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Abstract Aim of this work is to study the cryoprotective
role of extracellular trehalose in the production of bakery
products from frozen dough. Therefore, different levels of
trehalose (up to 200 ppm) were incorporated in dough/
bread samples made from white and whole-wheat flour, and
their quality (loaf volume, weight loss during baking, crust
and crumb color) and texture characteristics (dough, crust
and crumb firmness) were examined during frozen storage.
To investigate the role of trehalose on dough behavior, the
sugar content (glucose, fructose, and sucrose) of dough
samples composed with or without trehalose was moni-
tored, and dough microstructure was also analyzed with
scanning electron microscopy. The cryoprotective effect of
trehalose was confirmed, and it was found proportional to
its level for both flour types. Trehalose can improve dough
behavior under freezing conditions in terms of bread
volume and texture characteristics.
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Introduction

Frozen bakery products have become increasingly popular
during the last 50 years due to their high convenience and
retainability. However, the application of frozen storage,

although it may significantly extend dough products’ shelf-
life, generates deteriorative alterations to their physico-
chemical characteristics. The most important of these is the
reduction or loss of yeast’s viability and dough strength.
More specifically, yeast viability may affect gassing power,
fermentation time, and loaf volume, which is determinant
of consumers’ acceptability, whereas dough strength is
associated with gluten network’s stability, gas retention
ability, and bread’s quality (Anon et al. 2004; Casey and
Foy 1995; Giannou et al. 2005).

To restrict the detrimental effects of freezing on dough
performance, several methods have been suggested in the
literature. More specifically, the development of yeast
strains with improved cryoresistance (Tanghe et al. 2000)
as well as the modification of process parameters and
dough formulation, through the use of suitable additives/
ingredients, have been a matter of research during the last
decades (Holmes and Hoseney 1987; Neyreneuf and
Delpuech 1993; Ribotta et al. 2004; Rouille et al. 2000).

Trehalose is a stable, colorless, odor-free and nonreduc-
ing disaccharide consisting of two glucose units linked in
an alpha,alpha-1,1-glycosidic bond. It has a widespread
occurrence in nature as it is found in many survival forms
of organisms, including bacteria, yeasts, fungi, insects,
invertebrates, and plants. It can serve as a source of energy
and carbon and may participate in the actions of metabo-
lism. However, the most important function of trehalose is
its ability to protect biomolecules against environmental
stress caused by desiccation, dehydration, heat, cold, and
oxidation (Elbein et al. 2003; Gancedo and Flores 2004;
Masaru et al. 1995; Schiraldi et al. 2002; Singer and
Lindquist 1998; Van Dijck et al. 1995).

Trehalose is already used in several food products, such as
bakery, beverages, confectionery, or cereals, to reduce
sweetness and moisture absorption and prevent browning
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reactions and starch retrogradation (Bar 2000; Food Standards
Australia New Zealand (FSANZ) 2003). It is also utilized in
the drying operations of egg, vegetable, or fruit products as it
exhibits increased efficiency in the preservation of the
structure and function of food molecules (Roser 1991).

Besides, trehalose is considered a particularly effective
cryoprotectant. In general, the action of cryoprotective
agents in a food system can be detected by the reduction of
the freezing point, which promotes supercooling, or the
protection of cell membranes from freeze injury or osmotic
dehydration and proteins from denaturation (Diniz-Mendes
et al. 1999; Karel and Lund 2003). The mechanism of the
cryoprotective action of trehalose is not completely under-
stood but is mainly attributed to its interaction with water
and lipid membranes and its ability to induce the glass
transition phenomenon and freeze concentration (Conrad
and De Pablo 1999; Haines 2003).

In food technology, extensive interest is shown on the
physiological effect of trehalose on yeast cryoresistance
(Carvalheiro et al. 1999; Meric et al. 1995). However,
although it has gained approval as a safe food additive and
is considered a novel food ingredient, its cryoprotective role
has been sufficiently studied only in the production of
frozen fish products (surimi), gelatin desserts, ice creams,
and frozen tofu (FSANZ 2003; Fuchigami et al. 2002). The
current work focuses on the incorporation of different levels
of exogenous trehalose in a dough formula and the study of
dough behavior under frozen storage.

Materials and Methods

Raw Materials

Two types of commercially milled wheat flour: strong soft
white flour T.70% (expressed as the milling yield) and
whole-wheat flour T.90%, were purchased from “Saranto-
poulos Flourmill” (Keratsini, Greece) with a protein content
of about 12 and 14%, respectively. The purpose of using
both types of flour is that these are the most predominant in
the food market and that due to their compositional
divergence they may exhibit different breadmaking poten-
tial. Food-grade ascorbic acid, a-a-trehalose (Merck, Ger-
many) and sugar, salt, instant dry yeast, and vegetable
shortening, obtained from the local market, were the
ingredients used for the preparation of dough samples.

Dough Formulation

The basic dough formula consisted of 500 g of flour, 300 g
of water (60% flour basis), 10 g of dry yeast (2% flour
basis), 20 g of sugar (4% flour basis), 15 g of vegetable
shortening, 10 g of salt (2% flour basis), and 0.05 g of

ascorbic acid (100 ppm flour basis). Samples containing 0,
50, 100, 150, and 200 ppm of trehalose, per flour weight,
were prepared to study its influence on the breadmaking
properties.

Dough/Bread Preparation

Dough preparation included yeast’s prehydration with the
water and mixing of all ingredients in a “Kenwood Chef
KM400” (Kenwood, UK) domestic blender for 2 min at a
low speed (speed 2) and 8 min at a medium speed (speed 4).
Two-speed mixing was performed as it is proposed to
yield relatively light loaves with crispy, crackly crusts and
keep oxidation (loss of flavors) to minimum (Calvel et al.
2001). Low speed is required for homogeneous ingredient
dispersion and flour hydration (brief duration) whereas
more extensive mixing for optimum dough development.
Mixing time was carefully chosen to provide smooth dough
with a dry surface and optimum elastic character (Pyler
1988). Dough was immediately divided in round-shaped
samples of 80 g, which were packed in aluminum pans,
wrapped with transparent polymer film, weighed, and
stored in a freezer (Iberna SCO 50, Iberna, Italy) at −26°C
for an overall period of almost 3 months (82 days for
samples from white flour and 81 days for those from whole-
wheat flour).

At regular intervals during frozen storage, three samples
from every flour type and trehalose concentration were
withdrawn from the freezer for testing. They were thawed
and proofed at an incubation chamber (Bekso EB1N,
Bekso, Brussels, Belgium) set at 25°C for 195 min.
Thawing conditions were optimized in a separate study,
and normal proofing temperatures (above 30°C) were not
applied to avoid uneven thawing and surface blistering.
One of the samples was used for dough texture examina-
tion, and the rest were baked in a laboratory oven with air
circulation (Thermawatt TG103, Thermawatt, Peristeri,
Greece) at the temperature of 180°C for 35 min.

After cooling of bread samples for 30 min at room
temperature (28–30°C), they were weighed to determine
weight loss during baking; their specific volume was
estimated, and their crust and crumb color as well as crust
and crumb texture were also analyzed. All the above
measurements were performed in triplicate. Nonfrozen
samples were also prepared at different intervals during
the sampling period, according to the above procedure,
proofed at 25°C for 45 min and baked as previously
described.

Analysis of Sugars

To analyze the sugar content of the samples with or without
trehalose, 30 g of dough containing 0 and 200 ppm of trehalose
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were placed in volumetric flasks of 100 ml. About 5 ml of
potassium ferrocyanide [K4[Fe(CN)6]·3H2O] (Riedel-de Haen
AG, Germany) solution (dissolution of 10.6 g of salt in water
with final volume of 100 ml) and zinc acetate [Zn
(CH3COO)2·2H2O] (Fluka AG, Switzerland) solution (disso-
lution of 2.19 g of salt and 3 ml of acetic acid in water with
final volume of 100 ml) were added (Egan et al. 1981). The
volume was filled at 100 ml with high performance liquid
chromatography (HPLC) grade water (Lab-Scan Analytical
Sciences). Samples were thoroughly stirred, retained for
10 min, and filtered using Chromafil P-45/25 PVDF filters
(Macherey-Nagel, Germany).

The liquid samples occurring from dough extraction were
analyzed for their sucrose, glucose, and fructose content
using a HPLC instrument (HP 1100-Hewlett Packard,
Waldbronn, Germany) equipped with a refractive index
detector (HP 1047A). A Nucleosil Carbohydrate EC 250/4
(Macherey-Nagel, Duren, Germany) column was utilized.
The mobile phase was acetonitrile/water (HPLC grade) at the
ratio of 80:20. Extra pure D(+)-Sucrose, D(−)-Fructose
(Riedel-de Haen AG, Germany) and D(+)-Glucose anhy-
drous (Panreac Quimica SA, Spain) were used as the
reference materials (Laaksonen and Roos 2000).

Specific Volume

Rapeseeds displacement method was applied to estimate the
specific volume (Hall et al. 2004). Both bread samples from
every flour type and trehalose concentration were measured
in triplicate, and the mean value was calculated.

Color Measurement

A Minolta CR/200 chromatometer (Minolta Company,
Chuo-ku, Osaka, Japan), which displays the L*, a*, b*,
color parameters according to the CIELAB system of color
measurement, was used to measure the crust and crumb
color of baked samples. Each sample was measured in
triplicate, and color variation during storage was estimated
according to the following equation (MacDougall 2002):

color ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L*2 þ a*2 þ b*2
q

Texture Analysis

Dough and bread texture characteristics were determined
using a TA-XT2i (Stable Micro Systems, Godalming,
Surrey, UK) Texture Analyser. A compression test was
applied, which can yield sample’s firmness (resistance to
deformation-maximum force during first compression).
Dough samples were subjected to a two-cycle compression
test using the SMS P/45C cone probe (test speed 3 mm/s,
penetration distance 15 mm). Bread samples’ crust (upper

part of the whole sample) was subjected to a cut test using
the TA-45 craft knife (test speed 3 mm/s, penetration
distance 15 mm). The samples were thereafter sliced in the
middle (vertically) using a double blade knife (fabricated in
house) of 1 cm thickness. A two-cycle crumb compression
test was performed using the Sris P/75 Aluminum Platen
probe (test speed 3 mm/s, penetration distance 10 mm).

Sensory Evaluation

Baked samples were subjected to preliminary sensory
evaluation by five trained panelists to determine the degree
of acceptance using a scale scoring 0–6. Two replicates of
each sample were evaluated with Quantitative Descriptive
Profile Analysis (QDA). This method relies on statistical
analysis to determine the appropriate terms, procedures, and
panelists to be used for the analysis of a specific product. It
involves the detection (discrimination) and the description of
both the qualitative and quantitative sensory aspects (texture,
appearance, sound, odor, and flavor attributes) of a product by
trained panelists using a linear scale (Meilgaard et al. 1999).

Differential Scanning Calorimetry Studies

The thermal behavior of frozen dough samples, containing 0
and 200 ppm of trehalose, was monitored with a PerkinElmer
DSC 6 (PerkinElmer, Wellesley, USA) instrument connected
to a computer supplied with the Pyris Manager Thermal
Analysis Software. The instrument measures the differential
heat flow between the sample and an inert reference sample
at atmospheric pressure. The differential scanning calorim-
etry (DSC) instrument was calibrated using indium as a
standard (Tm=156.6°C, ΔHm=28.5 J/g). Samples were

Fig. 1 Specific volume variation (ml/g) during frozen storage for
samples made from white flour
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placed in hermetically sealed aluminum DSC pans of 50 μl
(PerkinElmer), and an empty pan was used as the reference
sample. Cooling (at a constant rate of 10°C/min) was
performed by draining liquid nitrogen through samples’
chamber, whereas nitrogen gas (99.9% purity) was utilized
to minimize water condensation in the measuring cell as it
removes moisture or oxygen which may accumulate and
damage the cell over time (Laaksonen and Roos 2000).

Scanning Electron Microscopy

For scanning electron microscopy analysis, dough samples
containing 0 and 200 ppm of trehalose were prior dried
overnight at 100°C and then powdered. A Quanta 200 (FEI,
Czech Republic) scanning electron microscope was used.
Samples containing 0 and 200 ppm of trehalose were
observed at a magnification level of 1,000×. Higher levels
of magnification could not be applied to the samples as they
caused excessive heating and deformation.

Statistical Analysis

Statistical analysis of the data was performed using the
software Statistica 6.0 (StatSoft, Tulsa, OK, USA). Multiple
regression analysis and principal component analysis
(PCA) were performed. Multiple regression involves
predicting the values of a dependant variable from values
deriving from a collection of other variables (predictors)
using linear combinations (Christensen 1996).

For the data collected on P variables (quality parameters)
for N cases (trehalose content), PCA performs analyses in
the N-dimensional space defined by P variables and P-
dimensional space defined by N cases. Mathematically, the
computation of factors in PCA basically consists of
diagonalizing a symmetric matrix. The result is a new set
of variables (principal components) that are linear combina-
tions of the original variables and are uncorrelated. The new
variables thus generated are smaller in number and yet
account for the inherent variation of the data to the maximum
possible extent. In this way, a new space (factor space) is
generated onto which the cases and the variables can be
projected and classified into categories (Sharma 1996;
StatSoft Inc. 2006).

Results and Discussion

To designate the quality characteristics of bread made from
frozen dough, weight loss during baking, specific volume,
crust and crumb color, and dough, crust, and crumb
firmness were measured after different storage-time inter-
vals. Specially, specific volume and crumb texture charac-
teristics are considered to be two of the most important
quality indicators in frozen bakery products (Ribotta et al.
2001) since these are both affected by the loss of yeast
viability and dough strength.

In Figs. 1 and 2, the specific volume variation during
storage is presented for samples from white and whole-wheat

Fig. 2 Specific volume variation (ml/g) during frozen storage for
samples made from whole-wheat flour

Table 1 Regression analysis constants for specific volume at every experimental point for samples from white and whole-wheat flour

Days Samples from white flour Days Samples from whole-wheat flour

A0 A1 A2 A3 A4 A0 A1 A2 A3 A4

15 2.0918 0.0264 −0.1214 −0.0039 0.00001 14 1.4883 0.0257 −0.3412 0.0006 0.0013
25 2.6210 −0.0342 −0.5955 −0.0017 −0.00048 24 1.5281 0.0294 −0.0969 −0.0016 0.0015
37 2.7263 0.0616 −2.2184 0.0006 0.00046 36 2.1852 0.0437 −0.1794 −0.0042 −0.0006
47 0.2143 0.1333 1.1404 −0.0069 0.00156 46 0.0869 0.0765 1.7970 −0.0127 −0.0031
54 0.9542 0.1036 2.7947 −0.0210 0.00277 53 1.6572 0.0288 0.0302 −0.0035 0.0005
62 −0.8174 −0.6109 2.7432 0.0418 0.02046 61 1.0847 0.0260 −0.1963 0.0027 0.0019
75 −0.3160 0.0214 2.1587 −0.0021 0.00237 74 0.7195 0.0428 0.0818 0.0004 0.0017
82 2.8477 0.0082 −1.1760 −0.0039 0.00056 81 2.2071 −0.0206 −0.3609 −0.0005 0.0009

A0 intercept, A1 weight loss, A2 dough firmness, A3 crumb firmness, A4 trehalose content constant
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flour, respectively. Findings indicate that, in most cases,
there is a proportional relation between specific volume and
trehalose content. The specific volume of nonfrozen samples
(0–200 ppm) prepared at different intervals during the
sampling period, using the same experimental procedure,
varied between 2.41 and 3.17 ml/g for white samples and
1.76 and 2.15 ml/g for whole-wheat samples.

To determine a relationship between loaf volume (depen-
dant variable) and other quality parameters such as weight
loss during baking, dough firmness, crumb firmness during
dual compression, and trehalose content (predictors), multi-
ple regression analysis was used. The linear model applied
was: Specific volume=A0+A1*weight loss+A2*dough
firmness+A3*crumb firmness+A4*trehalose content. The
occurring constants at every experimental point are presented
in Table 1 both for samples from white and whole-wheat
flour. Analysis of variance (ANOVA) was implemented at
these data to examine the impact of storage time on loaf
volume variance. It was concluded that storage time had no
significant effect (P=0.996 for white flour and 0.988 for
whole-wheat flour samples) on loaf volume during the
period (14–82 days) examined in the current study. This is
substantiated by the finding of Fik and Surowka (2002), who
noted that the most pronounced quality changes were
observed at the beginning of the storage period. Their
experiments confirmed that the freezing itself has the greatest
effect on the quality of frozen bread, whereas the time of
storage in optimal conditions affects it only slightly.
Therefore samples with trehalose could retain their superior
characteristics to some storage time.

The coefficients of the regression analysis indicated that,
in almost every case, dough (A2) and crumb (A3) firmness
were negatively correlated with loaf volume during the
storage period examined in the current work. The opposite
trend appeared for trehalose content (A4) and weight loss
(A1). Therefore, a rather firm dough is expected to provide
bread with decreased loaf volume and harsh crumb, while
humidity loss during baking favors ovenspring. Trehalose
proved to protect samples against loss of expansion ability

during dough freezing. The same trend was confirmed by
loaf volume values’ observation (Figs. 1 and 2).

The dual compression of bread crumb using a texture
analyzer can imitate food deformation during chewing and
define the physical quality of food perceived by the sense
of touch in the mouth (mouth feel) (Rosenthal 1999).
Figure 3 presents the average crumb firmness during

Fig. 3 Firmness variation (N) during crumb compression for samples
made from white and whole-wheat flour at different levels of trehalose
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Fig. 4 PCA loading (a) and score (b) plots for components 1 and 2
and samples made from white flour
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Fig. 5 PCA loading (a) and score (b) plots for components 1 and 2
and samples made from whole-wheat flour
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storage for samples with different levels of trehalose. It is
apparent that the addition of trehalose in frozen dough
samples can proportionally improve their textural character-
istics, providing bread with softer and smoother crumb.
However, the ameliorative effect of trehalose was more
evident in the case of white flour. Results from crust texture
analysis indicated no remarkable action by the addition of
trehalose (data not shown).

To examine the overall contribution of the parameters
examined in the current study in the quality characteristics
of samples with different levels of trehalose stored under
freezing conditions, principal component analysis was used.
In the current study, two components were selected to
describe the process.

In Figs. 4 and 5, the PCA scores and loadings plots for
components 1 and 2 and samples made from white and
whole-wheat flour, respectively, are presented. Loadings plots
show that loaf volume and dough firmness had the opposite
effect on samples quality for both flour types used in this
study (they appear in opposite positions in the plot). Texture
characteristics of the baked samples are closely correlated in
both cases. Crust color is indicated in the same area for the
two flour types, while crumb color presents variable behavior.
In score plots, grouping was performed to study the attributes
of samples containing different levels of trehalose. The spots
with the same trehalose content refer to measurements at
different storage times. In both cases, samples with 200 ppm
of trehalose were the most finely grouped (closer to each
other) and presented a strong influence on loaf volume, since
they were spotted at the same area of the loadings and scores
diagrams. This confirms all other findings and shows that

trehalose can improve dough stability under severe conditions.
Samples with 150 ppm of trehalose were also well centered;
however, their behavior was more correlated to samples with
50 ppm. The conclusion that can be derived from the above
elements is that despite the differences between the breadmak-
ing efficiency of white and whole-wheat flour, the protective
role of trehalose is congener.

In Table 2, the mean values of the quality attributes
measured during frozen storage in the current study are
presented for samples made from white and whole-wheat
flour. ANOVA was applied so as to define differences
between samples’ flour type and trehalose concentration. The
two flour types showed no significant differences as far as
weight loss during baking and crumb compression character-
istics are concerned. Loaf volume and crumb firmness during
compression were more significantly affected (P<0.05) by
the addition of trehalose. This amplifies their selection as the
most important quality parameters.

Fig. 6 DSC diagram of samples made from white flour containing 0
and 200 ppm of trehalose, respectively, using DSC analysis

Table 2 Average values of the quality parameters measured during frozen storage for samples from white and whole-wheat flour

Attributes SD Concentrations of trehalose (ppm)

White
flour

Whole-
wheat flour

Samples from white flour Samples from whole-wheat flour

0 50 100 150 200 0 50 100 150 200

Weight loss
(%)

1.04 0.81 10.01 8.58 11.15 9.54 11.25 8.48 10.00 8.02 9.83 8.03

Loaf volume
(ml/g)

0.030 0.023 1.44 1.51 1.71 1.72 1.85 1.40 1.48 1.49 1.59 1.61

Crust color 1.35 0.80 78.24 78.95 77.49 79.66 75.92 61.17 63.39 60.92 63.35 63.37
Crumb color 1.31 1.44 75.95 75.53 75.85 76.29 75.42 58.10 59.41 58.20 60.10 58.81
Dough
firmness (N)

0.09 0.31 0.83 0.82 0.75 0.79 0.70 1.49 1.54 1.53 1.44 1.34

Crust firmness
(N)

3.39 7.97 32.35 27.46 25.15 27.00 32.69 48.45 54.39 38.07 53.05 37.89

Crumb
firmness (N)

2.61 4.30 29.87 23.45 25.68 23.86 24.40 37.75 44.15 34.97 36.44 32.75

Crumb
compression
(N)

22.05 18.59 167.53 132.54 123.80 117.00 111.99 158.91 155.47 142.64 139.09 111.89

*SD Maximum standard deviation
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State diagrams provide useful information about food
storage stability and ingredients interactions. More specifical-
ly, stability is affected by the temperature difference between
the storage temperature and the glass transition temperature
(Tg′) of the maximally freeze-concentrated matrix and
decreases rapidly above Tg′. Moreover, ice melting (Tm′) is
related to the dilution of the unfrozen matrix and viscosity
decrease, which may increase the rate of diffusion-limited
reactions in frozen foods (Roos 1995). It is well known that
sugars depress the freezing point of food products. However,
trehalose at low concentrations presents a stabilizing effect
on biomolecules which has been attributed, among other
reasons, to glass formation and attainment of the glassy state
(Kalichevsky-Dong 2000; Karel and Lund 2003). Besides,
the addition of trehalose to food systems may affect their
freezing point and their unfrozen water content or decrease
the time required to reach storage temperature.

Figure 6 shows the DSC diagrams of samples containing 0
and 200 ppm of trehalose, respectively, which resulted using
DSC analysis. Since it was not possible to perform the
analysis in all samples, the highest level of trehalose was
chosen because it presented the best results in the above
measurements. The glass transition temperature was not

detected in both cases. However, the addition of trehalose
slightly induced the melting peak of ice, facilitating dough
freezing and thus minimizing freezing distress.

Low molecular sugar content can be indicative of yeast
activity and performance under freezing conditions. Glu-
cose, sucrose, and thereinafter fructose are the sugars most
preferably consumed by yeast cells. Glucose and fructose
can be readily assimilated by the yeast, while sucrose
should be previously enzymatically hydrolyzed to its
constituents. High concentrations of glucose or sucrose at
certain processing stages can trigger effects such as
activation of cellular growth, mobilization of storage
compounds, and diminution of cellular stress resistance,
which may lead to slow or incomplete fermentation and
poor maintenance of yeast viability. Also, as both glucose
and fructose are imported to yeast cells through the same
carriers, which have a greater affinity for glucose, a delay in
fructose uptake is expected (Verstrepen et al. 2004).

Figure 7 represents the glucose, fructose, and sucrose
content of samples made from white flour containing 0 and
200 ppm of trehalose at different frozen storage intervals. It is
obvious that the addition of trehalose can increase its sugar
assimilative activity. Samples with 0 ppm of trehalose
presented higher sugar content which, as mentioned before,
can be related to poorer fermentation potential. Finally, the
levels of fructose, especially in the case of samples with
200 ppm of trehalose, were higher than those of the other two
sugar measured.

Scanning electron microscopy showed that the dough
sample containing 200 ppm of trehalose (b) was better
developed than the one without trehalose, and most of the
starch granules were covered with a continuous gluten
network (Fig. 8). Starch granules were also better distrib-
uted and presented more ordered size. On the contrary,
control sample presented both small and large starch
granules, which were more densely distributed throughout
the protein matrix. Besides, it was found that trehalose can

Fig. 8 Scanning electron mi-
croscopy analysis of samples
made from white flour contain-
ing 0 (a) and 200 ppm (b) of
trehalose (G gluten, S starch)

Fig. 7 Low molecular sugar (fructose, glucose, saccharose) content
(%) comparison between samples made from white flour containing 0
and 200 ppm of trehalose
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maintain protein structures after thawing, stabilize disulfide
bonds, and enhance gluten development (FSANZ 2003;
Kim et al. 2003; Shimizu et al. 2003).

Finally, it should be noted that the sensory evaluation of
all bread samples pointed no unfavorable effects on their
flavor and aroma (0 ppm, almost odorless; 150 and
200 ppm, more intense flavor/aroma at the end of the
storage period) by the addition of trehalose. Contrarily, in
several cases it amended crust color (0 ppm, 3; 200 ppm, 5)
and crumb’s elasticity (0 ppm, 2; 200 ppm, 4), constrained
some of the defects in samples’ appearance (fewer fissures),
and increased their overall score.

Conclusions

In the current work, the application of trehalose in frozen
dough products was studied to investigate its cryoprotective
role. Results indicate that it can improve loaf volume and
enhance bread’s textural characteristics proportionally to its
dough content, providing bakery products with increased
cryoresistance and higher-quality attributes. Also, it may
affect dough behavior and freeze concentration during
freezing and enhance the assimilation of glucose, fructose,
and sucrose by yeast cells, improving fermentation ability.
However, it is considered important to further study the
incorporation of trehalose in frozen dough systems at
elevated concentrations to designate its optimum level of
use (based on sensory and quality parameters).
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