
consumption decreased in response to the decreasing temperature and decreasing steady-state O2,
where the shape of the O2-dependent respiratory curves changed with temperature. The phenomenon
was that, at the higher temperatures, the O2 uptake did not appear to approach saturation even at the
highest levels of steady-state O2 generated and, as a result, the fruits were found to be more sensitive to
restricted O2 availability as temperatures increased. Hall and Forsyth [31], on the other hand, indicated
that the longer the fruits were left on the bushes, the lower their rate of respiration would be. In our
experiment, berries from both taxa were picked at the same time and there were no differences in
the berry ripening stages. During the trial, the O2 consumption and CO2 production were similar
with both taxa at a temperature of 3 ± 1 ◦C but they were influenced by the modified atmosphere
packages. At the same time, the content of CO2 did not increase up to the critical level in any of
the used modified atmosphere packages. For the half-highbush blueberry, the limits had not been
worked out till now, but earlier studies have mentioned that for highbush and lowbush blueberries, the
suitable CO2 content in storage ranges from 5% to 15% when kept at 5 ◦C or below [5,12]. Analogous
parameters for O2 content are between 1 and 10%. In our study, the oxygen content was higher in
each package in case of both taxa during the experimental period. It can be concluded that the LDPE
package is not suitable for lowbush blueberry because it did not extend the postharvest life and the
gas concentration did not exceed to desired levels. Although O2 did not decrease and CO2 did not
increase as expected, especially in LDPE package, the positive side was that the anaerobic respiration
did not take place during storage in both packages.

3.3. Fruit Firmness

Early works have stated that blueberries undergo chemical and physical modification during
storage [7], which includes fruit firmness, shrivelling, senescence, and the development of
decay organisms.

In our study, the lowbush blueberry fruit in the Xtend® film stayed firmer compared to the
regular atmosphere, scoring 6.0 and 5.0 points, respectively (Table 1). This result is an expected
consequence, which allows us to suggest that the respiration rate is higher in the regular atmosphere
and that an atmosphere has a major role in accelerating the moisture loss, although the loss of firmness
may have been affected by the subsequent compression of the berries in the box during the storage.
Prange et al. [32] showed that the firmness of the lowbush blueberry decreased over time, especially
after 42 days (1.6–3.4 points in the 0–5-point scale). However, they suggested that an O2 concentration
of 1–5% may also improve the firmness retention with a storage time >28 days. Paniagua et al. [2]
reported that the storage atmosphere influenced the firmness of the blueberries, however, its effect
varied among the cultivars and storage temperature.
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Table 1. The fruit firmness (points), shrivelling (%), and decay (%) of the lowbush blueberry and
half-highbush blueberry cultivar ‘Northblue’ after storage at 3 ± 1 ◦C in a regular atmosphere (RA) or
modified atmosphere packages (LDPE film and Xtend® film).

Lowbush Blueberry ‘Northblue’

RA LDPE Xtend® RA LDPE Xtend®

Firmness (points) 5.0b 5.3ab 6.0a 7.3A 7.0A 7.0A
Shrivelling (%) 13.0a 3.0c 5.0b 0.1B 0.1B 2.0A

Decay (%) 0.1b 0.4a 0.1b 3.0C 15.0A 7.0B

Means for each parameter followed by the same letter within each row are significantly different (p < 0.05): a, b, c
for lowbush blueberry and A, B, C for ‘Northblue’. LDPE (30 µm low-density polyethylene bag, product of Estiko,
Estonia. Xtend® blueberry bag, product of Stepac, Israel).

For instance, the cultivar ‘Brigitta’ had firmer fruits in CO2 of 10% in both 2.5% or 20% of oxygen
in comparison to air at 4 ◦C. In our study, the CO2 content was higher in the Xtend® packages for both
taxa, but only the lowbush blueberry stayed firmer in the Xtend® package (6.0 points) compared to
the regular atmosphere (5.0 points). For the ‘Northblue’, there was no significant difference between
the firmness of fruits stored in the modified atmosphere packages, nor with the regular atmosphere.
Correspondingly, the firmness of the ‘Northblue’ fruit was slightly higher compared to the lowbush
fruit, where the firmness was 7.3 for the regular atmosphere and 7.0 in both modified atmosphere
packages. ‘Northblue’ had a longer postharvest life compared to the lowbush blueberry, which could
also be correlated to a better firmness performance. As mentioned, the lowbush blueberry had a
softer fruit compared to the half-highbush blueberry, which is a function of the genetic difference
of these two taxa and agrees with earlier studies claiming that the firmness is determined on the
genetics of the cultivar [2,8]. Ballington et al. [33] stated that when the blueberries are grown in a single
location and year, the genetic factors are more important than the environmental differences within
the field. Vicente et al. [34] claimed that the firmness/softening depends mainly on hemicellulosic
depolymerization, however, Fava et al. [35] stated that the elasticity/turgidity is more related to the
internal turgor pressure regulated largely by the cuticular wax properties, because wax is a very good
barrier to the excessive water loss [36]. Based on this knowledge, the interaction between wax and the
gradient was also observed in our study, where the half-highbush cultivar ‘Northblue’ with a high
epidermal wax concentration, had less shrivelling, but the fruits were also firmer.

Anatomical differences between the blueberry cultivars could influence CO2 and O2 diffusion into
the blueberry tissue, affecting the internal gas concentration and, hence, contributing to the genetic
variability in response to the atmospheric change [2]. This trend was also observed in our trial, where
the genetical variation had a significant influence on the firmness. The parental phenotype in the
blueberry often determines progeny firmness characteristics [37]. The lowbush blueberry produces a
soft-fruited progeny [38] and has also been shown to be less firm than a highbush blueberry [33]. The
mentioned species are both ancestors of the half-highbush blueberry in our trial, thus, concerning the
firmness, the half-highbush blueberry (‘Northblue’) performed similarly to the highbush blueberry.
Ehlenfeldt and Martin [39] found that the half-highbush cultivar ‘Polaris’ produced berries as firm as
the highbush cultivar ‘Duke’. The other two half-highbush blueberry cultivars in the trial, ‘St. Cloud’
and ‘Friendship’, had lower firmness values. Consequently, we conclude that the half-highbush
blueberry cultivars that possess significant amounts of V. angustifolium ancestry seem to show a
propensity for producing softer fruit. Giongo et al. [40] claimed that after the harvest, berry turgidity
becomes more important than firmness. In the aforementioned study, the hybrid ‘Northblue’ was
placed in a group which was characterized by a low texture performance with a high elasticity and
deformable structure, which may lead to the perception of gumminess by consumers. The storage
index for the texture dynamics of 27 cultivars (both highbush and hybrid) was employed, where
‘Northblue’ ranked slightly below average. Although the half-highbush blueberry ‘Northblue’ did
not have good postharvest properties in this particular study, we concluded that it has better texture
dynamics than the lowbush cultivar in our trial. As reported, the half-highbush blueberry ‘Northblue’
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performed better than the lowbush blueberry, having a firmness around 7.0–7.3 points, while the
lowbush blueberry firmness range was within 5.0–6.0 points.

3.4. Fruit Shrivelling

Berries are very susceptible to water loss, which results in a loss of gloss, fruit shrivelling, and
an increase of firmness [12]. Weight losses of 5% lead to wilting and poor texture, and the taste is
considered critical for blueberry marketability [41]. In our trial, the lowbush blueberry had a higher
shrivelling percentage than the half-highbush blueberry ‘Northblue’, which can be correlated to a
higher water loss of lowbush compared to the half-highbush ‘Northblue’ (Table 1).

There was a significant interaction between the modified atmosphere packages and fruit
shrivelling (Table 1). The highest percentage of shrivelling for the lowbush blueberry was in the regular
atmospheric storage (13.0%) compared to Xtend® (5.0%) and to LDPE films (3.0%). Contrastingly,
the half-highbush blueberry had more shrivelled fruits in the Xtend® film bags (2.0) compared to the
regular atmospheric storage (0.1%) and LDPE film bag treatment (0.1%).

High water loss from the fruit is correlated with the high transpiration intensity [13], which can
lead to extensive shrivelling and loss in marketable berries. For both taxa, the CO2 content was higher
in the Xtend® package compared to the LDPE package. Correspondingly, the fruits in the Xtend® film
had a higher percentage of shrivelling, 5.0% for lowbush blueberry and 2.0% for ‘Northblue’. When
comparing the overall postharvest life performance, we conclude that the genetic factors are again
more important than the O2 and CO2 content in the packages, although the packaging had significant
effects, the half-highbush blueberry ‘Northblue’ had remarkably less shrivelled berries compared to the
lowbush blueberry, and the half-highbush performed better with both modified atmosphere packages.

3.5. Fruit Decay

Postharvest diseases of blueberries are usually caused by fungi, with anthracnose
(Colletotrichum acutatum) being the most common fungal disease, followed by alternaria rot
(Alternaria spp.) and grey mould (Botrytis cinerea) [10,42]. In an experiment with highbush blueberry,
Echeverría et al. [43] found that there were no differences in the postharvest behaviour between
fruits from organic or from conventional fertilization. Larger pathogen damage occurred in the fruits
from organic fertilization treatments and were more decayed. Previous studies claim that lowbush
blueberries show little decay during the storage, which is defined as the presence of visible mould [11].
This trend was also noticed in our trial, where the lowbush blueberry had less decayed berries
compared to the half-highbush blueberry ‘Northblue’ (Table 1). In the modified atmospheric storage,
the berries continue to respire the trapped air until the CO2 concentration rapidly approached the
critical 10–15% level necessary to inhibit the Botrytis growth [12]. In our study, the CO2 concentration
was much lower for the lowbush, peaking at only 3.4% in the LDPE film bag and 8.5% in the Xtend®

package. For the half-highbush blueberry ‘Northblue’, the CO2 content in the LDPE was 4.8% and
9.4% in the Xtend® film. These results indicate that for the half-highbush blueberry ‘Northblue’,
CO2 concentration in the modified atmospheric packaging must be much higher to inhibit fungal
growth. Paniagua et al. [2] observed that after 6 weeks of storage, the low oxygen concentrations
(2.5% O2 + 10% CO2) significantly reduced the decay for the cultivar ‘Maru’ in comparison to the
air storage and both the controlled atmospheres decreased the decay for ‘Brigitta’. High CO2

concentrations suppress decay, weight loss, and softening [32]. This was also observed in our
study, where the CO2 concentration was higher in the Xtend® film compared to the LDPE film
and, correspondingly, there were less decayed berries. Prange et al. [32] noticed that when increasing
CO2, the visible decay decreased for both highbush varieties ‘Fundy’ and ‘Blomidon’, and at 15% CO2,
it was virtually absent (0.1%). In their study, the increase of unmarketable berries was more related to
a loss of firmness than due to the visible decay level. A similar trend was observed in our trial with
the lowbush blueberry, where the increase of the unmarketable berries was more related to a loss of
shrivelling than due to visible decay.
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A low O2 concentration during the blueberry storage has very little effect on the decay organism
activity or survival at levels above the fermentation threshold of most commodities [13], thus, low
O2 and elevated CO2 concentrations can remarkably reduce the rates of ripening and senescence,
primarily reducing the synthesis and perception of ethylene [44]. Zheng et al. [45] found out that the
modification of storage atmospheres induces plant defensive responses and increase disease resistance
in postharvest commodities. A negative plant response to the modified atmosphere packaging is
seen when the respiration is reduced as O2 becomes limiting and the lower O2 limit is frequently
considered to be the level of O2 that induces fermentation [13]. A high ethylene content can influence
the quality characteristics of blueberries like firmness, shrivelling, and decay. In our study, the O2

level did not have significant differences between the taxa, nor between the modified atmosphere
packages. As mentioned before, for the lowbush blueberry, there were less decayed berries compared
to the half-highbush blueberry ‘Northblue’ (Table 1). For lowbush, there was only a 0.1% of decayed
berries observed in the regular atmospheric storage and in the Xtend® film, which is significantly
less compared to the LDPE film (0.4%). The percentage of decayed fruits for the half-highbush
blueberry ‘Northblue’ was 15.0% in the LDPE film, 7.0% in the Xtend® film, and 3.0% in the regular
atmospheric storage. The fungal growth of the half-highbush blueberry ‘Northblue’ could have been
suppressed by lowering the storing temperature since the previous studies have demonstrated that
storing them at 0 ◦C has the great benefit of maintaining the quality. In the study by Paniagua et al. [2],
a higher temperature (4 ◦C in comparison to 0 ◦C) resulted in more rot incidence from 5 weeks
onwards for ‘Brigitta’ and after 4 weeks onwards for ‘Maru’. Earlier works have also suggested that
minimal mechanical damage and storage at 0 ◦C gives the advantage of maintaining the quality of the
highbush [10] and lowbush blueberries [11,46]. The reported enhanced temperature conditions during
blueberry storage could also be beneficial for the half-highbush blueberry ‘Northblue’ storage since
the decay percentage was high when the fruit was stored at 3 ± 1 ◦C.

3.6. Chemical Composition

Fruit sensory quality, which is based on the chemical composition of the fruit, is strongly
influenced by the storing techniques. At the end of the experiment, fruit dry matter content in both
blueberry taxa was significantly higher in fruits stored in Xtend® packages compared to the RA and
LDPE packages lowbush blueberry (Table 2). It showed that water loss was higher in Xtend® packages.
Kalt and McDonald [47] have described the chemical composition of several lowbush blueberries
(‘Blomidon’, ‘Cumberland’, ‘Fundy’) and these cultivars had a higher average dry matter content
(15.4%) compared to the blueberries in our study (the average pre-storage dry matter content was
13.6%). A lower fruit dry matter content in our study may have been caused by the climate conditions,
cultivation techniques, but may also be due to the genetic differences of the lowbush species.

The most important group of phenolics in blueberries is the flavonoids. The high antioxidant
activity of fruits is attributed to anthocyanins. According to Chiabrando and Giacalone [6], the
high antioxidant capacity of phenolic compounds has been maintained in blueberry fruits stored
at 4 ◦C. For the lowbush blueberry, the anthocyanin content was significantly higher in the regular
atmosphere (151 mg 100 g−1) compared to the modified atmosphere packages (96 mg 100 g−1 in
LDPE and 100 mg 100 g−1 in Xtend®), which indicates that the modified atmosphere inhibited
the anthocyanin biosynthesis. It could be suggested that the anthocyanin inhibition in LDPE is
species-specific for lowbush blueberries, and may have been caused by the high shrivelling percentage.
In the current study ‘Northblue’ had no significant difference between the anthocyanin content and
the storage conditions and in contrast to the lowbush blueberry, neither of the packages influenced
the anthocyanin biosynthesis. The same packaging materials as in our trial were used in modified
atmosphere experiments with raspberry ‘Polka’ [28] and three different strawberry cultivars [29], where
it was found that raspberries held in LDPE packages had significantly lower anthocyanin contents
compared to the regular-atmosphere-stored fruits; however, for strawberries in LDPE packages,
anthocyanin biosynthesis was inhibited only for ‘Sonata’, not in other cultivars.
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Table 2. The fruit dry matter (DM), anthocyanins (ACY), and soluble solids (SSC) content, titratable
acidity (TA), soluble solids/titratable acidity ratio (TSS:TA) of lowbush blueberry and half-highbush
blueberry cultivar ‘Northblue’ at harvest (Pre-storage) and after storage at 3 ± 1 ◦C in regular
atmosphere (RA) or modified atmosphere packages (LDPE film and Xtend® film).

Lowbush Blueberry ‘Northblue’

Pre-storage After storage Pre-storage After storage
RA LDPE Xtend® RA LDPE Xtend®

DM (%) 13.6b 13.6b 13.6b 15.1a 13.1B 13.9AB 13.2B 14.5A
ACY (mg/100 g) 53c 151a 96b 110b 41B 103A 101A 103A

SSC (%) 13.1b 12.5c 12.3c 14.0a 13.4C 14.4A 12.4D 13.9B
TA (%) 0.15b 0.14b 0.18b 0.27a 0.66D 0.73C 0.82B 0.89A
SSC:TA 88b 94a 67c 52d 20A 20A 15B 16B

Means for each parameter followed by the same letter within each row are significantly different (p < 0.05): a, b, c
(p < 0.05) for lowbush blueberry and A, B, C (p < 0.05) for ‘Northblue’. LDPE (30 µm low-density polyethylene bag,
product of Estiko, Estonia. Xtend® blueberry bag, product of Stepac, Israel).

The Xtend® package had a positive effect on the content of the soluble solids of both blueberry
taxa: it was the only package which caused an increase of the soluble solids content during storage
(Table 2). The LDPE film caused a significant decrease of the SSC in both blueberry taxa compared to
the initial value, whereas the effect of the regular atmosphere storage depended on the blueberry taxa.
The content of soluble solids of ‘Northblue’ fruits increased in the regular atmosphere and it resulted in
significantly higher soluble solid contents compared to the fruits stored in either modified atmosphere
packages after storage. Contrarily, the content of the soluble solids of the lowbush blueberry decreased
in the regular atmosphere. Chiabrando and Giacalone [6] compared four different modified atmosphere
packages with a highbush blueberry cultivar ‘Lateblue’ storage and found out that the microperforated
(1 mm Ø) film and non-perforated film affected the total soluble solids content positively, having a
total soluble solids content of 11.7% and 11.5%, respectively.

The Xtend® package caused an increase in the titratable acids content in both blueberry taxa
(Table 2), which may have been influenced by the dry matter content decrease during storage. Titratable
acidity of ‘Northblue’ fruits increased in all packages (up by 0.73% in the regular atmosphere, 0.82% in
LDPE, and 0.89% in Xtend®, compared to the pre-storage (0.66%)). Lowbush blueberry titratable acidity
remained unchanged in the regular atmosphere and LDPE packages during storage. On the contrary
to our experiment, Zheng et al. [45] studied the impact of high oxygen (40%, 60%, 80%, and 100%) in
modified atmospheres on highbush blueberry cultivar ‘Duke’ and reported significantly lower titratable
acidity (0.41–0.45%) within all the O2 types, but also with storage at 5 ºC for 9, 14, or 35 days compared
to the initial value (0.82%). Chiabrando and Giacalone [6] reported that the highbush blueberry cultivar
‘Lateblue’ had the highest titratable acidity (147.89 meq L−1) with the microperforated (1 mm Ø) film,
compared to other modified atmosphere packages (38.89–59.58 meq L−1) and to the control (baskets
without film): 60.25 meq L−1. These results indicate that the half-highbush blueberry ‘Northblue’ also
has a high titratable acidity compared to the lowbush blueberry and is similar to the highbush cultivar
‘Latebue’. Since ‘Northblue’ had significantly higher titratable acidity values compared to the lowbush
blueberry, it indicates the genetic differences of these taxa, but also lets us conclude that the storage
conditions had a smaller effect on the titratable acidity. Duan et al. [48] claimed that during postharvest
storage, acid metabolism converted to starch and acid to sugar, thus, resulting in a decrease of the
titratable acidity and an increase of soluble solids. However, in our study, this was not obvious, in fact,
the titratable acids content increased in all storage conditions for ‘Northblue’ and in the Xtend® film
for the lowbush blueberry. Gonçalves et al. [49] mentioned that the blueberries produced in organic
farming had lower levels of titratable acids and the same situation continued after 7 and 14 days
of storage.

The increase of the titratable acidity during regular and modified atmosphere storage might have
also influenced the taste of the berries in our trial. Beaudry [50] reported in his study that blueberries
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should contain >10% soluble solids, 0.3–1.3% titratable acidity, and have an SSC:TA ratio between 10
and 33. A 0.1% decrease in the acid concentration is known to be equivalent to a 1% increase in the
perceived sweetness in the blueberry fruit. In our study, the lowbush blueberry had a decrease of both
soluble solids and an increase in the titratable acidity in the LDPE film (Table 2), which indicates, that
the taste of fruits probably became more acidic. Changes in the taste are very well shown with the
SSC:TA ratio, where the berry fruit in the LDPE film had a significantly lower SSC:TA ratio, 67, while
the initial value was 88. The lowbush blueberry fruits in the Xtend® package had an increase of both
soluble solids and titratable acidity, resulting in the lowest SSC:TA ratio (among the package).

For ‘Northblue’, both the modified atmosphere packages caused a decrease in the SSC:TA ratio
compared to the initial value. However, the differences in the SSC:TA between the regular atmosphere
stored and modified atmosphere stored fruits were 4 to 5 units compared to the lowbush blueberries,
where the difference between the regular atmosphere stored and the modified atmosphere stored
fruits in the Xtend® package was 42 units (Table 2). Comparing these two taxa, the soluble solids
and titratable acidity ratio had remarkable differences, where ‘Northblue’ had a more than four times
lower SSC:TA ratio compared to the lowbush blueberry’s initial value, which again indicates the
genetic impact and its association to the flavour. The genetic impact is obvious, and the influence
of the modified atmosphere package was also demonstrated. Thus, our results indicated that the
taste-related properties of lowbush blueberries are more easily affected by the storage atmosphere
than those of ‘Northblue’.

3.7. Fruit Colour Changes during Storage

Blueberry colour is a complex quality characteristic affected by the quantity and structure of the
surface waxes [51] and the anthocyanin content [52]. The colour of the fruit is also an important quality
factor influencing fresh-market value and acceptability by the consumers [53–55].

The L* axis represents the lightness changes from 0, which has no lightness (absolute black) to
100, which is the maximum lightness (absolute white) [56]. It is likely that the surface wax affects the
L* value (i.e., higher amounts of surface wax might lighten the fruit), as well as the visual perception
of the fruit colour (e.g., blue chroma) [57]. However, in our study, this phenomenon was not apparent.
The lowbush fruit surface with wax was lighter in colour before pre-storage (L* 29.3) compared to after
storage in the regular atmosphere (L* 29.7) and in the LDPE film (L* 29.5) compared to the Xtend®

(L* 25.6) (Table 3).
The ‘Northblue’ fruit surface with wax was lighter in colour in pre-storage (L* 29.0) and in the

LDPE film (L* 28.9) compared to the regular atmosphere (L* 26.0) and to the Xtend® film (L*27.0).
Surface colour without wax was not different with respect to the L* values for both taxa. In the study
with two highbush blueberry cultivars ‘Bluetta’ and ‘Duke’, where the blueberries were stored at room
temperature or at 10 ◦C, results were similar concerning the L* value [58]. In the mentioned study was
no significant difference between both blueberry cultivars during the storage when the fruits were
stored at 10 ◦C, where, at the end of the trial (at the 16th day), the L* value for ‘Bluetta’ was 26.5 and
for ‘Duke’ 25.9. It was interesting that the cultivar ‘Duke’ had an increase in L* value, while ‘Bluetta’
had a slight decrease in lightness during storage. When comparing these results to our study, it can be
suggested that the lowbush blueberry and half-highbush blueberry ‘Northblue’ have a higher L* value
compared to the highbush cultivars ‘Bluetta’ and ‘Duke’, which again reflect the genetic differences of
these three taxa. In our study, the lowbush blueberry fruit flesh was lighter in colour with pre-storage
(L* 39.1) and in the regular atmosphere (L* 41.3) compared to the fruit stored in the LDPE (L* 36.8)
and in the Xtend® film (L* 36.3). For ‘Northblue’, the fruit flesh was lighter in colour in the LDPE film
(L* 55.7) compared to the initial value (L* 48.9) and to the regular atmosphere (L* 48.0), but there was
no difference in the Xtend® film (L* 52.3).
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Table 3. The fruit surface (with wax and without wax) and flesh instrumental colour (L*a*b*, C* and
h*) of the lowbush blueberry and half-highbush blueberry cultivar ‘Northblue’ at harvest (Pre-storage)
and after storage at 3 ± 1 ◦C in the regular atmosphere (RA) or modified atmosphere packages (LDPE
film and Xtend® film).

Colour
Measurement

Lowbush Blueberry ’Northblue’

Pre-storage After Storage Pre-storage After Storage
RA LDPE Xtend® RA LDPE Xtend®

Surface (with wax) colour

L* 29.3a 29.7a 29.5a 25.6b 29.0A 26.0B 28.9A 27.0B
a* 1.07b 0.7c 0.8bc 2.0a 0.4C 1.0B 0.8B 1.5A
b* –5.6b –6.3b –6.0b –4.4a –4.7B –4.0A –4.3A –4.0A
C* 5.7ab 6.3a 6.1ab 5.5b 4.7A 4.1B 4.4AB 4.4AB
h* 281b 277b 280b 297a 275B 284AB 282AB 291A

Surface (without wax) colour

L* 23.5a 22.9a 22.7a 23.4a 24.1A 24.1A 24.0A 24.2A
a* 1.1a 0.9a 0.9a 1.1a 0.8B 1.3A 1.6A 1.6A
b* –0.8bc –0.6a –1.0c –1.9d 0.0A –1.5C –1.0B –0.9B
C* 1.4b 1.2b 1.4b 2.3a 0.8B 2.1A 2.0A 1.9A
h* 325a 327a 314b 306b 116D 313C 324B 330A

Flesh colour

L* 39.1a 41.3a 36.8b 36.3b 48.9B 48.0B 55.7A 52.3AB
a* 2.4c 4.3b 5.3a 5.8a –2.9C –0.9A –2.9C –2.3B
b* 3.6a 3.9a 2.9b 2.8b 9.3C 8.8C 11.2B 13.3A
C* 5.0c 6.1b 6.5b 7.4a 9.8C 8.9C 11.7B 13.5A
h* 90b 44d 68c 200a 105A 94B 103A 99AB

Means for each parameter followed by the same letter within each row are significantly different (p < 0.05): a, b, c
for lowbush blueberry and A, B, C for ‘Northblue’. LDPE (30 µm low-density polyethylene bag, product of Estiko,
Estonia. Xtend® blueberry bag, product of Stepac, Israel).

For both taxa, the lowbush and half-highbush blueberry, the fruit surface with wax had a higher
degree in redness in the Xtend® film compared to the pre-storage and the LDPE film (Table 3). The
lowest degree in redness was in the regular atmosphere (a* 0.7) for the lowbush blueberry. For
‘Northblue’, the lowest degree in redness was in the pre-storage (a* 0.4) compared to the Xtend®

package. Fruit surface colour without the wax was not different between the treatments in the lowbush
trial, but for the ‘Northblue’ there was, where the initial value (a* 0.8) was different for all the storage
types, which also indicates that the fruits became redder during storage. The lowbush blueberry’s fruit
flesh had the highest degree in redness in the LDPE (a* 5.3) and in the Xtend® films (a* 5.8) compared
to the initial value (a* 2.4). The flesh colour was remarkably different between the lowbush and the
hybrid, where ‘the Northblue’ fruits were greener in colour, especially before storage (a* −2.9) and in
the LDPE film (a* −2.9) compared to the fruits in the regular atmosphere (a* −0.9) and in the Xtend®

film (a* −2.3).
The lowbush blueberry fruit surface colour with wax was bluer in colour in the pre-storage

(b* −5.6), in the regular atmosphere (b* −6.3), and in the LDPE film (b* −6.0) (Table 3) compared
to the Xtend® film (b* −4.4). For ‘Northblue’, the fruit surface colour with wax was bluer in colour
with the pre-storage (b* −4.7) compared to all other storage types. Lowbush fruit without wax was
bluer in colour in the Xtend® film (b* −1.9) compared to the pre-storage and other storage types. For
‘Northblue’, the fruit colour without the wax was bluer in the regular atmosphere (b* −1.5) compared
to the initial value (b* 0.0). The fruit flesh had the highest degree of yellowness in the pre-storage
(b* 3.6) and in the regular atmosphere (b* 3.9) conditions for the lowbush blueberry. For ‘Northblue’,
the fruit was more yellow in colour in the Xtend® package (b* 13.3) compared to the pre-storage
(b* 9.3), to the regular atmosphere (b* 8.8), and to the LDPE (b* 11.2) (Table 3). There was a pronounced
effect of the taxa concerning fruit flesh b* values, where ‘Northblue’ had significantly higher b* values
in a ratio of 8.8–13.3, when compared to the lowbush, which had b* values in a ratio between 2.8–3.9.
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The lowbush blueberry’s flesh colour was higher in RA (b* 3.9) compared to LDPE (b* 2.9) and to
Xtend® (b* 2.8), which may be due to the high shrivelling percentage that also had an impact on the
anthocyanin inhibition during storage.

The chroma value was affected by the storage conditions, indicating that the tonality of the fruit
colour changed after the harvest and was differentiated significantly (p > 0.05) (Table 3). The packaging
material did not affect the C* values of the exocarp and mesocarp. The lowbush fruit colour with wax
had the highest C* value in the regular atmosphere (C* 6.3) compared to the Xtend® film (C* 5.5). For
the half-highbush blueberry ‘Northblue’, the C* was highest in the pre-storage (C* 4.7) compared to
the regular atmosphere (C* 4.1). The Xtend® had a significant effect on the chroma when the chroma
measurements were taken without the wax from the mesocarp. Chroma values for lowbush were
higher in the Xtend® film (C* 2.3) when compared to the pre-storage (C* 1.4) and to the other storage
types (for example, C* 1.2 in a regular atmosphere and C* 1.4 in the LDPE film). For ‘Northblue’, the
surface colour without wax was higher in chroma values in all the other storage conditions when
compared to the pre-storage. There were also higher C* values in the mesocarp compared to the
exocarp of the half-highbush blueberry ‘Northblue’ fruit. Chroma measured from fruit flesh was
higher in the Xtend® film for both taxa compared to all other storage types.

Hue angle is a good measure of blueberry colour and the blue colour of the fruits has been
suggested as the best criteria of fruit maturity and decision-making regarding harvesting time [58,59].
The higher hue angle values indicate bluer colours. For the lowbush blueberry, the h* from the fruit
with wax was higher in the Xtend® package (h* 297) compared to the pre-storage (h* 281), to the
regular atmosphere (h* 277), and to the LDPE bag (h* 280) (Table 3). For ‘Northblue’, the hue angle
increased in the Xtend® film (h* 291) compared to the initial value (h* 275). In the Eum et al. study [58],
the hue angle was similar for highbush cultivars ‘Bluetta’ and ‘Duke’, when compared to the h* values
we got in our study. The highbush blueberry cultivar ‘Bluetta’ had an h* angle of 289.6 at 10 ◦C,
while ‘Duke’ had a hue angle of 298.1. Although there was a significant difference between the two
highbush cultivars at the beginning of the trial, these two cultivars had similar values during the
rest of the storage. Compared to our study, the highbush blueberry cultivars had similar h* values to
the lowbush blueberry and half-highbush blueberry ‘Northblue’, when the hue angle was measured
from the surface with wax, which indicates that these taxa have similar blue colours. The h* value,
which was measured from the fruit without wax, was higher both in the pre-storage (h* 325) and
in the regular atmosphere (h* 327) compared to the modified atmosphere packages, where, in the
LDPE, it was 314 and in the Xtend®, it was 306. For half–highbush, the h* values without wax were
approximately three times higher in the Xtend® (h* 330) compared to the initial value (h* 116). For the
lowbush blueberry, the hue angle measured from the fruit flesh decreased in the regular atmosphere
(h* 44) and in the LDPE film (h* 68), while it increased in the Xtend® film (h* 200) compared with the
pre-storage (h* 90). For ‘Northblue’, the h* decreased in the regular atmosphere (h* 94) compared to
the pre-storage (h* 105) and to the modified atmosphere package LDPE (h* 103).

There was a pronounced effect on the genetic difference when measuring the fruit flesh a* values,
indicating that the lowbush fruit flesh is redder in colour and that the ‘Northblue’ fruit is greener in
colour. In addition, there was a significant difference between these two taxa concerning fruit flesh
b* values, where ‘Northblue’ had a significantly higher b* value compared to the lowbush blueberry.
Earlier studies have reported that the blueberry surface colour correlates well with the measurements
of soluble solids, anthocyanins content, and titratable acid content [22,52]. Earlier research from
Ballinger et al. [60] indicated that the surface colour is well correlated within the cultivar. For lowbush,
the titratable acidity and the soluble solids content were higher in the Xtend® film compared to the
initial value. That phenomenon was also observed for the half-highbush blueberry, where, in the
Xtend® film, the titratable acidity and soluble solids values were higher compared to the pre-storage.
These results had a significant interaction with the colour values, where the fruit surface colour with
wax had a higher degree of redness in the Xtend® film compared to the pre-storage for both taxa.
A similar trend was applicable for the hue angle, where, in Xtend® film, the h* values were higher
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compared with the initial value. For ‘Northblue’, the hue angle of the fruit without wax was also
higher in the Xtend® package compared to the pre-storage. For lowbush, the same interaction occurred
with the fruit flesh h* measurements. For both blueberry taxa, the Xtend® film had a pronounced effect
on the fruit surface colour concerning without wax C* and on fruit flesh C* values.

4. Conclusions

Compared to regular atmosphere conditions, the Xtend® package prolonged the postharvest
the life of lowbush blueberries for 15 days and half-highbush blueberries for 9 days. LDPE package
did not prolong the postharvest life of lowbush but extended the postharvest life of ‘Northblue’ for
9 days. The CO2 content was significantly higher in Xtend® film compared to the LDPE at the end
of the storage. It can be concluded that lowbush blueberries need a higher CO2 content for retaining
postharvest quality compared to half-highbush blueberry (‘Northblue’).

Both modified atmosphere packages had a negative effect on blueberry taste-related properties
irrespectively of the taxa. The SSC:TA ratio of the blueberries in the modified atmosphere decreased
both compared to the initial value and compared to the RA-stored blueberries by the end of storage.

The content of anthocyanins increased significantly with all storage conditions irrespectively
of the taxa. However, for lowbush blueberries, both the modified atmosphere packages suppressed
anthocyanin biosynthesis, whereas the ‘Northblue’ anthocyanins in MA were no different from RA.

The genetic differences were more important concerning fruit firmness, shrivelling, and decay.
Both MA packages had an impact on the firmness and the shrivelling, but the half-highbush blueberry
(‘Northblue’) fruits were firmer and less shrivelled compared to the lowbush.

Conclusively, both MA packages extended the postharvest life of ‘Northblue’ considerably, which
is valuable information for producers. For lowbush blueberries, a higher CO2 than the LDPE could
provide in the current study was needed in order to retain the external postharvest quality.

Further studies should be conducted to find out the metabolic differences of blueberry taxa
and to match the respiration of the product with the permeation rates of the packages. The use of
biodegradable films should be considered in order to ensure sustainability.
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