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ABSTRACT

The different drying methods for preserving fruits may affect fruits' physical and chemical
properties, especially dried berries. The expected drying techniques include Spray Drying
(SD) and Freeze Drying (FD). The physical characteristics, such as color, taste/odor, and
thermal properties, have changed during the process. The higher temperatures in spray
drying may affect the phytochemical compounds that will change the final nutritional
value. The juice taste and color of berries powders that FD produces are better than SD.
However, the morphology of powder that resulted from SD is better. Also, the losses of
phenolic compound and anthocyanin content of dried berries produced from SD are much
lower than FD. Therefore, the choices of higher quality dried berries can be produced by
FD that are suitable to preserve the phytochemical compounds that have health benefits.
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INTRODUCTION

Fruits are a useful phytochemical that is an essential functional food product in the
dried fruits industry. The production of fruit powders involves the drying of high-
moisture fresh fruits. Drying is an energy-intensive food processing operation that plays
a significant role in product quality (Shishir and Chen, 2017). Increased competition in
today's global market means that avenues to improve process efficiency and product
quality are desirable. In order to do this, it is crucial to understand the physical and
chemical changes occurring during drying in different methods. Thus, the investigation of
the changes of the characters of berries during drying will give some knowledge to food
industry in applying drying methods. A lot of drying process has been applied to preserve
fruits product. This paper only determined two drying methods (spray and freeze drying)
for governing changes in the dried product, especially in berry fruits powders.
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DRYING PROCESS

The way to remove water from food material is called dehydration. Dehydration is
one of the ancient food processing techniques. Dehydration means completely removing
water under controlled conditions so that minimal changes occur in the food item (Fellows
P.J., 2009; Mohammed et al., 2020). The important reason for dehydration is a reduction of
the natural water content below the level critical for the growth of microorganisms (12-
15%), or the final dried product has water activity less than 0.6, without being detrimental
to important nutrients(Fellows P.J.,, 2009; Romano et al., 2018). Also, it is aimed at
preserving flavor, aroma, appearance, and the ability to regain the original shape or
appearance on reconstitution with water. However, the dehydration process is also
accompanied by significant alterations. There is a concentration on primary ingredients
such as proteins, carbohydrates, and minerals. It will occur along with some chemical
changes(Fellows P.J., 2009; Nayak, Liu and Tang, 2015).

Drying is categorized as one type of dehydration with heat involvement. Drying
removes free water from food material to reduce the water activity of food products by
evaporation or sublimation (freeze-drying). The drying process involves heat and mass
transfer between food materials and the drying medium. The heat can be supplied in
different ways, such as conduction, convection, radiation, or even microwave heating
(Fellows P.]., 2009).

Drying of food material occurs when water vapor is removed from its surface into
the surrounding space, resulting in a relatively dried form of the materials. However,
water or moisture can be moved to the surface of food material in different ways; there are
fluid movements by capillary forces, diffusion of liquids caused by differences in the
concentration of solutes in other regions of the food, and diffusion of liquid which are
adsorbed in layers at the surfaces of the solid component of the food. These mechanisms
affect physical and chemical changes in the final dried product (Fellows P.J., 2009; Ray,
Raychaudhuri and Chakraborty, 2016; Ho et al., 2019)

Drying is one of the oldest preservation methods for food materials. The
technologies of the drying may be classified as the mechanisms or dying medium that used
such as from the oldest technique such as hot air drying to the modern ones like
microwave vacuum drying (Ray, Raychaudhuri and Chakraborty, 2016). This article will
only determine two critical drying processes: spray drying and freeze-drying. Also, it was
picked for the study case in dried blueberry.

SPRAY DRYING

Spray drying is a process that converts liquid into materials into powders for
preservation, ease of storage, transport, and handling. Spray drying is a common practice
in the food and dairy industries. It employs hot air as the drying medium, and the dying
time is fast (Fellows P.J., 2009; Normand et al., 2013). The schematic of the spray drying
equipment and principles of spray drying is in Figure 1.

In the spray drying, the droplet will be injected into the nozzle of the spray drying
machine and turned into the Spray. The droplet sprayed will contact the hot air that comes
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through the drying chamber, transforming the heat and mass. The heat will flow into
droplets, make the water vapor, and move out of the crust solid. The mass transfer is water
in droplets into hot air resulting in dry particles called powders. The drying medium
usually uses hot air at 150 — 250 C (inlet temperature). The hot air will transfer the dry
product that falls into the bottom of the dry chamber to the cyclone part to separate the
product from the hot air. Thus, the hot air will be moved into the upper part of the cyclone
through the air filter (Normand et al., 2013; Shishir and Chen, 2017).
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Figure 1. the schematic of the spray drying process (Shishir and Chen, 2017; Dantas et al.,
2018; Ocampo-Salinas et al., 2020)
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FREEZE DRYING

Freeze drying of food is the method of water removal using the sublimation process
to eliminate the water. The process takes place under levels of vacuum and at a lower
temperature than other drying methods. In order to understand the principles of freeze
drying, it needs to understand the state of water. The phase diagram (Figure 2) of water
represents the changing state of water when pressure and temperature are changed. The
C-D line shows the passage from solid to vapor (sublimation). Freeze drying employs total
pressure apply in the range of 0.001 — 1 torr and temperature of -80 °C to 35 °C. Heat is
supplied by conduction/radiation to sublime ice into vapor. The process of freeze drying
is divided into three stages. There are freezing processes followed by the primary drying
process (sublimation) and the secondary drying process (desorption)(Fellows P.J., 2009;
Chranioti ef al., 2016; Eun et al., 2020).
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Figure 2. The phase diagram represents a freeze-drying process (Alexeenko, A Ganguly,
2009)

PHYSICAL AND CHEMICAL CHANGES OF FOOD AFTER SPRAY AND FREEZE
DRYING

The impact of the drying process can be categorized as the changes in structures,
color, tastes/ odor, nutrition value, and thermal properties of materials (Fellows P.]J., 2009;
Fang and Bhandari, 2010). The drying process's primary effect is the food materials'
physical properties. They can be changed during drying when heat is involved, and water
is removed. The food component creates a new food structure that occurs naturally or
results from processing. During the drying process, the changes in physical properties are
liquid turning into solid and high water content turning into solid. Therefore, it changes
deformation and flow properties. Also, the dried product is difficult to flow, thus having
a higher viscosity and changes in the hardness and texture of the final food product. These
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phenomena will affect shrinkage, porosity, and glass transition temperature changes. The
properties that will change during drying are color, taste/odor, nutritional value, and
thermal character. The color changes during drying may be associated with water removal
and the higher temperature that promotes heat-sensitive chemical reactions such as
Maillard browning and oxidation. Applying the higher temperature will affect volatile
compounds responsible for the taste and flavor of food. The losses of an initial volatile
compound and the formation of the new volatile compound from enzymatic and non-
enzymatic reactions during drying will affect the taste and flavor of the final dried
product. Reducing moisture content and applying the higher temperature during drying
will affect the nutritional values. Water-soluble vitamins and heat-sensitive bioactive
compounds will decrease in the final dried product. The drying will reduce the final
product's specific heat and thermal conductivity(Francisco et al., 2013; Hardy and Jideani,
2017; Hamad et al., 2020).

Berries such as blackberries, blueberries, strawberries, cranberries, and raspberries
have received much attention due to their possible positive role in human health and
disease prevention. Researchers have claimed that their polyphenol content, mainly
anthocyanins, might be responsible for averting various diseases. The changes in berry
fruit before and after spray drying and freeze drying are summaries in Table 1 from
multiple sources (Flores et al., 2014; Flores, Singh and Kong, 2014; Vaccinium and
Compounds, 2016; Darniadi and Murray, 2017)

Table 1.The changes in berry fruit due to the drying process (Spray drying and Freeze

drying)
Properties Before After Drying Comparative product from
drying Spray Freeze two drying methods
Drying drying (FD)
(SD)
Product Berry Juice Powders Powders Powders from FD have a
color more bright than SD.
The thermal properties of
dried powder changed. Cp
and K are less than berry
juice
phase Liguid / Amorphous Amorphous Powder particles from SD
dispersion/ material material are denser. and more sphere,
emulsion  powders) (powders) appearance more smooth,

FD has the morphology
irregular particles of larger
size, articles resembled
broken glass or flake-like
structures
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Moisture 80-98% 05-4% 2.5-5% Commonly the moisture
content (%) content powders from SD is
significantly less than FD
Taste/Flavour Juice taste  After After Dried berries from FD are a
rehydration, rehydration, better taste due to the initial
feel cooking still  juice volatile compound
taste taste responsible for taste.
Color Original Significantly Significantly Color from FD products is
blueberry  different different better than SD
juice from Juice from Juice
Total The losses The losses SD producthas higher losses
phenolic are 76 —78% are 60 - 62%  of total phenolic compound.
compound
Anthocyanin The loss is The losses Itindicates thatheatdestroys
content 57 % are 35% anthocyanin. Products from
FD have higher color
intensity
CONCLUSION

Drying is a method for preservative food material; this process will reduce water
activity to less than 0.6. It will affect to inactive the growth of microorganisms. There are
many desirable and undesirable changes in dried food products such as structure, color,
taste, nutritional and thermal properties. Spray drying is the oldest drying method to get
powders that products are easy to handle in storage and transportation. If the quality of
the product is the primary concern, freeze-drying would be an option because this process
does not apply heat suitable for the sensitive food material. Let's compare the result of
berries powders product from these methods. The quality of the freeze-drying product is
better in terms of taste/odor and color, and it has higher nutritional value and bioactive
compounds. However, the morphology of the spray-dried berries powders is slightly
better.
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