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in the food industry in the world [2]. Preservative agents are 
included in dough, generally synthetic, whose use is sought 
to be reduced or eliminated, as clean labels have surged as 
a global concern [3]. On the other hand, baked products are 
known for their characteristic texture, which can be hard 
for products such as cookies, soft and crunchy for bread, 
or with greater volume and laminated such as puff pastries, 
according to the manufacturing process of each one [3].

Within the conservation of bakery dough, it is known 
that freezing temperatures help preserve the product for lon-
ger periods, ensuring a long shelf life. One of the critical 
points that must be controlled is the temperature fluctuation 
because storage cause increased rates of quality deteriora-
tion particularly due to changes in the structure of ice crys-
tals and recrystallization. Moreover, there can be increased 
moisture loss leading to a reduction of quality and acceler-
ated loss of acceptance by the final consumer [4]. Moisture 
is involved in the aging process of the food since the avail-
ability of water can migrate and cause dehydration of the 
gluten and starch network, which is responsible for develop-
ing the final structure [5].

Introduction

Baked goods made from grains have been an important 
source of food for humans. For example, the consumption of 
bread has been increasing over time, making it a basic food 
in the diet. Only for the year 2021, this industry has accumu-
lated about $117.65 billion in revenue globally [1]. There-
fore, this sector can be considered one of the most important 
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Abstract
Dough is the first step to create baked goods that are known for their variety of presentations, textures, and flavors, divided 
into different groups such as bread, cakes, cookies, pizza, and puff pastries, among others. These products are mainly made 
from cereals or cereal-based flours. Particularly, starch and gluten from wheat help develop the characteristic textures of 
these products. Since the ingredients used to make these products are susceptible to damage during storage, alternatives 
such as freezing have been sought. However, storage at temperatures below the freezing point of water often affects the 
sensory quality of the final product, especially by minimizing the development of the texture after baking, resulting in a 
food with a limited volume because of the reduction of the number of viable yeast cells, or by the presence of overlap-
ping layers which do not develop in the baking stage of the puff pastry because of fat syneresis. To mitigate the negative 
effects of low temperatures, the application of cryoprotectants has been investigated in the industry to improve the quality 
of frozen dough. In consequence, this review analyzes the relevant advances for the frozen storage of dough for baked 
products based on the use of additives such as cryoprotectants and the scientific evidence available to date to indicate 
the perspectives toward improving dough in aspects related to the development of sensory attributes, their technological 
feasibility, and shelf life.
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In addition, dough can present damage to their struc-
ture and final quality since the storage time and tempera-
ture can generate mechanical damage due to the formation 
of ice crystals [6]. The freezing process for bakery dough 
begins when the food is exposed to low temperatures, usu-
ally below − 18 °C, and depends on the rate of formation 
of ice crystals; if small size crystals are formed, the integ-
rity of the cell wall is not affected due to a growth in an 
orderly manner, on the contrary, large size crystals grow in 
a disorderly manner damaging the structure of the product. 
Besides, when obtaining a frozen dough, the water absorp-
tion index of wheat flour starch should be considered since 
this determines its capacity to retain water and the effect on 
the texture of the matrix [7].

To mitigate the effects linked to storage at low temper-
atures, various types of cryoprotectants have been found, 
aimed at protecting the viability of yeast cells and the struc-
ture of the baked product, creating a synergy between the 
cell wall and the cryoprotectant molecule. Some of the 
additives used in the industry are DATEM (Diacetyl Tar-
taric Acid Esters of Mono and Diglycerides) and CSL (Cal-
cium stearyl lactate), which have a multiple mode of action 
related to (i) the delay of starch retrogradation caused by the 
effect of freezing, and (ii) an inhibition of moisture migra-
tion from dough network to exterior which helps decrease 
water absorption by the interaction between starch and lipid 
to reduce surface tension in gas bubbles. Likewise, appli-
cations of hydrocolloids, proteins, nucleating agents, and 
enzymes can be found on the market to preserve the integ-
rity of dough network, control the rheology of the dough, 
and protect the cells during freezing. Some applications of 
natural additives are known in the baking industry, specifi-
cally glycerol, proline, and trehalose molecules in kneaded 
and baked products are reported [8, 9].

Considering the above, the objective of this review is 
to discuss the application of cryoprotection additives in 
kneaded products in the industry and the perspectives on 
this technology. This article is arranged as follows: initially, 
the characteristics and types of baked products will be pre-
sented, followed by an explanation of the freezing process 
and frozen dough. Subsequently, the use of cryoprotective 
additives used in frozen dough for baked products will be 
analyzed, and finally, some conclusions and future perspec-
tives will be established. This technology is expected to 
have great potential to improve the losses generated in the 
product manufacturing process.

Freezing

Freezing is considered an ancient preservation method 
in the food industry. This process occurs when the food 
matrix is ​​exposed to a temperature below the freezing point 
of water. This favors a significant decrease in the rate of 
microbial growth that induces food deterioration and affects 
its organoleptic quality. Additionally, this decrease in tem-
perature reduces the enzymatic and oxidative activity of the 
dough due to the formation of ice crystals, which modifies 
the availability of water present in the product and prevents 
it from interfering with the deterioration reaction [10]. A 
reduction in the final texture can occur in the process of ice 
crystal formation. In addition, some storage conditions must 
be controlled such as exposure time and freezing rate. For 
instance, quick freezing is characterized by the development 
of small ice crystals in the food matrix and a freezing time of 
four to six hours. On the other hand, slow freezing is charac-
terized by the development of large and heterogeneous ice 
crystals, which can damage the matrix and its freezing time 
can be up to 24 h. Based on the previous information, quick 
freezing is a technique that promotes the formation of small 
crystals within the product’s structure, resulting in minimal 
mechanical damage. As a result, it is widely considered the 
most recommended process for the food industry. On the 
other hand, in slow freezing, the crystals that are formed 
may cause ruptures in the cell walls of the product, leading 
to a loss in food quality. This is because ice growth occurs 
in a disorderly manner, resulting in the formation of large 
crystals [10, 11]. Also, the gassing power in frozen dough 
is dependent on various factors, including the number of 
yeast cells and their activity prior to storage, as well as the 
level of fermentable sugar present. When the dough is fro-
zen and thawed, there can be a loss of fermentative activity, 
but a higher population of microorganisms can compensate 
for this loss during the fermentation cycle. Therefore, it is 
important to consider these factors when freezing dough to 
ensure optimal fermentation and gassing power [12].

According to [11] the freezing process in foods is devel-
oped in several stages: pre-cooling, nucleation, and temper-
ing. The pre-cooling stage starts from the initial temperature 
of the food, which is gradually reduced until it reaches the 
freezing point to continue decreasing, but without produc-
ing physical changes in the matrix. Then, nucleation starts, 
where the food matrix spontaneously forms ice nuclei in its 
structure with the available water and causes the tempera-
ture to rise and reach its stable freezing point. Finally, in 
tempering, the matrix manages to stabilize in the time/rate 
of freezing and storage until reaching the final established 
temperature.

In the bakery industry, the procedure to obtain frozen 
dough involves kneading the ingredients, as reflected in the 
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standardization of the production process of fresh products 
and then portions are formed according to the established 
requirements. Then, the dough is exposed to low tempera-
tures in a freezing system until the center reaches an internal 
temperature of -18 °C and, by the exchange of specific heat 
of the matrix, completes its frozen state. For bakery products 
that require proofing of the dough, it is possible to modify at 
which point in the process the product should be frozen, for 
example, after the kneading stage, after proofing the dough 
or the partially baked product, also, the formation of intra-
cellular ice alters the structure and can present consequently 
a limitation in the survival of the yeast [6, 13, 14], evaluated 
the use of sourdough in frozen bread dough technology with 
the inclusion of fructose and glucose, cryoprotectants such 
as guar gum, DATEM, honey, and a cryoprotective solution 
based on skimmed milk, sucrose, and trehalose. The results 
obtained showed that the control treatment had the best per-
formance in terms of dough quality. After 50 days of frozen 
storage, the fermentation time needed by the doughs after 
the thawing cycle was 14 h at a temperature of 4 °C. Fur-
thermore, it is crucial to establish the time-temperature con-
ditions for freezing the dough at the lowest possible level. 
This is to prevent vapor condensation on the cold surface of 
the dough, which could affect the quality of the bread dur-
ing the baking process. Additionally, proper freezing condi-
tions will ensure that the bread is evenly baked, preventing 
scenarios where the surface of the bread is overcooked 
while the center remains undercooked [6]. The best yield 
was obtained when a cryoprotective solution (skim milk and 
sucrose) with a concentration of 4% trehalose was used to 
preserve yeast cells. On the other hand, the characterization 
of bread indicated that the control treatment with 30% sour-
dough, frozen and without additives, presented the highest 
hardness value due to the lack of presence of cryoprotec-
tants additives, while the bread frozen with the addition of 
honey presented 60% less hardness than control.

Additionally, [15] studied the effect of pectin as a cryo-
protectant in bread dough. For the development of the study, 
they carried out a bread dough control and three treatments 
using different cryoprotectants for each case: pectin, sor-
bitol, and fructose at a fixed concentration of 1.5%. Then, 
the samples were stored at -24 °C for a month and thawed 
by two methods, traditional for two hours at room tem-
perature and by microwave for 30 min. Finally, the pieces 
were baked at 220 °C for 15 min. According to the results 
obtained, the best method to carry out the defrosting cycle 
was in a microwave, which reduced the defrosting time by 
75%. In addition, the yeast in the dough containing pectin 
showed a survival of 98% meanwhile the control had 80%. 
It can be concluded that the function of pectin as a cryopro-
tectant for bread dough stored at freezing temperature by 
the slow method, ensured the protection of the gluten-starch 

network and yeast cells, which translates into obtaining a 
better texture in the final product. Similar results can be seen 
in the study conducted by [16] on the effects of freezing rate 
and firmness by analyzing yeast viability and thermal prop-
erties of frozen croissant dough, where the optimal freezing 
rate was 3.19 °C per minute and the initial temperature of 
the piece to start the freezing process was 20 °C.

Consequently, it is considered freezing is a determining 
factor to control the size of the crystals since it affects the 
viability of the yeast, the specific volume, and the firmness 
of the final product. For example, when the dough is frozen, 
the rate at which the process will be carried out must be 
considered. If it is slow, the ice crystals formed in the matrix 
will be of irregular size and shape, affecting the integrity of 
the cells and causing a possible migration of moisture in 
the thawing cycle. In addition, the temperature fluctuation 
during storage can lead to an increase in ice crystal size, 
generating irreversible damage to yeast [17]. Therefore, to 
obtain a good quality baked product, quick-freezing must be 
done to maintain the intracellular water of the yeast above 
the crystallization point.

The effects of frozen storage on the structure of the 
dough and the quality of the final product are evaluated 
from physicochemical and textural properties. Besides, the 
industry tends to improve quality by avoiding secondary 
effects on the organoleptic properties after baking. Among 
the possible changes that can occur in the food are related 
to fermentation, as well as derived from gluten and starch 
structure stability.

Effects of Freezing on Fermentation

In general, baker’s yeast, Saccharomyces cerevisiae, is the 
main starter for frozen dough [18]. In the process of dough 
making, there are changes in the production of carbon diox-
ide (CO2) which determine the final volume of the baked 
product.

In addition, the result in the final product depends on the 
fermentation potential of the yeast chosen for the process, 
the number of viable cells, and their ability to adapt to freez-
ing temperatures, which in turn is determined on the type of 
strain and physiological state. Likewise, several factors help 
maintain or improve the matrix so that the yeast adapts to 
the freezing conditions, such as the temperature during the 
preparation of the dough, the rate of freezing of the matrix, 
the osmotic pressure during the concentration of solutes in 
storage, the presence or absence of ice crystallization inhibi-
tors for yeast protection and the availability of fermentable 
sugars [8]. The tolerance of yeast to low temperatures is 
very limited since it is likely that subjecting the dough to 
freezing temperatures is more harmful than freezing the 
yeast directly, this is because the viable cells would suffer 
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phase increases the fluidity of the water which correlates 
with the decrease in the rate of water absorption of the pro-
teins. The cycles that occur in freezing storage and thawing 
can accelerate the breakdown of the gluten network cross-
linking, weakening the cell wall, which interferes with the 
quality of the product [23].

Additionally, [24] evaluated the effect of freezing rate 
and frozen storage on the rheological properties and pro-
tein structure of unfermented doughs. The results showed 
that a faster freezing rate had a positive effect on the water 
retention, elasticity, and hardness of the dough. However, 
a slower freezing rate produced more extensible doughs. 
Regarding frozen storage, it was observed that the stability 
of the protein structure decreased after four weeks of stor-
age, which led to a reduction in the elasticity and strength 
of the dough.

Overall, the study suggests that freezing rate and frozen 
storage can have significant effects on the rheological prop-
erties and protein structure of unfermented doughs. These 
results can be useful to improve the quality of bakery prod-
ucts that are stored frozen and [25] investigated the effect of 
different frozen storage conditions on the functional prop-
erties of wheat gluten protein in unfermented dough. The 
results showed that freezing at -18 °C for 60 days and freez-
ing at -80 °C for 30 days significantly affected gluten pro-
tein solubility, water-holding capacity, and dough elasticity. 
In addition, frozen storage also affected the gluten protein 
structure, leading to a decrease in free amino acid content 
and an increase in oxidized amino acid content. Overall, 
the results indicate that frozen storage conditions can sig-
nificantly affect the functional properties of the gluten pro-
tein, which can have a negative impact on the quality of the 
dough and the resulting bakery products.

Moreover, [26] evaluated the effect of freezing rate and 
storage time on the solubility of gluten proteins. Accord-
ing to the results obtained, the content of insoluble poly-
meric protein in the mass decreased significantly, reporting 
7.46% in slow freezing rate, while in fast freezing it 
decreased by 3.73%, indicating a weakening of the gluten 
network throughout the storage time. Also, they observed 
a gradual increase in the proportion of soluble polymeric 
protein in slow freezing. In addition, the proportion of glia-
dins increased significantly after 14 days of storage in the 
slow freezing process, showing that the presence of protein 
peptides separated by the effect of freezing is derived from 
the decomposition of glutenins, which means that there was 
a deterioration in the protein polymer and, consequently, a 
weakening in the network of gluten.

Also, [27] studied the structure of frozen sweet dough at 
-20 °C, -30 °C, and − 40 °C and were evaluated for struc-
tural and rheologic properties by Fourier transform infrared 
(FTIR), rheologic measurements, and differential scanning 

direct stress due to the freezing and thawing cycles, changes 
in osmotic pressure and oxidative stress [19]. In addition, 
the retention capacity of carbon dioxide (CO2) produced by 
the yeast depends on the stability of the bubble walls and 
the interaction between gluten, starch, and water. Consider-
ing the above, the gas bubbles generated in the fermentation 
before freezing tend to let the gas produced escape, and con-
sequently the volume of the bread decreases during baking 
[8, 20].

The protein and the cell membrane suffer damage under 
stress conditions, which leads to the inhibition of cell growth 
and, therefore, its fermentation viability [21, 22] evaluated 
two types of bread dough, one with the addition of single 
yeast and the other with double yeast. To determine the 
quality of the product, they evaluated the gassing power and 
the volume of the dough during fermentation. The results 
obtained showed that the longer the storage time, the greater 
the decrease in the quality of the frozen dough. During the 
frozen storage period, the yeast cells may be damaged by the 
mechanical effects caused by the formation of ice crystals 
in the dough. This can result in the release of glutathione, 
which can weaken the dough by adhering to the disulfide 
bonds present in gluten. Accordingly, yeast freeze damage 
is considered the main factor affecting dough quality.

Effects on Gluten

The gluten network is made up of glutenin and gliadin. When 
intertwined, these proteins develop viscoelastic properties 
in the dough, producing a balance between extensibility and 
elasticity. Another characteristic property of gluten is that it 
allows the dough to spread out to trap the gas produced by the 
fermentation of the yeast and thus achieves that once baked 
the product retains a spongy texture. For frozen doughs, the 
damage in the freezing stage is observed in the changes that 
the rheological properties have through the interruption of 
the protein chains by the formation of ice crystals, this is 
attributed to dehydration of the gluten because of redistri-
bution of the available water and ice recrystallization. This 
disruption of the crosslinking between gliadins and gluten-
ins facilitates the loss of gas produced by viable yeast cells. 
An important factor is the size of the protein polymers in 
the dough to be able to determine the damage caused during 
storage at frozen temperatures because the main function is 
the formation of structure in the dough, which must protect 
the integrity of the product in the freezing process avoiding 
moisture loss [8]. In relation to storage time, the airstream 
at freezing temperature and temperature fluctuation affects 
the hydrophobicity of the gluten surface. At the molecular 
level, stable disulfide and non-covalent bonds are involved 
in rearranging the gluten structure and exposing the hydro-
phobic phase of the protein molecule. The exposure of this 
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in a frozen dough composed of wheat flour, water, sugar, 
and salt. Regarding the image analysis of the structure, 
it was observed that type A starch granules had a regular 
disc-shaped morphology while type B granules recorded a 
diversity of ellipsoid shapes with a degree of damage after 
freezing, such as irregularities on the edges, which indicated 
that type B granules were susceptible to the fluctuation of 
the medium where they were found [31] indicated that the 
thermal transition, the amylose, and amylopectin ratio were 
associated, and gelatinization occurred in wide temperature 
ranges for type B granules 72.5  °C although, after frozen 
storage, these ranges proved to be wider since more energy 
was needed to interrupt the chains formed by amylose-amy-
lose and amylose-amylopectin.

Freezing can cause a decrease in protein and lipid con-
tents and the ratio of amylose to amylopectin, as well as an 
increase in ice nuclei in starch granules. In addition, type 
B granules undergo most changes during storage, which 
makes them more sensitive to sub-zero temperatures. The 
effect of dough storage at low temperatures on the thermo-
dynamic properties of starch is attributed to an increase in 
the stability and the order of crystallization in the starch 
structure. Therefore, the baked product made from frozen 
dough presented a smaller volume and an increase in the 
hardness compared to a baked product made from fresh 
dough [7].

Similarly, [32] studied the particle size distribution of 
wheat starch granules fractionated into types A and B and 
subjected to storage in freezing for three cycles for 22  h 
at -34 °C and then thawing at 25 °C for three hours. The 
freezing treatment did not cause apparent damage to type 
A starch granules, contrary to type B, since this exposure 
facilitated the leaching of amylose, proteins, and lipids. 
Additionally, when the thawing cycle was carried out, the 
temperature helped increase the gelatinization, enthalpy 
of fusion, and dough viscosity. On the other hand, type B 
granules were more sensitive to frozen storage, facilitating 
structural changes in bread dough, for which it is advisable 
to increase the content of type A starch granules to improve 
the quality of the final product [33] evaluated the effects of 
freezing rate and storage time on starch properties in fro-
zen dough. The freezing process was carried out at a fast 
rate of 1.75 °C/min and a slow rate of 0.14 °C/min, find-
ing that the maximum viscosity occurred at the slow rate of 
freezing and the enthalpy of fusion of the starch granules 
increased gradually during storage and was lower in the 
slow rate frozen dough. In this way, the structural properties 
decreased since the network that was formed together with 
the gluten suffered mechanical damage due to the growth of 
the ice crystals, changing the microstructure of the dough. 
The foregoing shows that, to obtain frozen dough for baked 
products, it is advisable to do it at a fast rate, since in this 

calorimetry (DSC). The authors observed that the effect of 
low freezing rates resulted in an elasticity reduction of 8.6% 
and 12% at -30 °C and − 40 °C, respectively. This result can 
be attributed to the dehydration of the dough network and, 
also, starch retrogradation. In addition, during the freezing 
storage, temperature, pH, and high ionic strength influenced 
dehydration and protein denaturation due to competition 
with electrostatic bonds, lipid oxidation, and enzymatic 
reactions due to the ice structure.

In conclusion, that freezing can negatively affect the 
gluten network that is formed to maintain a food system in 
optimal conditions and, therefore, obtain products with a 
limited quality after the baking stage. This can occur mainly 
when the slow freezing method is used, in which ice nuclei 
of heterogeneous shape and size and without apparent order 
are generated, causing mechanical damage to the cells that 
make up the structure. Therefore, there may be a limitation 
in the specific volume of the baked pieces and, in the dough, 
an increase in viscosity after thawing.

Effects of Freezing on Starch

Starch is composed of amylopectin and amylose. Each 
granule is found in different sizes ranging between average 
diameter of A-, B-, and C-granules among different starches 
varied between 23.0 and 28.5, 10.0 and 12.0, and 2.3 and 
2.7 μm, respectively [28] and can affect the quality of the 
dough according to its behavior. There are three possible 
factors to evidence the behavior of starch in the dough: the 
small granules exude less amylose during the baking stage 
and, therefore, the hardening of the gluten-starch network 
formed will be reduced. Furthermore, small starch granules 
have a higher lipid content than large granules, being able 
to: (i) decrease the firmness of the matrix, and (ii) increase 
the moisture retention of the food given its high swelling 
power [7]. One of the main damages in starch from freezing 
may depend on the storage time, if it is slow, it can cause 
the formation of ice nuclei with a higher density produc-
ing mechanical damage and extracting the amylose when 
thawing. In the case of the gluten-starch bond, it is reduced 
in the cycle of freezing and thawing while the starch con-
tent increases in relation to the amylose solution. The size 
of starch granules and their susceptibility to the freez-
ing and thawing cycle can be influenced by the content of 
amylose and amylopectin. Larger starch granules typically 
have a higher content of amylose, which makes them more 
susceptible to the effects of freezing and thawing. Type 
B granules, which are larger in size compared to Type A, 
may undergo greater starch degradation due to their high 
content of amylopectin, making them more sensitive to the 
freezing process [7, 29, 30] studied the impact of the inclu-
sion of whole wheat starch and its type A and B granules, 
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yeast, as well as a loss of gas-holding capacity may occur 
due to the ice crystallization of water molecules [36].

Some of the inhibitors useful for the inhibition of ice 
crystallization in frozen dough are:

Hydrocolloids

These additives can control the rheology and texture of 
food matrices. During the storage time, the properties of 
the frozen mass and its instability are related to the recrys-
tallization of ice while the fluctuation and adequacy of the 
freezing temperature occur. Among the most used hydro-
colloids in the industry are carboxymethylcellulose (CMC), 
hydroxypropylmethylcellulose (HPMC), guar gum, xanthan 
gum, carrageenan, among others [37]. Hydrocolloids man-
age to form interactions with the gluten and water network, 
and as a result, help increase the water retention capacity, 
affecting the moisture content and, in turn, decreasing the 
damage generated by the formation of ice crystals in the 
gluten. In addition, the interaction of hydrocolloids with 
the macronutrients of the dough such as water, starch, and 
protein differ according to its nature since greater mobility 
of the molecules of the gluten-water network can be found 
with the addition of xanthan gum or lower mobility with 
pectin [9] [37] investigated the influence of guar and xan-
than gums and their combined use on the dough fermenta-
tion rate, using differential scanning calorimetry at 7, 14, 21, 
and 28 days of storage. The addition of guar and xanthan 
gum was found to reduce the enthalpy of fusion by 5.3% 
compared to the control by day 28 of storage. This reduction 
in ice crystal formation can help the dough matrix maintain 
its organoleptic properties, as it can allow for faster bak-
ing of the bread dough, leading to better development of 
the crumb and crust structure. This can ultimately result 
in a bread product with desirable sensory attributes. In all 
treatments, the fermentation rate after the storage time and 
the thawing cycle decreased considerably compared to the 
not frozen dough, which indicated that the freezing process 
influenced the viability of yeast cells, limiting their ability 
to produce and maintain the gas in the structure. It must be 
considered that the efficiency of the addition of inhibitors 
can be affected by factors such as the amount added, solu-
bility, water retention capacity, the effect on the interaction 
with the components of the food and the storage time, as 
well as and the rheological properties of the matrix [9] [38] 
studied the physical properties of bread with the addition of 
xanthan gum, guar gum, and HPMC at a concentration of 
0.2% and 0.4%. Regarding the textural characteristics of the 
crust, the results showed that the color and moisture con-
tent were affected by the addition of xanthan gum since they 
were darker than the other samples. The highest yield was 
obtained with the partially baked, interrupted in the baking 

way negative effects on the integrity of the structure are 
avoided. Moreover, [34] indicated that quick freezing tem-
perature had a significant impact on starch retrogradation 
and ice crystal formation in oatmeal rolls. Quick freezing at 
-80 °C resulted in increased starch stability and a decrease 
in the number and size of ice crystals, compared to quick 
freezing at -20 °C. Furthermore, the formation of large and 
small ice crystals in steamed oat rolls was correlated with 
increased starch retrogradation and decreased quality of the 
final product.

In summary, the study suggests that quick freezing at low 
temperatures can improve product quality and reduce starch 
retrogradation in steamed oat rolls.

Therefore, it can be inferred that the starch gelatinization 
slightly changes at the baking stage and influences the rate 
of amylopectin retrogradation. On the other hand, a deter-
mining factor to consider in the preparation of the frozen 
dough is the rate of the process, since the lower it is, there 
is a greater risk of the formation of large and random ice 
nuclei, which harms the starch granules found in the matrix, 
generating a breakdown of the cell wall, thus, facilitating 
the migration of amylose. Likewise, this exposure to low 
temperature increases the enthalpy of fusion and dough vis-
cosity, and consequently, the final texture of the product is 
modified.

Compounds to Protect the Quality of Frozen 
Dough

Freezing technology in the baking industry can affect the 
quality of products made from frozen dough. To achieve 
partial control of the formation of ice nuclei and recrystalli-
zation during storage at low freezing temperatures, the addi-
tion of cryoprotective additives is suggested, which helps to 
improve the quality of the final product.

There are emulsifying additives in the industry such as 
DATEM and CSL (calcium stearyl lactate) having different 
modes of action such as (i) Delay of retrogradation of starch 
because of freezing, (ii) Inhibition of moisture migration 
between starch and gluten which helps decrease the water 
absorption caused by starch, and (iii) The interaction of lip-
ids to reduce the surface tension in gas bubbles [8, 9]. To 
improve the quality of a baked product made from frozen 
dough, certain parameters must be considered in the produc-
tion process such as freezing and thawing rates, mixing time, 
and storage [35]. The possible effects that freezing have on 
frozen doughs are related to a reduction in the viscoelas-
tic behavior and may represent a decrease in the volume of 
the food. Meanwhile, the gluten network is weakened by 
the reduction of substances such as glutathione released by 
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quality was worse and gas loss was higher in dough that was 
frozen at a slower rate.

But in every one of the analyzed freezing situations, tre-
halose was added to the frozen dough, improving the bread’s 
quality. Additionally, it was discovered that 2.5% of the 
flour’s weight was the ideal trehalose content. On the other 
hand, [43] investigated how the addition of trehalose and 
maltodextrin affected the physical characteristics of Chinese 
steamed bread manufactured from frozen doughs. Consider-
ing these findings, it may be concluded that adding malto-
dextrin and trehalose to frozen dough improved the steamed 
bread’s quality. The inclusion of trehalose improved the tex-
ture and softness of the steamed bread, whereas the addition 
of maltodextrin increased the frozen dough’s ability to hold 
water. Additionally, it was discovered that adding maltodex-
trin and trehalose together improved the steamed bread’s 
quality. The study’s findings imply that trehalose and malto-
dextrin can greatly enhance the physical characteristics of 
steamed Chinese bread manufactured from frozen dough.

Moreover, [44] investigated the effects of trehalose on 
the mechanical, thermal, and rheological properties of 
wheat flour dough and water distribution in bread. The 
presence of trehalose reduced the notable gluten film in the 
dough and decreased the staling rate constant in bread, indi-
cating an inhibitory effect on the firming process. Trehalose 
was also found to retain water by hindering the interaction 
among water molecules, gluten, and starch, thus improving 
the water-holding capacity. Overall, trehalose was found to 
be an improver in dough and bread-making performance, as 
well as an antistaling agent in bread. Furthermore, [35] ana-
lyzed the effects of various additives, including ready to use 
bakery products, on the crumb structure and specific volume 
of baked savory Danish dough and adding this compound, 
can improve the volume and crumb structure of the product 
baked from frozen dough can be achieved.

In addition, trehalose was found to have a protective 
effect on the structure of the bread, preventing the formation 
of ice crystals during freezing and thawing, which improved 
the texture and softness of the bread. It was also observed 
that trehalose reduced the mobility of water in dough and 
bread, resulting in better retention of bread freshness [44].

In conclusion, the study suggests that the addition of tre-
halose in wheat flour dough can significantly improve the 
textural, rheological, thermal, microstructural, and water 
mobility properties of the dough and the resulting bread. 
Additionally, trehalose can protect the structure of the bread 
during the freezing and thawing process, resulting in a bet-
ter final product [45] conducted a similar study for frozen 
pizza dough to evaluate the effects on rheological and sen-
sory parameters, by using mannitol and sorbitol as additives 
with concentrations of 0.1%, 0.5%, 1.0%, 1.5% and 2.0% in 
relation to wheat flour and monitored on days 0, 15, 30, 45 

process when completed 60% of the cooking. Likewise, 
differences were observed in the specific volume obtained 
from the samples according to the added concentration of 
hydrocolloid, being the best result when concentrations of 
up to 0.4% were used. On the other hand, bread stored at 
-20 °C had a more plastic and deformable crust compared to 
the control, thanks to a higher moisture content.

Hydrocolloids such as gums are substances commonly 
used in frozen dough for baked products. Thanks to their 
interaction with the gluten network, they manage to stabi-
lize the moisture content by protecting the structure in the 
nucleation stage. An advantage is the value of the concen-
tration required to ensure its effectiveness, since it does not 
exceed 1% with respect to the flour content [39]. Besides, 
it is important to consider the solubility, the ability to retain 
moisture, and the rheological properties of the matrix. Thus, 
the industry can make these additions a technological chal-
lenge in terms of improving the texture and increasing the 
shelf life of baked products. The feasibility of this technol-
ogy is usually conditioned according to the desired char-
acteristics to be modified in the food and it does not mean 
that any hydrocolloid will work successfully if the possible 
effects that may arise are not further investigated. Similarly, 
it can be considered to combine them with other types of 
inhibitors such as polyalcohols, to know if the matrix can 
improve its final quality.

Polyols

Also known as sugar alcohols and/or sugar substitutes, are 
carbohydrates with low sweetening power and classified 
into monosaccharides such as erythritol, mannitol, sorbitol, 
and xylitol, and polysaccharides such as isomaltitol, lac-
titol, maltitol, and trehalose. These compounds are found 
naturally in fruits, but in the industry, they are manufactured 
from other carbohydrates such as starch, sucrose, and glu-
cose. In addition, they have a lower calorie content than 
sucrose, therefore, their glycemic response is lower because 
they are not completely absorbed in the small intestine. 
Thanks to this attribute, it is known that in the baking indus-
try these compounds are frequently added to cakes, cookies, 
bread, etc. In addition, the inclusion of these polyalcohols 
can mitigate the effects of dough freezing for baked prod-
ucts, in which the quality of the final product is affected by 
the effects of low temperatures [40].

The trehalose can improve dough behavior under freez-
ing conditions in terms of bread volume and texture char-
acteristics [41]. Also, [42] studied the effects of trehalose 
content and freezing rate on the characteristics of frozen 
dough and bread quality. According to the study’s findings, 
the qualities of the frozen dough and the bread’s quality 
were significantly influenced by the rate of freezing. Bread 
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dough limited the increase in freezable water content, and 
this effect reduced the damage caused by the formation of 
ice crystals and helped improve the specific volume and tex-
ture of the product at the end of the baking stage.

Finally, the cryoprotective properties of ice structural 
proteins help maintain the fermentation activity of viable 
yeast cells, preventing the formation of ice crystals which 
can weaken the structure of the gas cells formed during fer-
mentation, with a consequent adverse effect on the specific 
volume of the finished product. In addition, the quality of 
the matrix in terms of its microstructure depends on factors 
such as the amount of water and the storage time at low 
temperatures, which have a negative effect on the viscos-
ity of the dough. An advantage of antifreeze proteins is that 
they can control up to 73% of the variation in the volume of 
the ice obtained, limiting the increase in the freezable water 
content, and generating a product with better volume and 
low viscosity [49–52].

Like trehalose, glycerol exhibits cryoprotective prop-
erties. The possibility for employing intracellular-glyc-
erol-enriched cells in frozen dough is suggested by the 
improvement of dough leavening capacity, decreased proof 
time after first freezing and thawing, and enhanced freeze 
thaw stress tolerance following the addition of glycerol to 
baker’s yeast.

investigated the effects of glycerol on the amount of ice 
in unfrozen and frozen steamed bread dough, as well as the 
quality of unfrozen and frozen steamed bread. The results 
showed that glycerol prevented ice crystal formation during 
freezing and maintained the quality of steamed bread made 
from prefermented frozen dough for up to 30 days. The 
addition of 2% glycerol was found to be the most effective. 
Additionally, the quality of the bread was affected by prefer-
menting conditions, with the best results obtained at 32 °C 
and 85% relative humidity for 40 min [53]. Also, [54] inves-
tigated how the qualities of dough and white bread were 
affected by the addition of polyols, particularly glycerol 
and sorbitol. The rigidity of the dough was reduced by both 
polyols, according to rheology experiments. Since glycerol 
can hold more water than sorbitol, more water is absorbed 
into the surface of the gluten-starch system. When glycerol 
or sorbitol was added in amounts lower than 8%, the quali-
ties of the dough and bread were improved, including the 
moisture content and water activity. The gluten strength of 
the dough decreased when more than 8% of glycerol or sor-
bitol was added, making shaping, and proving challenging 
and lowering the quality of the white bread. Additionally, 
[45] claim that glycerol plays a significant part in the devel-
opment of ice crystals during freezing and frozen storage 
mode, maintaining the bread’s quality. Finally, [55] on the 
quality and shelf life of Barbari bread, it was investigated 
how part-baking technology, freezer storage, the usage of 

and 60 through sensory evaluation. It was found the water 
absorption increased by 8% and 6.8%, respectively, when 
2% of either mannitol or sorbitol was added. This shows 
that the cryoprotection behavior of polyalcohols is based on 
maintaining the moisture in the structure to achieve constant 
hydration of the dough.

In this regard, the redistribution of the water contained in 
products made from frozen dough is due to its migration and 
mobility during the formation of ice crystals in the freezing 
process. It is observed that polyols such as mannitol and 
sorbitol had good water retention capacity and their wetting 
behavior helped the gel formation in the dough making pro-
cess. This behavior manages to strengthen the gluten-starch 
network that is formed, improving the texture and crunch of 
the dough through an increase in volume and caramelization 
of the crust.

The latter forIce Structural Proteinscome from sources 
such as plants and microorganisms that enhance freezing 
tolerance in the matrix. An example of these additives is 
the oat extract (Avena sativa L.) which showed an ability 
to reduce the water content and formation of ice crystals 
in frozen dough, improving the final quality of the baked 
product. The viability of the yeast cells and the gas retention 
capacity were improved in the presence of these proteins, 
and the damage to the gluten network was considerably 
reduced in the cycle of freezing and thawing [9]. Changes in 
thawed dough include loss of liquid and fermentation time 
and a decrease in the ability to retain carbon dioxide and 
in the specific volume. In turn, during prolonged storage in 
freezing and thawing cycles, ice recrystallization can con-
tribute to the weakening of the gluten network and result 
in a decreased quality of the final product after the baking 
stage [46]. Among other effects reported by [9], from pro-
tein isolated from barley, are the increase in the apparent 
specific heat of the dough after freezing and the decrease in 
the range of the enthalpy of fusion of ice. Finally, the pres-
ence of wheat proteins increased the water retention capac-
ity and the specific volume [47] studied the effect of barley 
protein as a cryoprotective agent in dough and bread during 
freeze-thaw cycles. Some positive changes in the structure 
were found since the damage caused by the ice formation 
was minimized. In this way, the water content, its mobil-
ity in the structure, and its final distribution intervened in 
the protection generated by the addition of the protein. The 
damaging effect of temperature was found to be greater for 
glutenins than for gliadins and this influenced ice formation, 
resulting in inhibition of recrystallization during treatment 
at low temperatures. Additionally, fermentation times were 
longer for frozen dough that did not contain barley protein 
inclusion, but the specific volume after baking was lower 
compared to a fresh product [48] analyzed the cryoprotec-
tive effects of carrot proteins in bread dough. The frozen 
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reduces the amount of water available for the freezing pro-
cess by reducing the mobility of water molecules, caused 
by the solution’s viscosity, and lowering the freezing point. 
In contrast, extracellular cryoprotectants induce osmolarity 
in the environment, promoting the outflow of water from 
the inside of the cell to the outside to prevent the formation 
of ice crystals during the freezing cycle. The mechanism of 
action of these compounds is particularly suited to protect-
ing yeast cells, as they can coat the entire outer surface of 
the cell wall, forming a viscous layer that stabilizes the cell 
and reduces damage caused by nucleation of ice at freezing 
temperatures [62].

The development of baked products that incorporate 
cryoprotectants is based on the specific qualities that each 
cryoprotectant presents, in order to report the specific needs 
required. Polyols included in frozen dough have the advan-
tage of supporting the gluten, starch, and yeast network, as 
they act as protectors for viable cells during freezing, which 
is reflected in the development of the dough’s structure. 
On the other hand, hydrocolloids, such as gums, can retain 
moisture in the structure, preventing the thawing cycle 
from negatively affecting the dough and causing leaching 
of available water in the matrix. This results in a moist and 
stable product with minimal porosity. The most promising 
compounds used in the industry are hydrocolloids and poly-
alcohols, as they provide protection for yeast cells to ensure 
the presence of gas and generate the specific volume charac-
teristic of baked products. Consequently, the market accept-
ability of baked goods increases, and a considerable number 
of investigations have been conducted on different matrices. 
Finally, this illustrates how the bakery industry is adapting 
to market trends and creating technological challenges to 
improve the quality of frequently consumed foods.

Current trends try to find the combination of ice forma-
tion inhibitors as an alternative to adapt and improve the 
organoleptic properties of foods. For this reason, it is rec-
ommended to carry out further research on the combination 
of antifreeze proteins and other cryoprotective compounds 
such as hydrocolloids, polyalcohols, and [41][35][44][53]
[54][45][55][56][57][58][59][60][37][61] enzymes, among 
others, and thus identify which of these mixtures could be 
more promising for the bakery industry.

Challenges and Future work

The use of cryoprotective substances in frozen dough is a 
technological advancement that aims to mitigate the poten-
tial negative effects of frozen storage and ensure the sta-
bility of the dough structure. Furthermore, these substances 
are being considered for the development of new baked 
products that have an extended shelf life while maintaining 

glycerol, and ascorbic acid affected it. The effects of add-
ing glycerol and ascorbic acid to the bread formulation at 
various concentrations (0, 0.5, and 1% for glycerol and 0, 
75, and 100 ppm for ascorbic acid) on the bread’s rheologi-
cal and sensory characteristics were assessed. They discov-
ered that adding 0.5% glycerol and 150 ppm ascorbic acid 
to bread during frozen storage caused it to become less hard 
while increasing its specific volume, porosity, and sensory 
quality.

The Fructooligosaccharides compounds can make the 
dough softer, reduce dough hardness, and improve bak-
ing quality of bread [56] and [57] claim the best result was 
found with 6% addition which presented the highest volume 
after baking, and the color of the bread crust was darker, but 
the crumb was moister and softer. Additionally, [58] have 
shown plausible applications as dough improvers in frozen 
dough baking or related applications [59] studied the impact 
of fructooligosaccharides (FOS) and soy protein hydroly-
sates (SPH) on the technical excellence of functional bread 
and dough rheology. The rheological characteristics of pre-
mixes with various degrees of SPH and FOS were assessed 
using Mixolab. To choose two premixes appropriate and 
unsuitable for baking bread, surface response methodol-
ogy (SRM) and desirability methodology were used, and 
they were compared to control bread made exclusively with 
wheat flour (WF). The findings demonstrated that Mixolab 
characteristics and statistical techniques like CCD and desir-
ability were suitable for predicting the replacement levels of 
WF by SPH and FOS for generating functional bread with 
comparable specific volume and firmness to control bread.

Also, guar gum, was investigated by [60] and the effect 
of hydrocolloids such as guar and xanthan gums and their 
combination with amylase and lipase can improve the qual-
ity of part baked frozen bread. The results indicated the 
guar gum had better effect when combination whit enzymes 
(amylase and lipase). In addition, [37] the quality and sta-
bility of the dough after freezing storage showed signifi-
cant improvement in volume, porosity, moisture content, 
hardness, and sensory properties. On the other hand, [61] 
assessed the impact of adding guar gum to gluten-free cheese 
bread made with chilled and frozen dough. Three different 
levels of guar gum were tested, and sensory analysis was 
conducted on samples with the closest texture and specific 
volume to the control dough. Results showed that samples 
processed using freezing treatment with 3,5% of guar gum 
had lower consumer acceptance due to a light salty taste 
even the purpose of cryoprotection was good.

Cryoprotectants are categorized as intracellular and 
extracellular compounds. Intracellular cryoprotectants are 
able to permeate the cell wall and impact colligative prop-
erties, resulting in a decrease in solute concentration and 
a less harmful environment for yeast cells. This behavior 
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advantage being the protection of matrix integrity. The 
industry must continue to study cryoprotective compounds 
to understand their effects and behaviors with different food 
matrices or their synergy with other food additives.

Authors’ contributions  A.C-A: Investigation, Writing - Original Draft. 
C.A.F.: Supervision. C. M. Z-D.:  Funding acquisition, Writing - Re-
view & Editing.

Funding  This work is funded by the Research Division from the Uni-
versidad Nacional de Colombia through the project “Alternatives for 
the use of corn varieties (Zea mays L.) by evaluating the storage condi-
tions of the grain and the technological use of starch” (Code Hermes: 
48,234).
Open Access funding provided by Colombia Consortium

Data Availability  As this is a review article, no data were collected 
throughout the elaboration of this paper.

Declarations

Competing Interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1.	 M. Qian, D. Liu, X. Zhang, Z. Yin, B.B. Ismail, X. Ye, M. Guo, 
Trends Food Sci Technol. 114, 459 (2021)

2.	 S. Nashat, M.Z. Abdullah, Computer Vision Technology for Food 
Quality Evaluation: Second Edition (Elsevier Inc., 2016), pp. 
525–589

3.	 M. Bijlwan, B. Naik, S. Deepak, A. Singh, V. Kumar, Pharma 
Innov. 8, 654 (2019)

4.	 Y. Phimolsiripol, U. Siripatrawan, V. Tulyathan, D.J. Cleland, J. 
Food Eng. 84, 48 (2008)

5.	 V.O. Selomulyo, W. Zhou, J. Cereal Sci. 45, 1 (2007)
6.	 P. Ribotta, P.P. Filho, C. Tadini, in Alternativas Tecnológicas 

Para La Elaboración y La Conservación de Productos Panifica-
dos, 1st ed. (2009), pp. 14–59

7.	 W. Feng, S. Ma, X. Wang, Grain & Oil Science and Technology. 
3, 154 (2020)

8.	 M. Silvas García, B.R. Wong, P. Isabel, T. Chávez, E.C. Millan, 
L. Arturo, B. Jesús, M. Barrón, Interciencia. 38, 332 (2013)

9.	 J.O. Omedi, W. Huang, B. Zhang, Z. Li, J. Zheng, Cereal Chem. 
96, 34 (2019)

10.	 A.I. Gómez-Sánchez, T.G. Cerón-Carrillo, V. Rodríguez-Mar-
tínez, and;, M. Vázquez-Aguilar, Temas Selectos de Ingeniería de 
Alimentos. 1, 80 (2007)

the industry’s characteristic textural properties. One of the 
challenges faced by the industry is understanding how these 
compounds interact with various additives that are used to 
improve the palatability of the dough matrix. It is essential 
to understand if these products affect the behavior of cryo-
protectants in frozen dough. Another challenge is the effect 
of individual or combined cryoprotectants on ice crystalli-
zation, which can impact the quality of the final product. 
Establishing a product with satisfactory physicochemical, 
microbiological, and sensory attributes is a significant chal-
lenge in the bakery industry. Researchers must determine 
the stability between the freezing process and the protective 
compounds to ensure efficient processing of baked goods.

The differential approach of cryoprotectant compounds 
for frozen dough in baked goods today is to carefully bal-
ance the need to protect the dough during the freezing pro-
cess with the need to maintain the quality and taste of the 
final product. Future perspectives in research on cryoprotec-
tant compounds for frozen dough in baked goods can focus 
on finding more efficient, sustainable, and environmentally 
friendly solutions to improve the quality and shelf life of 
these products.

Conclusion

When preparing frozen dough for bakery products, mechan-
ical damage occurs, which significantly impairs the quality 
of the final product by reducing specific volume and organ-
oleptic properties. Starch retrogradation proceeds rapidly, 
causing an increase in hardness, viscoelasticity, and dough 
expansion. To control the problems associated with storing 
frozen dough, additives have been included in the produc-
tion process to improve or preserve the dough quality at the 
baking stage and prolong the shelf life of bakery dough. 
Hydrocolloids, ice structural proteins, and polyols are used 
as additives in the industry, with polyols being the most 
promising cryoprotectants due to their protective action 
and integration with the gluten network and starch gran-
ules present in the dough. The production of frozen dough 
is a challenge for food science and technology, offering an 
opportunity to improve the process and develop research 
and innovation.

Including additives helps ensure greater product stabil-
ity over time, even at increased cost, and reformulating 
raw materials can guarantee technological development 
in the industry. Thawing technology has led pastry chefs, 
bakers, and researchers to consider cryoprotection a viable 
alternative to maintain dough structure integrity and ensure 
yeast cell viability, resulting in characteristic volume when 
processed without freezing. Ice crystallization has dif-
ferent applications in relation to baked products, its main 

1 3

27

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Food Biophysics (2024) 19:18–28

38.	 I. Mandala, D. Karabela, A. Kostaropoulos, Food Hydrocoll. 21, 
1397 (2007)

39.	 A.C. But, C. Rosell Molina, M.I. Escriche, I. Sanz, Obtención de 
Panes Libres de Gluten: Efecto Estructural de Distintos Hidroco-
loides Sobre Masas Panarias de Maíz (Valencia, 2015)

40.	 S. Ding, J. Yang, Trends Food Sci Technol. 111, 670 (2021)
41.	 V. Giannou, C. Tzia, Food Bioprocess. Technology. 1, 276 (2008)
42.	 G. Rodríguez, B. Ramírez Wong, A. Ledesma Osuna, C. Medina, 

R. Ortega, and M. Silvas Garcia, Food Science and Technology 
37, 59 (2017)

43.	 Sze-Yin, Lai-Hoong, Int. Food Res. J. 20, 1529 (2013)
44.	 B. Peng, Y. Li, S. Ding, J. Yang, Food Chem. 233, 369 (2017)
45.	 A. Asghar, F.M. Anjum, M.S. Butt, M.A. Randhawa, S. Akhtar, 

Food Sci. Technol. Res. 18, 781 (2012)
46.	 H.N. Xu, W. Huang, C. Jia, Y. Kim, H. Liu, J. Cereal Sci. 49, 250 

(2009)
47.	 X. Ding, T. Li, H. Zhang, C. Guan, J. Qian, X. Zhou, Foods. 9, 

1698 (2020)
48.	 M. Liu, Y. Liang, H. Zhang, G. Wu, L. Wang, H. Qian, X. Qi, 

LWT. 96, 543 (2018)
49.	 X. Chen, J. Wu, L. Li, S. Wang, Eur. Food Res. Technol. 243, 

1149 (2017)
50.	 V. Dhaka, B.S. Khatkar, J. Food Qual. 38, 71 (2015)
51.	 B.S. Khatkar, R.J. Fido, A.S. Tatham, J.D. Schofield, J. Cereal 

Sci. 35, 307 (2002)
52.	 Y. Song, Q. Zheng, Trends Food Sci Technol. 18, 132 (2007)
53.	 L. Huang, J. Wan, W. Huang, P. Rayas-Duarte, G. Liu, J. Cereal 

Sci. 53, 19 (2011)
54.	 C.F. Zhou, P. Qian, J. Meng, S.M. Gao, R.R. Lu, Cereal Chem. 

93, 196 (2016)
55.	 Z. Sheikholeslami, M. Karimi, T. Hejrani, Biol. Forum. 7, 1317 

(2015)
56.	 X. Li, Y. He, J. Wang, H. Liu, Starch 74, (2022)
57.	 E.Y. Park, S.B. Jang, S.T. Lim, Food Chem. 213, 157 (2016)
58.	 M. Immonen, Y. Wang, R. Coda, K. Katina, N.H. Maina, Food 

Hydrocoll. 133, (2022)
59.	 M. Schmiele, M.H. Ferrari Felisberto, M.T. Pedrosa Silva Clerici, 

Y.K. Chang, LWT - Food Science and Technology. 76, 259 (2017)
60.	 T. Hejrani, Z. Sheikholeslami, A. Mortazavi, M.G. Davoodi, 

Food Hydrocoll. 71, 252 (2017)
61.	 F. Zapata, E. Zapata, E. Rodríguez-Sandoval, Int. J. Food Sci. 

Technol. 54, 313 (2019)
62.	 D. de Teotônio, S.M. Rodrigues, M.G.V. Leoro, P.A.P. Pereira, M. 

Schmiele, Res. Soc. Dev. 10, e12410615674 (2021)

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

11.	 L. Otero, B. Guignon, P.D. Sanz, Alimentaria. 440, 82 (2013)
12.	 W. Feng, S. Ma, J. Huang, L. Li, X. Wang, Q. Bao, Int. J. Food 

Sci. Technol. 57, 1493 (2022)
13.	 J. Yi, Improving Frozen Bread Dough Quality Through Process-

ing and Ingredients (The University of Georgia, 2008)
14.	 F. Minervini, D. Pinto, R. di Cagno, M. de Angelis, M. Gobbetti, 

J. Cereal Sci. 54, 296 (2011)
15.	 N. Kenijz, A. Koshchaev, N. Sokol, R. Omarov, S. Shlykov, Indo 

Am. J. Pharm. Sci. 6, 6308 (2019)
16.	 C. Ban, S. Yoon, J. Han, S.O. Kim, J.S. Han, S. Lim, Y.J. Choi, 

LWT - Food Science and Technology. 73, 219 (2016)
17.	 M. Akbarian, M.S.M. Dehkordi, N. Ghasemkhani, M. Koladoozi, 

O. Niknam, A. Morshedi, Int. J. Life Sci. 9, 1 (2015)
18.	 M. Ji, Y. Miao, J.Y. Chen, Y. You, F. Liu, L. Xu, Springerplus. 5, 

503 (2016)
19.	 A. Tsolmonbaatar, K. Hashida, Y. Sugimoto, D. Watanabe, S. 

Furukawa, H. Takagi, Int. J. Food Microbiol. 238, 233 (2016)
20.	 J. Yi, W.L. Kerr, J. Food Eng. 93, 495 (2009)
21.	 J. Shima, H. Takagi, Biotechnol. Appl. Biochem. 53, 155 (2009)
22.	 S. Meziani, J. Jasniewski, P. Ribotta, E. Arab-Tehrany, J.M. 

Muller, M. Ghoul, S. Desobry, J. Food Eng. 109, 538 (2012)
23.	 W. Feng, S. Ma, X. Wang, Grain & Oil Science and Technology. 

3, 29 (2020)
24.	 J. Yang, B. Zhang, Y. Zhang, M. Rasheed, S. Gu, B. Guo, J. Food 

Eng. 293, (2021)
25.	 L. Zhang, J. Zeng, H. Gao, K. Zhang, M. Wang, Food Sci. Tech-

nol. (Brazil) 42, (2022)
26.	 M.I. Silvas-García, B. Ramírez-Wong, P.I. Torres-Chávez, E. 

Carvajal-Millan, J.M. Barrõn-Hoyos, L.A. Bello-Pérez, A. Quin-
tero-Ramos, J. Food Process. Eng. 37, 237 (2014)

27.	 S. Meziani, J. Jasniewski, C. Gaiani, I. Ioannou, J.M. Muller, M. 
Ghoul, S. Desobry, J. Food Eng. 107, 358 (2011)

28.	 S. Sandeep, N. Singh, N. Isono, T. Noda, J. Agric. Food Chem. 
58, 1180 (2010)

29.	 H. Cao, X. Zheng, H. Liu, M. Yuan, T. Ye, X. Wu, F. Yin, Y. Li, J. 
Yu, F. Xu, LWT 131, 109 (2020)

30.	 Z. Yang, W. Yu, D. Xu, L. Guo, F. Wu, X. Xu, Carbohydr. Polym. 
223, 115 (2019)

31.	 M. Hernández, J. Torruco-Uco, L. Chel-guerrero, D. Betancur-
ancona, Ciencia y Tecnología de Alimentos. 28, 718 (2008)

32.	 H. Tao, P. Wang, F. Wu, Z. Jin, X. Xu, Carbohydr. Polym. 137, 
147 (2016)

33.	 M.I. Silvas-García, B. Ramírez-Wong, P.I. Torres-Chávez, L.A. 
Bello-Pérez, E. Carvajal-Millán, J.M. Barrón-Hoyos, M.E. 
Rodríguez-García, F. Vázquez-Lara, and A. Quintero-Ramos, 
Starch/Staerke 68, 1103 (2016)

34.	 Y. Gong, S. Xu, T. He, R. Dong, T. Ren, X. Wang, X. Hu, J. 
Cereal Sci. 96, (2020)

35.	 M. Halagarda, LWT - Food Science and Technology. 86, 603 
(2017)

36.	 Y.S. Kim, W. Huang, G. Du, Z. Pan, O. Chung, Food Res. Int. 41, 
903 (2008)

37.	 T.G. Matuda, S. Chevallier, A. LeBail, C.C. Tadini, J. Cereal Sci. 
48, 741 (2008)

1 3

28


	﻿Cryoprotectants for Frozen Dough: A Review
	﻿Abstract
	﻿Introduction
	﻿Freezing
	﻿Effects of Freezing on Fermentation
	﻿Effects on Gluten
	﻿Effects of Freezing on Starch

	﻿Compounds to Protect the Quality of Frozen Dough
	﻿Hydrocolloids
	﻿Polyols

	﻿Challenges and Future work
	﻿Conclusion
	﻿References


