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Powdered yoghurt produced by spray drying and freeze drying: a review
Iogurte em pó por atomização e liofilização: uma revisão

Abstract

Yoghurt is one of the dairy products most consumed worldwide but dehydrated yoghurt is still uncommon. Considered 
a nutritious food, yoghurt powder could be used as an ingredient or supplement in juices, cookies, ice cream and dairy 
beverages. Spray drying and freeze drying are the methods most widely used to dehydrate dairy products, and the process 
conditions are directly associated with the production costs and value of the final product. Due to osmotic and thermal stress 
during dehydration, it is often necessary to incorporate agents such as carriers, thermal protectants, cryo-protectants and 
stabilizers in order to improve the process yield, preserve nutrients and even facilitate rehydration of the product. Thus the 
present review presents the technologies available to obtain yoghurt powder, including the processes, drying agents, drying 
rates, rehydration conditions and survival of the lactic acid bacteria.

Keywords: Lactic acid bacteria; Conservation; Thermal protectants; Dehydration; Stability; Rehydration.

Resumo

O iogurte é um dos derivados lácteos mais consumidos no mundo. No entanto, o produto desidratado ainda é pouco 
comum. Alimento nutritivo, o iogurte em pó pode ser utilizado como ingrediente ou suplemento de sucos, biscoitos, sorvetes, 
doces e bebidas lácteas. O processo de secagem por spray driyng e a liofilização são os métodos mais utilizados para 
desidratação de lácteos. A definição do processo e suas condições está diretamente ligada aos custos de produção e à 
valorização do produto final. Devido ao estresse osmótico e térmico, muitas vezes durante a desidratação, faz-se necessária a 
incorporação de substâncias, como carreadores, termoprotetores, crioprotetores e estabilizantes, para melhorar o rendimento 
do processo, a preservação de nutrientes e até mesmo uma posterior reidratação do produto. Diante disto, esta revisão tem, 
como objetivo, apresentar as tecnologias disponíveis para a obtenção de iogurte em pó, descrevendo processos auxiliares 
de secagem, taxas e condições de sobrevivência das bactérias lácticas, além da reidratação.
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1 Introduction

Yoghurt is the most popular fermented milk product 
in the world, and its consumption has increased due to 
consumer concern about healthier foods. Although yoghurt 
is an alternative for milk preservation, its shelf life is still short 
when compared to other dairy products, such as some types 
of cheese, and its nutritional value also makes the product 
suitable for the development of some spoilage microorganisms. 

In this context, dehydration appears as a process for yoghurt 
preservation, and freeze drying and spray drying are the most 
recommended drying methods, mainly due to the maintenance 
of the sensory and nutritional characteristics of the foods 
(KOÇ et al., 2014; SAKIN-YILMAZER et al., 2014).

Freeze drying involves the sublimation of water from 
a frozen product under reduced pressure (vacuum) at a 



http://bjft.ital.sp.gov.br

2Braz. J. Food Technol., Campinas, v. 21, e2016127, 2018

Powdered yoghurt produced by spray drying and freeze drying: a review

Santos, G. et al.

temperature usually below -30 °C, resulting in a product 
with a moisture-free porous structure, capable of being 
reconstituted by the addition of water. Although the 
process maintains the sensory, biological and nutritional 
characteristics of the dried product close to those of the 
fresh product, the high operational costs are a major 
drawback of freeze drying, thus spray drying can be an 
alternative to freeze drying at a lower cost (MARQUES, 
2008; VELARDI; BARRESI, 2008; FU; CHEN, 2011).

Spray drying enables the transformation of fluid 
products into dried particles by way of a centrifugal or high 
pressure system, where the atomized droplets come into 
immediate contact with the hot air flow, leading to instant 
water evaporation and preventing the thermal effects that 
compromise the sensory and biological characteristics of 
the products (MEZHERICHER et al., 2010).

Spray drying and freeze drying can be used to obtain 
yoghurt powder, contributing to a greater preservation of 
the yoghurt, and facilitating its transportation and storage 
without the need for a refrigerated environment. Freeze drying 
has the advantage of preserving the yoghurt microflora, 
since the process is carried out at low temperatures 
(KUMAR; MISHRA, 2004b; CAPELA et al., 2006).

Yoghurt powder could be used as an ingredient or 
supplement in juices, biscuits, ice cream, candies and 
milk beverages, besides replacing milk powder in recipes, 
hence adding nutritional and functional values to these 
products (KUMAR; MISHRA, 2004b; TAMIME; ROBINSON, 
2007; ZUNGUR BASTIOĞLU et al., 2016).

Given the possible innovations in the development 
and applicability of new products, this study aims to carry 
out an upgrade of the drying technologies applied to 

yoghurt manufacture, including the quality parameters 
of the yoghurt powders and the effects of the drying 
processes on the lactic acid bacteria.

2 Drying process

In dairy manufacture, drying is usually associated 
with the maintenance of viable microorganisms, and 
various drying methods are used, such as fluidized bed, 
vacuum, convective drying, spouted bed and microwave 
processes. However, freeze drying and spray drying stand 
out as the most efficient methods, resulting in good-quality 
products (HAYALOGLU et al., 2007; OLIVEIRA et al., 2007). 
Table 1 shows the survival rate of the lactic acid bacteria 
in dried yoghurts.

2.1 Freeze drying

Freeze drying consists of a rapid freezing of the 
product, so that its nutritional and organoleptic characteristics 
are preserved. In the subsequent step, the frozen material 
is subjected to reduced pressure (vacuum) leading to 
sublimation of the frozen water, and the porous structure of 
the dried material facilitates rapid rehydration and retention 
of the flavour compounds. The freeze dried product can 
be consumed dry, rehydrated, or as ingredients in the 
formulation of other products (RATTI, 2001; BOSS et al., 
2004; MATA et al., 2005).

Sharma and Arora (1995) have reported that factors 
such as particle size of the product and pressure of the 
drying chamber can affect the drying rates of yoghurt 
powder, with the best drying rates observed for a particle 
size with a thickness of 6.2 mm and pressure of 0.1 mmHg.

Table 1. Survival rate of lactic acid bacteria in yoghurts subjected to drying processes.

Method Microorganisms After drying Authors

Spray drying
L. bulgaricus and 

S. thermophiles
~0.2% and ~10% Kearney et al. (2009)

Spray drying
L. bulgaricus and 

S. thermophilus
54.7% and 15.8% Bielecka and Majkowska (2000)

Spray drying
L. bulgaricus and 

S. thermophilus
reduction 102 CFU/g Koc et al. (2010)

Spray drying
L. bulgaricus and 

S. thermophilus
reduction ~3x102 log CFU/g Rascón-Díaz et al. (2012)

Freeze drying
L. bulgaricus and 

S. thermophilus
3x105 CFU/g and 7.6x108 CFU/g Rybka et al. (1997)

Freeze drying
L. bulgaricus and 

S. thermophilus
2.1x107 CFU/g and 1.3x107 CFU/g Bozoǧlu et al. (1987)

Freeze drying
L. bulgaricus and 

S. thermophilus
reduction 3x102 log CFU/g and 89 CFU/g Venir et al. (2007)

Freeze drying
L. bulgaricus and 

S. thermophilus
reduction 4x103 CFU/g and 9x103 CFU/g Kumar and Mishra (2004b)
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Venir et al. (2007) evaluated the freeze drying of 
low-fat yoghurt and full-fat yoghurt containing sucrose 
(10%) and blueberry (10%). After freeze drying of the full 
fat yoghurt, reductions in the lactobacilli and streptococci 
counts of 1.7 log CFU/g and 1.5 log CFU/g, respectively, 
were observed in the freezing stage, and of 2.5 log CFU/g 
and 1.9 log CFU/g during the drying stage, respectively. 
The samples containing sucrose and blueberry preserved 
the bacterial viability during the process, possibly due to 
a cryoprotective effect of the sucrose.

Sakin-Yilmazer  et  al. (2014a) investigated the 
freeze-drying of yoghurt containing nuts at concentrations 
of 5%, 10%, and 20% by weight, and concluded that, 
regardless of the presence of the nuts, the yoghurt 
could be satisfactorily freeze dried. However, neither the 
samples with no addition of nuts nor those containing 
5% nuts presented good rheological characteristics after 
reconstitution to the original moisture content, and only 
those formulated with 10% and 20% nuts maintained good 
characteristics.

Rybka and Kailasapathy (1997) found reductions of 
from 1.2x108 CFU/g to 3x105 CFU/g for L. delbrueckii subsp. 
Bulgaricus, and of 1.6x109 CFU/g to 7.6x108 CFU/g for 
S. thermophilus during the freeze drying of probiotic yoghurt, 
which demonstrates the greater sensitivity of the lactobacillus 
genus. Bozoǧlu et al. (1987) studied the survival kinetics of 
lactic acid bacteria in yoghurt during freeze drying, and found 
reductions of from 1.61 x 108 CFU/g to 9.21 x 104 CFU/g, and 
of 1.98 x109 CFU/g to 1.30 x 107 CFU/g for L. delbrueckii 
subsp. bulgaricus, and S. thermophilus, respectively.

Damage to biological systems during freeze-drying 
can be due to changes in the physical state of the lipid 
membrane and in the protein structure (LESLIE et al., 1995). 
Wang et al. (2005) observed a greater cryotolerance for 
Lactobacillus delbrueckii subsp. bulgaricus at -20 °C, 
when the cells were cultured at 30 ºC to 37 °C rather 
than at 42 °C, while De Urraza and De Antoni (1997) 
reported that L. bulgaricus cells pre-incubated at 30 ºC 
for 60 minutes, with a fermentable sugar, became more 
resistant to freezing at -20 °C, during 10 and 45 days of 
storage. The authors reported that this adaptation may be 
due to two combined physiological responses: a change 
in the membrane fatty acid composition affecting fluidity, 
and an increase in protein synthesis.

2.2 Spray drying

Spray drying is a technique commonly used in the 
food industry to improve product stability, in addition to 
obtaining specific properties, such as instant solubility 
(ROUSTAPOUR et al., 2009; PARAMITA et al., 2010). It is 
also considered the main technological drying process 
applied to dairy products due to low operational costs and 
high production rates (WIRJANTORO; PHIANMONGKHOL, 
2009; KOÇ et al., 2014). Spray dried yoghurt powder has 

medium values for protein (36.09%), lactose (44.78%) and 
moisture (5.08%), and a pH value of 5.39 (BIELECKA; 
MAJKOWSKA, 2000).

Many factors including the inlet and outlet temperatures, 
feed rate, nozzle pressure, material concentration and 
drying air velocity are involved in the viability of the 
cultures during spray drying, and inactivation is caused 
by the reduction in moisture content and exposure to high 
temperatures, causing damage to the DNA, RNA, proteins, 
lipids, membranes and ribosomes (FU; CHEN, 2011).

Wang  et  al. (2004) reported that the viability of 
the lactic acid bacteria decreased with increase in the 
outlet temperature of the spray drier. Fang et al. (2011) 
studied the effect of four spray drying temperatures 
(77 °C, 107 °C, 155 °C and 178 °C) on the functionality 
of milk proteins, and found that the higher temperatures 
compromised the protein functionality and solubility, and 
that the caseins were more susceptible than the whey 
proteins (LAM; NICKERSON, 2015; GUERIN et al., 2017).

Rascón-Díaz  et  al. (2012) studied the effect of 
hydrocolloids on the spray drying of yoghurt, and confirmed 
that these compounds preserved the acetaldehyde levels 
at 92.6%. Before spray drying, the Lactobacillus bulgaricus 
and Streptococcus thermophilus counts were 
1.01 x 106 CFU/g and 2.51 x 108 CFU/g, respectively, 
which changed to 2.7 x 106 CFU/g and 4.3 x 104 CFU/g 
after the process, and were still higher than the samples 
without hydrocolloids, thus demonstrating the protective 
effect of the gums. In addition, a significant improvement 
in the gel formed by the rehydrated product was observed.

A lower pressure of the evaporator nozzle during 
spray drying also contributed to survival of the lactic 
acid bacteria. Riveros et al. (2009) reported an increase 
in Lactobacillus acidophilus viability with a decrease 
in pressure from 100 kPa to 50 kPa, with counts of 
8.62 and 9.48 log CFU/g at 100 kPa and 50 kPa, respectively. 
Lievense and Van’t Riet (1994) reported an increase of 
0.8% and 1.5% in survival of Lactobacillus bulgaricus, when 
the spray pressure was reduced from 200 kPa to 100 kPa.

Several studies have been carried out on the 
maintenance of lactic acid bacteria at acceptable levels 
during the spray drying of dairy products, especially of 
yoghurt.

Kearney  et  al. (2009) assessed the viability of 
Lactobacillus paracasei NFBC 338 in yoghurt subjected to 
spray drying with an inlet temperature of 170 ºC ± 2 °C and 
outlet temperature of 80 ºC to 85 °C, and found probiotic counts 
of 3.4 x108, 1.2 x108 and 4.0 x105 CFU / g for the probiotic 
bacterium, Streptococcus thermophilus and Lactobacillus 
bulgaricus, respectively, after drying. After 42 days of storage 
of the yoghurt powder at 4 ºC and 15 °C, the Lactobacillus 
paracasei NFBC 338 and Streptococcus thermophilus 
counts remained above 107 CFU/g. Wirjantoro and 
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Phianmongkhol (2009) investigated the survival of the 
probiotic cultures L. acidophilus and B. bifidum in yoghurt 
powder obtained by spray drying. The authors used an air 
inlet temperature of 180 ºC ± 2 °C and outlet temperature of 
80 ºC ± 2 °C in their experiments. After drying, the survival 
rates were 47.43% and 47.75% for L. acidophilus and 
B. bifidum, respectively. After four weeks of storage, the 
L. acidophilus survival rate remained at 70%, which was 
not observed for B. bifidum. The authors concluded that 
yoghurt powder could be an alternative for the delivery 
of probiotic microorganisms.

Koc et al. (2010) assessed the best spray drying 
conditions to obtain yoghurt powder by varying the air 
inlet temperature (150 ºC to 180 °C), and obtained better 
powders in terms of cell viability and less physicochemical 
change during storage with an air inlet temperature of 
171 °C, outlet temperature of 60.5 °C and feed temperature 
of 15 °C. Bielecka and Majkowska (2000) varied the air outlet 
temperature (60 ºC to 80 °C), and found that this temperature 
affected bacterial viability, and the highest survival rate was 
observed with outlet temperatures between 60 ºC and 65 °C. 
However, this temperature range resulted in powders with 
high moisture contents (10.2%), affecting the texture of 
the final product. Spray dried powders produced at an 
outlet temperature of 80 °C presented significantly lower 
bacterial counts and lower moisture contents (4.4%). 
Thus, the optimal temperature range for satisfactory survival 
rates was 70 ºC to 75 °C (L. delbrueckii subsp bulgaricus 
13.7% to 15.8%; S. thermophilus 51.6% to 54.7%), and 
moisture contents from 5.1% to 6.3%.

To attenuate the effect of exposure to high 
temperatures during drying on the lactic acid bacteria, 
some authors have suggested the use of combined 
drying methods such as spray drying - vacuum drying, 
or spray drying - fluidized bed drying. The product is 
first subjected to spray drying, during which most of the 
water is eliminated and small particles are formed, and 
drying then completed using a fluidized bed system at a 
mild temperature, causing agglomeration of the particles, 
which facilitates rehydration, thus obtaining a higher quality 
product (KUMAR; MISHRA, 2004a ).

2.3 Auxiliary drying

Protective agents can be used during microbial 
growth, before freezing and drying. Although the type of 
protection is largely dependent on the microorganism, 
there are some protectors that seem to work well with 
many species (HUBÁLEK, 2003).

The auxiliary drying agents include carbohydrates 
(maltodextrin, dextrin, starch, cellulose, sucrose, trehalose, 
maltose), hydrocolloids (xanthan, guar and acacia), 
proteins (gluten, casein, gelatine and albumin), polyhydric 
alcohols (sorbitol, mannitol), associated with anti-wetting 

agents (phosphates, silicates, silicon dioxide and calcium 
salts) used for moisture absorption. These compounds 
assist in the drying process, increasing the drying rate or 
preserving the sensory and microbiological characteristics 
of the food (SANTIVARANGKNA et al., 2008; JAYA; DAS, 
2009; SUNNY-ROBERTS; KNORR, 2009; BARBOSA, 2010; 
JULIANO; BARBOSA-CÁNOVAS, 2010; MESTRY et al., 2011).

Furthermore, these agents can react with cellular 
structures and stabilize the microbial cells during drying 
and rehydration, besides acting as a physical barrier 
alleviating thermal and osmotic stress (FU; CHEN, 2011). 
According to Chávez and Ledeboer (2007), sugars, in 
particular disaccharides, may replace water molecules and 
preserve membrane structures during the osmotic stress 
caused by dehydration. Their accumulation within the cell 
balances the osmotic difference between the inside and 
outside of the cell membrane, and also slowing protein 
denaturation. Thus a combination of different protective 
agents may be used to enhance bacterial survival during 
spray drying (DESMOND et al., 2001).

Auxiliary drying also contributes to the retention 
of aromatic compounds during processing and storage. 
It has been reported that most of the aroma compounds 
and rheological characteristics are lost during spray 
drying. It is known that complex morphological changes 
(size, shape and appearance) may occur during the 
process and that the retention and protection of volatile 
compounds are related to the porosity and integrity of 
the microcapsules (PEREZ et al., 1997). The addition of 
hydrocolloids (carrageenan, xanthan, gellan) improves 
the retention of the volatiles as well as the solubility and 
dispersibility of the spray dried yoghurt during rehydration 
(RAMIREZ et al., 2002).

Kumar and Mishra (2005) reported that the addition 
of stabilizers such as pectin, gelatine and sodium alginate 
reduced the drying time by 15% due to an increase in the 
effective moisture diffusivity, and also increased powder 
dispersibility. The addition of gelatine provided higher 
bacterial survival rates during drying, with mean lactic 
acid bacterial counts of (3.8x107 CFU/g), whilst the control 
sample showed a count of (3.4x107 CFU/g). There was also 
a greater retention of acetaldehyde but colour degradation 
was observed in the samples containing stabilizers.

Lian et al. (2002) investigated the survival rate of 
Bifidobacterium cultures subjected to spray drying, and 
found that the use of 10% (w/w) gelatine, gum Arabic or 
soluble starch led to higher survival rates. Ananta et al. 
(2005) used 20% (w/w) reconstituted skim milk powder 
(RSMP) in the spray drying of Lactobacillus rhamnosus GG 
and proved that the RSMP led to a microbial survival rate of 
60% at an air outlet temperature of 80 °C. These compounds 
form microcapsules which assist in preserving the bacteria 
during drying.
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3 Packaging and stability of dehydrated 
yoghurts

During storage of the yoghurt powder, the oxygen 
content, temperature, pH, water activity and high solute 
concentrations can affect the viability of the microorganisms 
(CARVALHO  et  al., 2004). Various studies have shown 
that temperature is an important parameter for bacterial 
survival during storage. As expected, the stability of 
the spray dried samples decreased during storage, 
and low storage temperatures can contribute to higher 
survival rates (DESMOND et al., 2001; SILVA et al., 2002; 
BOZA et al., 2004; CORCORAN et al., 2004).

Rybka and Kailasapathy (1995) studied the effect of 
freeze drying on probiotic yoghurt, and concluded that the 
probiotic microorganisms in the freeze dried yoghurt were 
viable for 2 months of storage at room temperature, with 
values of 3x108 CFU/g for S. thermophillus and 4x105 CFU/g 
for L. delbrueckii subsp. bulgaricus. Capela et al. (2006) 
found that although viable numbers of microorganisms were 
observed in the freeze dried yoghurt for up to 1 month of 
storage at 37 °C, the bacterial cells remained viable for 
6 months when the yoghurt was stored at 4 °C.

Proper packaging is another important factor for 
maintaining bacterial viability after drying processes. 
Packaging under vacuum or nitrogen replacement is suitable 
for storing anaerobic probiotics such as Bifidobacteria 
(CHÁVEZ; LEDEBOER, 2007).

Kumar and Mishra (2004a) investigated vacuum 
sealed yoghurt stored at 38 °C and 90% RH. The shelf 
life was estimated at 45 and 54 days for high density 
polypropylene (HDPP) and aluminium laminated polyethylene 
(ALP) packaging, respectively. The authors used the 
parameter of moisture to calculate the product shelf life, 
and concluded that moisture levels from 6.8% to 7.2% were 
decisive for product quality, since higher values led to 
particle agglomeration. In addition, it is worth mentioning 
that darkening is common under inadequate storage 
conditions, with the development of off-tastes due to 
the formation of insoluble compounds from the Maillard 
reaction (ZARE et al., 2011).

Wang et al. (2004) analysed soy yoghurt powder stored 
in glass, polyethylene terephthalate (PET) and laminated 
packages at 4 °C. The results showed that the laminated 
packaging preserved the product best after 4 months of 
storage, with 57.7% and 29.5% bacterial survival in the 
freeze dried and spray dried samples, respectively.

The water content is another important parameter 
for the stability of yoghurt powder, and can be affected by 
the type of packaging, composition of the medium, storage 
atmosphere and bacterial species (WANG et al., 2004; 
SANTIVARANGKNA et al., 2008). To allow for long-term 
storage, dehydrated foods must have a water activity and 

moisture content of ~ 0.3 and ~ 5%, respectively (CHÁVEZ; 
LEDEBOER, 2007).

Kearney et al. (2009) found water activity values 
of from 0.21 to 032 in probiotic yoghurt powders. 
According to Passot  et  al. (2012), the optimal water 
activity and moisture levels may vary from 0.1 to 0.24 and 
from 2.5% to 3.7%, respectively, for Lb. bulgaricus CFL1 
freeze dried in a sucrose matrix.

4 Rehydration

Four properties are fundamental for a successful 
reconstitution of dairy powder products, including wettability, 
immersibility, dispersibility and solubility. The wettability 
of particles is essential to control the hydration rate, and 
various studies have focused on this subject. It was found 
that rapid drying provided an increase in the number of 
pores, reducing the contact angle between the surface of 
the powder and the rehydration medium, thus facilitating 
rehydration. Agglomeration and the addition of emulsifiers 
can also contribute to processing efficiency, especially when 
the powder is rich in lipids and the rehydration medium 
is hydrophilic (FREUDIG et al., 1999; KIM et al., 2002).

Rehydration is also a key point to ensure the viability 
of lactic acid bacteria in fermented powders. Several 
factors, including the solution used for rehydration, time, 
temperature and hydration rate are decisive for an increase 
in bacterial survival rates (MASTERS; HANDBOOK, 1990; 
SILVA; MEDEIROS, 2003).

Various media can be used for rehydration, such 
as skim milk, sucrose solution, phosphate buffer, sodium 
glutamate and water (COSTA et al., 2000). Abadias et al. 
(2001) suggested that the medium used before drying 
should also be used for rehydration, softening the osmotic 
shock and increasing cell regeneration.

The temperature of the rehydration medium may also 
affect cell recovery after drying. An increase in temperature 
between 4 ºC and 50 °C linearly increased the viability of 
L. bulgaricus (TEIXEIRA et al., 1995). Similar results were 
found by (WANG et al., 2004) with S. thermophilus and 
B. longum subjected to spray drying.

The rehydration time is also an important factor, 
since studies have shown that rapid (2 minutes) or slow 
(30 min) rehydration can affect the viability of L. bulgaricus. 
Slow rehydration (immersion) led to higher cell viability, 
possibly because the immersion method restricts osmotic 
shock (TEIXEIRA et al., 1995).

Rybka and Kailasapathy (1997) and Venir  et  al. 
(2007) found a loss of consistency of the reconstituted 
freeze-dried yoghurt, indicating an irreversible weakening of 
the gel network structure, probably due to the mechanical 
energy required to incorporate water for rehydration. 
Venir  et  al. (2007) investigated water reduction in the 
rehydration process as a way of compensating the lower 
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mechanical strength. The samples had 100%, 70%, and 
60% of the initial water content, which corresponded 
to 11%, 15% and 17% solids, respectively. The results 
showed that the product rehydrated with 70% of the 
initial water had the best rheological characteristics. 
However, considering a possible marketing of the product, 
the water content depends on consumer acceptance.

As reported by Sakin-Yilmazer et al. (2014b), the 
dried yoghurt after reconstitution requires rheological 
behaviour comparable to yhat of fresh yoghurt, since the 
rheological and structural properties are closely related to 
the sensory quality criteria, such as softness and firmness in 
the mouth and on the spoon, which directly affect consumer 
acceptance. The authors rehydrated yoghurt powder to 
obtain different solids contents in the final product, and 
concluded that the product with 30% solids had rheological 
characteristics closer to those of the traditional product 
containing 14% solids.

5 Conclusion

Freeze drying and spray drying can be used to 
obtain yoghurt powder with appreciable nutritional and 
sensory characteristics. Previous studies on yoghurt drying 
focused on the preservation of lactic acid bacteria, and 
Lactobacillus bulgaricus was more susceptible to the 
osmotic stress caused by dehydration than Streptococcus 
thermophilus. Although freeze drying preserves the 
microbiological and sensory characteristics of yoghurt 
when compared to spray drying, promising results have 
been found for spray drying. Some aspects such as 
drying kinetics, rehydration, and changes during storage 
(temperature, atmospheric conditions, sensory loss, and 
bacterial viability) need to be further studied to obtain the 
most suitable conditions for the production and marketing 
of yoghurt powder.
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