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Abstract: The growth of agricultural mechanization has promoted an increase in raspberry production,
and for this reason, the best postharvest storage and processing techniques capable of maintaining
the health beneficial properties of these perishable berry fruits have been widely studied. Indeed,
raspberries are a rich source of bioactive chemical compounds (e.g., ellagitannins, anthocyanins, and
ascorbic acid), but these can be altered by postharvest storage and processing techniques before
consumption. Although there are clear differences in storage times and techniques, the content
of bioactive chemical compounds is relatively stable with some minor changes in ascorbic acid or
anthocyanin content during cold (5 ◦C) or frozen storage. In the literature, processing techniques
such as juicing or drying have negatively affected the content of bioactive chemical compounds.
Among drying techniques, hot air (oven) drying is the process that alters the content of bioactive
chemical compounds the most. For this reason, new drying technologies such as microwave and
heat pumps have been developed. These novel techniques are more successful in retaining bioactive
chemical compounds with respect to conventional hot air drying. This mini-review surveys recent
literature concerning the effects of postharvest storage and processing techniques on raspberry
bioactive chemical compound content.
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1. Introduction

Currently, interest towards fruits and vegetables has been continually increasing due to the
awareness that they are a primary source of bioactive, health-beneficial compounds. Raspberry
(Rubus idaeus L.) belongs to the Rosaceae family and represents one of the oldest fruits that has been
used for millennia for human nutrition and as a folk medicine [1]. Raspberries are a rich source of
bioactive chemical compounds (e.g., ellagitannins, anthocyanins, ascorbic acid) with a high antioxidant
capacity, useful for the prevention of chronic human diseases [2,3]. Indeed, there is a growing interest
by consumers that the consumption of these fruit can exert positive effects on human health [2,4,5] due
to their nutritional and nutraceutical content (Figure 1). Fresh raspberries have low calories, about 50
kcal 100 g−1, and together with their high content in dietary fibers make them a snack that has a satiating
effect [2]. The most representative bioactive chemical compounds found in red raspberry fruit belong
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to the polyphenol class (normally total phenolic content ranges from ~100 to 600 mg 100 g−1 [4,6,7]).
In particular, ellagitannins, such as lambertianin C and sanguiin H-6, and flavonoids, principally
anthocyanins, are the major polyphenols found in raspberry (Figure 1) [6–10]. According to recent
studies, anthocyanins in raspberries are mainly represented (>90%) by cyanidin-glycosides (cyanidin
3-O-glucoside, cyanidin 3-O-rutinoside, cyanidin 3-glucosylrutinoside and cyanidin 3-sophoroside)
and pelargonidin glycosides (pelargonidin 3-glucoside) [7,9]. Another important antioxidant in
raspberry is ascorbic acid, which is contained in this fruit at a lower concentration as compared to
orange and kiwifruit [11,12].

1 
 

 
Figure 1. Nutritional (g 100 g−1) and major bioactive compounds (mg 100 g−1) in raw red raspberry
fruits. Values were obtained from ‘Phenol Explorer Database’ and the literature [2,10].

The first information about raspberry cultivation comes from the Romans in the 4th century. In the
last 20 years, the production of raspberry has been consistently enhanced, with a yield increase of
106% [13]. The largest production among countries is the Russian Federation with about 148 t year−1

(averaged data from the previous two decades), followed by Serbia (88 t year−1), Poland (83 t year−1),
and the United States (80 t year−1). However, in recent years, Mexico has become a major raspberry
producer, with about 60 t year−1 (averaged from the last decade) [13]. The increase in the production
of raspberry is likely attributable to a combination of different factors, such as globalization of berry
markets, agricultural mechanization, and, last but not least, the increased interest of consumers for
healthy food products.

However, raspberry is a very perishable soft fruit, and the increasing quantities produced set a
double challenge for the food industry to develop processing techniques that utilize any overproduction
(which results in wasted food) and preserve the fruit nutritional and nutraceutical qualities [14]. The use
of postharvest storage techniques such as cold storage, a controlled atmosphere, and frozen storage
can effectively prolong the postharvest quality of raspberry, making them suitable for their global
commercialization [15–17]. Moreover, raspberry berries can be dry processed in order to not only
preserve their nutritional properties, but also to make new foods with highly health-beneficial qualities
for human consumption. In previous studies, a number of different technologies have been utilised
for raspberry dehydration: freeze-drying, hot air-drying, microwave-drying, and a combination, and
each technique has shown positive and negative effects [18–21]. Juice production is another industrial
technique for processing fresh raspberry fruit and to extend their availability in the global market.
Fruit juices are labelled as functional foods and may be introduced into the diet to increase the daily
intake of functional metabolites [22]. However, the use of the abovementioned postharvest storage
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and processing techniques (which work with different parameters, e.g., temperatures, processing time)
could cause potential variation at physical, biological and biochemical levels, which in turn may alter
fruit bioactive chemical compound content, affecting the nutraceutical properties that have become
appreciated by consumers [23–25]. For example, the red color of raspberries can be significantly
affected by these processing techniques, since the reddish color is due to the presence of flavonoids, i.e.,
anthocyanins, which can be very sensitive to thermal processing techniques [26,27]. The human eye is
attracted by red coloration, and, in particular, a high chromatic reddish coloration of fruit is perceived as
a positive characteristic associated with fruit maturity stage, indirectly providing information about the
fruit sweetness and quality [28–30]. Therefore, studies of new storage and processing/transformation
technologies aimed at reducing negative changes in the content of bioactive chemical compounds of
raspberry fruit represent this continuous challenge for researchers and the food industry. Moreover, as
a large part of raspberry production is industrially processed, the detection of changes of the most
representative bioactive compounds in raspberry fruits caused by transformation processes could
provide useful information for estimating the health-related properties of a specific end product [31].
Therefore, the aim of this review is: (i) to describe the main bioactive chemical compounds contained
in raspberries, highlighting their potential health benefits derived from their consumption; (ii) to report
a survey of the most recent literature concerning the possible influences of postharvest storage and
processing techniques (juicing and drying) on raspberry bioactive chemical compound content; and,
(iii) to present novel data about the effects of a recent drying technique (heat pump) on bioactive
chemical compounds of raspberry fruits.

2. Postharvest Storage

2.1. Cold/Modified Atmosphere Storage

After harvest, fresh raspberries are stored before undergoing further processing. This postharvest
storage is necessary because raspberry fruits have a short postharvest life due to their high respiration
rate and loss of firmness [32]. Progressive loss of firmness is associated with a loss of skin strength
that leads to fruit softening, which in turn favors the onset of molds with loss of the product [33,34].
Studies conducted on the relationship between normal cold storage conditions and shelf-life of red
raspberry fruits have established that raspberries can be successfully stored near 1 to 2 ◦C up to about
10 days, though these conditions do not reflect a realistic storage (usually 4 to 5 ◦C) [15,35,36]. In
definition, it is difficult to preserve these small fruits, and for this reason, it is important to describe
storage methods and technologies that can preserve not only the product, but also their nutritional and
healthful properties.

It has been reported that the use of different storage temperatures affects the content of bioactive
compounds (e.g., phenolics and ascorbic acid; Table 1) in different ways. The total phenolic content as
well as the antioxidant capacity are relatively stable throughout storage by using low temperatures
(1–5 ◦C) [35–37], even though a slight decrease in total phenolic content (with storage temperatures
of 1 ◦C) was reported by Giuffrè et al. [35]. On the other hand, Mullen et al. [37], by simulating a
realistic storage condition (4 ◦C), found that ellagitannin levels increased, but no changes in the total
antioxidant capacity were detected.
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Table 1. Changes in content of some bioactive compounds and antioxidant capacity in fresh raspberry
fruit by different raspberry storage conditions. (↑): increased contents; (↓): decreased contents; (=):
unchanged contents.

Storage Conditions Influence on Antioxidant
Compounds and Activity References

Cold storage 1–2 ◦C

Phenols (↑↓) [35,38]
Anthocyanins (↑) [15,35,38,39]
Ellagic acid (=) [38]

Ascorbic acid (=) [15,35,38]
Antioxidant capacity (=) [35]

Cold storage ~5 ◦C

Phenols (=) [40,41]
Anthocyanins (↑) [40,41]
Ellagitannins (↑) [37]
Ascorbic acid (↓) [37,40]

Antioxidant capacity (=↑) [37,40,41]

Controlled atmosphere Anthocyanins (=) [15]
Ascorbic acid (=) [15,42]

Frozen storage ~1 year

Phenols (=↑) [43–45]
Anthocyanins (=↓) [45,46]

Ellagic acid (↓) [43,47]
Ascorbic acid (↓) [43,45]

Antioxidant capacity (=) [43,44]

Among different bioactive compounds in raspberries, anthocyanins are important for the
organoleptic characteristics of these small fruits. Some have reported that total anthocyanin content
increases during storage, independently of storage temperatures [15,35,39,40], but others found a
decrease in total monomeric anthocyanins when raspberries were stored at 3 ◦C [36]. There have been
contrasting results on the effect of temperature storage on phenolics in raspberry. It is important to note
that, during cold storage, fruit weight loss can influence the correct estimation of bioactive compounds
on a fresh weight basis and attention should be paid to this when storage effects on bioactive chemical
compound content are evaluated [32]. In addition, it has been reported that during cold storage, a
decrease in organic acid content can occur and this makes the carbon skeleton for the synthesis of
polyphenols available [48].

Another important bioactive compound in raspberry is ascorbic acid, and it has been reported that
its content in fresh raspberries stored at 1 to 2 ◦C was relatively stable [15,35,38]. However, its content
is strictly related to the temperature used during storage. Indeed, at relatively higher temperatures
(around 5 ◦C), ascorbic acid content slightly decreased [37,40], most likely attributed to the greater rate
of oxidation of this compound that can occur at this temperature (Table 1).

Modification of storage atmosphere (at low temperatures close to 0 to 2 ◦C) while also changing
O2 and CO2 concentrations (controlled atmospheres (CA)) are widely used to extend the fruit shelf-life,
significantly suppressing rotting [15,49,50]. Although plenty of information is available on the effect of
CA storage on fruit shelf-life for some berry fruits (e.g., blueberry and strawberry), the literature on
raspberry CA storage is scarce, and the correlation between CA and red raspberry nutraceutical traits
are almost non-existent. Previous studies conducted on CA effects on raspberry shelf-life confirmed
an extension of berry storability (>50%), delaying fruit decay by using 10 to 35% O2 and 15 to 45%
CO2 [15,16,42,51]. Anthocyanins and ascorbic acid content were unchanged after CA storage (Table 1),
indicating that CA is effective in maintaining nutraceutical value for longer periods than normal
storage [15,42]. Better results in the retention of bioactive compounds in raspberry have been related
to lower O2 concentrations, which reduce the oxidative reactions that typically can occur during
fruit storage.
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2.2. Frozen Storage

Certainly, lower temperatures than those described above, i.e., frozen storage, represent a way to
store red raspberries for longer periods, making them available all year round. Usually, for frozen
storage, temperatures around −20 ◦C have been used. De Ancos et al. [43] found that total phenolic
content and total antioxidant capacity remained substantially unchanged after 12 months of frozen
storage even though ellagic acid and ascorbic acid significantly decreased (Table 1). The decrease in free
ellagic acid detected during frozen storage in red raspberry could be related to the capacity of this acid
to act as a metal chelating agent with Mg+2 and Ca+2 and/or to the action of polyphenol oxidase (PPO)
linked to the cell wall, which is most likely degraded by ice crystals [43,47,52] (Table 1). Others [44,45]
have reported that after 12 months of frozen storage the total phenolic content increased in raspberry
fruit. The authors suggested that the increase in phenolics was attributable to the degradation of cell
structures by ice crystals, thereby making those compounds more easily available during extraction.
Total anthocyanin content decreased in some cultivars after frozen storage [45,46] while it remained
unchanged in others [46] (Table 1), indicating differing effects of frozen temperature by genotype and
the type of chemical structure of the anthocyanin contained in it. For example, cyanidin 3-glucoside
is much more prone to degradation during frozen storage than other cyanidin-based derivatives,
especially diglycosidic anthocyanins [45,46]. More generally, it has been reported that cyanidin
3-O-glucoside is one of the most reactive anthocyanins during processing [53,54].

The loss in anthocyanin content due to oxidation and/or condensation reactions with other
phenolic compounds did not interfere with antioxidant activity, as that is generally maintained or
increased following frozen storage [55]. This can be attributed to the interference or association of the
phenolic compounds and anthocyanin degradation products.

3. Processing Techniques

3.1. Juicing

Raspberry juice is a commercially important product, consumed pure or more usually blended
with other fruit juices to enhance their color or the flavor. Red-colored juices are very appreciated
by consumers; indeed, a new market-segment related to red-colored fruits and their processed
products is increasing thanks to consumer association of red-colored fruit to high antioxidant
properties [22,56,57]. Fruit juice is the result of a complex industrial process in which thawed fruit go
through a series of operations (e.g., crushing, pressing, enzymatic treatment, thermal/non-thermal
treatments, clarification/filtration) in order to obtain the final product [24]. All of these processes
decrease the content of the antioxidant compounds in the juice with respect to their fresh fruit levels.
Losses of bioactive chemical compounds during juice processing should be minimized to retain
beneficial health effects. However, literature on this topic is scarce for raspberries, when compared
to other berries such as blackberries [53,58,59] (Table 2). An interesting experiment conducted by
Sojka et al. [58] with red raspberry juice showed that about 68% of total anthocyanins, 12% of
ellagitannins, 31% of flavonols, and 17% of flavanols were retained in fruit juice as compared to the
fresh material. This indicates that the industrial processes carried out to obtain raspberry juice resulted
in a large decrease in the bioactive chemical compounds with different effects based on chemical
structure. Generally, it is well known that the high temperatures used to obtain juice negatively affect
nutritive quality by destroying essential nutrients and biologically active “non-essential” components
such as polyphenols [24,53]. For this reason, novel technologies that can preserve nutrient quality
but also food safety are desirable. For example, high hydrostatic pressure (HHP) is a relatively new
technology that can be utilized instead of thermal processes such as pasteurization. However, there are
no studies on the use of this technology on raspberry juice production, but it is well known that HHP
allows high retention of bioactive compounds of juice [24,60].
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Table 2. Changes in content of selected bioactive compounds and antioxidant capacity by different
processing techniques of fresh raspberry fruit. (↑): increased content; (↓): decreased content; (=):
unchanged content.

Processing
Techniques Conditions Influence on Antioxidant

Compounds and Activity References

Juicing Enzymatic treatment
Thermal treatment

Phenols (↓) [58,59]
Anthocyanins (=↓) [53,58,59]

Ellagic acid (↓) [58]
Ellagitannins (↓) [58]

Antioxidant capacity (=↓) [59]

Freeze-drying ~−50 ◦C

Phenols (=↓↑) [18,19,21,61,62]
Anthocyanins (=↓↑) [18,19,21,62]

Ellagic acid (↓) [20]
Ascorbic acid (=↓) [21,62]

Antioxidant capacity (=↓) [18,19,62]

Hot air drying ~65 ◦C

Phenols (↓) [19,20,62]
Anthocyanins (↓) [19–21,59]

Ellagic acid (↓) [20]
Ascorbic acid (↓) [21,62]

Antioxidant capacity (↓) [19,20]

Microwave

Microwave
Phenols (↓) [63,64]

Antioxidant capacity (↓) [63,64]

Microwave/hot air
Phenols (↓) [20,63,64]

Anthocyanins (↓) [20]
Antioxidant capacity (↓) [20,63,64]

Microwave/IR
Phenols (↓) [19]

Anthocyanins (↓) [19]
Antioxidant capacity (↓) [19]

Microwave/vacuum
Phenols (↓) [20]

Anthocyanins (↓) [20]

Antioxidant capacity (↓) [20]

Heat pump 30–35 ◦C

Phenols (↓)
[our results, see

Table 3]
Anthocyanins (↓)
Ascorbic acid (↓)

Antioxidant capacity (↓)

3.2. Freeze-Drying

Freeze-drying is considered the most effective technique for preserving food quality [65,66].
The fruit samples are dried under vacuum at low temperatures (about −50 ◦C) maintaining bioactive
chemical compound content almost unaltered from fresh fruit in comparison to other drying
techniques [65,66]. Sablani et al. [18] confirmed the effectiveness of freeze-drying in retaining bioactive
chemical compounds in freeze-dried raspberry tissue, in some cases improving phenolic content
compared to fresh berries (Table 2). In contrast, some authors have shown different results [19–21,61],
raising doubts about its efficacy in not altering the content of bioactive compounds of raspberry fruit [21].
For example, Stamenkovic et al. [62] reported a decrease in total phenolic content, anthocyanin levels,
and radical scavenging capacity after freeze drying, while ascorbic acid content remained unchanged
likely due to the very low temperature and the limited oxygen availability during the drying process
(Table 2). Opposite effects have also been found with other fruit and vegetable materials [67]. In
general, there is no clear explanation for the reason(s) for which bioactive compound levels decrease,
increase, or remain unchanged during freeze-drying since antioxidants are very sensitive to light,
oxygen, temperature, and pH and can also be degraded by enzymes [67–69]. However, among drying
methods, freeze drying is currently the most effective in preserving the content of bioactive compounds,
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but its biggest disadvantage is the high cost due to length of time and energy-costs, making it difficult
to use in the food industry [67].

3.3. Hot Air-Drying

Hot air-drying technology represents the most economical and common processing technology
for drying food—including raspberries—despite its high temperatures and long drying times. During
the process, food samples are exposed to hot air and the presence of oxygen. This combination
of oxygen and higher temperatures—even if for a short time—results in high losses of bioactive
compounds [23,62]. Therefore, it is necessary to find a reasonable compromise between temperatures
and duration time for the entire drying process to make it a viable option.

Many studies of the hot air-drying technique conducted with raspberry (Table 2) have used
temperatures around 65 ◦C to assess the effects of this method on bioactive chemical compound
content [19,20,23,59,62]. It has been established that high temperatures during hot air-drying negatively
affect the ascorbic acid content [69], with losses of around 90% in raspberry (dried vs. fresh fruits) [21,62]
(Table 2). However, the moisture of the products is involved in the negative influence on ascorbic acid
content during the drying process [70].

It has also been observed that hot air-drying decreased the fruit phenolic content as compared
to values for fresh raspberry fruit [19,20,62]. This phenomenon is likely due to thermal degradation
of the phenolic compounds during the hot air-drying process [19,62], and not only negatively affects
the health-related benefits of the final product but also affects the appearance by changing the colour
(Table 2). Indeed, the products of anthocyanin thermal degradation are colourless carbinol and chalcone
that cause a colour loss to the dried fruit [26,27] (Table 2).

Some authors, comparing different drying techniques, have detected a higher content in some
phenols in raspberry fruits when air-dried rather than freeze-dried [19,23,62], whereas anthocyanins
have always been found to decrease with air drying rather than freeze-drying samples. Nevertheless,
the increase in total phenolic content in air-dried fruit compared to freeze-dried fruit was most likely
linked to the release of bound phenol groups or more destruction of the tissue by higher temperatures
allowing greater extraction of phenolic molecules [19,23]. Undoubtedly, the low costs of this technique
are significant when compared to more sophisticated technologies (e.g., freeze-drying), but the hot
air-drying approach has considerable limitations in preserving the nutraceutical properties of raspberry.

3.4. Microwave-Drying

Microwave-drying technology uses the microwaves to directly generate heat inside the fruit due
to the microwave-promoted molecular oscillation. This results in decreasing the processing time [71],
thereby increasing bioactive compound retention as compared to conventional hot air-drying [20].
For raspberries, microwave drying is usually combined with additional treatments such as hot
air, infra-red radiation (IR), and vacuum-drying [19,20,63] (Table 2), in an attempt to increase the
retention of bioactive compounds. Microwave-dried raspberries retained a high antioxidant capacity
compared to microwave/hot air-dried raspberries (about 40% vs. 20%, respectively), if compared to
fresh raspberry fruits [63]. Similar results were obtained by Mejia-Meza et al. [20] and Si et al. [19],
in which microwave/vacuum-drying or microwave/IR-treated raspberry samples showed a higher
anthocyanin level and a greater total antioxidant capacity than samples treated by microwave/hot
air-drying or hot air-drying processing. The greatest reduction in antioxidant capacity occurred when
hot air-drying was used, and this decrease is potentially related to the degradation of bioactive chemical
compounds at high temperatures. It could be argued that even in the IR treatment, the temperatures
reached inside the drying chamber were around 70 ◦C, but it should be taken into account that the
drying time also plays a key role in the preservation of bioactive chemical compound levels. Indeed
the IR treatment lasted 60 min whereas hot air-drying requires many more hours [19]. Therefore,
microwave-drying (characterized by reduced time and temperatures) results are more advantageous
for bioactive compound retention than conventional hot air-drying. Compared with freeze-drying,
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all microwave drying systems have shown high retention of total phenols, although lower levels of
anthocyanins were usually detected [19,20]. The reduced drying time and costs of microwave drying
processes may provide advantages when compared to freeze drying [20].

3.5. Heat Pump-Drying

A heat pump dehumidifier drying system (HP) is more environmentally friendly than conventional
hot air-drying methods thanks to its high energy efficiency. This also results in lower production
costs [72]. The process is relatively simple; low moisture air is blown into the drying chamber to
absorb moisture from the fruit sample. The air moisture is eliminated through condensation at a low
temperature (−20 to 15 ◦C) by the dehumidifier and then heated (at 30–35 ◦C) to start a new cycle
(Table 2). The lower drying temperatures compared to conventional hot air-drying systems potentially
provide a better quality of the dried product, which retains high concentrations of phenolics and
ascorbic acid [73]. However, there is a lack of knowledge about the effects of heat pump-drying on the
bioactive compounds of raspberry fruit, raising the need to understand whether this new process can
be a valid substitute for conventional methods. For this purpose, an experiment was conducted in our
laboratory to test the effects of heat pump-drying treatment on total phenolics, total anthocyanins, and
ascorbic acid content and total antioxidant capacity in comparison to hot air-drying treatment at 65 ◦C
on an ecotype of raspberry grown in Garfagnana (Tuscany), Italy, (Figure 2; Table 3). The total phenolic
content decreased significantly after the dehydration with both hot air and heat pump treatments as
compared with values recorded in fresh material (Tables 2 and 3). However, the decrease in phenolics
caused by both drying treatments could be ascribed to two distinct causes. During the conventional hot
air process, phenols can be thermally degraded as reported and explained in previous studies [19,20,74].
On the other hand, in the heat pump-drying treatment (characterized by lower temperatures), the
reduction of phenolics is more likely attributable to enzymatic degradation (e.g., by PPO), since 30
to 35 ◦C is closer to the optimum temperatures for PPO activity [75,76]. A similar process may also
explain the effect on anthocyanin content; however, anthocyanins were retained more with the heat
pump than the hot air treatment (87 and 66% of retention, respectively).

Table 3. Total phenolic (TP), total anthocyanin (TA), ascorbic acid (AA) content, and total antioxidant
capacity (TAC) in fresh raspberry fruit grown in Garfagnana (Italy), and after conventionally hot
air-drying (65 ◦C for 20 h) and heat pump-drying (35 ◦C for 2 d). Each value is the mean of three
replicates ± standard deviation.

Units Fresh Hot Air 65 ◦C Heat Pump

TPz mg GAy eq. g−1 dw 152.36 ± 5.13 a x 123.31 ± 6.00 b 119.27 ± 12.28 b
TA mg Cya glu. eq. g−1 dw 1.18 ± 0.03 a 0.78 ± 0.07 c 1.03 ± 0.09 b
AA mg g−1 dw 2.01 ± 0.13 a 1.01 ± 0.08 c 1.20 ± 0.05 b
TAC mg Trolox eq. g−1 dw 83.44 ± 3.45 a 32.20 ± 1.76 b 31.38 ± 4.06 b

z TA was analyzed as reported in Lo Piccolo et al. [77]; TP, AA and TAC were analyzed as reported in Ceccanti et al. [78].
y GA: gallic acid; Cya glu: cyanidin-glucoside. x Within each row, means flanked by the same letter are not significantly
different after a one-way ANOVA test with postharvest treatment as source of variability following a least significant
difference (LSD) test (P = 0.05).

Our results also showed that ascorbic acid content decreased with both treatments (50 and 40%
for HP and hot air-drying, respectively), although there was a difference in temperatures utilized in the
two methods. Notably, though there were differences among treatments in the retention of bioactive
compounds, the total antioxidant capacity decreased considerably in both treatments to about 60% of
that detected in fresh fruit. The similar values in total antioxidant capacity between hot air and heat
pump dried samples could be explained by the similar contents in total phenolics in both treatments.
Indeed, Beekweelder et al. [79] reported that ellagitannins contributed more than 50% to the total
antioxidant activity, so this may be the reason why total antioxidant activity was similar for the hot air
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and heat pump dried samples, even though ascorbic acid and anthocyanin contents were higher in
heat pump dried samples.

Figure 2. Fresh raspberries (a), ~80% moisture. Conventional hot air-dried raspberries (b), ~4%
moisture. Heat pump-dried raspberries (c), ~14% moisture.

In view of the above, the use of heat pump-drying technology for the postharvest processing
of raspberry fruit may allow slightly greater retention of some bioactive compounds with respect to
conventional hot air drying. In addition to the benefits derived for human health, heat pump-drying
technology also allows the reduction of energy consumption for processing [80].

4. Conclusions

The attention of the food industry on the preservation and improvement of the qualities of processed
berries has progressively increased, with the goal of finding critical points during the postharvest
processes of raspberry that affect final product quality. The storage and processing technologies of red
raspberries reviewed here showed different influences specific to each processing technique on the
final bioactive chemical compound content. The content of bioactive chemical compounds is relatively
stable during storage, with some minor changes in ascorbic acid or anthocyanin content during cold
(at 5 ◦C) or frozen storage.

Among drying techniques, the freeze-drying method is most likely the best processing method for
retaining the content of bioactive chemical compounds, but it requires high costs for the implementation
of a large-scale production of dried berries. The conventional hot air-drying method, which is the most
used by the food industry, is most likely the worst drying method for bioactive chemical compound
retention (especially anthocyanins and ascorbic acid).

New technologies, such as microwave- and heat pump-drying, which are cheaper than
conventional methods, are emerging as promising processes to provide a higher retention of bioactive
chemical compounds in dried berries. However, changes in quantity and the profile of bioactive
chemical compounds in raspberry fruit subjected to these different postharvest drying processes need
further investigation. In this way, the future research on this topic should be in-depth analyses at
the molecular level, using different drying times, temperatures and also new possible combinations
between different drying techniques (e.g., heat pump and microwave). These studies will provide
useful indicators for developing new industrial processing methods.
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58. Sójka, M.; Macierzyński, J.; Zaweracz, W.; Buczek, M. Transfer and mass balance of ellagitannins, anthocyanins,
flavan-3-ols, and flavonols during the processing of red raspberries (Rubus idaeus L.) to juice. J. Agric. Food
Chem. 2016, 64, 5549–5563. [CrossRef] [PubMed]

59. Sablani, S.S.; Andrews, P.K.; Davies, N.M.; Walters, T.; Saez, H.; Syamaladevi, R.M.; Mohekar, P.R. Effect of
thermal treatments on phytochemicals in conventionally and organically grown berries: Effect of thermal
treatments on phytochemicals in berries. J. Sci. Food Agric. 2010, 90, 769–778. [CrossRef]

60. Jiménez-Sánchez, C.; Lozano-Sánchez, J.; Segura-Carretero, A.; Fernández-Gutiérrez, A. Alternatives to
conventional thermal treatments in fruit-juice processing. Part 1: Techniques and applications. Crit. Rev.
Food Sci. Nutr. 2017, 57, 501–523. [CrossRef]

61. Kamiloglu, S.; Toydemir, G.; Boyacioglu, D.; Beekwilder, J.; Hall, R.D.; Capanoglu, E. A Review on the effect
of drying on antioxidant potential of fruits and vegetables. Crit. Rev. Food Sci. Nutr. 2016, 56, S110–S129.
[CrossRef]

62. Ratti, C. Hot air and freeze-drying of high-value foods: A review. J. Food Eng. 2001, 49, 311–319. [CrossRef]
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78. Taşeri, L.; Aktaş, M.; Şevik, S.; Gülcü, M.; Uysal Seçkin, G.; Aktekeli, B. Determination of drying kinetics
and quality parameters of grape pomace dried with a heat pump dryer. Food Chem. 2018, 260, 152–159.
[CrossRef] [PubMed]

79. Lo Piccolo, E.; Landi, M.; Massai, R.; Remorini, D.; Guidi, L. Girled-induced anthocyanin accumulation in
red-leafed Prunus cerasifera: Effect on photosynthesis, photoprotection and sugar metabolism. Plant Sci. 2020,
294, 110456. [CrossRef] [PubMed]

80. Ceccanti, C.; Landi, M.; Antichi, D.; Guidi, L.; Manfrini, L.; Monti, M.; Tosti, G.; Frasconi, C. Bioactive
Properties of fruits and leafy vegetables managed with integrated, organic, and organic no-tillage practices
in the Mediterranean area: A two-year rotation experiment. Agronomy 2020, 10, 841. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/jsfa.885
http://dx.doi.org/10.1016/j.nano.2019.102117
http://www.ncbi.nlm.nih.gov/pubmed/31676375
http://dx.doi.org/10.1080/07373930500538709
http://dx.doi.org/10.1080/07373937.2016.1202958
http://dx.doi.org/10.1590/fst.29117
http://dx.doi.org/10.1016/j.foodres.2017.08.035
http://dx.doi.org/10.1016/S0924-2244(97)01013-3
http://dx.doi.org/10.1080/07373937.2010.503332
http://dx.doi.org/10.1021/jf00055a008
http://dx.doi.org/10.1111/j.1745-4514.2005.00045.x
http://dx.doi.org/10.1080/87559120802089332
http://dx.doi.org/10.1021/jf047880b
http://www.ncbi.nlm.nih.gov/pubmed/15853365
http://dx.doi.org/10.1016/j.foodchem.2018.03.122
http://www.ncbi.nlm.nih.gov/pubmed/29699656
http://dx.doi.org/10.1016/j.plantsci.2020.110456
http://www.ncbi.nlm.nih.gov/pubmed/32234225
http://dx.doi.org/10.3390/agronomy10060841
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Postharvest Storage 
	Cold/Modified Atmosphere Storage 
	Frozen Storage 

	Processing Techniques 
	Juicing 
	Freeze-Drying 
	Hot Air-Drying 
	Microwave-Drying 
	Heat Pump-Drying 

	Conclusions 
	References

