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Abstract The study aimed to evaluate the effects of selected
protein isolates and concentrates on quality and staling of
gluten-free bread, in the absence of other structure-forming
agents such as guar gum and pectin. The applied preparations
included albumin, collagen, pea, lupine and soy. Their addi-
tion had various effects on rheological properties of the dough
and volume of the bread. Volumes of the loaves baked with
soy and pea protein were smaller, while those with albumin
significantly larger than control. Presence of non-gluten pro-
tein caused changes in crumb structure (higher porosity, de-
crease in cell density, higher number of pores with a diameter
above 5 mm) and its color, which was usually darker than of

unsupplemented starch-based bread. The least consumer’s ac-
ceptance was found for bread baked with soy protein. The
presence of pea and lupine preparations improved sensory
parameters of the final product, providing more acceptable
color and smell in comparison to control, while soy caused a
decrease of all analyzed consumer’s scores. The addition of
protein caused an increase in bread hardness and in enthalpy
of retrograded amylopectin, during bread storage.
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Introduction

Commercial mixes for gluten-free dough contain mostly car-
bohydrates, which have a negative influence on the quantity of
protein present in the diet of celiacs, because bakery products
are an important source of amino – acids in a diet of healthy
people (Matos Segura and Rosell 2011). The lack of gluten
protein in this type of food has negative consequences on
bread structure, as gluten normally provides a viscoelastic
matrix in traditional products. Its absence decreases gas
retaining properties of the dough and has negative impact on
crumb texture. Therefore sensory properties of gluten-free
bread are usually worse in comparison to wheat based prod-
ucts, and staling is usually much faster (Matos and Rosell
2015). Gluten-free bread in general has also unsatisfactory
nutritional value, which is why the number of studies on its
fortification with proteins, fibre and/or bioactive compounds,
mineral salts and so on have dramatically increased in recent
years (Capriles and Arêas 2014; Diowksz et al. 2009; Korus
et al. 2009; Krupa-Kozak et al. 2014; Martínez et al. 2014;
Ronda et al. 2014; Tsatsaragkou et al. 2014). The key objec-
tive in gluten-free bread production is to imitate gluten visco-
elastic matrix, responsible for product’s structure by proper
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composition of the recipe. To this end various hydrocolloids
could be used, most of them of polysaccharide and protein
origin. In order to improve texture and sensory properties
other processing aids are added, including emulsifiers, stabi-
lizers and enzymes acting on proteins (transglutaminase) or
starch (amylases) (Capriles and Arêas 2014).

Addition of non gluten proteins in the production of gluten-
free bread is especially interesting, as those substances have
both nutritional and technological role. Their addition reduces
amino acid deficits, and impact structure and texture forming
properties of the dough, as well as the color and sensory prop-
erties of the final product, in this way affecting its consumer
acceptance. Their presence may influence storage of gluten-
free products, and decrease bread staling. Protein could be
added in various forms, as components of gluten-free flours
(e.g., rice, soy, pea) or in the form of concentrates and isolates
(Deora et al. 2015). The formation of dough and bread struc-
ture by protein addition is often assisted by the introduction of
other supplements such as polysaccharide hydrocolloids, en-
zymes or surfactants. Among cereal proteins zein and kaffirin
have been applied for gluten-free bread supplementation
(Deora et al. 2015; Pontieri et al. 2013; Schober et al. 2011).
Andersson et al. (2011) observed that the addition of corn
protein in the presence of hydrocolloids positively influences
dough rheology, improves bread structure and increase its
volume. Also Schober et al. (2010) registered a positive influ-
ence of zein on viscoelastic properties of the dough, if it was
mixed at 40 °C, resulting in better gas retention and increased
bread volume. Another important source of amino-acids in
gluten-free products are diary proteins, which positively influ-
ence nutritional value and quality of gluten-free bread. They
are a good source of calcium and essential amino acids, such
as lysine, methionine and tryptophan (Krupa-Kozak et al.
2013). The addition of diary proteins strengthens structure,
improves texture and color of bakery products and slows
down its ageing. Caseins are most frequently applied, as they
have emulsifying properties and stabilize other components of
gluten-free dough. Other preparations include isolates and
concentrates of whey proteins with an ability to form gel-
like structures and skim milk powder, characterized by a high
water binding capacity (Deora et al. 2015). An innovative idea
to use meso-structured whey protein particles in the produc-
tion of gluten-free bread was suggested by van Riemsdijk
et al. (2011). The application of whey proteins is however
restricted by a fact, that celiac disease might be accompanied
by lactose intolerance, and that dairy proteins themselves
could be allergens.

Egg proteins could also be used as a functional ingredient
in gluten-free bread, in particular albumin could be added
(Deora et al. 2015). High functionality of this ingredient is
related to its foam stabilizing properties, which are important
for gas retention, and structure stabilization of the crumb
(Schoenlechner et al. 2010; Tsatsaragkou et al. 2014).

Another group of proteins applicable in gluten-free prod-
ucts is derived from legume seeds. They are nutritionally valu-
able, due to high lysine content, which is a limiting amino acid
in cereal products (Marco and Rosell 2008b). Isolates and
concentrates of these proteins are produced in high
quantities, especially from soy and pea. Marco and Rosell
(2008a) observed that the presence of legume proteins causes
an increase in water absorption andmodifies mechanical prop-
erties of the final product. In other studies an increase of spe-
cific volume and improvement of sensory quality were ob-
served after an addition of pea protein, which was also accom-
panied by a decreased retrogradation (Miñarro et al. 2012).
Matos et al. (2014) stated, that the addition of pea protein to
gluten-free muffins makes them softer and more elastic. In
these group of protein preparation a special attention should
be paid to carob germ proteins. As it was demonstrated by
Smith et al. (2012) they improve viscoelastic properties of
the dough and allow obtaining gluten-free bread with a high
quality. Other proteins tested in the production of gluten-free
include collagen and lupine proteins (Ziobro et al. 2013).

In our earlier studies proteins of various origin were used as
an ingredient improving nutritional value and structure of
gluten-free bread based on starch and non-starch hydrocol-
loids (pectin and guar gum). A varying influence was ob-
served for different preparations both for rheological proper-
ties of the dough, and for final bread quality. It was observed
that lupine proteins and albumin resulted in an increase of the
loaves, while pea proteins positively influence their sensory
parameters. Protein preparations also significantly retarded
bread staling (Ziobro et al. 2013). However the use of hydrocol-
loids such as guar gum, which have a status of allowed additives
is not fully acceptable by the consumers (Rinaldi et al. 2014).
Therefore it seems reasonable to eliminate such substances, and
in this way obtain a Bclean label^ products, additionally enriched
in protein. Protein preparations are classified as food constituents,
and are not regarded as Bchemical^ or Bartificial^, therefore they
could be used instead of such hydrocolloids without a negative
influence on consumer’s acceptance. The aim of this studywas to
check their influence on structure and properties of gluten-free
dough based on starch, in the absence of other structure-forming
agents such as guar gum and pectin.

Materials and methods

Materials

The material for dough and bread making consisted of corn
starch, (Bezgluten, Poland), potato starch (Pepees S.A.,
Poland), guar gum (Lotus Gums & Chemicals, India), pectin
(Pektowin, Poland), freeze dried yeast Saf-instant (S.I.
Lesaffre, France). Sucrose, salt, and plant oil were obtained
from local supermarkets. In addition the following high
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protein ingredients were used: albumin contained 82–86 %
protein in d.b. according to producer’s declaration (Ovovita,
Poland), Fralu-Con lupine protein – 59 % protein in d.b. (L.I.
Frank, Netherlands), Arcon S IP DNGM soy protein concen-
trate – 72 % protein mfb (ADM Co., USA), Hewipro HP95
collagen – 90 % protein in d.b. (Brentag, Poland) and pea
protein isolate Nutralys F85M – 85 % protein in d.b.
(Roquette, France).

Methods

Rheological properties of dough

Dough preparation was done following the method described
earlier (Korus et al. 2009). A detailed gluten free dough for-
mulation used for control sample was as follows: corn starch
(830 g), potato starch (207 g), pectin (17.2 g), guar gum
(17.2 g), yeast (52 g), sugar (20.7 g), salt (17.2 g), oil (31 g)
water (1072 g). Other samples were obtained by adding 10 %
of protein (per total starch, i.e., 103.7 g), with parallel removal
of pectin and guar gum (3.3 % of total starch) and 6.7 % of
both starches, i.e., 55.5 g of original corn and 13.8 g of potato
starch, so that the amount of dry substances would be the same
as in control sample.

Preliminary rheological analyses indicated a strong influ-
ence of applied protein preparations on dough properties.
Thus it seemed necessary to adjust the level of water used in
baking experiments, to obtain the dough suitable for bread
baking. To this end consistency of the control sample (which
was found to be appropriate for baking in our previous stud-
ies) was checked on Brabender Farinograph E (Brabender,
Duisburg, Germany), and water absorption of other dough
mixes was determined taking into account the established val-
ue (i.e., 100 farinograph units).

Water addition to individual dough mixes ranged between
688 g per sample in the case of albumin and 1312 g in the case
of collagen. Intermediate values were obtained from formula-
tions with lupine (832 g), pea (944 g) and soy (1112 g).

In order to check the effect of protein addition on rheolog-
ical properties of the dough, all dry samples (deprived of
yeast) were mixed with the same amounts of water using
mechanical stirrer RW20 (IKA-Werke, Staufen, Germany) un-
til a uniform mass was obtained. Viscoelastic properties of the
dough were measured at 25 °C with the use of rheometer
MARS II (Thermo-Haake, Karlsruhe, Germany) equipped
with a system of parallel plates (diameter 35 mm, gap
2 mm). Dough samples obtained as described above, were
put between the plates and left for 15 min in order to obtain
relaxation and stabilize temperature. Mechanical spectra were
measured in the range of linear viscoelasticity, at constant
strain amplitude (γ=0.05%) in the range of angular frequency
1–100 rad s−1 (Juszczak et al. 2012).

Bread making

After mixing for 8 min (Laboratory Spiral Mixer SP 12,
Diosna, Osnabrück, Germany) the dough was fermented for
15 min (35 °C, 80 % moisture), re-mixed for 1 min and divid-
ed into 250 g pieces in greased metal pans. Final fermentation
(35 °C, 80 % moisture) was performed for 20 min. Baking
was done in an electric oven MIWE Condo type CO 2 0608
(MIWE GmbH, Arnstein, Germany) for 30 min at 230 °C.
Seven loaves were baked in a single batch. Two independent
batches were analysed. The loaves were removed from pans,
and cooled at ambient temperature.

Bread analyses

Bread volume was measured using volume meter Volscan
profiler 600 (Stable Micro Systems, Surrey, England).

Image analysis were performed for slices from the internal
part of each loaf (thickness – 1 cm) were scanned by Plustek
S-12 desktop scanner (Plustek, Taipei, Taiwan). The regis-
tered images were analysed with the help of ImageJ software
v. 1.44c (NIH, Bethesda, USA), evaluating porosity, cell den-
sity and percentage of pores>5 mm (Abramoff et al. 2004).

Analysis of crumb color in CIE L*a*b* system was per-
formed by reflectance method using Color i5 spectrometer (X-
Rite, Grand Rapids, USA) set for the following parameters:
measuring geometry d/8, illuminant D65, observer 10°, slit
width 25 mm.

Sensory analysis of bread was performed by the sensory
panel consisting of 14 assessors with established sensory sen-
sitivity (trained according to PN-ISO 8586–1:1996 PKN
1996). The methods of sensory evaluation was based on the
acceptance analysis of encoded bread samples on the seven-
point scale, where 1 means Bextremely dislike^ and 7 – Bex-
tremely like^. The analysis included the following quality
attributes: overall appearance, structure and porosity, color,
smell and taste.

Texture profile analysis (TPA) of bread crumb of one loaf
from each batch was performed, using texture analyzer TA-
XT2plus (Stable Micro Systems, Surrey, England), according
to standard program, at the compression rate 5 mm s−1 (loaves
used for analysis in the following days were stored in plastic
bags at 22±2 °C). Sample of bread crumb, taken from the
centre of the loaf with a height 2 cm was pressed to reach
50 % deformation by a P/20 aluminium cylinder probe with
a diameter 2 cm, in two cycles with a 5 s delay. The resulting
hardness, springiness, cohesiveness and chewiness of the
crumb were used as indicators of textural changes during stor-
age. The calculations were performed using the attached soft-
ware Texture Exponent (Stable Micro Systems, Surrey,
England). The analysis were performed after 2, 24 and 48 h
after baking.
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Thermal properties of gluten-free bread crumb were
characterised by means of differential scanning calorimeter
DSC 204 F1 Phoenix (Netzsch-Gerätebau, Selb, Germany).
The calorimeter was calibrated by Indium standard. Loaves
after baking were cooled for 2 h at ambient temperature. After
this time samples were taken for DSC analyses and the rest of
loaves was packed in polyethylene bags and stored at 22±2 °C
for further analyses (after 24 and 48 h). Dry mass of the crumb
was estimated in parallel. Crumb samples (approx 15 mg) in
the following days of analyses were closed hermetically in
aluminium pans and heated in the calorimeter from 25 to
100 °C at a rate of 10 °C min−1. Empty aluminium pan was
used as reference. Temperatures and enthalpy of thermal tran-
sitions were determined with the use of instrument’s software
Proteus Analysis (Netzsch-Gerätebau, Selb, Germany).
Enthalpy values were expressed as g d.b.

Statistical analysis

In order to establish the statistical differences between means,
the data were treated by one-factor analysis of variance, and
the least significant difference (LSD) at significance level 0.05
was calculated using Fisher post hoc test. Two way analysis of
variance was performed in order to establish the influence of
protein component and storage time. Hierarchical cluster anal-
ysis was done in order to exhibit the similarities and differ-
ences between analysed samples. The calculations were per-
formed using statistical software package Statistica 9.1
(StatSoft Inc., Tulsa, USA).

Results and discussion

Rheological properties of dough

Dough for gluten-free bakery products is usually based on
starches and flours, which in the absence of viscoelastic gluten
form a structure with a limited ability to retain air and gases
produced during fermentation. In the effect the crumb of final
products has compact structure, with poorly expanded cells,
and the resulting bread has low volume and unacceptable tex-
ture properties (Capriles and Arêas 2014). To avoid this prob-
lem various strategies could be used together, which involve
technological innovations and the use of appropriate ingredi-
ents and/or additives as well as processing aids. The analysis
of dough rheology, especially its viscoelastic parameters, al-
lows checking the influence of dough composition and prep-
aration method on its structure. Gluten free dough exhibits
non-linear viscoelasticity, however in the range of small de-
formations its properties could be described by a combination
of viscous and elastic properties (Witczak et al. 2012).
According to Hüttner et al. (2010) low viscosity of the dough
positively influences quality of the final product, because it

improves gas cell expansion during proofing, and in this way
positively affects volume and allows to obtain well-aerated
crumb. Nevertheless too low viscosity could lead to structure
weakening, and thus decrease gas retention, negatively
influencing bread quality. It is therefore difficult to predict
the exact influence of rheological properties on product char-
acteristics, and the optimum dough formulation should com-
bine relatively low viscosity with the ability to form sufficient-
ly strong and rigid structure, which would hold enough gas
during proofing and provide crumb with appropriate structure
and texture. Mechanical spectra of control dough and selected
samples with added protein preparations are shown in Fig 1a.
All analysed systems, under the applied conditions, exhibited
the prevalence of elastic properties over viscous (storage mod-
ulus G’>loss modulus G^). The replacement of structure
forming hydrocolloids and part of the starch in formulation
with protein significantly modified viscoelastic properties of
the dough in a way depending on preparation type. The pres-
ence of soy protein had no significant influence on the values
of G^, but caused a visible increase of G’ in comparison to
control. Slight changes in the values of G^ and significant in
G’ signify strengthening of elastic structure of the dough, de-
spite of its comparable ability to dissipate energy. An increase
in storage modulus, accompanied with decreasing phase shift
tangent (tan δ=G^ / G’) mentioned above, was earlier ob-
served by Crockett et al. (2011) in doughs containing soy
protein isolate. The changes in rheological properties of
gluten-free dough, corresponding to the application of soy
protein were also reported by Marco and Rosell (2008a),
who observed the increase of the development time and time
necessary for hydrating the compounds. The presence of pea
protein caused a significant rise of both moduli. The most
pronounced drop in their values was observed for dough with
lupine protein (Fig. 1a). It confirms earlier observations, that
the addition of lupine protein to the dough weakens its struc-
ture and deteriorates viscoelastic properties, which results in
impaired quality of the product (Kohajdová et al. 2011).
Significant influence of protein addition on viscoelastic prop-
erties of the dough could be observed in the values of phase
shift tangent (tan δ=G^ / G’) represented on Fig. 1b. All
analyzed samples behaved as weak gels (0.1<tan δ<1) which
is in agreement with earlier observations of viscoelastic prop-
erties of gluten free dough (Pruska-Kędzior et al. 2008;
Witczak et al. 2012). The addition of protein preparations
caused a significant decrease of tan δ which corresponds to
strengthening of dough structure in comparison to control.
The smallest decrease of tan δ was observed for the dough
with albumin. Although albumin had the smallest impact on
the ratio between viscous and elastic properties of the dough,
its ability to form foams and retain gases results in a significant
improvement of bread volume (Schoenlechner et al. 2010;
Storck et al. 2013; Ziobro et al. 2013). The lowest values of
tan δ were found for the dough in which structure-forming
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hydrocolloids were replaced with collagen, which confirms
our earlier observations about the role of specific structure of
such protein in regulating properties of starch based systems
(Ziobro et al. 2013). All other dough samples with protein
preparations exhibited similar values of tan δ, which was sig-
nificantly lower in comparison to control and dough with al-
bumin. Only the presence of lupine protein resulted in an
increase of tan δ at higher values of angular frequency, which
indicates that the dough with lupine protein has weaker struc-
ture and deforms faster, directly after stress is applied. Various
components have different influence on dough characteristics.
The largest share of viscous properties could be observed for
control and albumin samples. On the other hand, the dough
with collagen ismore elastic than all others in thewhole analyzed
range. A sharp decrease of tan δ accompanying the initial in-
crease of angular frequency indicates rapid gaining of elastic
properties, exhibited by much faster change of G’ (storage

modulus) than G^ (loss modulus). The most pronounced effect
(largest change per cent) could be observed for the sample with
alubmin. At higher values of angular frequency the values of tan
δ cease to change, and finally rise, but to a very limited extent.

Gluten-free bread characteristic

Volume and structure of the crumb

Ability of crumb structure to hold gas produced during fer-
mentation has significant impact on bread volume. In the case
of wheat dough it is mainly controlled by proteins, which form
gluten network. The role of proteins in gluten-free dough is
also important, as they can hold water and stabilize starch gel
formed during gelatinization. Structure forming ability of
proteins is related to their swelling and emulsifying proper-
ties. All applied preparations except lupine protein had

a

b

Fig. 1 Mechanical spectra (top -
(white diamond) Control, (white
triangle) Lupine, (white square)
Pea, (white circle) Soy; G’ – filled
markers; G^ – empty markers)
and tangent of phase shift
(bottom -(white triangle) Control,
(asterisks) Albumin, (plus sign)
Collagen, (white triangle) Lupine,
(white square) Pea, (white circle)
Soy) of control dough and
samples structured with different
proteins

J Food Sci Technol (January 2016) 53(1):571–580 575



significant influence on loaf volume (Table 1). Its increase
observed in the case of albumin, could be explained by its
foaming properties (ability to decrease surface tension,
resulting in an increased stability of multiphase systems),
which increase gas retention, as it was reported earlier
(Schoenlechner et al. 2010; Storck et al. 2013; Ziobro et al.
2013). Egg albumins reveal relatively small molar masses,
and high potential to absorb carbon dioxide (due to the pres-
ence of high amounts of mostly acidic amino acids and free
sulphydryl groups, which promote foaming, heat setting and
adhesion), which is decisive for its binding in bread crumb
(Crockett et al. 2011; Mine 1995; Ziobro et al. 2013). Another
important factor, which has a positive influence on loaf
volume, is low denaturation temperature of albumin, which
is responsible for structure formation and stabilization during
baking. The presence of other protein preparations, especially
soy and pea proteins, caused a decrease in bread volume
(Table 1). Negative influence of soy protein on volume of
gluten-free bread was earlier observed by Marco and Rosell
(2008a). Similar observations were reported by Ribotta et al.
(2004), together with crumb faults, and excessively compact
structure. On the other hand a positive influence of pea protein
on crumb structure was reported by Miñarro et al. (2012).

Table 1 represents other parameters characterizing crumb
structure, obtained using digital image analysis (see also
Online Resource 1). The lowest porosity was found for control
bread. The application of albumin had insignificant influence
on this parameter, while the addition of other types of protein
preparations had a positive impact on its value, especially
when collagen was used. Similar trend could also be observed
for a number of large pores (with a diameter above 5 mm), and
the opposite relation was noticed for cell density, which de-
creased in comparison to control. Except albumin, all applied
protein preparations, had significant influence on these param-
eters. The most pronounced decrease in cell density could be
found for bread with collagen, which also contained the
highest percentage of large pores. The observed changes in
porosity reflect differences in physico-chemical properties of

analyzed proteins (structure, solubility, hydration etc.), which
lead to modified gas retention capacity.

Color and sensory attributes

The application of protein preparations in bread baking had a
significant influence on bread lightness (L* parameter)
(Table 2). The presence of albumin increased the value, while
other preparations caused its decrease. Bread with soy and
collagen were darker than the standard but not statistically
different from each other. The results are in agreement with
our earlier report (Ziobro et al. 2013). Gluten free bread,
especially based on starch, is usually light in appearance, often
regarded by the consumers as highly purified, with decreased
levels of fibre and minerals. Therefore the additions which
reduce the lightness seem to be beneficial from marketing
point of view. The value of a* characterizes balance between
green (negative) and red (positive). Control sample, and the
product with albumin revealed negative values of a*, while in
other cases the parameter was positive, which indicates
increased intensity of red and is correlated with decreased
lightness (Table 2). Similar tendency was observed for b*,
which was in all cases positive, because of a prevalence of
yellow over blue. The lowest values were found for control
sample, and the addition of individual preparations caused
their increase, especially in the case of lupine proteins. A
significant rise of yellowness in bread supplemented with
lupine protein was observed by Kohajdová et al. (2011).

Sensory parameters and their acceptability are decisive for
consumer’s acceptance. The results of sensory acceptance of
the analysed bread are shown on Fig 2. The application of
proteins in bread formulations had varying effects on con-
sumer’s acceptance, depending on their source. The lowest
scores were given to samples with soy protein, as it could be
expected by its lowest volume (Table 1). Positive effects on
bread appearance could be noticed after the use of pea and
lupine proteins, while collagen and albumin had a negative
impact on this parameter. Structure and porosity of the loaves

Table 1 Bread volume and
digital image analysis parameters
of gluten-free bread crumb

Sample Volume Porosity Cell density Percentage of pores>5 mm
mL − cm−2 −

Control 601.1±9.28c 0.337±0.004a 21.0±0.5e 0.401±0.012a

Albumin 720.0±37.08d 0.341±0.006a 22.6±1.5f 0.402±0.006a

Collagen 552.2±30.32b 0.434±0.011d 8.3±0.7a 0.572±0.016c

Lupine 610.0±28.72c 0.424±0.005c 10.1±0.6b 0.586±0.029c

Pea 521.1±24.21a 0.409±0.008b 16.0±0.6d 0.514±0.014b

Soy 507.5±9.57a 0.421±0.006c 11.3±0.3c 0.528±0.016b

One-way ANOVA − p <0.001 <0.001 <0.001 <0.001

Mean value of four replication±standard deviation.Mean values signed this same letters in particular columns are
non-significant different at 0.05 level of confidence
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with pea and lupine preparations were almost equally accept-
able as control sample, although their porosity, and the per-
centage of large pores were higher (Table 1). The presence of
other proteins caused a decrease in approbation of this feature.
The acceptance of color was improved after the addition of
pea and lupine proteins, which could be attributed to their
darker, more yellow color (Table 2). Bread with albumin
was also more accepted than control, despite of its lighter
crumb (Table 2). The introduction of pea, lupine and collagen
preparations caused a significant increase in acceptability of
bread smell. Flavor of the product with lupine protein was
comparably acceptable as the control sample. In other cases,
despite of the elimination of gums, a slight decrease in Flavor
acceptance could be observed. The exception was bread with
soy protein, which received significantly poorer scores than
all other samples.

Texture properties

Staling of gluten free bread, observed during its storage, could
be attributed mainly to the loss of moisture and starch retro-
gradation. The interactions between structure forming

components and starch could significantly modify their rate,
in a similar way as in wheat bread, in which starch-gluten
interactions are considered to be decisive for crumb harden-
ing. The structure-forming role in GF bakery products is usu-
ally played by polysaccharide or protein hydrocolloids or their
combination. The values of texture parameters during storage
of bread with protein preparations are shown in Table 3. The
applied two-way analysis of variance proved, that for all
analysed parameters, type of the applied protein preparations
and storage time, together with the interactions with both these
factors, had a significant influence on their values. Bread age-
ing, including a visible increase of crumb hardness is a com-
plex process, which could be modified by any of bread con-
stituents, as well as the interactions between them. Texture
changes are closely related to the migration of water to crust,
and the changes caused by recrystallization of starch polymers
(Fadda et al. 2014). Protein significantly affects this process.
Crumb of starch based bread, in which there are no protein-
starch interactions, and water is bound only by a carbohydrate
fraction, hardens much faster than of standard wheat bread,
containing gluten (Korus et al. 2015). The results of two-way
anova confirmed a significant influence of protein type on
crumb hardness (Table 3). On the day of baking, the samples
with collagen and lupine revealed hardness comparable with
control, while bread with albumin and pea protein was signif-
icantly firmer. Hardness increased during storage period, how-
ever the changes depended on type of protein preparation
applied in the recipe. The smallest increase could be observed
in the case of bread with collagen and control sample. Slightly
more intensive staling could be found for bread with lupine
protein. Significantly more pronounced rise of hardness, es-
pecially on the second day of storage, could be seen for sam-
ples with albumin and soy protein, and the highest change was
measured in the case of bread with pea protein. Although the
latter sample received best scores in a consumer survey, the
analysis was performed on the day of baking, so fast rate of
staling had no influence on the results. Basing on the data it
could be observed, that all protein preparations except colla-
gen have a negative influence on structural changes in bread
crumb during storage, causing the rise of its hardness. In our
earlier report (Ziobro et al. 2013) it was found that supplemen-
tation of gluten-free bread with protein significantly reduced
bread hardness, especially in the case of lupine protein, and
that their use diminished changes in bread hardness upon
storage. It could be concluded, that this was due to the syner-
gistic action of gums and proteins, which should be combined
and not used separately.

Springiness varied to a lesser extent than hardness
(Table 3), and generally diminished with increasing time of
storage. The type of applied protein preparation was statisti-
cally significant, but less important.

On the day of baking all bread samples revealed compara-
ble cohesiveness, but the replacement of gums with individual

Table 2 Color parameters of gluten-free bread

Sample L* a* b*

Control GFB 78.34±0.64d −0.92±0.05b 15.48±0.12a

Albumin 84.07±0.06e −1.25±0.03a 19.53±0.11b

Collagen 69.51±1.55bc 0.03±0.02c 21.32±1.65c

Lupine 67.65±1.03a 1.38±0.11d 31.90±1.26f

Pea 70.00±0.89c 1.41±0.07d 24.42±0.49e

Soy 69.68±0.36bc 2.45±0.05f 22.99±0.22d

One-way ANOVA − p <0.001 <0.001 <0.001

Mean value of six replication±standard deviation. Mean values signed
this same letters in particular columns are non-significant different at 0.05
level of confidence

Fig. 2 Results of sensory acceptance of gluten-free bread samples
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protein preparations had varying effects on the reduction of
this parameter (Table 3). A decrease in cohesiveness was
least pronounced for control sample, in which structure was
formed by starch and gums. When the gums were replaced
with protein preparations, a decrease in cohesiveness was
more visible, especially when lupine or pea protein was
used. The excessive loss of cohesiveness negatively influ-
ences consumer acceptance, because the product is more
susceptible to crumbling.

Trends observed in the case of chewiness generally follow
those reported for hardness, because both parameters are high-
ly correlated. The least changes during storage were found for
samples with collagen and lupine protein and control. The
highest chewiness was found for bread with pea protein.

Thermal properties

Thermograms obtained during heating of bread crumb, reveal
the presence of peak caused by disruption of retrograded am-
ylopectin. Temperature range of this transition (data not
shown) varied between 43.0 °C for control sample and
48.0 °C for bread with collagen to 71.3 °C for the sample with
collagen and 79.7 °C for bread with pea protein. In all cases an
increase in onset temperature during storage could be

observed, which is probably the result of interactions between
starch polymers and proteins in the system. Two-way
ANOVA indicated a slight variability in the values of onset
temperatures, depending on the type of applied preparation
(p<0.025), while endset temperature did not depend on time
of storage in a statistically significant way (p<0.095). No
influence of interactions between preparation type and storage
time could be found for onset and endset temperatures. More
variability could be observed in values of the enthalpy of
retrograded amylopectin (Fig. 3), although the interactions
between type of protein and time of storage had no significant

Table 3 Texture parameters of
gluten-free bread Sample Day Hardness Springiness Cohesiveness Chewiness

N − − N

Control 1 0.47±0.02a 0.983±0.016gh 0.931±0.004h 0.43±0.03a

2 3.18±0.19cd 0.971±0.001fgh 0.697±0.074g 2.14±0.11d

3 3.82±0.03de 0.950±0.002cdefg 0.610±0.003f 2.21±0.03d

Albumin 1 2.00±0.25bc 0.954±0.011defg 0.904±0.014h 1.73±0.24bcd

2 8.46±1.07g 0.944±0.006cdef 0.591±0.029ef 4.71±0.51e

3 9.44±0.65g 0.931±0.002bcd 0.535±0.034def 4.69±0.20e

Collagen 1 0.38±0.08a 0.970±0.029efgh 0.916±0.004h 0.34±0.07a

2 2.81±0.44cd 0.953±0.024defg 0.594±0.042ef 1.60±0.32bcd

3 3.68±0.25de 0.944±0.010cdef 0.491±0.074bcd 1.70±0.22bcd

Lupine 1 0.74±0.15a 0.994±0.016h 0.897±0.003h 0.66±0.14ab

2 4.83±0.21ef 0.894±0.048a 0.415±0.035ab 1.79±0.22cd

3 5.44±0.82f 0.901±0.029ab 0.372±0.025a 1.81±0.16cd

Pea 1 2.08±0.41bc 0.993±0.016h 0.900±0.009h 1.85±0.34cd

2 16.77±1.69j 0.934±0.015bcde 0.427±0.067ab 6.72±1.42g

3 18.83±1.65k 0.915±0.025abc 0.372±0.130a 6.30±1.98g

Soy 1 1.05±0.07ab 0.965±0.009defgh 0.909±0.012h 0.92±0.06abc

2 10.64±0.77h 0.929±0.024bcd 0.519±0.028cde 5.12±0.25ef

3 13.56±1.01i 0.933±0.012bcd 0.456±0.021bc 5.75±0.28fg

Two-way ANOVA−p
Factor A (protein type) <0.001 0.003 <0.001 <0.001

Factor B (time) <0.001 0.000 <0.001 <0.001

Factor A× Factor B <0.001 0.002 <0.001 <0.001

Mean value of four replication±standard deviation.Mean values signed this same letters in particular columns are
non-significant different at 0.05 level of confidence

Fig. 3 Enthalpy of amylopectin melting after retrogradation of gluten-
free bread crumb during storage
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influence on its value. The smallest values of the enthalpy
were measured for bread with collagen, both on the day of
baking and during storage, and the values were significantly
smaller than for control. It indicates the ability of collagen to
retard amylopectin recrystallization, and in consequence bread
staling. The results agree with those of crumb hardness
(Table 3), which were the smallest for the sample with colla-
gen. Other samples with protein preparations were not statis-
tically different in terms of enthalpy of retrograded amylopec-
tin. They significantly increased during storage and were in
most cases higher than for control sample. It indicates a lim-
ited ability of these protein types to retard structural changes in
crumb, and well agrees with the results of hardness. In our
earlier report, it was observed that the supplementation of
gluten-free bread based on pectin and guar gum, with soy
and pea protein preparations significantly reduces enthalpy
of retrograded amylopectin on the subsequent days of storage
in comparison to control (Ziobro et al. 2013). It then seems
that the effective reduction of amylopectin recrystallization,
and thus bread staling, requires the combined use of gums
and proteins. The interactions between those constituents
and starch during baking and storage require further
examination.

Cluster analysis

In order to find analogies in the effects of individual proteins
on bread properties a hierarchical cluster analysis was done.
As it is shown on Fig. 4, the properties of samples with pea
and soy protein were most similar. Resemblance between con-
trol sample and bread with lupine protein could also be ob-
served. Bread with collagen was comparable with those with
soy and pea protein, but the variability was almost twice as
before. Samples with pea protein, soy protein and collagen
differed highly from those with lupine protein and control,
as it is indicated by the distances between clusters. However
the most pronounced changes in bread behaviour were caused
by the addition of albumin, which is in agreement with earlier
observations.

Conclusions

The use of protein preparations in recipes for gluten-free bread
had varying effects on dough properties and bread character-
istics. In general, the applied isolates and concentrates caused
a firming of dough structure, which was reflected by a drop in
phase shift tangent. Bread produced with the use of soy pro-
tein and collagen had lower volume, while albumin caused its
increase in comparison to control. The replacement of gums
with proteins influenced bread structure, and had positive ef-
fects on crumb color and its consumer acceptance. The pres-
ence of pea and lupine proteins positively influenced sensory
parameters. However the replacement of gums with proteins
caused an increase in bread hardness and enthalpy of
retrograded amylopectin. These observations, together with
earlier results, indicate that the application of protein prepara-
tions in the absence of guar gum and pectin negatively influ-
ences bread staling, but their combination with polysaccharide
hydrocolloids could retard it. They also suggest, that the for-
mulations deprived of plant gums, should be stabilized by
some other means, such as structure-forming trans-glutamin-
ases. Varying effects of individual proteins in the presence of
polysaccharide hydrocolloids (Ziobro et al. 2013) and without
them, gives an opportunity to obtain specific effects by proper
combination of different protein sources. This could lead to
production of bread with required quality parameters, which
could be low or even completely free from structure forming
additives and enriched in amino acids. However the optimiza-
tion of such recipe is not an easy task and requires further
studies.
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