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Abstract: 
Fresh fermented milk products have a limited shelf life that can be extended by vacuum freeze-drying. Cryoprotectants are used 
to increase the survival of lactic acid microorganisms during freeze-drying. The most effective cryoprotectants are those of 
natural origin. Literature offers little information on the cryoprotective effects of fruit and vegetable purees. Therefore, we aimed 
to evaluate the effectiveness of fruit and vegetable purees in increasing the survival of lactic acid microorganisms during the 
freeze-drying and storage of fermented milk products. 
We studied bioyogurt samples containing pumpkin, fig, and banana purees. Rational modes of freezing and freeze-drying were 
established on the basis of thermal analysis. The cryoscopic temperature was determined by differential scanning calorimetry. 
The proportion of frozen moisture was calculated using the Nagaoka formula. Standard methods were employed to evaluate 
the sensory characteristics of bioyogurts and determine their protein, fat, and non-fat milk solids contents, as well as titratable 
acidity and microbiological indicators. 
The addition of pumpkin puree increased the cryoscopic temperature and reduced the freeze-drying stage and the total drying 
time by 13 h, depending on the amount of puree. However, the addition of sweet fig and banana purees decreased the cryoscopic 
temperature and increased the freeze-drying stage and the total drying time by 0.5–1.5 and 1.5–3 h, respectively. Based on the 
sensory evaluation of the freeze-dried bioyogurts, we selected the formulations with 15% of pumpkin and fig purees and 10% of 
banana puree. We found that the freeze-dried bioyogurts with puree had higher counts of lactic acid bacteria compared to the 
control. In the freeze-dried samples, the counts were higher at a storage temperature of 4 ± 2°С than at 20 ± 2°С. 
Pumpkin puree provided the best survival of lactic acid microorganisms during freeze-drying and storage.

Keywords: Bioyogurt, vacuum freeze-drying, cryoprotectants, pumpkin puree, fig puree, banana puree, cryoscopic temperature, 
proportion of frozen moisture, lactic acid microorganisms, shelf life

Please cite this article in press as: Krasnova IS, Ganina VI, Semenov GV. Fruit and vegetable purees as cryoprotectants for 
vacuum freeze-dried fermented milk products. Foods and Raw Materials. 2023;11(2):300–308. https://doi.org/10.21603/2308-
4057-2023-2-578

INTRODUCTION
Fermented milk products are widely used around 

the world due to their nutritional value and health 
benefits. These include yogurt, curdled milk, baked 
milk, kefir, cottage cheese, and other products. Their 
positive effect is associated with lactic acid and probio- 
tic microorganisms. These microorganisms normalize 
the gastrointestinal tract and the lipid profile, enhance 
immunity, treat allergies, prevent intestinal cancer, main- 
tain normal cholesterol levels, and have many other 
effects [1–5].

Lactic acid and probiotic bacteria cells in fresh 
fermented milk products gradually decrease in number, 
which has a negative effect on their quality. Vacuum 
freeze-drying is a promising way to preserve the quality 
of fermented milk products with a high content of viable 
cells of lactic acid microorganisms [6].

The freeze-drying technology expands the uses 
of fermented milk products. For example, freeze-
dried yoghurt or curdled milk can be used as instant 
foods, drinks or sauces, in ready-made cereals or  
in the confectionery and bakery products. Their redu- 
ced weight and volume account for lower packaging, 
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handling, and transportation costs. In addition, freeze-
dried products can be stored at ambient temperature for 
a long time. This is convenient for their transportation 
to the northern regions or to the affected regions during 
natural disasters [7–9].

Freeze-drying involves removing frozen moisture  
by the ice-vapor phase transition, which reduces damage 
to cellular structures [10]. Previous studies have shown 
that some strains of probiotic lactic acid microorga- 
nisms tolerate freeze-drying better than others. This is 
associated with their size and composition of the cell 
wall and membrane [10]. During heat treatment and 
storage of freeze-dried yogurt, the viability of probio- 
tic microorganisms can be affected by oxygen content, 
high temperature, low pH, water activity, and higher 
concentrations of solutes [11].

Using cryoprotectants is an efficient way to inc- 
rease the survival of microorganisms during free- 
zing or freeze-drying [12, 13]. Carbohydrates are known 
to have a protective effect on freezedried probiotics. 
They include trehalose, sucrose, lactose, fructooligosac- 
charides, galactooligosaccharides, and inulin [14–19].  
Some proteins and antioxidants can also have a protec- 
tive effect, including skim milk, soy protein, ascorbic 
acid, and L-cysteine [20]. Some salts, e.g., phosphates, 
can also act as cryoprotectants [21]. According to 
Shu et al., the best effect can be achieved by using a 
combination of several cryoprotectants [20].

In this regard, it is important to study the influence 
of natural fruit and vegetable purees on the viability  
of microorganisms in fermented milk products during 
freeze-drying and further storage. Fruit and vegetable 
purees contain mono- and disaccharides, dietary fiber, 
mineral salts, antioxidants, and other substances with 
cryoprotective properties. We aimed to evaluate the  
effectiveness of some vegetable and fruit purees as 
cryoprotectants during the freezing and vacuum freeze-
drying of bioyogurts. We also measured their effect 
on the viability of lactic acid, including probiotic, 
microorganisms during storage.

STUDY OBJECTS AND METHODS
We studied freshly prepared and freeze-dried bio- 

yogurts produced with starter cultures based on the 
following new strains of lactic acid bacteria with 
technological and functional properties: Streptococcus 
salivarius thermophilus (strain HST-20), Lactobacillus 
delbrueskii subsp. bulgaricus (strain HLB-8), and 
Lactobacillus acidophilus (strain HLA-41). Purees from 
pumpkin (a source of pectins), as well as figs and banana 
(sources of inulin), were used as cryoprotectants. The 
puree samples were purchased from OptTorg Company, 
Russia. Their chemical composition is shown in Table 1.

Bioyogurt preparation. Bioyogurts were produced 
from reconstituted whole milk powder using the tradi- 
tional yogurt technology. The test samples (with puree)  
were produced with the above-mentioned starter of  
new strains of lactic acid bacteria. The samples were ob- 
tained thermostatically by ripening at 37 ± 1°C. After 

reaching the required titratable acidity (88 ± 5°Т), they 
were cooled to 4 ± 2°С. The puree amounts were based 
on literature analysis, preliminary experiments, and 
mass fractions of solids in the final product. Each type 
of puree was added to the bioyogurt in the amount of 
10, 15, and 20% and mixed until a homogeneous consis- 
tency. 

The control bioyogurt was produced with a typical 
starter culture without adding fruit or vegetable purees.

The control and test bioyogurts were then analyzed 
for their physicochemical, microbiological, and sensory 
parameters. Next, we determined the cryoscopic tem- 
perature and plotted the dependence of frozen moisture 
on temperature.

Thermal analysis. Thermal analysis was used to 
study the behavior of the bioyogurts during freezing and 
to determine optimal freezing and drying temperatures. 
The cryoscopic temperature of the bioyogurts was de- 
termined by differential scanning calorimetry (DSC) 
from +12 to –50°C on a Q20 unit (TA Instruments, USA) 
at an Ar flow of 50 mL/min.

The proportion of frozen water was calculated using 
Raoult’s law to substantiate the Nagaoka formula, which 
describes the process of freezing water as:
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where ω is the proportion of frozen water; tкр is the 
cryoscopic temperature, t is the current temperature, °C; 
Ткр and Т are the cryoscopic and current temperatures, K.

Based on the results, graphs were plotted showing 
the relation between frozen moisture and decreasing 
temperature. These data can be used to decide on the 
modes and terms of product storage.

Freezing. The bioyogurt samples were frozen in a 
freezer at –40°С with intensive air circulation at about 
10 m/s to obtain a fine-grained structure. This mode 
is widely used in industrial freezers. Besides, 95% of 
moisture crystallizes at –40°С, which is sufficient for 
high-quality freeze-drying. Next, the trays with the 
frozen product were placed in an SVP-0.36 laboratory 
vacuum freeze-drying unit [22].

Table 1 Chemical composition of fruit purees under study

Indicator, % Pumpkin  
puree

Banana  
puree

Fig  
puree

Moisture 82.9 76.2 83.2
Protein 1.7 1.1 0.6
Fat 6.2 0.5 0.2
Carbohydrates, 
including:

7.8 21.4 14.4

– mono- and  
disaccharides

3.8 17.3 11.1

– dietary fiber 1.5 2.4 2.7
– starch 2.5 1.7 0.6
Minerals 1.0 0.6 1.0
Antioxidants 0.004 0.003 0.005
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Vacuum freeze-drying. Vacuum freeze-drying was 
carried out at the temperatures that ensured the removal 
of 85% of frozen moisture by the ice-vapor phase tran- 
sition. This proportion of frozen moisture was based 
on our previous experiments and the recommendations  
of domestic and foreign researchers [23, 24]. The choice 
of the freeze-drying temperature was based on the ther- 
mal DSC analysis. The final drying temperature was 
38–40°С. The total freeze-drying process lasted from  
9 to 14.5 h, depending on the sample. The freeze-drying 
was considered to be completed when the final mois- 
ture in the freeze-dried samples was under 4%. The final 
moisture was determined by five repetitions.

Bioyogurt quality indicators. The quality indi- 
cators of the freeze-dried bioyogurt samples were  
determined by standard physicochemical, microbio- 
logical, and sensory analyses according to State Stan- 
dard 3624-92 for titratable acidity, State Standard 3626-73  
for moisture, and State Standard 30305.4-95 for solu- 
bility. 

Storage of the samples. The freeze-dried bioyogurts 
were stored in vacuum light- and gas-tight packaging 
under two temperature conditions: at 4 ± 2°С in a ref- 
rigerator (control) and at 20 ± 2°С in a thermostat. The 
samples were stored for 12 months. 

Sensory evaluation. Freshly prepared and freeze-
dried bioyogurts were evaluated for color, taste, smell, 
consistency, texture, and general acceptance. Each in- 
dicator was evaluated on a five-point scale. The freeze-
dried bioyogurts were preliminarily rehydrated with 
water at room temperature to the initial liquid state, with 
the required mass fraction of solids. The control was a  
rehydrated freeze-dried bioyogurt produced with a 
typical starter without fruit or vegetable purees. 

The samples selected by the panelists were stored for 
further use.

Counting of lactic acid microorganisms. Counts 
of lactic acid microorganisms were determined in  
the bioyogurt samples before and after vacuum freeze-

drying, as well as during storage after 3, 6, 9, and 
12 months. This was done by their inoculation and 
cultivation in sterile skim milk, followed by the esti- 
mation of the most probable number of cells. The 
dishes were incubated anaerobically, while the cultures 
in sterile milk in the test tubes were incubated under 
aerobic conditions at 37°C for 5 days according to State 
Standard 33951.

RESULTS AND DISCUSSION
First, we performed thermal analysis to determine 

the cryoscopic temperature and the proportion of frozen 
moisture as the temperature decreased (Fig. 1).

As shown in Fig. 1, the addition of pumpkin puree in- 
creased the cryoscopic temperature, whereas the addi- 
tion of fig or banana puree decreased this indicator. 
This was due to a higher content of mono- and disaccha- 
rides in figs and bananas compared to pumpkin. Their 
presence in the product, with other parameters being 
equal, is known to lower the freezing temperature [25].

Based on the differential scanning calorimetry 
(DSC), we plotted the dependences of frozen mois- 
ture on freezing temperature for each type of bioyogurt  
(Figs. 2–4).

As can be seen in Fig. 2, 85% of moisture in the 
control bioyogurt (without puree) turned into ice  
at –16°С. In the samples with 10, 15, and 20% of pum- 
pkin puree, this proportion of frozen moisture formed  
at –14, –13, and –12°С, respectively.

As shown by Fig. 3, the addition of banana puree 
to bioyogurt decreased the proportion of frozen mois- 
ture at the same temperatures. Particularly, at –16°С,  
the control bioyogurt (without puree) had 85% of frozen 
moisture, while the sample with 10% of banana pu- 
ree, 83%. The required proportion of 85% formed at a 
lower temperature of –18°С. The samples with 15 and 
20% of banana puree had 85% of frozen moisture at –19  
and –20 °С, respectively.

Figure 1 Cryoscopic temperature of the bioyogurts with fruit purees

–1.0 –1.5         –2.0         –2.5       –3.0         –3.5–0.50

Control

Bioyogurt +10% pumpkin puree

Bioyogurt  + 20% pumpkin puree 

Bioyogurt  + 15% pumpkin puree

Bioyogurt  + 20% banana puree 

Bioyogurt  + 15% banana puree 

Bioyogurt  + 10% banana puree

Bioyogurt  + 20% fig puree 

Bioyogurt  + 15% fig puree 

Bioyogurt  + 10% fig puree

Cryoscopic temperature, °С
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The bioyogurts with fig puree showed the same 
trend as the samples with banana puree (Fig. 4). The 
temperature at which 85% of moisture turned into ice 
decreased to –16.5 and –17.5°С in the samples with 10 
and 20% of fig puree, respectively.

Based on the cryoscopic temperature and the 
proportion of frozen moisture, the bioyogurt samples 
were freeze-dried to 3.5–4.0% of moisture (Table 2). 

As we can see, the addition of 10% of pumpkin pu- 
ree only slightly changed the freeze-drying tempera- 
ture of the bioyogurt. Yet, larger amounts of 15 and 
20% increased the freeze-drying temperature by 3 and 
4°С, respectively. We also found that the total freeze-
drying time decreased from 12 h (control) to 11 and 
9 h (bioyogurts with 10 and 20% of pumpkin puree, 
respectively).

Adding 10% of banana puree hardly changed the 
freeze-drying temperature, decreasing it by only 2– 
3°С. Yet, larger amounts of 15 and 20% lowered 
the temperature to –19.0 ± 0.5 and –20.0 ± 0.5°С, 
respectively, and therefore increased the total drying 
time by 1.5–3 h. Similar data were obtained for the 
bioyogurts with fig puree. 

According to the results, introducing banana, fig, 
or pumpkin puree into the samples of bioyogurt did 
not lead to significant changes in the freeze-drying 
temperatures at which 85% of moisture was removed 
by the ice-vapor phase transition. This means that  
these products can be freeze-dried in the same machine 
with technical characteristics common for indust- 
rial machines. An increase in the freeze-drying time 
with a decrease in the freeze-drying temperature is a 
pattern that has been reported by other researchers as  
well [22, 26].

Next, we evaluated the quality indicators of rehyd- 
rated freeze-dried bioyogurts. Their physicochemical pa- 
rameters are shown in Fig. 5.

According to the physicochemical parameters, the 
addition of purees led to some changes in the chemical 
composition of the bioyogurts. In particular, all the test 
samples had a lower content of protein compared to 
the control. On average, it amounted to 5–10% in the 
samples with the minimum amount of puree (10%) and 
13–16% in the samples with the maximum amount of 
puree (20%).

The bioyogurts with banana and fig purees had a 
lower fat content of 2.6%, which is due to low fat in the 
purees. The opposite trend was observed in the samples 
with pumpkin puree. Since pumpkin puree contains 
more fat than the other purees, the samples with 10 and 
20% of pumpkin puree had a fat content of 3.5 and 3.8%, 
respectively.

The mass fraction of non-fat milk solids was within 
the normal range in all the samples. In particular, it was 
10.2–10.5% in the samples with pumpkin puree and 11.1–
11.4% in the samples with banana and fig purees.

All the test samples of freeze-dried bioyogurts had 
decreasing values of titratable acidity, which is due to 
the presence of various acids in the purees.

The physicochemical and microbiological parame- 
ters of all the samples were in line with the regulatory 
requirements for this type of product. For this reason, 
we proceeded with only sensory evaluation.

Figure 2 Frozen moisture in the bioyogurt with pumpkin 
puree in different amounts
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Figure 4 Frozen moisture in the bioyogurt with fig puree  
in different amounts
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Figure 3 Frozen moisture in the bioyogurt with banana puree 
in different amounts
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The results of the sensory evaluation of the rehydra- 
ted freeze-dried bioyogurts are presented in Figs. 6–8.

 The sensory evaluation of the bioyogurts showed 
that adding 10% of pumpkin or fig purees led to slight 
changes in sensory indicators. In particular, the pane- 
lists noted light color shades and weak aromatic notes 
characteristic of the added purees. Yet, the bioyogurts 
with 10% of banana puree acquired a pronounced 
banana taste and aroma.

Consistency was not affected by adding 10% of any 
of the studied purees.

Adding 15% of puree caused significant changes in  
the sensory characteristics of the bioyogurts. The sam- 
ples had a more pronounced smell, taste, and color cha- 
racteristic of the added purees. The panelists also noted 
a thicker consistency of these samples.

The bioyogurts with 20% of puree had almost no 
smell or taste of yogurt, acquiring the smell and taste 
of the added puree. These samples had the thickest con- 
sistency compared to the other bioyogurts.

Based on the sensory evaluation, we selected 
the bioyogurts with 15% of pumpkin and fig purees, 

Table 2 Modes of vacuum freeze-drying of bioyogurts with fruit purees

Bioyogurt Freeze-drying temperature, °С Final drying temperature, °С Average total freeze-drying time, h 
Control (without puree)  –16.0 ± 0.5 39.0 ± 0.5 12.0 ± 0.5
Pumpkin puree bioyogurt
10% –14.0 ± 0.5 39.0 ± 0.5 11.0 ± 0.5
15% –13.0 ± 0.5 39.0 ± 0.5 10.0 ± 0.5
20% –12.0 ± 0.5 39.0 ± 0.5 9.0 ± 0.5
Banana puree bioyogurt
10% –18.0 ± 0.5 39.0 ± 0.5 13.5 ± 1.0
15% –19.0 ± 0.5 39.0 ± 0.5 14.5 ± 0.5
20% –20.0 ± 0.5 39.0 ± 0.5 15.0 ± 0.5
Fig puree bioyogurt
10% –16.5 ± 0.5 39.0 ± 0.5 12.5 ± 0.5
15% –17.0 ± 0.5 39.0 ± 0.5 13.0 ± 1.0
20% –17.5 ± 0.5 39.0 ± 0.5 13.5 ± 1.0

Figure 5 Physicochemical parameters of rehydrated yogurts

1 – control (bioyogurt without puree), 2 – bioyogurt with 10% of pumpkin puree, 3 – bioyogurt with 15% of pumpkin puree, 4 – bioyogurt with 
20% of pumpkin puree, 5 – bioyogurt with 10% of banana puree, 6 – bioyogurt with 15% of banana puree, 7 – bioyogurt with 20% of banana 
puree, 8 – bioyogurt with 10% of fig puree, 9 – bioyogurt with 15% of fig puree, 10 – bioyogurt with 20% of fig puree

                                                    a                                                                                                               b

2.5

3.0

3.5

4.0

4.5

1 2 3 4 5 6 7 8 9 10

Fa
t, 

%

Образцы

3.0

3.3

3.6

3.9

1 2 3 4 5 6 7 8 9 10

Pr
ot

ei
n,

 %

Samples

3.0

3.3

3.6

3.9

1 2 3 4 5 6 7 8 9 10

Pr
ot

ei
n,

 %

Samples

                                                    c                                                                                                               d

9.5

10.0

10.5

11.0

11.5

12.0

1 2 3 4 5 6 7 8 9 10

N
on

-fa
t m

ilk
 so

lid
s, 

%

Образцы

70
75
80
85
90
95

100

1 2 3 4 5 6 7 8 9 10

Ti
tra

ta
bl

e 
ac

id
ity

, °
Т

Образцы

3.0

3.3

3.6

3.9

1 2 3 4 5 6 7 8 9 10

Pr
ot

ei
n,

 %

Samples

3.0

3.3

3.6

3.9

1 2 3 4 5 6 7 8 9 10

Pr
ot

ei
n,

 %

Samples



305

Krasnova I.S. et al. Foods and Raw Materials. 2023;11(2):300–308

as well as the bioyogurt with 10% of banana puree,  
for further research.

The count of lactic acid microorganisms is one of 
the regulated microbiological indicators of fermented 
milk products. The counts for the freshly prepared and 
rehydrated freeze-dried bioyogurts are presented in 
Table 3.

We found that all the rehydrated freeze-dried 
bioyogurts had slightly lower counts of lactic acid 
microorganisms than the freshly prepared samples. Ho- 
wever, their counts remained above the required level 
of at least 1.0×107 CFU in 1 g/cm3. Notably, the rehydra- 
ted bioyogurts with puree had a greater count of lactic  
acid microorganisms. This may be due to the presence of 
mono- and disaccharides, as well as soluble dietary fiber, 
in the puree.

Physically, purees contain substances that pe- 
netrate the cells and those that do not. There is a 

displacement hypothesis that explains the protective 
effect of penetrating cryoprotectants. According to 
this hypothesis, when ice crystals form in the object 
of freezing, cryoprotectants displace concentrations 
of inorganic ions (salt effect) from the hydration shell  
of proteins and from the membranes without di- 
rectly interacting with them. There is also a replace- 
ment hypothesis that claims that some penetrating 
cryoprotectants are able to replace water molecules as- 
sociated with the polar part of membrane phospho- 
lipids, thus preventing the salt effect. Non-penetrating 
cryoprotectants (e.g., sucrose, fructose, dextran, etc.) 

“colligatively” displace salts from near-membrane wa- 
ter layers. As a result, during ice formation, salts are 
concentrated outside the cells, which reduces their da- 
maging effect. Also, non-penetrating cryoprotectants en- 
hance the effect of penetrating cryoprotectants [13].

Our data were consistent with the results of other 
studies on the freeze-drying of yoghurts. For example, 
Venir et al. studied the freezing and freeze-drying of 
low-fat yogurt and yogurt with 10% of sucrose and 
10% of blueberries [27]. After freezing, the counts of 
lactobacilli and streptococci in these yoghurts decrea- 
sed by 0.7 and 1.7 log CFU/g, respectively, while after 
freeze-drying, by 1.5 and 2.3 log CFU/g, respectively. 
The authors suggested that the yogurt with sucrose and 
blueberries retained more viable microorganisms due  
to the cryoprotective effect of sucrose.

The selected test and control samples of freeze-dried 
bioyogurts were put into storage for 12 months at 4 ± 2 
and 20 ± 2°С. The results of studies during storage are 
presented in Figs. 9 and 10.

Figure 6 Sensory indicators of rehydrated freeze-dried 
bioyogurts with pumpkin puree in different amounts
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Table 3 Counts of lactic acid microorganisms in bioyogurts before and after freeze-drying

Samples Freshly prepared bio-yogurt  
before freeze-drying, CFU/g

Rehydrated bioyogurt  
after freeze-drying, CFU/g

Control (bioyogurt)  2.5×108 6.0×107

Bioyogurt with 15% of pumpkin puree 6.0×108 5.0×108

Bioyogurt with 10% of banana puree 2.5×108 2.0×108

Bioyogurt with 15% of fig puree 5.0×108 3.0×108
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Figure 8 Sensory indicators of rehydrated freeze-dried 
bioyogurts with fig puree in different amounts
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bioyogurts with banana puree in different amounts
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The numbers of cells of lactic acid microorganisms 
during storage indicate their high viability in freeze-
dried bioyogurts based on new starter cultures.

Their safety was found to be affected by the storage 
temperature and the type of puree used. 

After 12 months of storage at 4 ± 2 and 20 ± 2°С, 
the smallest count of lactic acid microorganisms was 
detected in the control sample. Throughout this period, 
the bioyogurts with puree had higher counts at both 
storage temperatures than the control. In addition, they 
met all the requirements established for bioyogurts.

All the samples of freeze-dried bioyogurts had a 
higher count of lactic acid microorganisms at a storage 
temperature of 4 ± 2°С. We found that pumpkin 
puree contributed to a better survival of lactic acid 
microorganisms during freeze-drying and storage at 
both temperatures compared to the fruit purees.

Our data were consistent with the results of stu- 
dies on freeze-drying and storage of fermented milk 
products supervised by Professor I.A. Radaeva at the 
All-Russian Research Institute of the Dairy Industry 
(VNIMI) in the 1970–1980s. In those studies, after 
15 months of storage at 4°C, the number of surviving 
lactic acid bacteria in sweet and fruit yogurt decrea- 
sed 10 times compared to freshly prepared yogurts. 
The shelf life of fruit yoghurts stored at 20°С was  
12 months and at 1–4°C, 18 months. Such a long shelf 
life made these products suitable for astronauts [28]. 
Some researchers noted slight changes in the number 
of viable Streptococcus thermophilus and Lactobacillus 
bulgaricus in dried yogurt stored under vacuum at 4°C 
or under nitrogen for 9 months [29].

Saarela et al. reported that freeze-dried microorga- 
nisms Lactobacillus and Bifidobacterium survived bet- 
ter at low temperatures than at room temperature [30].

Araújo et al. studied the protective effect of tropi- 
cal fruit by-products on Lactobacillus paracasei L-10, 
Lactobacillus casei L-26, and Lactobacillus acidophi- 
lus LA-05 during freeze-drying and storage [31]. They 
found that the by-products of acerola, cashew, and guava 
had a protective effect and increased the stability of 

probiotic lactobacilli during freeze-drying and during 
90 days of storage at 4.0 ± 0.5 and 25.0 ± 0.5°C. The 
authors attributed the protective effect to the contents of 
monosaccharides, phenolic compounds, and dietary fiber 
in the by-products.

Our study showed that pumpkin, fig, and banana 
purees have cryoprotective effects during freezing and  
freeze-drying of fermented milk products due to the  
presence of mono- and disaccharides, proteins, anti- 
oxidants, and dietary fiber in them.

CONCLUSION
Our study showed the effectiveness of introducing 

pumpkin, fig, and banana purees into bioyogurt as 
cryoprotectants during freeze-drying. These purees 
can also enrich bioyogurts with prebiotics (mono- and 
disaccharides, dietary fiber, and antioxidants) and in- 
crease the viability of lactic acid microorganisms. Mono- 
and disaccharides, minerals, and antioxidants contained 
in puree reduce the level of cryodamage of lactic acid 
microorganisms during freezing, contributing to their 
better survival and preservation after freezedrying.

The addition of puree to bioyogurts affects their 
thermophysical characteristics. We found that adding 
15% of pumpkin puree allows for raising the freeze-
drying temperature from –16 to –13°С, with all the  
other parameters being equal. This can decrease specific 
energy consumption during freeze-drying and reduce 
its time. All the studied bioyogurts with puree can be 
freeze-dried under vacuum using domestic industrial 
freeze-drying units.

Adding puree to bioyogurts can also significantly 
improve their sensory profile and expand the range 
of freeze-dried fermented milk products of this  
type.

CONTRIBUTION
I.S. Krasnova developed a general idea of using 

plant-based puree as a cryoprotectant during freezing 
and freeze-drying based on literature analysis, devised 
a plan of research, produced bioyogurt samples, 

Figure 9 The number of cells of lactic acid microorganisms  
in freeze-dried bioyogurts by stage of storage at 4 ± 2°С
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Figure 10 The number of cells of lactic acid microorganisms 
in freeze-dried bioyogurts by stage of storage at 20 ± 2°С
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evaluated their quality, analyzed the results, and for- 
mulated conclusions. V.I. Ganina developed research 
methodology, determined the counts of lactic acid 
microorganisms, analyzed the results, and formulated 
conclusions. G.V. Semenov performed thermal ana- 
lysis and summarized the data on thermal analysis, 

freezing, and vacuum freeze-drying, analyzed the 
results, and formulated conclusions.
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