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2.1 Introduction

People's concern in salutary, nutritious, and functional foodstuffs
has been increasing rapidly in recent years. The reasons why some
foods are on the frontline may be attributed to consciousness in con-
sumption, greater emphasis on health, and increased disposable
income. At this point, beverages have an importance in human con-
sumption. Beverage term includes a wide variety of compositions in-
cluding fruit juice, water, tea, coffee, milk, alcohol, energy drinks, soda,
or any combination of them. Besides the physicochemical effects on
body, some of the beverages as coffee and tea have social impacts be-
tween people.

The high content of water leads to microbial spoilage or increased
enzyme activity in many beverages. Hence, preservation by the way
of drying is one of the preferred method for them. Powdered drink
term is available for soft drinks as juice, milk, coffee, salep, or some
mixes (Descamps et al., 2013). The beverages in powdered form are
currently popular in terms of new flavor options (Varela et al., 2010).
The instant structure provides a ready-to-drink character to these
commercial and value-added products (Ratnaningrum et al., 2015).
Besides wide variety of flavors and good yield of powdered drinks for
consumers, drying gains storage, and transportation easiness to the
beverages through reduced volume for producers (Varela et al., 2010;
Cugq et al., 2011; Sansone et al., 2011).

Today, a great variety of commercially produced powdered drinks
with different flavors taken a place in the marketplace (Anttinez et al.,
2017). Some of them may be used in different formulations (confec-
tionery, infant formula, soups, sauces, ice cream, or supplements) or
together with in powdered beverage mixes. Depending on consumer
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preference, powdered beverages with a fortified content and varied
sweetness levels are available (Palmer, 2005).

The drying process optimization is the critical point for quality
improvement of powdered drinks. The conditions markedly impact
on reconstitution and instant properties of dried beverage powders.
Some nutritional losses occur while powdering as much as other pres-
ervation techniques. Especially, reductions in vitamins, carotenoids,
and anthocyanins were observed in many studies. In this context,
types of powdered beverages, production methods, nutritional, sensorial,
and reconstitutional properties are detailed.

2.2 The Technology of Powdered Drinks

Powdered drinks are qualified as an instant food. These foods require
little effort to reconstitute prior to consumption. The water content of
powdered beverage has to be reached to the lowest level after drying to
extend the shelf life with highest quality (Shittu and Lawal, 2007; Phisut,
2012). Spray- or freeze-drying techniques should be used for this aim.

Spray driers are widely used for producing powdered milk, soy-
milk, or juice. The initial feed must be liquid as solution, emulsion, or
suspension (Phisut, 2012; Tontul and Topuz, 2017). Through the for-
mation of a thin exterior layer of the droplets by atomizing process of
liquid feed, the evaporation of small molecules is enabled (Rocha et al.,
2012; Ezhilarasi et al., 2013). This commercial method is preferred due
to short heat treatment with higher efficiency (Jinapong et al., 2008;
Kha et al., 2010; Phisut, 2012). Brennan et al. (1990) notified that the
very short drying times, in the range of 1-20s, and the relatively low
product temperatures are the main features of this process.

Both heat-resistant and heat-sensitive foodstuffs can be spray dried
(Phisut, 2012; Tontul and Topuz, 2017). The advantages of spray drying
can be summarized as:

e arapid water removal (compared to lyophilization),

¢ minimum quality loss of the product,

« control ability of the particle-size distribution, and

¢ minimum capital and operational costs (Hall, 1996; Obén et al.,

2009; Paini et al., 2015).

The spray-dried beverages give a chance to produce stabile
powders consumed every period of the year with minimum physical
and chemical changes or nutritional losses (Pereira et al., 2014). The
difficulties of this method can be ordered as (a) high influence of food
characteristics in the drying behavior and (b) the complexity of fluid
dynamics in the spray dryer (Masters, 2002).

The process steps in a spray drier are seen in the schema basically
in Fig. 2.1.



Chapter 2 TECHNOLOGY AND NUTRITIONAL VALUE OF POWDERED DRINKS 49

of the feed

Fig. 2.1 Process steps of spray drying.

Spray drying is standardized based upon inlet and outlet air
temperatures, optimum total dry matter concentration, atomization
speed and pressure, flow, and feed rate (Perez-Munoz and Flores,
1997; Phisut, 2012; Chauhan and Patil, 2013; Tontul and Topuz, 2017).
The thermal and evaporative efficiencies are correlated with all these
parameters.

In the first step of drying, concentration of the solution is carried
out for the commercial large-scale spray driers. The concentration rate
changes according to the content of the food. For example, it is 50%-
60% for juices while the small-scale laboratory spray dryer needs to
have more diluted concentration in as much as clogging of the nozzle
if the feed have high viscosity (Murugesan and Orsat, 2011). Then, the
atomization of feed material comes in the second step. The dimen-
sions of atomized droplet are changed according to the atomization
pressure, nozzle orifice, characteristics of the solution, flow rate and
feedingrate, etc. (Li et al., 2010) and required to be in the interval of 20
and 180pm. A wide drying area provided by atomization yields max-
imizes powder amounts. Likewise, the increase in atomization speed
or pressure results in higher yield (Fazaeli et al., 2012a; Tontul and
Topuz, 2017).

All process optimizations are carried out for achieving an instant
structure. The reconstitution of powdered drinks is the main fact
for the quality improvement. It is defined as the rate at which dried
foods absorb the liquid and revert to the conditions of undried form,
when put in contact with a liquid medium. Some applications for the
improvement of reconstitutability should be the adjustment of drying
conditions, recycling of fines, and rewetting (Brennan et al., 1990).

The particle size of spray-dried powders changes between 10 and
400 pm and they have poor reconstitution properties. In addition, the
components such as sugars or organic acids with a low glass transition
temperatures (7;) cause a stickiness on the drier chamber wall during
drying (Gong et al., 2008; Zuidam and Shimoni, 2010; Tontul and
Topuz, 2017). The glass transition temperatures of the sugars found
in many foodstuffs are 62°C, 31°C, and 16°C, for sucrose, glucose, and
fructose, respectively (Jayasundera et al., 2009; Fang and Bhandari,
2012; Phisut, 2012). The explanation of glass transition temperature
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is “the temperature at which the amorphous phase of the polymer
is converted between rubbery and glassy states” Besides low glass
transition temperatures, the other stickiness factors are (Phisut, 2012):
o high hydroscopicity,

¢ low melting point, and

o high water solubility of the dry matter.

In more detail, the mechanism of this stickiness is explained as
the powders contain thermodynamically unstable amorphous glassy
state components and these components become sticky in case of
the temperature is increased over the glass transition temperature.
It is the result of the particles with reduced surface energy which
inclines to interactions with other molecules and adhesion to solid
surfaces (Fitzpatrick, 2007a, b). The amorphous glassy state compo-
nents are also tend to caking with interparticle bridges in due course
of storage that lead to undesired reactions and probable losses of
the bioactives and quality (Telis and Martinez-Navarrete, 2009).
It is essential to retain the amorphous structure in a glassy state to
prevent the occurrence of this undesirable phenomenon (Roos and
Drusch, 2015). The carriers provide to raise the glass transition tem-
perature during the spray drying and get the feeding material to an
economically spray-dryable range (by 25% solids) (Truong et al.,
2005; Jayasundera et al., 2011; Phisut, 2012; Karaca et al., 2016,
Mugzaffar et al., 2016). Besides, the moisture content decreases the
glass transition temperature related to behave as a plasticizer (Tontul
and Topuz, 2017).

As aresult of this thermoplastic behavior and so cohesive structure,
a decrement in product yield with an increment in operational and
handling problems are seen (Bhandari et al., 1993; Rennie et al., 1999;
Teunou et al., 1999; Goula and Adamopoulos, 2003; Fitzpatrick, 2007a,
b; Lee et al., 2013; Pereira et al., 2014; Tontul and Topuz, 2017). When
the process is particularly dealt with economically, it is concluded as
the more product yield (powder recovery), the more benefit. The cal-
culation of the product yield is shown below. The result is required to
be minimum 50% for an accomplished drying (Bhandari et al., 1997).
Saikia et al. (2014) dried the Khasi mandarin orange, watermelon,
carambola, and ananas juices in a spray drier with 20% maltodextrin
and procured the highest product yield in Khasi mandarin orange juice
(85.27%):

Product yield (%) = Mass of dry matter in the powder

Weight of total solids in the feed

Ferrari et al. (2012) reported the protective effect of carriers
on sensitive components of powders against environmental fac-
tors. Maltodextrin, which is produced by acid hydrolysis of starch
(corn, potato, or others), has a good oxidative stability and is com-
monly used as a carrier (wall material) or encapsulating agent in
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many spray-dried materials. The main usage aim is preventing the
stickiness of feed material to the drying chamber by increasing the
glass transition temperature (Gibbs et al., 1999; Adhikari et al., 2004;
Fazaeli et al., 2012a; Ferrari et al., 2012; Roustapour et al., 2012; Celli
etal., 2015; Barbosa et al., 2016; Mishra et al., 2017). Maltodextrin also
plays multiple roles in:

¢ bulking and film formation,

o binding of flavor and fat, and

« reduction of oxygen permeability of wall matrix (Bae and Lee, 2008;

Drusch et al., 2006; Sansone et al., 2011; Silva et al., 2013).

Maltodextrin is a saccharide polymer of D-glucose which has a
white color, neutral taste, odorless property, and are easily digested
and well tolerated. The low viscosity of high concentrated solutions of
maltodextrin makes it preferable as a wall material during spray dry-
ing process (Pierucci et al., 2007; Tonon et al., 2010; Berg et al., 2012;
Tontul and Topuz, 2017).

The classification of maltodextrin is based on its hydrolysis
degree and explained as dextrose equivalent (DE) (Obon et al.,
2009; Rocha et al., 2009). As Tontul and Topuz (2017) expressed hy-
drolyzed starch with lower than 20 DE is called maltodextrin, while
hydrolyzed starch with higher than 20DE is called dried glucose
syrup. The maltodextrin with lower DE has a high glass transition
temperature and so gains better physical stability to dried powders
(Bhandari and Hartel, 2005; Gurak et al., 2013) while the malto-
dextrin with higher DE results in a higher humidity in the powder
(Phisut, 2012). The concentration of maltodextrin is also studied
by Goula and Adamopoulos (2010) in powdered orange juice. The
increase of maltodextrin concentration resulted in increased mois-
ture content in contrast with the results of pineapple juice powder
obtained by Jittanit et al. (2010).

The other carriers as gum arabic and proteins such as whey pro-
tein isolate, sodium caseinate, and soy protein isolate are widely used
in fruit juice powder production to increase the product yield. Some
researchers reported an increase up to an 80% in power recovery of
sugar-rich feed materials using a minimal dose (<5%) of whey protein
isolate (Wang et al., 2011; Fang and Bhandari, 2012).

The flow diagram of encapsulation with carrier agent use is shown
in Fig. 2.2.

The instant properties of powdered drinks need to be improved
by various methods. One of these processes is “agglomeration” which
provides proper particle distribution via size and bulk density ad-
justment during rehydration (Barletta and Barbosa-Cénovas, 1993).
The other definition of agglomeration is “size enlargement via join-
ing or binding of fine particles with one another” Thus, porous and
larger structure occurs and the properties as solubility and density of
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Homogenization of carrier solution with liquid sample

'

Optimization of inlet and outlet temperatures, air flow rate, feed concentration and

temperature, atomization pressure and pump speed of spray drier

v

Dehydration in the dryer chamber

:

Obtaining of powder material

:

Storage at appropriate temperature with suitable packaging material

Fig. 2.2 Encapsulation process.

particles are controlled (Barbosa-Cénovas et al., 2005). As is known
this porosity and size enlargement directly affects the reconstitution
behavior of powdered food. The water penetration into the porous
system, mechanical stability, and solubility is better in agglomer-
ated powdered drinks (Schubert, 1980). While the liquid penetration
into the gaps between the aggregates (conglomerates) is increased
by agglomeration, the water flow inside the fine pores and so wet-
ting is also get easier (Brennan et al., 1990; Hla and Hogekamp, 1999;
Knight, 2001). The size of agglomerates varies from 0.1 to 3mm and
has a coarse structure (Dhanalakshmi et al., 2011). The analysis of
particle-size distribution gives an opinion about the accomplishment
of agglomeration process.

The larger and permanent aggregates are formed by binding the
particles with some agents in agglomeration process (Gong et al.,
2008). These agents are physically or chemically adhere to the sur-
face of the powder to form the bridges between the collided particles.
Powders treated with binder solution collide to each other and then
the liquid bridge structure is formed in an agglomerator. The solution
evaporates by the following drying process and solid bridges occur
this time. The fluidized particles grow through agglomeration whether
the wetting, colliding, and drying steps are repeated (Pietsch, 2003;
Turchiuli et al., 2005).

The binders are chosen according to the composition and proper-
ties of the beverages. It may be lecithin for milk powder (Song et al.,
2000), water for chocolate powder (Omobuwajo et al., 2000), and
maltodextrin for soymilk powder (Nakarin et al., 2008). This method in
which the binder is used is called as wet agglomeration (granulation)
(Fig. 2.3). If there is no binder solution in the process, it is expressed
as dry agglomeration. Jinapong et al. (2008) used a fluidized-bed ag-
glomeration process for instant soymilk powder production and the
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Dry agglomerates and particles Cg) C%
Condensation on particles’ surface - 0—_> -
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Collision of particles and formation of
liquid bridge

Stabilization of agglomerates by crystalline ﬁ%
or amorphous solid bridges
Fig. 2.3 Mechanism of wet agglomeration.

highest particle size (260 pm) and the best handling and reconstitu-
tion properties were obtained by using a maltodextrin solution (10%)
as a binder.

The bonding mechanism depends on intermolecular forces (Van der
Waals force and hydrogen bond), electrostatic power, liquid bonds,
solid bridges, and mechanical interlocking. The bonding efficiency of
binders differs from each other and the stability of the bond is based
on the amount of binder, its structure, and properties (Dhanalakshmi
etal., 2011).

There are few methods for agglomeration application; steam
agglomeration, fluid-bed agglomeration, thermal agglomeration, and
high shear mixers for wet agglomeration (Vissotto et al., 2010). Pietsch
(2003) also categorized the agglomeration process in three ways;
(a) pressure agglomeration, (b) granulation, and (c) agglomeration
through drying. The physicochemical character of the beverage, the
initial and final average particle size, thermal sensitivity, etc. specify
the selection of agglomeration method. The most used method for
powdered beverage production is fluid-bed agglomeration. In this
method, fluidization and bulk mixing are enabled by the upwash air,
whereas fine droplets of liquid are pulverized by a nozzle located on
the fluidized bed (Turchiuli et al., 2005).

Gong et al. (2008) used a fluid-bed granulator and water as a
binder for instant bayberry powder production. The agglomeration
process was carried out at 50°C for 30 min. Consequently significant
effect of inlet and outlet temperatures on powder color was reported.
The high temperatures, amount of water or binder used in drying
process during agglomeration influence the chemical compounds
besides the physical properties of powdered beverage (Larossa
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et al., 2015). Benkovi¢ et al. (2015) linked to the effect of the amount
of added water on extension process period of agglomerated cocoa
powder mixtures.

In Fig. 2.4, the process steps for agglomerated soymilk powder
production are shown (Jinapong et al., 2008; Dhanalakshmi et al., 2011).

Agglomerated particles can be also coated (capsulated) by:
¢ lipids, milk proteins, water soluble biopolymers, corn proteins, and

gums (Eichler, 1996; Kha et al., 2010; Fazaeli et al., 2012a) and
o sodium alginate, gelatin, protein concentrates, carboxymethyl

cellulose (CMC), kappa-carrageenan, starch hydrolysates (Dewettinck

and Huyghebaert, 1999).

The coating agents mentioned above help to prevent the degrada-
tion of heat-sensitive compounds during drying, which is most often
carried out above 160°C. In addition, the nutritional, textural, and
bioactive properties are better protected by coating (Dhanalakshmi
et al., 2011; Sun-Waterhouse et al., 2013; Luca et al., 2014; Belscak-
Cvitanovié et al., 2015). Coronel-Aguilera and Martin-Gonzélez (2015)
suggested to coat the spray-dried encapsulates containing f-carotene
with hydroxypropyl cellulose.

The constituents within the particles are preserved in the coated
agglomerated granules from degradation by heat, moisture, or light
(Dewettinck and Huyghebaert, 1998; Teunou and Poncelet, 2002).
Spray coating (fluid coating) is applied by spraying a coating solution
on the fluidized particles (Poncelet et al., 2011). The coating material
is required to have proper viscosity to pumped and atomized and also
resistance to heat. However, the increase in concentration of coating
material leads to a difficulty in removal of water and 5%-50% coating
can be applied to the power.

Soybean

!

Soymilk

!

Concentration of soymilk by heating at 40°C in ultrafiltration unit

!

Spray drying of soymilk

v

Agglomeration in spray fluidized bed granulator with the use of maltodextrin

!

Instant agglomerated soymilk powder

Fig. 2.4 Flow diagram of agglomerated soymilk powder production.
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2.3 Powdered Drink Production by

Freeze Drying

The freeze drying (lyophilization or sublimation drying) among

the drying techniques has an increased interest related to provide
a porous structure with favorable quality properties (Krokida and
Maroulis, 2000). It is a convenient technique for heat-sensitive foods
for long-term storage (Ceballos et al., 2012; Celli et al., 2015; Akbas
et al., 2017). The main principle for this method is the sublimation of
frozen sample at a low pressure (<300Pa) and temperature. By this
drying technique, the properties of food material (as shape, appear-
ance, color, taste, and texture) are retained as good as original flavor
and aroma (Marques et al., 2006, 2009; Nedovic et al., 2011; Ceballos
et al., 2012; Oikonomopoulou and Krokida, 2013; Ray et al., 2015).
The high quality of freeze-dried powders depends on low processing
temperature (—20°C) and the absence of air oxygen during process-
ing (Brennan et al., 1990; Strumillo and Adamiec, 1996; Litvin et al.,
1998). The shrinkage ratio changes between 5% and 15% for most of
the freeze-dried foodstuffs (Argyropoulos et al., 2011; Horszwald et al.,

2013; Russo et al., 2013).
The rate of drying in lyophilization systems is affected by two main

factors (Brennan et al., 1990):

Ratio of water vapor movement from the ice surface through the
porous layer of dry material.

Rate of heat transfer to the ice front.

The various systems for lyophilization are:

Batch freeze driers

Multicabinet units

Tunnel freeze driers

The dry form of the product is usually quite porous, fragile, hy-

groscopic, and with an excellent rehydration potential (Antal et al.,
2011; Argyropoulos et al., 2011; Ceballos et al., 2012; Russo et al., 2013;
Oikonomopoulou and Krokida, 2013). The freeze-dried powders have
approximately four to six times higher rehydration ratio than air-dried
ones (Ratti, 2001). The disadvantages of this method are (Telis and
Sobral, 2001; Raharitsifa and Ratti, 2010; Fabra et al., 2009; Ezhilarasi
etal., 2013; Celli et al., 2015):

high-energy requirement,

long drying time (>20h),

amorphous and hygroscopic structures formation after the certain
changes (these structures cause to reduce the shelflife and stability
of the product), and

higher costs due to long drying times under vacuum (30-50 times
expensive than spray drying).
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Spray drying is more economical and faster than this drying
technique. The main reason is that of freeze drying requires double
processing steps including freezing and drying (Ezhilarasi et al., 2013).
Differently, the lyophilization occurs “layer by layer” in disintegrated
cell during freezing. This is the cause of long freeze-drying time and
required to be improved by controlling the freezing conditions. Also
pulverization of a very large surface area per unit volume of material to
the drying chamber by atomization results in rapid drying in spray dri-
ers (Brennan et al., 1990). Dehnad et al. (2016) determined the high-
est efficiency of lyophilization method among spray, freeze, vacuum,
and convective drying techniques for processing of protein resources.
They suggested spray drying method as the second option for this aim
due to closer performance.

Hottotetal. (2007) and Ceballos et al. (2012) pointed out that freezing
parameters (freezing rate, the lowest temperature during freezing, and
the temperature of the frozen layer during drying) affect the subsequent
stages in freeze-drying method. As known while fast freezing creates
small ice crystals, large ice crystals are generated during slow freezing
rate (less than 1°C/min) (Hottot et al., 2007; Rhim et al., 2011). In the
course of small freezing, the water diffuses outside from the cell and then
crystals are formed in that place (Woo and Mujumdar, 2010). The small
ice crystal formation is preferred for homogenous crystallization and
high-quality product. This situation is related with pore size and higher
mass flow during dehydration and reconstitution (Bindschaedler, 1999;
Orrego, 2003). Nowak et al. (2016) investigated the effect of preheat
treatment on freezing and then drying. It was concluded that while the
hygroscopicity of the material was improved by blanching and mechan-
ical fragmentation, water content of blanched products after rehydra-
tion was just about the fresh material’s water content.

Franceschinis et al. (2014) processed the blackberry juice by freeze
and spray drying and compared the physical and functional proper-
ties of these two products. While the bioactive compounds and antiox-
idant activity were higher in freeze-dried and maltodextrin containing
powders, the physical properties were better in spray-dried black-
berry juice with high glass transition temperature and low molecular
mobility.

2.4 Instant Properties of Powdered Drinks

The same components in the bulk density after spray drying pre-
vent the separation of components after blending and gain uniformity
(Palmer, 2005). All reconstitutional and instant properties specify the
quality of powdered products (Brennan et al., 1990; Gong et al., 2008;
Mahdavi et al., 2014). Agglomeration improves the instant properties
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of powdered particles compared to the original primary particles
(Dhanalakshmi et al., 2011).

The wettability of the powder is the ability to absorb water on its
surface and adjust to float or sink of particles found in different sizes
and shapes in food powders (Freudig et al., 1999; Dupas et al., 2015).
Sphere characteristics of the powder particles condition the flotation
behaviors (Dupas et al., 2015). Large particles with large pores refer
to good wettability (Brennan et al., 1990; Dhanalakshmi et al., 2011).
The wettability occurs while all particles of the powder get wetted
and penetrated to the surface of water because of the capillary forces.
It is the initial and rate controlling stage of the reconstitution pro-
cess (Ceballos et al., 2012; Celli et al., 2015) and characterized by the
wetting time. Ferrari et al. (2012) determined that the wetting time of
blackberry powders was reduced to 15s from 120s by the increased
particle size from 74 to about 200 pm after agglomeration.

Dispersibility is the single-particle distribution of powder in
the bulk liquid phase. This property is reduced by clump formation
and is improved when the sinkability is high (Brennan et al., 1990).
Sinkability is explained as the dipping of powder particles under the
liquid surface. The size and density characteristics of the particles
chiefly impact on sinkability (Brennan et al., 1990). Swelling can pow-
erfully impede sinking (Freudig et al., 1999).

Hygroscopicity term is expressed as the holding ability of the
ambient water (Movahhed and Mohebbi, 2016; Tontul and Topuz,
2017). All food powders are sensitive to environmental humidity. The
high humidity can cause problems during storage through the adhe-
sion between the particles, clumping, and possible oxidation of the
powdered beverage (Teunou and Fitzpatrick, 1999; Torres et al., 2011;
Fernandes et al., 2014). In Fig. 2.5, the comparison of the change in
physical appearance of functional encapsulants from Fadogia ancylan-
tha, Melissa officinalis, and Tussilago farfara extracts both obtained by
using maltodextrin/apple pectin and industrial production are seen
(Sansone et al., 2011). However, the ambient conditions were the same,
the hygroscopicity property changes based on the carrier used.

The sorption kinetics of dried powders can be used for monitoring
the hygroscopicity. The powders containing granules below 100 pm
have hygroscopic structure and agglomeration is a solution for this
problem (York, 2009). Szulc and Lenart (2012) reported that baby
food powders produced by 50% sugar solution or 2% lecithin solu-
tion showed a reduction in water adsorption rate compared to the
agglomerates produced using water. Nurhadi et al. (2012) expressed
the hygroscopic powders as the powders which have more than 20%
hygroscopicity. Especially the powder with a low moisture content
is more inclined to absorb ambient humidity, as reported in black-
berry and acai powders by Tonon et al. (2009) and Ferrari et al. (2012),
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Fig. 25 Physical appearance of the powders obtained by using maltodextrin/apple
pectin (A, B, C) and industrial products (a, b, c) after six months under accelerated
storage conditions.

respectively. The moisture content of spray-dried powder should be
generally lower than 5% for a microbial safe and long-term storage.
The low moisture content also restricts the ability of the water act as a
plasticizer, therefore, affects the caking of the powder during storage
(Ertekin, 2015; Santana et al., 2017). In a research, Saikia et al. (2014)
determined the hygroscopicity of four different juice powders between
11.63 and 11.99g/100g of samples.

Flowability of the powder depends upon the forces including gravity,
friction, cohesion, and adhesion. The structure and geometry of particle
(size, shape, and surface properties) affects the flowability property.

Solubility is simply dissolving of powder in the water or liquid
medium (Dhanalakshmi et al., 2011). This is a criterion that shows the
ability of solution or suspension occurrence with aqueous medium.
High solubility is desired for spray-dried powders and amorphous
structure is more soluble (Du et al., 2014; Bicudo et al., 2015). Some re-
searchers determined that the increased content of maltodextrin, lower
feed rate, increased atomization, or higher inlet and outlet tempera-
tures lead to a higher solubility (Avila et al., 2015; Muzaffar et al., 2016;
Moghaddam et al., 2017). On the contrary, some researchers reported
that higher inlet temperatures cause a harsh surface layer on the pow-
der particle and the solubility is diminished related to decreased diffu-
sion of water through the particle (Gong et al., 2008; Horuz et al., 2012;
Avila et al., 2015; Moghaddam et al., 2017). Regarding to these results,
Phongpipatpong et al. (2008) optimized the spray drying conditions
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for longan drink powder and concluded that the most important fac-
tor affecting solubility was drying air temperature.

The wettability, dispersibility, and solubility of powdered cocoa
beverages varied from 10.7 to 21.7s, 50.0% to 94.5%, and 44.2% to
76.6%, respectively, by Shittu and Lawal (2007) in Nigeria. Saikia et al.
(2014) determined the solubility of spray-dried watermelon, ananas,
carambola, and orange juices with 20% maltodextrin between 57.57%
and 76.75%. Dissolution time is the restructure velocity of the powder
into the liquid medium dependent on the particle size. The smaller
particle size leads to faster dissolution.

The bulk density gains an easy handling character to powders
during storage even as low values can comprise a huge air inclusion
that leads to oxidation (Barbosa-Cénovas et al., 2005; Movahhed and
Mohebbi, 2016). When the particle size is decreased, the bulk density
isincreased as desired and this enables to contain more particles in the
same volume and so prevents redundant spaces between the particles
(Grabowski et al., 2006). The bulk density is expressed in kilogram or
gram per cubic meter in international unit because it is measured in
cylinders (WHO, 2012). The calculation is given below (Movahhed and
Mohebbi, 2016):

Bulk Density = MP + VP

MP =Mass of the powder

VP =Volume of the powder

Bicudo etal. (2015) and Kingwatee et al. (2015) investigated the cor-
relations between flowability, solubility, and bulk density. The increment
in carrier concentration (Fazaeli et al., 2012b; Miravet et al., 2016), use
of maltodextrin with higher DE as a carrier (Goula and Adamopoulos,
2010; Cynthia et al., 2015; Bazaria and Kumar, 2017), and higher drying
temperatures (Goula and Adamopoulos, 2010; Horuz et al., 2012) were
reported to cause an increment in the bulk density.

The tapped density is described as an increased bulk density gained
later on mechanically tapping a container comprising the powdered
product (WHO, 2012). The calculation of bulk and tap density in brief
is as follows (Siaan and Anwair, 2014):
¢ Bulk density = Mass/initial volume
o Tapped density = Mass/final volume

The proportion between the apparent density and tapped density
of a powder, bulk is labeled the “Hausner ratio (HR).” It is used in eval-
uating the flowability and cohesiveness of powders with “Carr Index
(CI)” (Bansal et al., 2015; Jan et al., 2015; Etti et al., 2016):

Carr Index — Tap density — Bulk density <100

Tap density
The flowability in terms of HR index is classified as:
o HR=1.0-1.1, free flowing powder
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e HR’1.1-1.25, medium flowing powder
e HR’1.25-1.4, the powder difficult to flow
¢ HR’1.4, the powder very difficult to flow (cohesive) (Schmid et al.,

2014; Etti et al., 2016)

The rehydration capacity of dried beverage powders is a matter to
reconstitution. Rehydration is the replenishment of water lost through
drying. The rehydration capacity can be calculated as follows (Kim et al.,
2012):

RW -IW
—X

Rehydration capacity (%) = 100

RW=The weight of powder after rehydration

IW=The initial weight of powder

Agglomeration process improves the rehydration time of powders
(Gaiani et al., 2007). In furtherance, Kim et al. (2012) notified that the
rehydration of the powder could be maximized by the adjustment of
particle size (obtained by agglomeration) and water activity.

The water activity of powdered beverage has an importance in
terms of deteriorations during the shelf life of the product. The reduced
free water content indicates to reduced water activity and the value
of this parameter lower than 0.3 regarded as microbiologically and
chemically safe (Vardin and Yasar, 2012; Tontul and Topuz, 2017). The
significantimpact of the feeding material content to final water activity
of the powder was reported by Ruiz-Gutiérrez et al. (2014). The studies
on positive or negative effects of different carriers on water activity and
the relation between temperature and carrier materials are available
(Tontul and Topuz, 2017). Also in some studies, the increment in feed
flow rate resulted in high water activity in spray-dried powder (Jangam
and Thorat, 2010; Movahhed and Mohebbi, 2016).

In many cases, changes in one or two of these properties can sub-
stantially act on the reconstitution behavior of the powder. Brennan
etal. (1990) reported that the change of the properties such as density,
bulk density, or particle size can affect the appearance or handling
characteristics of the powders as well.

In powdered drink production, the aim of all applications and
optimizations is to form a stabile product. Also the points effected
the stability of the powders (as the water sorption behavior, the glass
transition, and the molecular mobility characteristics) should be taken
into consideration (Franceschinis et al., 2014).

2.5 Types of Powdered Drinks

Beverage concentrates in liquid or powdered structure may include
some ingredients such as sugars, colorants, flavors, or nutrients to
form a preferable mix (Piorkowski and McClements, 2014).
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Spray-dried dairy products have a large mass of consumption in
daily diet. They can be classified as whole milk powder, skimmed milk
powder, milk protein isolate, milk protein concentrate, whey protein
isolate, whey protein concentrate, casein, and caseinates (Lagrange
et al., 2015). These products can be consumed directly or as an in-
put of other products like infant formula, sports dietary supplements,
confectionary, snacks, soups, and sauces (Karam et al., 2013; Lagrange
et al., 2015). The technology of dairy powders depends on pasteuri-
zation, separation, evaporation, and spray drying steps in general.
All these thermal steps influence the microbial load (especially spore
forming bacteria) of the dairy powders and so comprise the control
points as well (McHugh et al., 2017). Checinska et al. (2015) indicated
the species of the class Bacilli as a main contaminant in dairy pow-
ders. The potential species cause a problem by means of quality and
hygiene should be manifested by identification and enumeration of
all spore formers available in dairy powders (Pennacchia et al., 2014).

Powdered milk formulas are aimed to simulate the breast milk as
far as possible by the modification of cow milk (Koletzko et al., 2008;
MacLean et al., 2010). The first production step is the standardiza-
tion of milk fat and protein to the desired amounts. Then, this milk
is heated, concentrated, and spray dried (Kelly et al., 2009). These
products fulfill nutritional recommendations and are particularly for-
tified with nutrients like polyunsaturated fatty acids (PUFAs) (Chen
et al., 2008). In an attempt to protein-enriched food manufacturing,
skimmed milk powders are preferred. The powdered milk formulas
have a shelflife for 12-24 months when they are protected in hermetic
packages at ambient temperature (Hedegaard and Skibsted, 2013).
Plastic bottles, tinplate cans, multi-wall paper sacks, or glass jars are
offered as a packaging material for spray-dried milk powders (Brown
and Williams, 2003). The overall quality interrupts when the crystalli-
zation or recrystallization of lactose, oxidation, and migration of lipid
or the Maillard reactions are occurred (Stapelfeldt et al., 1997).

Ratnaningrum et al. (2015) prepared instant ginger-milk drinks for-
tified with difructose anhydride I1I (5 g), skim milk (9.375 g), vegetable
creamer (6.25g), calcium lactate (0.385g), and instant ginger (25g) in
varied amounts and developed the most favorable recipe under favor
of given values in parenthetic.

Soymilk is a water extract of soybeans and characterized by high
amounts of protein content. It is a popular ingredient due to nutri-
tional value added and cost reducing effects today. When compared
with breast milk and cow’s milk, the protein, iron, unsaturated fatty
acids, and niacin contents are higher while fat, carbohydrates, and
calcium values are seemed to be low (Liu, 1997). Drying and powder-
ing of soymilk not only improves the shelf life but also allows utiliz-
ing of this nutritional food in different forms by many manufacturers.
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Transportation and storage of powdered soymilk becomes easier by
drying. Spray drying of soymilk concentrates after ultrafiltration has
been experienced in previous years (Ang et al., 1986). Jinapong et al.
(2008) researched the characteristics of soymilk products carried out
in ultrafiltration, spray drying, and fluidized-bed agglomeration steps.
They determined the 10% (w/v) maltodextrin as the optimum binder
type and concentration for soymilk production and this agglomerated
powder had a low cohesiveness and good flowability. Wijeratne (1993)
recommended to agglomerate the spray-dried soymilk powder to im-
prove the wettability property of the product.

Dong et al. (2016) determined a decrement in serum cholesterol
total cholesterol (TC), low-density lipoprotein cholesterol (LDLC),
and non-high-density lipoprotein cholesterol (HDLC) levels of elderly
Chinese adults by 9.3%, 11.4%, and 12.6%, respectively, at the end of
6 months by consuming soymilk powder enriched with phytosterol at
a dosage of 2.0 g/d in 30 g soymilk powder.

Mango milk powder is manufactured for the utilization of surplus
milk solids. Chauhan and Patil (2013) explained the process steps as
follows: (a) mixing of mango pulp, milk, and sugar; (b) homogenization;
(c) pasteurization; (d) spray drying of the mixture; and (e) dry blending.

Fruit and vegetable juice powders have further advances over the
liquid counterparts such as handling and transportation easiness by
reduced weight and volume and prolonged shelflife (Kha et al., 2010).
They have a wide range of applications in the food and nutraceutical
industries and used as an instant drink, ingredient of bakery products,
or pharmaceutical tablets (Raharitsifa and Ratti, 2010). Maltodextrin is
generally used as a carrier in fruit juice powder production to increase
the glass transition temperature (Gibbs et al., 1999; Adhikari et al.,
2004; Fazaeli et al., 2012a; Ferrari et al., 2012; Roustapour et al., 2012;
Celli et al., 2015; Barbosa et al., 2016; Mishra et al., 2017).

Lee et al. (2017) produced mandarin beverage powder using 35%
corn syrup and 135°C inlet temperature in spray drying. The taste and
color of this product was preferred among different carriers (malto-
dextrin and corn syrup with different concentrations) and inlet tem-
peratures ranged between 120°C and 165°C. Sarabandi et al. (2014)
produced a grape syrup powder under the spray drying conditions of
150-170°C inlet air temperature and 4, 2, 1, 0.5 ratios of maltodextrin/
grape syrup. According to the results, the highest inlet air temperature
and maltodextrin ratios, the increased powder production yield was
achieved regarding to the reduced stickiness. Quek et al. (2007) reported
the similar effect of maltodextrin concentration on spray-dried water-
melon powder production as seen in Figs. 2.6 and 2.7. Sarabandi et al.
(2017) spray dried the sour cherry juice concentrate with different car-
riers and reported as high concentrations of whey protein concentrate
in combination with maltodextrin and gum arabic severely reduced
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Fig. 2.6 The stickiness of spray dried watermelon powders with 3% (A) and 5% (B)
maltodextrin.

Fig. 2.7 The product yield of spray dried watermelon powders with different maltodextrin
concentrations.
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the solubility and wettability of the powders. Yousefi et al. (2011)
determined thelowest solubilityin pomegranate juice powder dried by
waxy starch carrier in contrast to maltodextrin and gum arabic. Watson
et al. (2017) suggested the small amount addition of y-cyclodextrin to
maltodextrin during spray drying of pomegranate juice in terms of in-
creased water holding capacity and better preservation of color. Whey
protein isolate is also used in various encapsulated formulations owing
to its film forming and stretching abilities (Rajam et al., 2012).

Cuevas-Glory et al. (2017) determined the suitable spray drying
conditions for orange juice powder production as 156°C inlet air tem-
perature and 20% maltodextrin concentration. Under these condi-
tions, 81.5% ascorbic acid retention, 5.5% moisture content, and 78%
volatiles retention were accomplished. Krishnan (2008) reported the
best conditions for spray-dried strawberry juice powder production as
170°C temperature and 25% maltodextrin addition. Pereira et al. (2014)
dried the probiotic cashew apple juice containing probiotic bacteria at
120°C inlet and 75°C outlet temperature with maltodextrin alone and
gum arabic maltodextrin mix. The highest yield was achieved in pro-
duction used only maltodextrin.

Bello et al. (2015) aimed for a process simulation of spray-dried
pineapple juice powder production. This juice was signaled as the
source of bioactive compound, bromelain, which has beneficial effects
on health (Steffi et al., 2013). Optimization of powdered pineapple
juice production and the final available moisture content is important
in as much as its potential commercial value. Maltodextrin DE6 was
used as a carrier material for powdered drink production of 25% of to-
tal solids. The simulation results were in agreement with experimental
data at high inlet air temperatures, but became dissimilar at other air
temperatures. In a similar manner, the researchers concluded that the
only use of 15% maltodextrin without CMC was given the best results
in terms of moisture content, enzyme activity, vitamin C content, and
solubility of pineapple juice powder.

Fontes et al. (2014) revealed the optimum operating conditions for
spray-dried prebiotic melon, orange, and pineapple juice powder pro-
ductions as 180°C inlet air temperature, 30 L/min atomizer nozzle flow
rate, 0.3 L/h feed flow rate, and 20% maltodextrin (m/m). In the circum-
stances, the rehydration time varied from 90 to 144 s and the hygroscop-
icity of the powder was changed between 5.17% and 7.48% in dry basis.

Movahhed and Mohebbi (2016) studied the suitability of carrot
and celery juice mix powder with spray drier and optimized the dry-
ing conditions. They reported positive correlations between the inlet
air temperature, hygroscopicity, powder particle size, and dissolution
time. On the contrary, accelerated feed flow rate decreased the same
properties. Nishad et al. (2017) investigated the drying parameters of
spray-dried sugarcane juice powder. Different type and concentration
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of carriers such as maltodextrin, gum arabic, carrot fiber and liquid
glucose, inlet and outlet temperatures, and feed concentrations were
assayed in this research. As a conclusion, 30% maltodextrin is pro-
vided the best sensory properties and product yield.

Gurak et al. (2013) produced a grape juice powder by using a freeze
drier after reverse osmosis application to 28.5 Brix and showed the pos-
itive effect of this sequential method on stability and shelf life of this
highly phenolic drink. Akbas et al. (2017) encapsulated the wheat grass
juice with freeze drier by using whey protein isolate and maltodextrin
as coating materials and investigated the reconstitution properties be-
sides antioxidant activity and phenolic stability of the powder. The gas-
tric digestive resistance properties were found to be good in the samples
treated with 1:10 coating ratio and 1:2 whey protein isolate: maltodextrin.

Boonnumma et al. (2014) emphasized the freeze-dried coconut wa-
ter powder as a healthy nutritional drink material. But the exposure of
coconut juice to air and warm processing temperatures destroys the nu-
trients and cause a loss in flavor. On account of these reasons, processing
conditions were needed to be optimized. The production was carried out
at the following stages: (a) pre-freeze step at —20°C for 3h; (b) first drying
period for 4h at —20°C; (c) second drying period for 7h at —10°C; (d) third
period for 6h at 0°C; and (e) heating up to 30°C. According to the results,
vitamins, minerals, and other nutritional properties of freeze-dried co-
conut water powder were found to be similar to fresh one. The research-
ers also reported that approximately 64 kg of freeze-dried coconut water
powder was obtained from 1 ton of coconut water.

Atig-Ur-Rahman et al. (2013) prepared Grewia asiatica (phalsa)
powder to enlarge the consumption period which is used as a popular
summer drink indigenous to Pakistan. The results were indicated that
powder had a nutritional value four times more than fresh phalsa fruit.
The energizing and central nervous system (CNS) stimulant effect of
this powdered beverage was seen in laboratory animals.

Powdered cocoa beverages are classified as instant foods which com-
prise of fine cocoa powder blended with sugar and/or milk powder. It is
consumed either cold or warm after stirring (Shittu and Lawal, 2007;
Bel$¢ak-Cvitanovié et al., 2010; Ben Abdelaziz et al., 2014). The technology
of cocoa powder production involves in cleaning of cocoa nibs, breaking
and sifting, sterilization, alkalization, roasting, drying to desired fineness
degrees, and chilling (Redgwell et al., 2003; Meursing, 2009).

The dissolving process of instant powders is broadly ordered as
follows (Schubert, 1987):

o Inthe first step, fluid diffuses into the pore system before the particles
sink below the fluid surface.

o Inthe second step, the particles disperse by low-energy stirring.

o Finally, the particles sink into solution. It means they are soluble in

the liquid otherwise they remain suspended (Shittu and Lawal, 2007).
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The addition of sugar to the cocoa powder beverage is preferred
whenever the dispersibility property of singly cocoa is poor. Also,
lecithin addition or alkalization is another improvement. The main
instant properties of cocoa powder are based on color and flavor. The
other attributes as bulk density, compressibility (compaction), flow-
ability, particle size, and uniformity index are also used for definition
of the instant behavior of powdered cocoa (Shittu and Lawal, 2007;
Dhanalakshmi et al., 2011). These properties affect product storage,
handling, processing, and transportation along with quality and con-
sumer acceptance.

These beverages are usually composed of 80% sugar and 20%
cocoa (Minifie, 1989). Ben Abdelaziz et al. (2014) researched the ef-
fects of sugar percentage (70-90%), type of sugar (sucrose or lactose),
and sugar size (30-480 um) to the rehydration characteristics of cocoa
powders. The use of sugar with a large size and sucrose was achieved
the better results on solubility and so rehydration. As similar, Shittu
and Lawal (2007) and Bel$¢ak-Cvitanovi¢ et al. (2010) showed that
sugar addition to cocoa powder increased the solubility and dispers-
ibility of the mixes. Because the small particle size and so poor re-
constitution, an improvement is required for this powdered beverage
(Vu et al., 2003).

Cappuccino powders usually consist of dried soluble coffee, sugar,
and spray-dried vegetable fat emulsified in skim milk with stabilizing
sodium phosphate. Hoffmann (2000) reported a closer instant prop-
erty for six commercial cappuccino powders. He notified that the color
and foam level above the rehydrated drink was affected from the fat
content and the diameter of fat globules.

Instant coffee is preferred by many people and has some benefi-
cial effects when consumed in limits. Technologically, freeze-drying
or spray-drying techniques are used for instant coffee production. The
process steps and comparison of freeze drying and spray drying for
instant coffee production are seen in Table 2.1 (Oliveira et al., 2009).

Chocolate drink powder is preferred by children or adults and
may be used in cakes, candies and ice creams as well as flavoring the
other beverages (Peixoto et al., 2012). Instant hot chocolate mainly
consists of milk, cocoa, sugar, emulsifier, and small amount of fla-
vors. The instant properties such as wettability and solubility of the
powder play an important role for the consumer acceptance. Once
for all, a good instantized beverage has neither floating particles on
the surface nor sediment at the bottom of the cup after minimum
stirring. For this reason, agglomeration helps to sort this problem.
In accordance with this, Omobuwajo et al. (2000) notified that the
main reason of agglomeration is the increment of the solubility ca-
pability of the chocolate drink powder. In as much as the high fat
content, hydrophobic hydrocarbon groups and capillary structure of
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Table 2.1 The Comparison of Freeze-Dried and
Spray-Dried Coffee Production

Freeze-Dried Instant Coffee Production Spray-Dried Instant Coffee Production

(a) Freezing of the concentrated coffee extract (a) Atomization of concentrated coffee extract in a

(b) Sifting of granules to form uniform sizes and drying chamber (to 200-300°C air temperature)
sublimation in a vacuum chamber (b) Collection of dried samples

A little change in aroma is seen A low density and good flowability is seen in the

product. Aroma losses and caramel flavor is seen due
to the higher process temperatures

cocoa powder, the wettability and so solubility property of this prod-
uct required to be enhanced by agglomeration process. Aliakbarian
et al. (2017) researched the impact of air flow rate and the concen-
tration of maltodextrin on instantizing and physicochemical prop-
erties of spray-dried chocolate powder. The product had 74.2 +6.8%
solubility and 58.7 +2.9% dispersibility under the drying conditions
of 150°C inlet temperature, 3.5% concentration of maltodextrin, and
27m’/h air flow rate.

Salep is the raw material of instant salep beverage. It is obtained
from salep tubers in whole or grounded form (Develi Isikl et al.,
2015). The tubers are collected at optimum harvest, dried, and
then ground into powder (Tamer et al., 2006). Instant salep drink
is preferred by many consumers particularly in winter related to its
delicious taste and high glucomannan content (16%-55%) (Kagan
et al., 2014). It is prepared by mixing of salep powder and milk with
sugatr, boiling, and serving with cinnamon sprinkled on top. Some
companies produce ready-to-drink salep beverage composed of sa-
lep powder, milk powder, sugar, starch, and hydrocolloids. Besides
drinking, the powder is also used as an ingredient of ice cream and
serves as a both flavoring and thickening agent (Kayacier and Dogan,
2006; Georgiadis et al., 2012).

Green tea powders are preferred for serving more nutrients to the
consumers than the one prepared by extraction. The green tea powder
is required to maintain its own characteristic sensory attributes and
functional properties. The highest phenolic content and antioxidant
capacity make the green tea powders more popular. This powder can
also be used for green tea-flavored drinks (Park et al., 2001). Bels¢ak-
Cvitanovié et al. (2015) indicated that use of gums as a carrier provides
the smallest particle size, higher chlorophyll content, and dissolution
in powdered green tea extract.
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Instant tea powders are very popular in many countries and high
stability of these products provides it to consume in a wide season and a
mass. Also, itis extensively used in large quantity in various tea premixes
(Pandey and Manimehalai, 2014). The original taste, aroma, and flavor
can be maintained in conventionally brewed products (Ye et al., 2014).
In a research, a novel technology to produce an instant black tea pow-
der with high aroma content was investigated (Ye et al., 2014). Pulsed
electrical field-assisted extraction method reduced tea cream and by
this way, cold water solubility of instant tea powder was succeeded. In
addition, freeze concentration technique was found effective in terms
of retention of nutrients and aroma compounds and also prevention
of microbial growth in powdered tea. Pandey and Manimehalai (2014)
produced instant tea powder by spray drier under the optimum condi-
tions of 200°C inlet air temperature and 20 mL/min feed flow rate. These
parameters provided the maximum water removal yield and quality.

Powdered sports drinks are another type of drinking powders which
are preferred by sports people. These powders take a place in the daily
diet of the individuals and consumed after mixing with water or milk
(Ford, 1999; Palmer, 2005). The isotonic property of this beverage depends
upon the preciseness on following the instructions for use and electrolyte
capacity changes with the structure of the water utilized (Palmer, 2005).

2.6 Nutritional Value of Powdered Drinks

The powdered drinks have long-term stability and the nutrients
can be better preserved compared to liquid form. As much as their
retarded deterioration rate related with the little amount of water in
the powder and prevention of air ingress, the powdered drinks can be
ideally fortified with nutrients, especially with vitamins (Palmer, 2005).
Accordingly Krishnaiah et al. (2014) reported the positive impact of
spray drying on fruit nutrients with the highest stability. Nevertheless,
dehydrated products are especially susceptible to oxidative decompo-
sition during drying and storage in air. Among them, the carotenoids
are easily oxidized because of the many conjugated double bonds.

Ferrari et al. (2012) concluded that the use of maltodextrin in
spray-drying process of blackberry powder gained the highest anthocy-
anin retention and antioxidant activity with better reconstitution proper-
ties. Mishra et al. (2015) determined a good nutritional quality and high
total phenolic content for ready-to-serve amla-lemon-based powdered
drink. The same researchers (2017) reported the adverse effect of high
inlet temperature and maltodextrin level on total phenolic content of
spray-dried hog plum juice powder. The lowest loses of total phenolic
content and antioxidant activity were seen in powdered samples stored
in refrigeration in this research. The color of powdered beverage reflects
the color of the incorporated polyphenols (Sun-Waterhouse et al., 2013).
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Castillo etal. (2014) determined the highest antioxidant activity in a drink
containing the maximum dehydrated asai powder rate (15%) exclusive
of 10% and 12% use. Lee et al. (2017) showed that the use of corn syrup
as a carrier was more prevented the vitamin C degradation compared to
maltodextrin use and higher loss of this nutrient in mandarin beverage
powder occurred when inlet temperature and carrier agent concentra-
tion were increased.

Nambiar et al. (2017) reported the conditions for better antioxidant
capacity and total phenolic content retention of tender coconut water
powder produced by spray drying in the conditions of 100°C drying
temperature, 10% maltodextrin, and 1.5% Moringa oleifera gum con-
centration (as carriers). Movahhed and Mohebbi (2016) revealed the
higher inlet air temperature the less f-carotene content of spray-dried
carrot-celery juice powder. Also, the large particle size as a result of
higher feed flow rate caused to gain more f-carotene retention in this
research. The inverse relationship of inlet temperature on p-carotene
and lycopene was also presented in the research of Quek et al. (2007)
on watermelon juice powder.

Ersus and Yurdagel (2007) resulted that the higher inlet or outlet
air temperatures are the main reason of anthocyanin loss during spray
drying. Phisut (2012) emphasized the same effect related with the
high sensitivity of these pigments to high temperatures. Mahdavi et al.
(2014) notified that spray drying accounts for 80%-90% of encapsu-
lated anthocyanins.

A ready-to-drink powder was obtained using Antidesma ghaesem-
billa Gaertn (mamao) fruits in Thailand by Sithisarn et al. (2015). The
extract of mamao ripe fruits was developed as a readily dissolving
drink powder by a wet granulation method. The powder manifested
a preferable in vitro antioxidant effect and maintained to contain high
amounts of total phenolic and total anthocyanin contents.

Ferreira et al. (2015) investigated the tooth enamel dissolution ef-
fect of powdered juice consumption in virtue of increased preference
of these products. They emphasized that some artificial powdered
juices enriched with vitamins or other components attract the people,
but low pH values of these beverages show erosive impacts on teeth.
Despite this knowledge, no enamel dissolution was detected even so
low pH and so high acidity value of artificial powdered orange juice.

2.7 Packaging and Shelf life of
Powdered Drinks

Powdered drinks are sensitive to moisture and the slightincrease in
moisture content of the product during storage makes it sticky. For this
reason, dried products have to be stored in a moisture proof packages
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and they should be kept below the glass transition temperature (Tontul
and Topuz, 2017).

In a research, the effect of packaging material between tin can,
metalized polyesters, high density polystyrene, and four layer lami-
nates on properties of mango milk powder was investigated and tin
container was found to be the optimum material in terms of free flow-
ability under controlled storage conditions. The shelf life of powders
stored at 30 +1°C and 5+ 1°C in tin containers was notified as 10 and
11 months, respectively (Chauhan and Patil, 2013). Page et al. (2003)
reported the circular cans with lever lids and diaphragm seals as the
most available package for powdered beverages such as dried milk or
instant coffee. Kelly et al. (2009) proposed to package the dairy pow-
ders in oxygen barrier materials as well.

Cesa et al. (2015) monitored the malondialdehyde (MDA-
autoxidation product) content of infant milk formulas enriched with
PUFAs during the storage period. While the minimum MDA level was
found in the samples stored at 20°C in sealed packs, the highest val-
ues were detected in samples stored at 28°C for 3weeks. Mishra et al.
(2015) obtained that the storage in room temperature after drying out
with highest carrier level and temperature conditions caused the high-
est quality losses in amla-lemon-based ready-to-serve dry mix. Gurak
et al. (2013) reported the phenolic stability of freeze-dried grape juice
powder for 120 days at room temperature in dark containers.

The ambient temperature and relative humidity below 43% or the
freezer at relative humidity below 60% was indicated to maintain cate-
chin stability in green tea powder by Li et al. (2011). In the study of Zea
et al. (2013), the 10% maltodextrin used and freeze-dried pitaya and
guava fruit powders were compacted and showed a good microbial
stability for a month long storage at room temperature.

Pereira et al. (2014) determined the microbial viability of prebi-
otic Lactobacillus casei NRRL B-442 in spray-dried cashew apple juice
powder as 28days at 25°C, while the vitality of powder stored at 4°C
was lasted in 35days. Barbosa et al. (2016) produced an orange juice
powder incorporating probiotic bacteria and investigated the growth
of two lactic acid bacteria during the storage period. Especially the ad-
dition of lactose to the culture media during spray drying of juice and
storage of powder at 4°C was provided at least 12 months shelf life with
probiotic property in a package protected from daylight exposure.

2.8 Sensory Evaluation of Powdered Drinks

As well as determining the optimum processing conditions of
powdered drinks, to achieve the success on sensory acceptance has
also a particular importance. There are some researches on sensory
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evaluation of powdered beverages. Varela et al. (2010) emphasized
the forefront property of brand perception rather than the sensorial
quality in overall hedonic perception of powdered drinks.

Movahhed and Mohebbi (2016) indicated that when the carrier
agent (maltodextrin) concentration in spray drying is increased, light-
ness color value is also increased as a result of the preservation of
encapsulated pigments. Abadio et al. (2004) and Ferrari et al. (2012)
concluded the same results in blackberry powder and pineapple
powder, respectively. Nevertheless, higher inlet temperature caused
darkening reactions and pigment degradation, thus the lightness was
reduced in prebiotic orange juice (Fontes et al., 2014). Lee et al. (2017)
reported when the highest maltodextrin and inlet temperature values
were used in spray-dried mandarin beverage powder, the less overall
acceptability was seen as well. Santhalakshmy et al. (2015) concluded
that the higher inlet temperature resulted in the higher moisture con-
tent, hygroscopicity, big particles, and shrinkage in powdered jamun
fruit juice. The color of the product (brighter and less purple) was
mainly affected by increased inlet temperatures in this production.
Abadio et al. (2004) reported similar effect of inlet temperature and
additives on color of the product.

Tontul and Topuz (2017) summarized the main causes of color
alteration as the carrier material, their higher concentration, and car-
amelization reactions of sugars at high drying temperatures. Saikia
et al. (2014) determined the highest color change of spray-dried and
reconstituted Khasi mandarin among four types of fruit juices. Total
phenolic and total flavonoid contents were substantially decreased
associated with color alteration. The nitrogen flushing before cold
storage provided color and total phenolic retention of powdered
ready-to-serve lemon-amla drink. This mixture had accordingly good
scores on sensory assessment (Mishra et al., 2015).

Pourahmad and Khorramzadeh (2015) formulized a drinking
powder composed of soymilk powder with different sweeteners (stevia,
erythritol, and isomalt) and as a result the ratio of 80% and 90% of
stevia were found to be preferable by the panelists. Park et al. (2001)
formulated a mixture for improving the dispersibility of green tea pow-
der and optimized the ratio of the final product as 1:1.5 (green tea
powder:glucose). The sensory quality and the microstructure of this
mixture were chosen to be the best. Zea et al. (2013) manufactured the
mix drink powder tablets consist of freeze-dried pitaya and guava pow-
ders with addition of 10% maltodextrin. The panelists mostly preferred
the mixture containing 10% sugar. The poor dissolution problem of
powder tablets was achieved by the addition of an effervescent agent.

Mamede et al. (2015) prepared mix beverages by using powdered
caja-flavored drink with other flavored commercial drink powders
including mango, strawberry, jabuticaba, ananas, and cashew flavors.
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The strawberry flavored mix drink was the best preferred sample re-
lated with its appearance and flavor.

Cardinal et al. (2015) researched the acceptability and perception
of 550 consumers on fruit flavored powdered juices (apple, cherry,
grape, grapefruit, orange, and pear) by check all that apply (CATA) re-
sponses and sensory acceptability. While cherry and grape juices were
linked to artificial flavor and color, pear, and orange juices were asso-
ciated to have natural flavor and good color. Ares et al. (2011) reported
the advantages of CATA response such an easiness of application and
less evaluation time requirement for consumers.

Secilmis et al. (2015) investigated the sensory properties of a novel
powdered herbal coffee (Pistacia terebinthus fruit coffee). The roast-
ing methods of fruits (by microwave and pan roasting and each of
them together) before powdering were compared among themselves.
According to the sensorial evaluation, powdered coffee brews pre-
pared from both roasting processes were preferred to unroasted ones.

2.9 Conclusion

Powdered drinks are the dried form of beverages produced with the
aim of shelf life prolongation with the highest quality. The handling,
transportation, and preparing easiness are the other advantages of
these products. The most common techniques used for powdering are
spray and freeze drying, but spray drying is found to be more commer-
cial, profitable, and faster. All operating parameters (air flow, tempera-
ture, feed flow rate, atomization pressure, etc.) play a crucial role for
providing an instant character to beverages. The type and amount of
carriers are the other important key factors for the adjustment of phys-
icochemical properties of powders. Agglomeration process also im-
proves the instant properties of drinking powders by generating larger
and permanent aggregates. Besides the instant properties as wettabil-
ity, bulk density, dispersibility, solubility, and compressibility; the dis-
solution time, hygroscopicity, compressibility, or flowability characters
determine the quality and consumer preference of powdered products.

In this chapter, the technology of powdered drink production, in-
fluences of powdering on beverage nutrients, and sensorial properties
along with reconstitutional characteristics were reviewed. As general,
the results of the studies showed that the processing parameters lead
to characterize the product quality, yield, and instant structure. There
is a very limited study concerned with nutritional quality of powdered
drinks. The changes of vitamins, carotenoids, and anthocyanins con-
tents and so antioxidant effects were only reported in the studies.
Thus, more research on nutritional property, bioaccessibility, and
consumption limitations of drinking powders are necessary.
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