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Abstract
Higher moisture content and inefficient post-harvest handling result in huge losses and scanty availability of the fruits. Spray 
drying is one such technique to handle the problem of post-harvest losses as powder production not only cuts the storage 
and transportation cost but also provides higher shelf stability. This review provides a detailed description of the process of 
spray drying and the effect of each parameter on powder characteristics. It also summarizes that addition of different wall 
materials resulted in the production of high-quality fruit juice powders.There are two major approaches material based i.e., 
encapsulation and process-based which aim to improve the economic value of spray drying by controlling the problems of 
stickiness, hygroscopicity, and thermal degradation of heat-sensitive compounds. Stickiness is majorly due to the low glass 
transition temperature of fruit juices (sugars and acids) which is elevated with the addition of encapsulating agents. Control 
over operational parameters is essential to deliver fruit powders within acceptable quantity and quality, both in terms of 
organoleptic and nutritional parameters. Various studies revealed that encapsulation act as protective shield for bioactive 
and probiotics retention. Maltodextrin (Dextrose equivalence 10–20) is reported as the most efficient drying aid. Prebiotics 
like nutriose and skimmed milk powder can also be used as drying aids. Most suitable conditions for spray drying of fruit 
juices like pomegranate, ber, and jamun are 25% maltodextrin at 124 °C, 8–10% maltodextrin at 160–190 °C, and 10% 
maltodextrin at 185 °C, respectively.

Keywords Fruits · Spray drying · Encapsulation · Maltodextrin · Prebiotic · Inlet air temperature

Introduction

With a surplus production of 99.07 million tonnes (MT) 
in the year 2019–20, India is the second-largest fruits bas-
ket in the world right after China [1]. Despite tremendous 
production, millions of fresh and processed fruits and veg-
etables are imported into India. From the year 2004–05 to 

2019–20 production of fruits alone in India has increased 
from 50.86MT to 99.06MT [1, 2]. Andhra Pradesh (18.2%), 
U.P. (10.9%), and Maharashtra (10.1%) are three major con-
tributing states to the annual fruit production for the year 
2018–19 [1]. Major commodity to the world fruit production 
are banana & plantain (18%) contribute highest, followed by 
watermelon (11%), apple (10%), orange (9%), grapes (9%) 
and other fruits (43%) [3]. Major fruits in the Indian fruit 
production are banana (930.8MT), orange (8.7MT), grapes 
(2.9MT), and apple (2.3MT) [4]. A minimum intake of 400 g 
of fruits and vegetables/person/day is recommended by 
WHO and FAO [5]. As per the world production availabil-
ity should be 390 g/person/day. However, world and Indian 
consumption of fruits and vegetables is just 66% (267 g/per-
son/day) and almost half (207.9 g/day/person) of the dietary 
recommendation respectively [2, 5].

Post-harvest losses are one of the main reasons for the 
import as well as reduced per capita availability of fruits 
in our country. The high moisture content of fruits needs 
to be reduced for increasing the income and economy of 

 * Soma Srivastava 
 soma.sriv8@gmail.com

 Mrigya Bansal 
 mrigyabansal2@gmail.com

 Dilip Jain 
 jaindilip25@gmail.com

 Yashi Srivastava 
 yashicupb@gmail.com

1 ICAR-Central Arid Zone Research Institute, 
Jodhpur 342003, India

2 Central University of Punjab, VPO-Ghudda, 
Bathinda 151401, Punjab, India

http://orcid.org/0000-0003-4887-4332
http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-022-01481-4&domain=pdf


3793Encapsulation for efficient spray drying of fruit juices with bioactive retention  

1 3

fruit growers. Enzymatic reactions and microbial prolifera-
tion elevate post-harvest losses during improper storage and 
processing. Due to improper storage and processing, vari-
ous enzymatic reactions and microbial proliferation results 
in spoilage and hence elevated post-harvest loses. Fruits 
are an abundant source of multiple functional compounds 
which are beneficial to human health [6]. To avail these 
functional compounds throughout the year and manage post-
harvestlosses, the processing is done to develop products 
like juices, jams, squash, marmalades, fruit powders, and 
health products. Out of all the products fruitjuice powders 
are the one in which water activity of these fruits is reduced 
to shelf-stable levels with minimum degradation of the func-
tional compounds [6].

Fruit juice powders are mainly prepared by carrying out 
dehydration through different methods such as spray drying, 
drum drying, tray drying, foam mat drying, and freeze-dry-
ing. Poor rehydration capacity, powder stickiness, degrada-
tion of heat-sensitive compounds i.e., vitamins, pigments, 
proteins, etc., and loss of original color are the major defects 
in fruit juice powders obtained through tray/drum drying. 
High capital and running cost despite excellent product 
quality limits the application of freeze-drying and foam mat 
drying in the production of fruit juice powder [7]. Spray 
drying is one of the most commonly practiced techniques 
for the production of fruit juice powders at the commercial 
level [6] owing to its ability to produce high-quality pow-
ders with economic feasibility. This review aims to provide 
background about the concept of spray drying and its asso-
ciated aspects. The review will initially provide a detailed 
description of the spray drying process and encapsulation. 
Further, highlights some major technical issues with spray 
drying along with methods to eliminate their influences. 
Insights about how encapsulation can overcome one of the 
major challenges of spray drying and effect of important 
technical parameters on powder properties. Lastly, covers 
an overview of the current work in the field of spray drying 
of fruits juices.

Spray drying

Spray drying of fruit juices is a well-established technique.
It results in the production of powders which are cutting 
storage and transportation cost based on their microbio-
logically and chemically stable nature [8]. This technique is 
economically viable for commercial production as general 
problems of stickiness and hygroscopicity are well managed 
duringthe production of fruit juice powders. It produces par-
ticles that are homogenous in terms of particle size [8] along 
with intact organoleptic and nutritional properties, especially 
heat-sensitive compounds.

It is a unit operation involving the application of hot gas 
currents which can be air or an inert gas like nitrogen to an 

atomized liquid feed for the production of powders, gran-
ules, or agglomerates. For controlling the drop size of the 
initial liquid feed which can be a suspension, solution, or 
emulsion either an atomizer or spray nozzle is used. When 
these sprayed or atomized droplets come in contact with 
hot drying gas (heating medium) moisture evaporation takes 
place. These hot gas currents can be in counter-current, co-
current, or mix flow concerning atomizer [9–11] (Fig. 1). 

There are mainly five-unit operations performed during 
spray drying.

Feed preparation

Preparation of feed involves pre-concentration which ought 
to reduce the moisture content of the feed and carrier agent 
addition which controls stickiness. This considerably 
reduces the energy requirements during spray drying and 
makes the drying operation cost-effective [12]. Feed Con-
centration increases solid content and reduced liquid con-
tent. Ona large scale, spray dryer feed is normally concen-
trated up to 50–60%. However, to avoid clogging by viscous 
feed in a small-scale spray dryer feed is furthermore diluted 
before drying [12, 14]. To control the final product yield and 
losses of physical attributes due to stickiness, some carrier 
agents such as hydrolyzed starch (maltodextrin, cyclodex-
trin), milk proteins (whey protein isolate, sodium caseinate), 
gum arabic, and plant proteins (soy protein) are added into 
the liquid feed prior spray drying [12].

Atomization

Atomization is a regulatory step for the further drying pro-
cess wherein prepared liquid feed on passage through a noz-
zle is transformed into spray/ mist of tiny droplets [14–16]. 
The purpose of this step is to increase the effective drying 
surface between the feed and drying medium (air) for effi-
cient heat and mass transfer [17]. Application of centrifugal 
forces or pressure inside the nozzle produces homogeneous 
tiny droplets. Spraying increases the surface area of the feed 
which exponentially increases with subsequent drying [14, 
15]. Viscosity, characteristics of feed, desired properties, 
and particle size of the final product are the factors based 
on which nozzles (pneumatic nozzle, pressure nozzle, sonic 
nozzle, hydraulic nozzle, ultrasonic nozzle, etc.) are selected 
[14–17].

Hot air droplet contact

The drying medium which can be a filtered atmospheric gas, 
nitrogen, or other inert gases (depending on the sensitivity 
of feed to oxygen) is preheated to a predefined tempera-
ture (based on the nature of the liquid feed) using a heating 
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Fig. 1  Flow diagram for spray drying



3795Encapsulation for efficient spray drying of fruit juices with bioactive retention  

1 3

element located just before the chamber for drying. This 
preheated drying medium comes in contact with feed just 
after atomization in the drying chamber and commences the 
process of drying [9, 14–17]. During these few seconds of 
contact, the thermal energy of the drying medium is taken 
up by the feed leaving behind a cool air after evaporation and 
exchange of energy which carries the dried particles through 
the spray dryer[9, 14–16]. Depending upon the direction of 
the drying medium and atomized feed there can be three 
types of hot air droplet contact modes namely counter-cur-
rent type, co-current type, and mix flow type. In counter-
current type feed is atomized in the direction opposite to the 
flow of the drying medium. Immediate exposure to high tem-
perature makes it a less preferred model for thermo-sensitive 
feed; however, it is more economic (less energy consump-
tion). Feed is atomized in the direction same as the dry-
ing medium in the co-current type. This limits the thermal 
degradation of feed as it encounters moderate temperatures. 
Mixed flow type is a combination of both co-current and 
counter-current types of drying models [9, 14–16].

Droplet moisture evaporation

The temperature difference and partial vapor pressure devel-
oped after the hot air &droplet contact initiates heat and 
mass (water) transfer resulting inthe drying of atomized 
feed droplets. Heat travels from the drying medium to feed 
droplets by convection. Mass transfer occurs due to evapora-
tion (vapor pressure difference) of water from feed to dry-
ing medium. During evaporation, heat is converted to latent 
heat. The relative velocity of the drying medium and feed 
droplets and diameter of droplets are the factors on which 
the rate of heat transfer is dependent [9, 14–16]. Moisture 
evaporation takes place in the following steps: (i) Heat trans-
fer from the drying medium elevates the temperature of the 
feed droplet. This transfer of heat causes droplets to gradu-
ally reduce in size (increasing the surface area) due to the 
evaporation of moisture from the surface of droplets. (ii) 
Droplet temperature reaches a constant value. Thereafter the 
evaporation occurs at a constant temperature and vapor pres-
sure i.e., the rate of water diffusion from the surface and core 
of the droplet reaches equilibrium. (iii) Finally, the moisture 
content of droplets reaches a critical value and then begins 
the falling rate period of drying where the rate of drying 
falls gradually. Drying/moisture evaporation is discontinu-
ous until the temperature of the feed particles rises to the 
temperature of the air in the drying chamber [9, 10, 14–16].

Separation of dried particles from the humid air

To avoid loss of dried particles in the atmosphere a cyclone 
separator is placed outside the dryer system for separation. 
Dense particles settle in the bottom of the drying chamber 

while the fine particles along with humid air enter the 
cyclone separator. Fine particles separate from the humid 
air inside the cyclone separator by moving out of separate 
outlets. Other than cyclone separators spray dryers are also 
provided with filters also known as baghouses and chemi-
cal scrubbers. The former is used to separate fine powders 
and the latter is used to remove volatile pollutants such as 
flavorings, etc. [9, 11] (Table 1).

Encapsulation

Encapsulation is a technique of entrapping or packaging 
small particles (active compounds or core material) of one 
or more (gaseous/ liquid/solid) material within a continuous, 
protective and stable system which is also referred to as car-
rier encapsulant, shell, and wall or coating material. It results 
inthe production of capsules of varying sizes (micrometer to 
millimeter) having two structural elements core material and 
wall material [54–56].

It is carried out to avoid the contact of active compounds 
with light, moisture, oxygen, and heat [57] and undesirable 
interactions between food and active compound [58]. It 
slows down/prevents the degradation of active compounds 
during processing, storage, and prior to delivery to the site 
of action [58]. It helps to control the release of active com-
pounds [59] which ensures that optimum concentration 
is uniformly dispersed at the site of action [54]. It aids in 
increasing the bioavailability of certain food ingredients 
such as bioactive compounds inside the human gastrointes-
tinal tract [54]. It ensures that encapsulated ingredients are 
easily handled without any contaminants [54, 59] and dam-
age its technological functions [59] (Fig.  2).

Wall materials

Wall/shell material also commonly referred to as encapsula-
tion matrix, agent or carrier is a film-forming material that 
encloses the core material. This coating material can be 
natural or synthetic polymer. Properties of an ideal carrier 
agent are that it should be food-grade material and inert to 
the encapsulated substance during processing or prolonged 
storage [57, 61]. It should be flexible, tasteless, and non-
hygroscopic in nature [61]. Capable of forming and stabi-
lizing colloidal dispersion/ emulsion with the active sub-
stance it is encapsulating and ensuresthe release of active 
compound at the targeted site under specific conditions [57, 
61]. It should be soluble in solvents such as water, alcohol, 
etc., and capable of ensuring protection against environmen-
tal factors such as light, heat, moisture, etc. [57]. Natural 
polymers for encapsulation belong majorly to carbohydrates, 
gums, lipids, and proteins. Carbohydrates- Maltodextrins, 
corn sugar solids, modified starch, cyclodextrins, modified 
cyclodextrins, sucrose, chitosan, cellulose[57], nutriose, 
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fructooligosaccharides, etc. Gums- Seaweed extracts (Algi-
nates, agar, carrageenan), exudates gums (gum acacia, gum 
karaya, gum tragacanth), etc. [57]. Lipids- Wax (paraffin 
wax, bee wax), acetoglycerides, lecithin, liposomes, etc. 
[57]. Proteins- Gelatin, gluten, caseins, albumins [57], whey 
protein isolate, soy protein isolate, skim milk powder, etc. 
Most commonly used wall materials for spray drying of fruit 
juice at the commercial level are maltodextrin, starches, and 
gums.

Controlled release of the core material

Controlled release is a method to ensure the delivery of one 
or more active ingredients at a desirable site at a particular 

time and specific rate [66]. This method ensures that during 
the period of cooking/processing the desirable ingredient’s 
losses are reduced or avoided, reactive components are well 
separated from each other, and desirable ingredients are 
released for a prolonged duration at controlled rates [67]. 
Diffusion of the volatile compounds through the matrix, type 
and geometry of the compounds, transfer of the compound 
from the matrix to the processing environment, and degra-
dation/dissolution of the coating material are some of the 
factors affecting rate release [66].

Fig. 2  Different types of encapsulation [60–65]
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Mechanisms of control release

Diffusion, biodegradation, dissolution, swelling, and fracture 
are five different mechanisms for the controlled release in 
encapsulation.

Diffusion Diffusion is a random movement of molecules 
driven bya concentration gradient. Diffusion of compounds 
from microcapsules is governed by volatile substances 
vapor pressure on the matrix wall, solubility, and perme-
ability with the matrix [68, 69]. The principal steps for the 
flow of core ingredient from the wall/matrix system of the 
microcapsule via diffusion are dissolution of the core ingre-
dient at the higher concentration side of the wall material 
matrix, diffusion from the matrix based on concentration 
gradient between matrix environment and environment out-
side the matrix and finally evaporation of this diffused core 
ingredient from the surface of matrix [68, 70, 71]. Diffusion 
can take place via two different mechanisms molecular or 
static and eddy or convective. In the case of static diffusion, 
molecules show random movement within a stagnant fluid 
whereas in the eddy mechanism these solutes are carried 
along with the fluid after dissolution. The rate of diffusion is 
much faster and independent of the solute nature in the latter 
mechanism than in the former [72].

Biodegradation It involves the controlled release of the 
core material through the degradation of the wall material 
which can be both homogeneous and heterogeneous. Homo-
geneously, degradation is occurring uniform throughout the 
wall matrix whereas heterogeneous degradation is only con-
fined to a portion of the wall matrix [66]. For example- The 
degradation of lipid-based coating using lipase to release 
the active compound at the targeted site [57].

Dissolution/melting The core material is released out of 
the capsule after dissolution or melting of the wall mate-
rial by desirable solvents or temperature conditions [57]. It 
involves attacking the integrity of the coating material based 
on its nature.For wall material of water-soluble and insolu-
ble type melting is achieved by increasing the moisture con-
tent and addition of appropriate solvent or thermal release 
in the system, respectively [57]. For example- fat capsules 
will be melted by application of heat to release the active 
ingredients.

Swelling It involves placing the capsule in a thermodynami-
cally compatible medium for the polymer of the wall mate-
rial to absorb the fluid and swell. Upon swelling, the walls 
become more easily diffusible for the core ingredient [71]. 
Solvents such as glycerin, propylene glycerol, etc. are used 
to keep a control on the degree of swelling of the wall mate-
rial [73].

Fracturation It involves the formation of wall material of 
capsules using water-soluble and hardened substances like 
fats or waxes etc. Then these wall materials are fractured 
or broken through the application of various external (pres-
sure, shear, increasing temperature to melt fat or waxes, 
extra sonics, etc.) and internal forces (vapor pressure of core 
material, etc.) [57].

Major issues in spray drying of fruits

Powder stickiness due to the presence of natural low 
molecular weight sugars and organic acids is one of the 
most prominent issues during fruit juice powder produc-
tion [74]. Natural sugars are highly hygroscopic and ther-
moplastic in nature. These sugars and organic acids, due to 
their low molecular weight have a glass transition tempera-
ture  (Tg) much lower than the normal drying temperatures. 
Figures 3a and b depict the glass transition temperature 
of sugars and organic acids commonly present in fruit 
juices. Hence, they tend to soften during drying leading 
to powder stickiness. Powder stickiness involves cohesion 
(stickiness between the particles) and adhesion (stickiness 
between the particles and dryer surface) resulting in lump 
formation and poor product yield. Ultimately, a product 
with inferior quality and increased cost of production is 
obtained.

The efficiency of the spray drying process is expressed 
in terms of product recovery. In the case of materials with 
lower  Tg, product yield is decreased significantly due to 
adhesion/deposition of the particles on the walls of the 
dryer chamber [75]. Low yield also indicates that the pro-
duced powder would be sticky or unable to exhibit free-
flowcharacteristics. Generally, a product yield above 50% 
is expected (sugar-rich products) from a laboratory scale 
spray dryer [74].

Two groups of methods i.e., material-based and process-
based can be applied to overcome the problem of stickiness 
with fruit juice powders.

Material based method

Generally, the  Tg of sugars and acids which are the main 
constituents of fruit juices is low. Temperatures during spray 
drying are usually higher than the  Tg of the sugars and acids. 
Such high temperatures result in the formation of a viscoe-
lastic rubbery mass of sugars and acids which adhere to the 
wall of the drying chamber [81].To increase the overall glass 
transition temperature, the feed solution is supplemented 
with high molecular weight drying aids (Fig. 3c) prior to 
atomization [35, 56, 82]. These high molecular weight dry-
ing aids not only limit the prominent issue of stickiness but 
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Fig. 3  Glass transition temperatures of a Sugars in fruit juices b Organic acids in fruit juices c Wall materials used in spray drying [29, 31, 
75–80]

also minimize hygroscopicity and protect heat-sensitive 
compounds of fruit juices [33, 83].

Figure  4 depicts the study of Yousef et  al. [47] and 
Shrestha et al. [82] on spray drying of pomegranate juice 
and orange juice using different wall materials. Major con-
stitutes contributing to low  Tg of orange juice are fructose, 
glucose, and citric acid [82]. Similarly, fructose, glucose, 
citric acid, and malic acid are major constituents of pome-
granate juice [84]. Low  Tg of orange and pomegranate juice 
owing to the above constituents was increased significantly 
after the addition of certain wall material as depicted in 
Fig. 3. In Fig. 4a  Tg of orange juice increased gradually with 
increasing concentration of maltodextrin (DE 6) and reached 
a maximum of 97.3 °C when a ratio of 25:75 of orange juice: 
maltodextrin was used. Similarly,  Tg of pomegranate juice 

was increased to 52.83 °C and 39.96 °C after the addition of 
gum arabic and maltodextrin (DE 20) respectively (Fig. 3c).

Process‑based method

Dehumidified air, scrapped surfaced drying chamber, 
and cooling of the wall of the drying chamber are the 
few process-based methods that can prevent sticking of 
fruit juices to the drying chamber wall as well as lumping 
[75]. Modifying the drying chamber in a spray dryer to 
have scrappers to scrap off the adhering fruit juice pow-
der will enhance the product yield with a compromise in 
the reconstitution properties. As abrasion due to scrapping 
will cause the textural damage which will ultimately result 
in poor reconstitutions [75]. Even after the addition of 
scrappers in the design, fruits juices need carrier agents in 
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large volumes for spray drying. The addition of scrappers 
will not only increase the capital cost but also make the 
dryer design more complex [75].

Another modification is the replacement of a regular dry-
ing chamber with a double-wall chamber. This replacement 
lowers the temperature of the drying chamber wall below the 
 Tgof the fruit juice which lowers the sticking of the particles 
to the dryer wall [75]. Chegini et al. [85] in their study uti-
lized a double-wall chamber semi-industrial spray dryer. An 
evaluation of the dryer during his study indicated that in all 
his trials, the chambers wall temperature was 44 °C which 
is much lower than the  Tg of the powder. They also observed 

that a double wall chamber reduces wall deposition by 15% 
along with a dryer yield in the range of 65–90% [85].

Goula and Adamopoulos [86] in their study reduced pow-
der loss as the air temperature was lowered and the drying 
rate was increased by application of dehumidified air for 
spray-drying concentrated orange juice. Theyconcluded that 
dehumidified air resulted in the production of products with 
lower hygroscopicity, moisture content, and degree of cak-
ingwhile higher rehydration ability and density. Jedlińska 
et al. [87] also performed spray drying of honeydew honey 
at low temperature (inlet/outlet: 75/50 °C) with the applica-
tion of dehumidified air. They reported that dehumidified 
air reduced the concentration of carrier agent in feedby 20% 

Fig. 4  Glass Transition Tem-
perature (°C) of (a) orange juice 
powder and b pomegranate 
juice powder with different wall 
materials [47, 81]
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and enhanced the powder recovery by 90% or above [87]. 
Utilizing dehumidified air as a drying medium resolves the 
problems of adhesions of the fruit juice powder to the drying 
chamber wall and reduces the quantity of carrier agent in the 
fruit feed solution [75].

Spray drying and encapsulation of various 
fruits

Samborska et al. [88] spray dried apple concentrate using 
four different carrier agents [maltodextrin DE 10, nutriose, 
kleptose, and skimmed milk powder (SMP)]. SMP came 
out to be the most appropriate carrier agent. Based on the 
characteristics of the apple concentrate skimmed milk pow-
der (Table 2), SMP could be a beneficial substitute for tra-
ditional wall material. At a lower concentration in the feed 
solution, SMP supports higher recovery of powder having 
morphological characteristics of the non-sticky powder. 
SMP wasobserved to have a protective effect on antioxidant 
compounds in apple concentrate and contribute toa new anti-
oxidant generation. The addition of SMP adds-on lower  Tg 
lactose to the mixture was the only drawback reported by 
Samborska et al. [88]. These trials demonstrated that dehu-
midified air can reduce the concentration of wall material in 
the feed solution.

Pandey et al. [89] run 13 trials to optimize the spray dry-
ing conditions of ber powder. These runs were carried out 
at varying inlet air temperatures (153.79 to 196.21 °C) and 
maltodextrin (MD) concentrations (4.17 to 9.83%). Pandey 
et al. [89] observed that moisture content of spray-dried 
powder decreased with increasing inlet air temperature and 
MD concentration which could be due to increased rate of 
heat transfer and total solid content (bounds more water) 
respectively. A similareffect of the two parameters was 
observed on bulk density. Higher temperature and increas-
ing MD concentration decrease moisture content which 
increases the solubility (> 90%) of powder. Protein content, 
total sugar, reducing sugar, and total soluble solids increased 
significantly due to the concentration effect after spray dry-
ing. Vitamin A and C content of ber juice decreased sig-
nificantly after spray drying due to degradation and oxida-
tion at high temperatures. Pandey et al. [89] concluded that 
166.64 °C inlet air temperature and 9.26% MD are optimum 
for ber juice spray drying.

Singh et al. [90] performed spray drying of ber at differ-
ent values of parameters such as carrier agent concentration 
(maltodextrin) (4, 6, 8, 10, and 12%), feed pump capacity 
(9, 12, 15, 18 and 21%), inlet air temperature (170, 180, 
190, 200, 210 °C) and aspirator blower capacity (40, 50, 60, 
70 and 80%). It was observed that biochemical properties 
such as moisture content, acidity, and ascorbic acid content 
of the spray-dried powder decreased with increasing inlet Ta
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temperature (170 to 210 °C) and encapsulating agent con-
centration (4 to 12%). Similarly, Singh et al., [90] reported 
that values of moisture content, acidity, and ascorbic acid 
content increased with increasing values of aspirator blower 
capacity (40 to 80%) and feed pump capacity (9 to 21%). 
Singh et al. [90] concluded that inlet temperature of 190 °C 
at 60% aspirator blower capacity and 15% feed pump 
capacity along with 8% carrier agent concentration yield 
ber powder with the best qualities (3.9% moisture content, 
38.4 mg/100 g ascorbic acid content and 0.55% acidity).

Zhang et al. [91] spray-dried cranberries using four differ-
ent wall materials, then also studied their effect on phenolic 
content after drying and during storage at three temperatures 
(4, 25, and 45 °C) for 12 weeks. GAM1 and GA particles 
had better spray drying performance than M1 and M3 par-
ticles which is faster evaporation and early crust formation. 
GA particles were observed to have the highest moisture 
content and lower water activity which could be due to the 
higher water-binding ability of GA polymer (protein and a 
high number of hydrophilic groups). GA and GAM1 par-
ticles have higher retention of phenolic content after spray 
drying because of higher and early film formation (GA > 2% 
protein). M1 and M2 particles had higher retention of phe-
nolic content during storage due to the protective effect of a 
less wrinkled and smooth surface after spray drying (reduces 
surface area). Zhang et al. [91] reported that out of the three 
storage temperatures 25 °C was most appropriate for the 
storage of cranberry powder.

Moghbeli et  al. [92] spray-dried dates by combining 
WPC, pectin, and surfactant. The optimum powder was 
obtained using 10–14% WPC, 5% pectin, and 1% surfactant 
at 5 pH and 170 °C inlet temperature. Highest and lowest 
powder yield were 67% (1% surfactant, 5% pectin, 14% WPC 
at pH 5 and temperature 170 °C) and 29% (2% surfactant, 4% 
pectin, 12% WPC at pH 5 and temperature 190 °C) respec-
tively. It was observed that pectin and WPC had a major 
effect on drying yield as their combination increases the 
 Tg which thereby prevents sticking of particles to the dryer 
wall and improves production efficiency. Proteins of WPC 
create a thermal film around the particles which raise the 
 Tg. Also, the strong and weak electrostatic bonding of pec-
tin and WPC raises the  Tg. Surfactant forms a film around 
the particles which reduces the surface tension and prevent 
stickiness among the particles and with a dryer wall. The 
increasing temperature was observed to increase stickiness 
which reduced production efficiency. Moghbeli et al. [92] 
stated that pectin and WPC contribute to the brightness of 
the powder (powders with higher pectin and WPC were 
whiter). Moghbeli et al. [92] stated that WPC concentration 
has a crucial impact on the thermal and structural properties 
of date powder.

Dev et al. [93] spray dried dates using two materials 
(maltodextrin [MD] and gum arabic [GA]) at different 

temperatures (150, 170 °C) and feed flow rates (25, 40 mL/
min). GA particles were morphologically opposite in char-
acteristics to MD particles. Lower temperature and lower 
feed flow rate contribute to better rheological properties 
(higher density and porosity). Dev et al. [93] concluded that 
temperature and feed flow rate are inversely proportional to 
the rheological characteristics of spray-dried powders. Tem-
perature and flow rate together alter the exposure time of 
the particles to high temperature during spray drying which 
positively affect the product quality by either increasing par-
ticle density or higher porosity. Higher density and poros-
ity particles contributed to better wettability and solubility 
which gives better rheological properties. Industrially viable 
spray-dried date powder can be obtained involving MD at a 
lower temperature (150 °C) with a slower flow rate (2.5 mL/
min). Dev et al. [93] stated that using MD raises both dietary 
calorific value and glycemic index of the date powder while 
GA improves the colon health as colon bacteria ferment 
these non-digestible polymers.

Yusof et al. [94] carried out the study for optimization 
of white dragon fruit spray drying. For optimization resist-
ant maltodextrin (RMD) was mixed in the feed solution at 
three different concentrations (20%, 25%, and 30%) and then 
spray dried at three different inlets (140 °C, 150 °C, and 
160 °C) and outlet (75 °C, 80 °C, and 85 °C) temperatures. 
Yusof et al. [94] observed that powder yield decreases with 
increased RMD concentration, increases with increased out-
let temperature, and decreased inlet temperature. Moisture 
content and  aw increase with increasing RMD concentra-
tion up to 25% as concentration beyond these decreases both 
parameters. Solubility of spray-dried powder increases while 
hygroscopicity decreases with increased RMD concentra-
tion. Bulk density is inversely proportional to the outlet tem-
perature. Yusof et al. [94] concluded that industrial spray 
drying of white dragon fruit can be carried out at153°C 
inlet temperature, 82 °C outlet temperature, and 20% RMD 
concentration.

Moser et al. [95] spray-dried grapes using protein/malto-
dextrin blend at different carrier agent concentration (CAC) 
and protein/carrier concentration ratio (R%) as a drying 
agent. Higher CAC was observed to increase powder recov-
ery and produce particles with higher sphericity irrespective 
of the protein type (whey protein concentrate/soy protein 
isolate). Both protein/maltodextrin blends depicted higher 
solubility powders (WM- 92 to 97% and SM- 87 to 95%). 
Moser et al. [93] reported that anthocyanin retention and 
encapsulation efficiency (EE) increased with increasing 
CAC of WM blend and SM blend respectively. SM blend 
particles were more spherical and less agglomerated than 
WM blend particles. Brighter powders were obtained at 
higher CAC and R%. The color of the reconstituted juice 
was the same as fresh grape juice; however better reconsti-
tution was observed in SM blend powder. Moser et al., [95] 
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concluded that protein/maltodextrin blends result in superior 
anthocyanin reconstitution and encapsulation efficiency.

Singh et al. [96] optimized spray drying parameters for 
jamun pulp. For optimization, trials were carried out at dif-
ferent inlet temperatures (175–185 °C) and maltodextrin 
(MD) concentrations (5–10%). The moisture of the powder 
decreased with increasing inlet temperature and MD concen-
tration. Singhet al., [96] reported that solubility (> 80%) of 
the jamun pulp powder increased with increasing concentra-
tion of carrier agent (MD). Increasing concentration of MD 
had a protective effect on the total phenolic and anthocya-
nin content of the jamun powder unlike increasing inlet air 
temperature which is reported to have a negative impact. 
Singh et al. [96] concluded that inlet temperatures of 185 °C 
and 10% MD are optimum for the production of jamun pulp 
powder with lower moisture content (< 3%), maximum solu-
bility (> 90%), maximum dispersibility (> 90%) and better 
retention of total phenolic and anthocyanin content.

Sathyashree et al. [97] spray dried sweet orange juice to 
understand the influence of different inlet temperatures (130, 
140, and 150 °C) and maltodextrin concentration (6, 9, and 
12%) on the rehydration properties of sweet orange powder. 
Sathyashree et al. [97] observed that dispersibility increases 
with increasing inlet temperature and decreasing MD con-
centration. Sathyashree et al. [97] deduced that wettability 
increases and solubility decrease with increasing inlet tem-
perature and MD concentration.

Santos Monteiro et al. [98] experimented to prepare pro-
biotic passion fruit drink, further microencapsulated the 
optimally fermented passion fruit pulp using spray drying. 
Santos Monteiro et al. [98] stated that higher atomization 
flow rate results in smaller droplet size which has a less 
protective effect of temperature on probiotic cells. The inclu-
sion of gelatin had a negative impact on powder yield as 
gelatin results in larger droplets (smaller surface area and 
slow evaporation) which tend to stick to the drying chamber 
wall. Hence, it was concluded that a higher atomization flow 
rate (smaller droplet size) without gelatin inclusion results 
in higher powder recovery. It was observed that a lower inlet 
temperature (112 °C) was inefficient to reduce the moisture 
content of final powders. Santos Monteiro et al., [98] also 
revealed that maltodextrin alone had a less protective effect 
on phenolic content, but the inclusion of gelatin had a posi-
tive effect on phenolic content retention as well as lowering 
the moisture content of the powder.

Miravet et al. [52] spray dried concentrated pomegranate 
juice (CPJ) using different drying aids maltodextrin (MD) 
(DE 19 & 6), fructooligosaccharides (FOS), and resistant 
dextrin (nutriose). For spray drying different CPJ concentra-
tions (0.02, 0.04, and 0.1 g CPJ/g solution) were prepared 
using different spray drying aid concentrations (0.5 and 
1.5 g drying aid/g CPJ) at different inlet air temperatures 
(120, 160, and 200 °C) and feed flow rate (0.72–1.08 L/h). 

Drying yield was highest using resistant dextrin followed 
by FOS, MD DE19, and MD DE6 at the same wall material 
concentration. Both resistant dextrin and MD DE6 depicted 
higher bioactive compound retention after spray drying but 
retention of bioactive compounds decreased with increasing 
inlet temperature. It was reported that bulk density increased 
and dissolution time decreased with increasing concentration 
of both (resistant dextrin and MD DE6) drying aid. Miravet 
et al. [52] concluded that resistant dextrin is the best drying-
aid with also exhibits excellent prebiotic properties.

Jafari et al. [99] spray dried pomegranate juice at different 
inlet temperature (124 and 143 °C) and maltodextrin (MD) 
concentration (25, 35 & 45%). Spray-dried powder yield 
increased (17–25%) at higher temperatures and MD con-
centrations. However, the yield was lower than the accept-
able levels. The density of the spray-dried powder decreased 
at higher MD concentrations and temperatures. Jafariet al. 
[99] observed that both inlet temperature and MD concentra-
tion have a negative impact on the anthocyanin content of 
the spray-dried powder. After scanned electron microscopy 
(SEM) analysis revealed that smaller and smoother particles 
were obtained at higher air inlet temperatures and lower MD 
concentrations. Jafariet al. [99] concluded that spray dry-
ing at 25% MD concentration and 124 °C inlet temperature 
yields powder with a higher solubility index, anthocyanin 
content, and higher density.

Araujo et al. [100] studied the influence of different wall 
materials/drying aids [maltodextrin (MD), gum arabic (GA), 
and maltodextrin gum arabic mixture (MG)] on the antioxi-
dant activity and physicochemical compounds in the sapota 
juice powder. All the wall materials were added at 30% con-
centration in the feed solution. After spray drying these pow-
ders were rehydrated for comparative evaluation with fresh 
sapota juice. Antioxidant activity comparable to the fresh 
juice was retained in the gum arabic sapota powder (SG). 
The only quantifiable organic acid in the sapota juice and 
reconstituted juice was fumaric acid. Fumaric acid was high-
est in the SG, even higher than the fresh juice. Glucose and 
fructose were the only sugar identified in spray-dried sam-
ples. The highest concentration of both sugars was reported 
in the SG sample. Most of the phenols and flavonoids were 
degraded in the sapota juice after spray drying. Araujo 
et al. [100] observed that spray drying significantly alters 
the bioactive profile of sapota juice as many compounds are 
degraded during the process. On comparing all the results 
Araujo et al. [100] concluded that gum arabic is the most 
appropriate encapsulating agent for efficient protection of 
bioactive compounds in sapota juice in comparison to all 
other encapsulating agentscited in the work.

Li et al. [101] carried out experiment to compare the 
effect of microencapsulation (Maltodextrin DE15 (MD): 
Beta-cyclodextrin (C): Gum arabic (GA) = 7: 2: 1) on 
plum phenolic extract. It was reported that the addition of a 
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coating agent to the feed prior to spray drying improved the 
physicochemical properties such as moisture content and 
water activity while at the same time decreasing the phe-
nolic content of the spray-dried plum powder. After stor-
ability studies, it was observed that microencapsulation has 
a positive impact on phenolic content retention. For the first 
40 days (25 °C) there was no effect on the phenolic content 
and phenolic content was above 85% after 60 days (25 °C). It 
was concluded that to achieve microencapsulation efficiency 
of 87.7% plum extract must be spray-dried at 143 °C with 
the core material content of 23.7% and feed solids content 
of 11.7% [101].

Watermelon juice spray drying feasibility was evaluated 
by Minh et al. [102]. During spray drying effect of different 
conditions such as carrier agent concentration (2:8, 4:6, 6:4, 
8:2% w/v), (2:8, 4:6, 6:4, 8:2% w/v), speed flow rate (6, 12, 
18, 24 ml/ min), air inlet and air outlet temperature (140 °C: 
75 °C, 150 °C: 80 °C, 160 °C: 85 °C, 170 °C: 90 °C) on 
spray drying was evaluated. In this study, it was concluded 
that gum arabic: maltodextrin at a concentration of 4:6% 
w/v, 160 °C inlet temperature, 85 °C outlet temperatures 
and feed flow rate 18 ml/min are optimum for spray drying 
of watermelon juice [102].

Maltodextrin (MD) especially with a dextrose equivalence 
of 10 to 20 came out to be the most acceptable carrier agent 
for encapsulation based on the yield and physical properties 
of powders. The protective effect of MD on nutritional reten-
tion is limited. A higher concentration of MD is not suitable 
for daily consumption due to its higher glycemic index. MD 
concentration could be reduced at higher inlet air tempera-
tures which negativelyaffectsthe nutritional profile. Limita-
tions of MD could be supplemented by combining it with 
other wall materials.In some of the studies amalgamation 
of maltodextrin with drying aids such as gum arabic (GA), 
whey protein concentrate (WPC), soy protein isolates (SPI), 
and cyclodextrin in different concentrations was evaluated. 
These drying aids improved the performance of maltodextrin 
as a carrier agent in spray drying operations. Trials of Zhang 
et al. [91] and Minh et al. [102] demonstrated that the addi-
tion of gum arabic with maltodextrin at the ratio of 1:1 and 
2:3 respectively manifolds the retention of various bioactive 
compounds and their activities post spray drying.GA and 
MD together promote faster evaporation and early crust for-
mation that results in higher nutritional retention. However, 
bioactive retention during storage is better in maltodextrin-
based powder due to a smoother surface (less wrinkled) [88]. 
Supplementation of MD with proteinous carrier agents such 
as WPC and SPI support the higher recovery of powder hav-
ing better morphology, nutritional profile, and rehydration 
properties. Li et al. [101] observed that a combination of 
MD, cyclodextrin, and GA can also facilitate higher micro-
encapsulation efficiency (> 85%) of shelf-stable powder. 
This combination also ensures bioactive retention during 

spray drying and storage. One of the studies demonstrated 
that maltodextrin along with gelatin (1–2%) can preserve 
the probiotic cells and phenolic content of probiotic passion 
fruit powder [98].

Many of the studies covered in this review demonstrate 
the application of innovative wall materials such as skimmed 
milk powder (SMP), WPC, SPI, resistant maltodextrin 
(RMD), kleptose, fructooligosaccharides, and resistant 
dextrin (RD) in fruit juice spray drying. Most of these inno-
vative wall materials have enhanced the physicochemical 
properties of powder thanmaltodextrin-based. In the study 
of Samborska et al. [88], SMP proves to be top-quality wall 
material for apple concentrate in terms of powder recovery, 
water activity, lower stickiness, total phenolic content, and 
antioxidant activity retention. However, other wall materials 
such as nutriose and kleptose were also better than malto-
dextrin for their higher Tg, powder recovery,and nutritional 
retention.A combination of WPC (< 15%) and pectin (5%) 
evaluated by Moghbeli et al. [92] in date fruit spray drying 
produced whiter powder with better morphological prop-
erties. Yusof et al. [94] produced shelf stable dragon fruit 
powder (moisture content < 2.5% and  aw < 0.2) with higher 
solubility (> 95%) by availing 20% RMD. Miravet et al. [52] 
compared the performance of resistant dextrin and fructo-
oligosaccharides with maltodextrin (DE 19&6) on pome-
granate concentrate spray drying. Fructo-oligosaccharide as 
a carrier agent failed to yield any powder. Resistant dextrin-
supported higher powder yield with better nutritional stor-
age stability, lower dissolution time, and higher bioactivity 
at the same concentration as maltodextrin samples [50].For 
fruits like pomegranate, ber, jamun, cranberries, sapota and 
dates 25% maltodextrin at 124 °C, 8–10% maltodextrin at 
160–190 °C, 10% maltodextrin at 185 °C, 15% gum arabic-
maltodextrin blend at 185 °C, 30% gum arabic at 140 °C, 
and 10–14% whey protein concentrate at 170 °C, respec-
tively are most suitable conditions for spray drying.

Conclusion and future perspectives

Spray drying is an economical and feasible technique to han-
dle the major problem of post-harvest losses of fresh pro-
duce. Stickiness is the major problem which can be handled 
by two approaches process and material based techniques. 
Encapsulation using drying aids which comes under mate-
rial-based approach is a reliable tool to overcome the prob-
lems of stickiness, hygroscopicity, and thermal degradation 
of heat-sensitive compounds. Encapsulation has a positive 
impact on the retention and storage stability of various bio-
active compounds (pigments, phenols, ascorbic acid, anti-
oxidants, etc.). Therefore, it can be stated that drying aids act 
as a protective shield for various sensitive and essential bio-
actives. Maltodextrin is one of the most commonly used wall 
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materials due to its higher powder recovery (> 85%). MD 
can be replaced with various innovative wall materials which 
are healthier and produce physico-chemically superior pow-
ders. Wall materials such as Resistant maltodextrin (soluble 
dietary fiber) and Resistant Dextrin (insoluble dietary fiber) 
are pre-biotic and known to improve gut health, lower serum 
lipid content, and have other functional attributes. Innova-
tive wall materials are added at a lower concentration and 
yield good quality powder at a lower temperature. Innovative 
and non-conventional wall material have a huge scope to be 
explored by the industries which will increase the profits 
and health of the consumers. However, the application of 
innovative material needs more detailed understanding of 
the fruit juice characteristics. Generally, the powder recov-
ery with innovative wall material is in the range of 65–90%. 
Dehumidification of air prior to spray drying is a promising 
solution to reduce wall material concentration and spray dry-
ing temperature. Lower values of feed flow rate have a posi-
tive influence on all physico-chemical characteristics of the 
spray-dried powders. Higher inlet air temperature, atomiza-
tion and carrier concentration positively affect the moisture 
content, solubility, particle size, glass transition temperature 
with increased powder recovery. Hence, it is essential to 
have a detailed understanding to control these parameters to 
obtain powders within acceptable quantity as well as quality 
both in terms of organoleptically and nutritional parameters. 
These fruit juice powders have numerous benefits over their 
liquid counterpart as they are having an extended shelf life, 
instant nature, reduced weight, and volume. In view of the 
above benefits fruit juice powders are a more convenient 
and readily available source of various bioactive compounds 
to the consumers with better shelf life and storability. This 
review will provide a detailed understanding to industries 
about the overall process of spray drying. It will provide 
insight to start-ups about sections that still need improve-
ment in the sector of fruit powders production. It will also 
provide a brief discussion about innovative wall materials 
and their effect on the powder properties. Industries will get 
a clear vision of how to enhance the nutritional profile of 
fruit juice powders without compromising on the economic 
aspects like product yield and quality. It will also generate 
consumers awareness regarding the current scenario of fruit 
powders production.
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