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Abstract In the present study, the effect of individual and
combined addition of two organic calcium supplements,
calcium caseinate and calcium citrate to the gluten-free
formulation on selected technological parameters, calcium
content and sensory quality of bread was evaluated. Stan-
dard technological tests and texture analysis were per-
formed on the gluten-free control and gluten-free breads
fortified with calcium. Quantitative descriptive analysis
(QDA) was used to determine differences in the sensory
characteristics of the breads. Calcium citrate demonstrated
the ability to increase significantly the specific volume of
the breads (p < 0.05). Application of both calcium salts
produced fine-coloured bread crust. Significant enrichment
in calcium (p < 0.05) was obtained in gluten-free breads
fortified with high amount of calcium citrate. Experimental
breads, regardless the kind of calcium salt added, were
rather crumbly. However, in comparison with unfortified
control, the crumbs of calcium-fortified breads were softer
and more elastic. Palatability of gluten-free breads sup-
plemented with calcium was significantly higher than those
of unfortified control (p < 0.05). The desirable sensory
attributes for the consumers such as the sweet odour, but-
terbread odour, butterbread taste as well as springiness of
breads increased with the increasing addition of calcium
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caseinate and calcium citrate. Summarising, analysed
technological properties, calcium content and sensory
characteristic of experimental gluten-free breads were
favourably modified by applied organic calcium salts. It
suggests that they could be successfully used in gluten-free
recipes allowing to obtain good-quality product.
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Introduction

Celiac disease (CD) is an immune-mediated enteropathy
occurred in genetically predisposed individuals. The envi-
ronmental cause of this disease is dietary gluten from
wheat and similar proteins from rye and barley. Originally,
CD was thought to occur rarely in childhood, while cur-
rently it is recognised as a disorder diagnosed at any age,
affecting roughly 1% of the world’s population [1-3]. Such
a rate establishes celiac disease as one of the most common
diseases. The keystone of CD management is exclusion of
gluten from the diet. However, a gluten-free diet is extre-
mely difficult to adhere to due to the ubiquity of gluten in
human foods. Besides, many patients exhibit incomplete
recovery on a gluten-free diet [4, 5].

Gluten is a complex mixture of gliadin and glutenin
proteins found in wheat and related cereals. Due to the
unique viscoelastic properties, gluten plays multiple roles
in the majority of baked products. Gluten contributes to
batter emulsification and viscoelasticity, provides cohe-
siveness to dough during processing, retains leavening
gases, sets the crumb structure and imparts elasticity to the
bread texture. Therefore, the replacement of gluten and
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formulation of high-quality gluten-free baked products is a
major technological challenge. The quality of baked glu-
ten-free products is low; they exhibit crumbling texture,
poor mouth feel, colour and flavour [6]. To overcome the
problem with the lack of viscoelasticity, hydrocolloids [7,
8], starches [9] and pseudocereals [10] were incorporated
in the recipes of fermented gluten-free products. Pectins
due to their gelling properties are also widely used in
gluten-free products as thickening and gelling agent. Also
aggregated casein-based ingredient fortified with calcium
could form gel network resembling gluten network [11].
Moroni et al. [12] proven that sourdough technology could
be a potential tool to improve the quality of gluten-free
bread.

However, poor structure and texture are not the only
problem of gluten-free products. The diet and gluten-free
products are characterised by a low content of nutritional
components, microelements and vitamins [13, 14]. Among
common deficiencies associated with a gluten-free diet,
calcium deficiency is the well-known disorder. In patients
with symptomatic CD, low bone density appears to be
directly related to the intestinal malabsorption. Osteoma-
lacia or osteopenia are secondary to the reduced calcium
absorption, caused by atrophy of the intestinal villi, and/or
to a vitamin D deficiency, leading to secondary hyper-
parathyroidism [15]. Osteoporosis is therefore a frequent
complication accompanying celiac disease [16]. The
increasing part of the products in the food industry is for-
tified with calcium, especially dairy products followed by
beverages and snacks. Whereas, very few gluten-free
products are enriched as are wheat-containing products
[17]. The development of such products may possibly
improve its nutritional quality and could be a useful adjunct
therapy to the diet. There is some evidence to support the
hypothesis that increased calcium intake might reduce the
risk of suffering from osteoporosis, hypertension and kid-
ney stones [18, 19]; however, the cause of these diseases is
multifactor and poorly understood.

Calcium is an essential nutrient required in substantial
amounts, but many diets are deficient in calcium making
supplementation necessary or desirable. Multiple forms of
calcium supplements are available [20]. The selection of
the appropriate salt for a specific application is usually
based on the consideration of a number of properties
associated with the respective product such as solubility,
calcium content, taste and bioavailability. Calcium car-
bonate and calcium citrate are the main calcium salts added
to foods in order to enhance the nutritional value. It has
been reported that calcium as citrate is better absorbed than
calcium as carbonate, causing a greater rise in serum cal-
cium and a greater fall in serum parathyroid hormone
(PTH) [21, 22]. Moreover, calcium as citrate is absorbed
regardless of gastric acidity; thus, persons producing less
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gastric acids or receiving drugs lowering acidity in the
stomach, like proton pump inhibitors [23], H, blockers,
antacids and anticholinergics, may utilise this salt form
optimally. Calcium from dairy products is also readily
absorbed and such products are considered as a good
source of calcium. Dairy ingredients have been used in the
production of gluten-free bread resulting in nutritional and
functional benefits such as increased protein and calcium
content, flavour and texture enhancement, and shelf-life
extension [24, 25]; however, not all celiac patients tolerate
dairy products (lactose-intolerant).

Up to now, research studies related to gluten-free baked
products have been focused on the development of new
gluten-free formulas based on combining different star-
ches, functional ingredients and/or gluten-free pseudoce-
reals resulting in good texture quality and prolonged
shelf-life of gluten-free bakery products. However, no
special attention has been brought to the use of those
products as carriers or vehicles of mineral compounds. The
objectives of this study were (a) to produce gluten-free
bread fortified with calcium using selected calcium salts,
(b) to evaluate the quality of obtained product and (c) to
test the sensory characteristics of calcium-fortified breads.

Materials and methods
Ingredients

Corn starch (AgroTrade, Warsaw, Poland), potato starch
(Potato-Processing Industry S.A. Niechlow, Poland), pectin
(E 440(3), ZPOW Pektowin, Jasto, Poland), sunflower oil
(ZPT Warsaw, Poland), fresh yeast (Lesaffre Polska S.A.,
Wotczyn, Poland), sugar, salt and deionised water were the
basic ingredients of gluten-free bread. The organic calcium
supplements used were calcium caseinate (PHZ SM Lacpol,
Murowana Goslina, Poland) and calcium citrate (E 333(iii),
Hortimex, Konin, Poland) [26].

Breadmaking process

The gluten-free breads formulation is showed in Table 1.
Main solid ingredients were mixed together for 5 min at
minimum speed using a KitchenAid Professional K45SS
mixer (KitchenAid Europa, Inc, Brussels, Belgium) in the
stainless steel bowl with flat beater. Yeast was dissolved in
water and added to the dry mixture together with oil. The
batter was mixed for 12 min. A 240-g sample of the
resulting batter was placed in a greased baking tins and
rested in a proofer at 35 °C and 70% relative humidity for
40 min. Baking was then carried out for 30 min at 220 °C
top and bottom in the laboratory oven (ZBPP, Bydgoszcz,
Poland) previously steamed. Bread after baking was cooled
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Table 1 Gluten-free breads formulation

Ingredients (%) Control CAS CIT CASI1/CIT1 CAS1.3/CITO0.7 CASO0.7/CIT1.3
Corn starch 36.7 36.7 36.7 36.7 36.7 36.7
Potato starch 8.9 8.9 8.9 8.9 8.9 8.9
Pectin 22 2.2 2.2 2.2 2.2 2.2
Sugar 2.8 2.8 2.8 2.8 2.8 2.8
Salt 0.8 0.8 0.8 0.8 0.8 0.8
Sunflower oil 1.4 1.4 1.4 1.4 1.4 1.4
Yeast 2.8 2.8 2.8 2.8 2.8 2.8
Calcium caseinate - 2 - 1 1.3 0.7
Calcium citrate - - 2 1 0.7 1.3
Water 44.4 444 44.4 44.4 44.4 444

to room temperature (2 h). Then, loaves were packed in a
clip-on polyethylene bag and stored 24 h at room temper-
ature for quality, texture and sensory analysis.

Bread evaluation

In order to determine the bread quality, three loaves of
bread from each group were analysed. Measurements were
performed 24 h after baking. Loaf weight (using a digital
balance with 0.01 g accuracy), volume (millet seeds dis-
placement method) and a height/width ratio of the central
slices were evaluated. The specific volume and bake loss,
defined as the amount of water and organic material lost
during baking, were calculated.

The instrumental measurement of the bread crumb and
crust colour was quantified using a HunterLab ColorFlex
(Hunter Associates Laboratory, Inc, Virginia, USA), and the
results were expressed in accordance with the CIELAB
system with reference to illuminant D65 and a visual angle
of 10°. The measurements were performed through a
3-cm-diameter diaphragm containing an optical glass. The
parameters determined were L (L = 0 [black] and L = 100
[white]), a (—a = greenness and +a = redness), b (—b =
blueness and +b = yellowness). Values were the mean of
ten replicates.

Chemical composition

Basic chemical composition was estimated in freeze-dried
gluten-free breads. Ash [27] and total proteins content
(estimated by calculating total nitrogen using Kjeldahl
method and multiplied by factors 6.25) was determined [27].

The measurement of calcium content was carried out
using the atomic absorption spectroscopy (AAS) method
by a Unicam 939 spectrometer equipped with data basis
ADAX, background correction and cathode lamps. Before
determination all samples were wet mineralised with a
mixture of acids: nitric and perchloric (3:1).

Texture properties

Texture properties of crumbs were measured using com-
pression device of Instron 1011 (Instron Ltd, High
Wycombe, England). The crumb samples of bread (2.0 x
2.0 x 2.0 cm) were compressed until fracture at crosshead
speed 20 mm/min. In the examined experimental gluten-
free breads, it was not possible to determine the texture
parameters typical for common bread because its structure
was destroyed at a very low strain i.e. about 20%, whereas
the standard strain of traditional double compression is
70-80%. Thus, the parameters of fracture point i.e. fracture
stress Fy (kPa), strain Dy (%), and volume energy of frac-
ture E, (kPa) describing the resistance to compression of
bread crumb were accepted as a measure of structure
changes. Eight replicates were made for each loaf.

Sensory evaluation
Sensory methods and evaluation conditions

Quantitative descriptive analysis (QDA) was used to deter-
mine differences in the sensory characteristics of the breads
[28, 29]. Prior to the analysis, vocabularies of the sensory
attributes were developed by the panel in a round-table
session, using a standardised procedure [30]. Fourteen
attributes related to the appearance, odour, taste and texture
of breads were selected and thoroughly defined for profiling.
Definitions and description of these sensory attributes are
summarised in Table 2. The panellists evaluated the inten-
sity perceived for each sensory attribute on unstructured
graphical scales. The scales were 10 cm long and verbally
anchored at each end, and the results were converted to
numerical values (from O to 10 units) by a computer. Loaves
were sliced (15 mm thickness) and served to the assessors in
transparent plastic boxes. The samples were coded with a
three-digit number and presented to the panellists in random
order. Mineral water was offered between the samples.
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Table 2 Definitions of sensory

. Definition
attributes used for sensory

Attribute

evaluation of the gluten-free

. Appearance
bread crumb by QDA analysis

Porosity
Odour
Acidulous
Sweet
Butterbread
Yeast
Taste
Acidulous
Sweet
Butterbread
Aftertaste
Texture (by finger)
Springiness
Elasticity
Texture (mouth feel)

Mastication

Visual impression of the size of the bread crumb porous (small-big)

The intensity of the acidulous odour (none—very intensive)

Odour characteristic to sweet cakes (none—very intensive)

Odour characteristic to sweet bun (none—very intensive)

Odour characteristic to yeast-raised bread produced from wheat flour (none—very intensive)

The intensity of the acidulous taste (none—very intensive)
Basic taste illustrated by sucrose diluted in water 1.5% (none—very intensive)
Taste characteristic to sweet bun (none—very intensive)

Aftertaste which continued after the removal of sample (none—very intensive)

Degree of springiness in bread crumb by pressing with finger (not springy—springy)

Response to stretching (not elastic—elastic)

Degree of perceived resistance while chewing the sample 10 times (not mastic—mastic)

Adhesiveness Degree of adhesiveness perceived while chewing the sample 10 times (low—high)

Moistness

Degree of moistness perceived while chewing the sample 10 times (dry—moist)

The assessments were carried out at a sensory laboratory
room, which fulfils the requirements of the ISO standards
[31]. The results were collected using a computerised system
ANALSENS (IAR&FR PAS, Olsztyn, Poland). Each sample
was tested in two replications.

Sensory panel

Sensory assessments of the samples (QDA) were carried
out by a panel consisting of 8 members (7 females and 1
male, ranging in age between 26 and 39 years) previously
selected and trained according to ISO guidelines [32]. Prior
to their participation in the experiments, the subjects were
trained on sensory descriptors for gluten-free breads pur-
chased from a local supermarket.

Consumer test

A semi-consumer panel of 30 members (including the
Institute staff, graduate, and undergraduate students of the
Institute) has made hedonic evaluation of the samples. In
the test, each panellist was asked to assess the breads for
overall quality, based on the overall colour, odour, taste and
texture. An unstructured graphical scale was 10 cm long and
anchored on both ends: disliked (0)—extremely liked (10).

Statistical analysis

The sensory attributes were analysed by ANOVA using
Fisher’s least significant difference test (LSD). Principal
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component analysis (PCA) was performed in order to
describe the variance among all sensory data obtained.
Statistical analyses were performed using software package
(StatSoft Inc., v. 8.0, OK, USA). The statistical analysis of
the texture results was carried out with a Statistica ver.5
(StatSoft, Inc., Tulsa, OK) software by using ANOVA with
Duncan multiple range test (General Convention and Sta-
tistics, Statistica for Windows, 2nd Edition, Statsoft, Inc.).

Results and discussion

Among available calcium supplements, in the present study
two organic calcium salts were applied, calcium citrate and
calcium caseinate. Calcium citrate was chosen as a rich
source of calcium (21.98%, according to the manufacturer).
The choice of calcium caseinate was based on its physi-
cochemical specification (low lactose 0.38% and high
protein 92.8% content, according to the manufacturer), and
the beneficial influence on the sensory quality of gluten-
free bread is shown in our preliminary studies.

Bread evaluation

Loaf specific volume, bake loss, height/width ratio
of the slice, crumb and crust colour

The effect of individual and combined addition of both cal-
cium salts on the technological parameters of gluten-free
breads was analysed. All results obtained for specific



Eur Food Res Technol (2011) 232:497-508 501
Table 3 Technological parameters of the gluten-free breads containing calcium supplements
Sample Specific Bake Height/ Crust colour parameters Crumb colour parameters

volume (cm3/g) loss (%) width ratio

* a b L* a b

Control 2.29e* 14.03b 0.65b 61.12a 5.94e 21.10e 66.83b 2.49b 12.80a
CAS 2.34e 12.92b 0.74ab 58.31bc 15.48b 33.34b 71.98a 2.77a 13.04a
CIT 3.34a 19.44a 0.83a 56.52cd 13.67¢ 32.80b 62.55d 2.08¢c 11.73b
CASI1/CIT1 2.68c 14.03b 0.74ab 49.32¢ 18.18a 37.65a 64.24c 2.13¢ 11.94b
CAS1.3/CIT0.7 2.49d 13.47b 0.73ab 56.42d 13.37¢ 30.89¢ 66.35b 2.47b 12.80a
CASO0.7/CIT1.3 2.96b 14.03b 0.81a 59.32ab 10.27d 28.31d 62.97d 2.10c 11.95b

* Values labelled with different letters in the same column are significantly different (p < 0.05). CAS bread fortified with 2% calcium caseinate,
CIT bread fortified with 2% calcium citrate, CAS1/CITI bread fortified with 1% calcium caseinate and 1% calcium citrate, CAS1.3/CIT0.7 bread
fortified with 1.3% calcium caseinate and 0.7% calcium citrate, CASO.7/CIT1.3 bread fortified with 0.7% calcium caseinate and 1.3% calcium

citrate

volume, bake loss, height/width ratio of the slice, and crumb
and crust colour are shown in Table 3. Calcium fortification
of gluten-free bread affected all quality characteristics tes-
ted. The addition of calcium caseinate alone did not influence
significant change in the specific volume of bread CAS,
comparing with the control bread. Calcium caseinate is
highly soluble and can be easily dispersed in an aqueous
mixture; therefore, it may contest for water with starch
granules during baking process. The lack of water available
to starch, due to the presence of calcium caseinate, could
decrease starch swelling and that may explain the poor
specific volume of bread CAS. In the study of Gallager et al.
[25], it was reported that 3% inclusions of dairy ingredients
reduced the volume of gluten-free bread, but an increase in
the level of dairy ingredients led to recovery of the volume,
with sodium caseinate performing the best. The use of cal-
cium citrate in experimental breads produced a significant
increase in the specific volume. In comparison with the
control bread, in bread CIT the specific volume have risen by
50%. In this case also the largest cells were formed, which
indicates that the morphological characteristic of the cellular
structure of the crumb (cell size, cell walls thickness) influ-
ence significantly its visual and physical texture [33]. The
slight effect of calcium caseinate on the bread specific vol-
ume was significantly improved by its combination with
calcium citrate. The increase in the specific volume in all
breads fortified with both calcium supplements added toge-
ther was proportional to the rising amount of calcium citrate.
High amount of calcium provided with calcium citrate may
be involved in maintaining the textural quality of bread since
calcium ions form cross-links or bridges between free car-
boxyl groups of the pectin chains, resulting in strengthening
of the cell wall [34]. High methoxyl pectins undergo gela-
tinisation by stacking of the methoxyl groups through
hydrophobic interactions and hydrogen bonding, whereas
low methoxyl pectin forms a network with divalent ions such
as calcium [35]. The divalent ion forms a bridge between two

carboxyl groups of galacturonic acid situated on separate
pectin molecules, thereby forming junction zones between
the pectin molecules.

Analysing bake loss, no significant differences between
the control bread and calcium-containing gluten-free
breads were observed, except for bread CIT. The addition
of calcium citrate alone resulted in a significant increase in
the amount of water and organic material lost during
baking (19.44%). Crumb morphology strongly affects the
rate of transport of water [36], and a smaller pore size is
expected to slow down moisture migration [37]. Besides, a
larger number of connections between gas cells would give
a faster transport of water. Van Dalen et al. [38] found that
the number of connections of each gas cell increased with
increased gas cell size. Therefore, such a high value of
bake loss observed in the bread CIT results probably from
the size of pores (Fig. 1¢). The loaves obtained with the
individual addition of calcium caseinate or calcium citrate
showed higher height/width ratio of slices in comparison
with the unfortified control. However, only in the case of
breads fortified with high amount of calcium citrate (CIT
and CASO0.7/CIT1.3), the increase in the height/width ratio
of slice was significant.

The addition of calcium supplements affected the col-
our of crust and crumb of gluten-free breads. In most
cases, significant differences were observed between
unfortified control and the fortified samples as well as
among all gluten-free breads with different calcium level.
Regarding the crust colour, the highest values of lightness
(L) were observed in the control bread. The light-coloured
crust of the unfortified control was perceived as unap-
pealing; therefore, the darkening of crust observed in all
calcium-supplemented gluten-free breads was presumed
as beneficial and desirable. The crust of gluten-free bread
containing equal amounts of calcium caseinate and cal-
cium citrate (CAS1/CIT1) was characterised by the lowest
L value. This is probably due to Maillard browning
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Fig. 1 Images of the crumb of gluten-free breads. a Unfortified
control, b CAS fortified with 2% calcium caseinate, ¢ CIT fortified
with 2% calcium citrate, d CASI/CITI fortified with 1% calcium

Table 4 Proteins, ash and calcium content in gluten-free breads
containing calcium supplements

Sample Proteins Ash Calcium
(% d.m.) (% d.m.) (mg/100 g)
Control 0.46d* 0.78e 22.2e
CAS 1.12a 0.91d 46.5d
CIT 0.56bcd 1.43a 469.3a
CAS1/CIT1 0.77bc 1.20bc 267.5bc
CAS1.3/CIT0.7 0.82b 1.10c 194.9¢
CASO0.7/CIT1.3 0.63cd 1.31b 315.3b

* Values labelled with different letters in the same column are sig-
nificantly different (p < 0.05). CAS bread fortified with 2% calcium
caseinate, CIT bread fortified with 2% calcium citrate, CAS1/CIT1
bread fortified with 1% calcium caseinate and 1% calcium citrate,
CAS1.3/CITO0.7 bread fortified with 1.3% calcium caseinate and 0.7%
calcium citrate, CAS0.7/CIT1.3 bread fortified with 0.7% calcium
caseinate and 1.3% calcium citrate

reactions where lysine residues from caseinate and glu-
cose from starch are the reactants. The development of
the non-enzymatic browning in food products and the
nature of the compounds formed in the different stages of
the Maillard reaction also depend on the presence of other
reactive compounds in the food system: for example,
mineral elements, especially metal ions with variable
valence [39, 40]. Calcium binds weakly to Maillard
reaction products in model systems and the strength of
banding occurred in the order Mg*t > Cu*t = -
Ca’" > Zn*t [41]. Tt is possible that such a mechanism
might influence the rate of the non-enzymatic browning
reaction in case of bread supplemented with both calcium
salts. In all analysed crust samples, the values of
parameter a were positive (red hue). The incorporation of
calcium supplements affected the significant increase in
redness, especially in the case of bread CASI/CITI,
where the a values were three times higher than in the
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caseinate and 1% calcium citrate, e CASI1.3/CIT0.7 fortified with
1.3% calcium caseinate and 0.7% calcium citrate, f CASO.7/CIT1.3
fortified with 0.7% calcium caseinate and 1.3% calcium citrate

control. Also the b values of the crust were all positive
(yellow hue). The individual addition of each analysed
calcium salt at 2% supplementation level (CAS or CIT)
produced a significant increase in the value of that
parameter. However, similarly to the redness, the highest
score was observed in bread with the combined addition
of both calcium sources at equal amount. Gallagher et al.
[25] analysing gluten-free breads supplemented with
dairy powders reported that breads containing high pro-
tein/low lactose powders (sodium caseinate, milk protein
isolates) had an appealing dark crust and white crumb
appearance, and received good acceptability scores in
sensory tests. Similarly, in the recent study by Nunes
et al. [42], the incorporation of dairy powders improves
the colour of the bread crust. The application of calcium
supplements produced fine-coloured crust of examined
breads. From the technological point of view, the for-
mation of MRPs and melanoidins is important for the
formation of flavour, colour and texture of baking
products [43, 44].

Crumb colour was differently influenced by analysed
calcium supplements (Table 3; Fig. 1). Gluten-free bread
with calcium caseinate alone (CAS) was characterised by
the lightest crumb. The colour of calcium caseinate (white
and cream-coloured powder) may also confer the light
colour of that bread crumb. The opposite effect was
observed when calcium citrate was incorporated to the
gluten-free formulation. When the mixture of both cal-
cium supplements was added, the L value increased with
the rising amount of calcium caseinate. The a and b val-
ues for the crumbs were all positive. The single addition
of calcium caseinate significantly increased the crumb
redness, and conversely, calcium citrate produced its
reduction. High amount of calcium caseinate (2 and 1.3%)
in bread did no affect the intensity of yellow hue which
was similar to the unfortified control, whereas the
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addition of calcium citrate produced a significant decrease
in this parameter.

Chemical composition

Total proteins and mineral compounds content was esti-
mated in freeze-dried gluten-free breads. As it was pre-
dicted, the supplementation of gluten-free formulation with
calcium caseinate, rich in proteins (92.8% d.m.), increased
the total proteins content in supplemented breads (Table 4).
Bread CAS was two times richer in proteins than unforti-
fied control and bread CIT supplemented with calcium
citrate nevertheless, protein content in this bread was still
quite low. The commercial Polish gluten-free formulas

Fig. 2 Differences in texture
properties between upper and
bottom layers of crumbs of
gluten-free breads
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NISKOBIALKOWA and MLECZNA were characterised
by a similar low content of proteins, near 1.5% d.m. [45,
46]. Generally, gluten-free breads obtained from mixing
starches or gluten-free flour are poor in proteins [9, 25]. In
breads fortified with both calcium supplements together,
the proteins content increased systematically with the ris-
ing amount of calcium caseinate. The mineral compounds
content in analysed gluten-free breads was significantly
dependent on the level of calcium citrate supplementation.
The minerals content in bread CIT was predominant.

The addition of calcium salts to analysed gluten-free
dough increased significantly the calcium content in the
gluten-free breads (Table 4). Bread CIT was more than
twenty times richer in calcium in comparison with the
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control bread and ten times richer than bread supplemented
with calcium caseinate alone. In breads containing both
calcium supplements, the calcium content increased pro-
portionally to the rising amount of calcium citrate. Good
food sources contain approx. 100-190 mg of calcium and
contribute at least 10-19% of the daily value of the US
RDA (recommended daily or dietary, allowance or
amounts) for calcium in a selected serving size [47].
Therefore, examined gluten-free breads containing high
amount of calcium citrate could be considered as a good
source of calcium providing approx. 100-140 mg of cal-
cium per serving. The WHO [48] recommended calcium
allowances (mg/day) which were based on UK, European
Union, and American and Canadian data as follows: chil-
dren, 1-3 years: 500; 4-6 years: 600; 7-9 years: 700;
adolescents, 10—18 years: 1300; adults: female: 19 years to
menopause:  1,000; post-menopause: 1,300; males:
19-65 years: 1,000; 654: 1,300. A number of foods are

Table 5 Texture properties of crumb of gluten-free breads contain-
ing calcium supplements

Sample Dy (%) a; (kPa) E, (kPa)
Control 14.5a* 14.2¢ 1.11b
CAS 22.0c 7.9ab 1.07ab
CIT 16.2ab 8.4ab 0.76a
CASI1/CIT1 15.7ab 8.4ab 0.78a
CAS1.3/CITO0.7 17.0ab 10.5b 1.02ab
CASO0.7/CIT1.3 18.4b 6.7a 0.72a

* Values labelled with different letters in the same column are sig-
nificantly different (p < 0.05). Dy, fracture strain; FY, fracture stress;
E,, volume energy of fracture. CAS bread fortified with 2% calcium
caseinate, CIT bread fortified with 2% calcium citrate, CAS1/CIT1
bread fortified with 1% calcium caseinate and 1% calcium citrate,
CAS1.3/CIT0.7 bread fortified with 1.3% calcium caseinate and 0.7%
calcium citrate, CAS0.7/CIT1.3 bread fortified with 0.7% calcium
caseinate and 1.3% calcium citrate

fortified with calcium. In Poland, it is allowed to enrich
flour and cereal products in calcium up to 3 g/kg of product
using mainly calcium carbonate [49]. According to the US
enrichment standards, flour can be fortified to contain
211 mg of Ca/100 g [50]. Ranhotra et al. [51, 52] have
shown that flour can be fortified to contain Ca at much
higher levels than US standard without adversely affecting
white bread quality, and this Ca is well absorbed and
retained. Generally, gluten-free breads and baked products
are poor in calcium [49]; therefore, the addition of calcium
at appreciably high levels to such products could contribute
to a significant increase in calcium amount in the diet of
celiac patients.

Texture characteristics of bread crumb

Distinct differences of fracture stress and energy values,
which can be accepted as indices expressing crumb hard-
ness, between the upper and the bottom part of the
experimental gluten-free breads were found (Fig. 2).
These parameters were always higher in the case of
bottom part. Similarly, our earlier studies on gluten-free
bread containing bean starch [9] revealed distinct differ-
ences between the bottom (harder) and upper (softer) part
of bread slice. The evaluation of the mechanical properties
of bread crumb is difficult as bread crumb has a complex
cellular structure, besides the distribution of cells within
the bread crumb is not homogenous. The differences in
texture properties between upper and bottom part of
examined gluten-free bread slices could be influenced by
the differences in the thickness of the cell walls and the
moisture content [33]. Differences in fracture strain values
(related to crumb elasticity) for these parts of crumbs were
smaller than standard deviation calculated for particular
breads, except for bread CAS0.7/CIT1.3. To evaluate the
quality of whole bread structure, the average values of the

Fig. 3 Overall preferences of 7,0

gluten-free bread. Bars labelled AB B

with different letters are % 6.0 4

significantly different £ 7 AB AB [

(p < 0.05). CAS bread fortified 3 [ AB

with 2% calcium caseinate, CIT ] 5,0 1 A I l T

bread fortified with 2% calcium 3 l 1

citrate, CAS1/CITI bread 8 40

fortified with 1% calcium 3

caseinate and 1% calcium § 3,0 4 L

citrate, CAS1.3/CIT0.7 bread ‘%

fortified with 1.3% calcium s

caseinate and 0.7% calcium 3 2,0 1

citrate, CAS0.7/CIT1.3 bread E

fortified with 0.7% calcium O 1,0

caseinate and 1.3% calcium

citrate 0.0 ‘ ‘ ‘ ‘ ‘ '
Control CAS CIT CAS1/CIT1 CAS1.3/CIT0.7 CAS0.7/CIT1.3
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mechanical resistance parameters of experimental gluten-
free bread crumbs were calculated (Table 5).

Both control and supplemented breads, independently of
the kind of calcium salt added, were rather crumbly that
resulted from the absence of gluten proteins. Control bread
was characterised by the lowest fracture strain values at the
highest fracture stress and energy values. The variance
analysis supplemented by Duncan multiple range test
classified control bread to the separate uniform group.
Among examined breads, crumb structure of bread CIT
and CAS1/CIT1 was almost the same, showing the med-
ium values of determined parameters. The addition of
calcium caseinate alone (CAS) resulted in the highest
elasticity (Dy = 22.0%) at medium fracture stress and
energy, which, according to results of statistical analysis,
were similar to CIT and CAS1/CIT1 breads. On the other
hand, in the case of bread CAS0.7/CIT1.3, the addition of
both calcium supplements resulted in quite high elasticity
(Dy = 18.4%) and the lowest hardness (o; = 6.7 kPa) and
statistical calculation allowed to place this bread also in
separate uniform group. Thus, the distinct effect of addi-
tion of calcium supplements alone and in combination on
crumb structure (softer and more elastic than this of control
bread) was confirmed. Although the differences in struc-
ture parameters between supplemented breads were usually
statistically insignificant, the recommendation of the best
calcium supplementation for improving of crumb texture
was possible. Stathopoulos and O’Kennedy [11] advanced
thesis that by increasing calcium concentration to an
optimum level in the casein/caseinate ingredient it will be
possible, under the correct pH and ionic strength condi-
tions, to replace S—S bonds that govern the properties of
gluten in a wheat dough with Ca (coordination) links. They
confirmed the important role of calcium in creation of
structure of gluten-free breads and found concentrated
casein systems containing 30 mg Ca/g protein as the most
suitable for gluten substitution. In presented work, corre-
lations between calcium content and fracture strain
(R = —0.7275) and volume energy of fracture (R =
—0.8325) were found, whereas there was no correlation
between calcium content and fracture stress (R =
—0.1672). Obtained results were dissimilar to these pre-
sented by Stathopolos and O’Kennedy [11] probably due to
the lack of adequate amount of proteins in examined calcium-
fortified breads. Therefore, it was impossible to obtain an
aggregated calcium-caseinate product what could emulate
the textural properties of gluten.

Sensory evaluation
The effects of the calcium caseinate and calcium citrate on

the overall preference of gluten-free bread are shown in
Fig. 3. The results indicated that palatability of the bread

Table 6 Mean descriptive analysis ratings of gluten-free breads containing calcium supplements

Texture (mouth feel)

Texture (by finger)

Taste

Odour

Appearance

Sample

Elasticity Mastication Adhesiveness Moistness

Springiness

Butterbread Aftertaste

Butterbread Yeast Acidulous Sweet

Sweet

Acidulous

Porosity

3.4bc
1.9a
4.4c

3.5a
4.2a
2.5a

4.5ab
33

1.8a
1.5a
2.3a
1.9a
1.7a
2.4a

5.3a

1.7ab
1.6a
2.5¢

1.4a
3.1b

3.3ab
4.7

3.6a

2.9a
2.6a

0.2a
2.8b

1.2a
3.4b
2.8b

3.

6.4b
3.9a

4.0b*
0.9a

7.

Control
CAS
CIT

4.2ab

5.7ab

2.7a
4.0a
4.0a
3.9a

4.9ab
5.6b

7.0ab
7.

2.4ab

3.4ab
2.7a

1.6a
2.5a
2.0a

2.2ab
2.6b
3.2b

5.2ab

3d

2.8ab

a

3.0cd 1b

2.2ab

4b
9b

4.8ab

CAS0.7/CIT1.3  7.4d
CASI/CIT1

3.0ab

3.4a
3.2a

6.7ab 4.7ab
3.5a

2.4bc
3.

2.0ab

3.5ab

2.

4.9ab

7.3d

3.8bc

6.5ab

4d

2.3ab

4.2ab

2.5ab 3.6a

2.0ab

2.5ab

5.2ab

CAS1.3/CIT0.7 5.6¢c

* Values followed by the same letter in the same column are not significantly different (p < 0.05). CAS bread fortified with 2% calcium caseinate, CIT bread fortified with 2% calcium citrate,

CAS1/CIT] bread fortified with 1% calcium caseinate and 1% calcium citrate, CAS1.3/CIT0.7 bread fortified with 1.3% calcium caseinate and 0.7% calcium citrate, CAS0.7/CIT1.3 bread

fortified with 0.7% calcium caseinate and 1.3% calcium citrate
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Fig. 4 Principal component analysis (PCA) scores (a) and loadings (b) of sensory data for gluten-free breads

supplemented with calcium was significantly higher
(» < 0.05) then those of the unfortified control. The aver-
age overall preference of scores (in the scale of 10 units)
for bread supplemented with calcium ranged from 4.7 units
(CIT and CASO0.7/CIT1.3) to 5.4 units (CAS1.3/CIT0.7),
whereas the control obtained 3.6 units. It indicates that
calcium caseinate and calcium citrate might contribute to
improve the sensory properties of gluten-free bread.

To find attributes which influenced the sensory quality
of gluten-free breads quantitative descriptive analysis
(QDA) was used. This method is often applied to study a
variety of cereal products [53-55]. The QDA procedure
elicited 14 attributes as follows: one for appearance, four
for odour, four for flavour/taste and five for texture (by
finger and mouth feel).The mean sensory ratings for the
samples and the analysis of variance are presented in
Table 6. The results show highly significant differences
(» < 0.001) in the intensity of attributes such as porosity,
aftertaste and springiness caused by the type of breads. The
samples containing calcium caseinate and calcium citrate
at all levels (except CAS sample) were scored higher for
porosity in comparison with the control bread. In other
words, the density of gluten-free bread supplemented with
calcium decreased. It should be emphasised that the
desirable for the consumer sensory attributes such as the
sweet odour, butterbread odour, “butterbread” taste as well
as springiness of breads increased with the addition of
calcium caseinate and calcium citrate.

In order to observe the differences in the analysed
samples more clearly, principal component analysis (PCA)
was performed. This method allows to see a graphic rep-
resentation of the data so the variation between the samples
can be more easily interpreted. The data obtained from

@ Springer

QDA method (14 attributes and 5 products) were subjected
to PCA which was performed on the covariance matrix of
the samples with no rotation. Two principal components
were extracted which had eigen values greater than one
(29,813 and 5,148, respectively). The first two principal
components (PC1 and PC2) which together explained
88.87% of the total variance were plotted in Fig. 4a
and b.

PC1 explained the majority of the variations, comprising
66.30%, while 22.57% was due to PC2. The scores of the
PC1 and PC2, for gluten-free breads are presented in
Fig. 4a. It can be seen that PCA technique differentiated
the samples by type of breads which formed distinctly
separate cluster found along the first and second principal
component. The control and CAS sample were located
oppositely to CAS; CASI1/CIT1; CAS1.3/CITO.7and
CASO0.7/CIT1.3 samples on the PCA chart which indicated
their different sensory characteristics. The distribution of
sensory attributes in space defined by the first and second
PCA dimensions is presented in Fig. 4b. The attributes:
acidulous taste, porosity, springiness and adhesiveness had
a high loading (>0.8) in PC1. Thus, these attributes had a
decisive effect on the variation in the sensory quality of the
samples. The second PC was associated with the attributes
such as acidulous odour, sweet odour, butterbread odour
and butterbread taste. However, it should be stressed that
the vector describing the acidulous odour of the samples
was located opposite to the vectors describing sweet odour,
butterbread odour and butterbread taste on the PCA chart.
This implies a negative correlation between the notes.
Taken collectively, sensory results (QDA and PCA) proved
that the addition of calcium caseinate and calcium citrate to
samples altered the sensory quality of gluten-free breads.
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Conclusions

The application of organic calcium salts, calcium caseinate
and calcium citrate influenced favourably the baking
characteristic of experimental gluten-free breads. Calcium
citrate improved the specific volume of gluten-free breads,
while the mixture of both calcium supplements in formu-
lations produced fine-coloured bread crust. Significant
enrichment in calcium was obtained in breads with 2 and
1.3% calcium citrate addition; therefore, they could be
considered as a good source of calcium. All calcium-fortified
breads, regardless the kind and amount of calcium salt added,
were rather crumbly; however, they were softer and more
elastic in comparison with unfortified control. Consumers
perceived the appearance and sensory quality of calcium-
supplemented gluten-free breads as desirable. This result
suggests that applied organic calcium salts can be used
successfully in gluten-free recipes in order to obtain good-
quality and rich in calcium gluten-free bread.
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