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1 Introduction
Bread is a widely consumed product, particularly wheat 

bread. Bread quality loss takes place due to staling that begins 
just when loaves are taken out from the oven (BÁRCENAS; 
ROSELL, 2005). Staling involves several physical and chemical 
phenomena, recristallyzation of the amylose, and amylopectin 
(HUG-ITEN; ESCHER; CONDE-PETIT, 2003; ZOBEL; KULP, 
1996), loss and redistribution of water (CZUCHAJOWSKA; 
POMERANZ, 1989; HOSENEY; ZELEZNAK; LAI, 1986), 
and protein-starch interaction (CHAMP; FAISANT, 1992; 
ELIASSON; LARSSON, 1993; EVERY et al., 1998) are the most 
important ones.

During storage the most evident changes are related to 
moisture content loss and crumb hardening (DAVIDOU et al., 
1996).

Hydrocolloids are widely used as additives in the food 
industry because they are useful for modifying the rheology 
and texture of aqueous suspensions (DZIEZAK, 1991) due to 
their high water retention capacity (LEE et al., 2002). In baked 
goods, hydrocolloids have been used for retarding staling and 
for improving the quality of fresh products (BÁRCENAS; 
ROSELL, 2005). In fact, guar, xanthan, arabic, carrageenans, 
alginates, pectin and cellulose derivatives have been widely 
used (GUARDA et al., 2004; ROSELL; ROJAS; BENEDITO DE 
BARBER, 2001; SHARADANANT; KHAN, 2003).

The Brea gum (BG) is a hydrocolloid obtained as phloematic 
exudate of Cercidium praecox harms. The two most common 
species found in Argentine are C. praecox (Brea tree) and 

Cercidium australe (Brea arbustus). The genus Cercidium 
belongs to Leguminosae family. With their extensive root system, 
Brea trees can be found in semi-arid regions of Argentine. 
Brea trees grow scattered in the wild, and the gum from these 
untended trees is collected manually by the native people. The 
exudate gum is obtained from superficial incisions made in the 
branches and tree trunks. After some weeks, the partially dry 
gum exudates are manually collected. The exudate is purified by 
a simple process of solution and subsequent dried and ground 
into a fine powder. The production and composition of BG is 
complex and varies somewhat depending on the geographical 
origin, climatic conditions and the age of the trees. BG has an 
amber colour and a semi-liquid consistency with a faintly sweet 
flavour. It is highly soluble in water. Solutions are homogeneous 
and present acid character (pH = 4). This hydrocolloid contains 
residues of L-arabinose, D-xylose, D-glucuronic acid and 
4-Omethyl- D -glucuronic acid at the approximate molar 
ratios of 1.7:6, 3:1 and 9:0.9 respectively (CEREZO; STACEY; 
WEBBER, 1969; DE PINTO et al., 1993), associated with small 
amounts of protein (approximately 8%) which contribute to 
their emulsifying properties. The major structural features of 
BG appear to be a β-(1→4)-linked d-xylan backbone [possibly 
containing some (1→2)-linkages] that is 2-substituted by short 
branch chains containing residues of d-xylose (and l-arabinose) 
and d-glucuronic acid, in which both types of residue may be 
terminal (CEREZO; STACEY; WEBBER, 1969). BG shares 
structural and chemical similarities with other plant gums 
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Technological evaluation of fresh bread

Physicochemical characteristics of fresh breads

Physicochemical characteristics of fresh breads including 
weight, volume (rapeseed displacement) (V), specific volume 
index (specific volume of control loaves were taken as 100%, 
and the specific volume of the samples with BG referred to 
this value of the control bread) (SVI). The width/height ratio 
(W/H) of the central slice, moisture content (AMERICAN..., 
1995, method 925.10), and hardness of fresh crumb (see section 
2.2.4.2.) were assessed.

Fresh bread crumb color

The color of the crumb was determined with a Cole-
Parmer colorimeter using the CIELAB parameters (L*, a*, b*). 
The visual sensations that are sent to the brain create the three 
dimensions of colour judgment response that is often referred 
to as three-dimensional colour space. In the CIE Lab system, 
these dimensions are expressed as: L* related to lightness varying 
from black (zero) to white (100), and the other two are related to 
chromaticity: a* from green (–a*) to red (+a*) and b* from blue 
(–b*) to yellow (+b*). The CIE (Commission Internationale de 
l’Eclairage) L*, a*, and b* colour characteristics were determined 
using the ColorTec, PCM colorimeter (Accuracy Microsensor 
Inc., Pittsford, USA) equipped with light source D65 and an 
observation angle of 10°. Three measurements were averaged 
for each sample.

Image acquisition and analysis of the fresh crumb

The analysis of the crumb structure was performed by 
scanning and digitizing the crumb image. Images were taken 
from the centre of the each bread slice and were captured using 
an Epson scanner (Epson Stylus CX5900). Crumb cells were 
analysed by the ImageJ software programme (Version 1,44p, 
Wayne Resband, National Institute of Health, USA). This 
software allows the selection of the central image of the crumb 
and determines the area expressed in mm2 (I). It then converts 
to 8-bit images to obtain a black and white threshold, allowing 
a clear distinction between black cells. This allows calculation 
of the average cell size (mm), the number of cells present in the 
selected area (II), and the total area occupied by cells (% area 
fraction). To calculate the amount of cells per cm2, the value (I) 
is converted into cm2, and the ratio of the parameters (I) and 
(II) is then calculated.

Thus, the total area cells (%) (TAC), the average size of the 
cells (mm)(ASC), and the number of cells per unit area (n °C/
cm2) were calculated. Three replicates for each sample were 
carried out.

Bread crumb staling

The aging of bread was determined by variation in the 
moisture, hardness, and retrogradation of amylopectin of the 
crumbs (control sample and with the addition of BG) during 
storage at 2 (fresh bread), 24, 48, and 72 hours.

widely used in the food industry such as Arabic gum (DE 
PINTO et al., 1993). Hence, BG could be a suitable candidate 
for incorporation as stabilising, emulsifying, and thickening 
additive in food formulation. Brea gum has been traditionally 
used as a “woodland candy” by countryside people since pre-
Colombian times without producing harmful consequences. 
Von Müller et al. (2009) reported a toxicological evaluation of 
BG in mice. Their results suggest that feeding BG at levels up 
to 5% to mice do not exert any toxicological effects, supporting 
its potential use as a food additive for human consumption.

The aim of this study was to analyze the possible effect of 
BG as an improver of bread crumbs, acting as an anti aging. 
For that purpose the texture, microstructure, moisture and 
retrogradation of the amylopectin in bread crumb in the 
presence of BG were studied.

2 Materials and methods

2.1 Materials

Commercial wheat flour (10% moisture content, 11.79% 
protein and 0.71% ash), compressed yeast and other ingredients 
were purchased from local markets. BG was provided by 
indigenous communities from Chaco Salteño.

2.2 Methods

Purification of BG

The native BG was purified at the laboratory; firstly it 
was solubilized in water at room temperature and it was then 
successively filtered. Once clean, BG was dried in an oven at low 
temperature and was milled to a particle size of 80 mesh (0,173 
mm – ASTM). Since BG has high solubility in water (28.3% at 
25 °C), the fine powder was solubilized in the water required for 
kneading [approximately 60% water w / w of flour, measured 
by farinographic analysis (data not shown)] to ensure a good 
distribution of the hydrocolloid throughout the dough.

Breadmaking process

To test the effect of BG the following proportions were used: 
0% (control bread) 0.5% and 1% (test bread) w / w flour based. 
The dough was prepared using the following proportions of 
ingredients based on 100g of flour: dried yeast 1%, salt 1.6%, and 
water 55.7% for the control bread; 57.5% for breads with 0.5% 
of BG addition; and 58.7% for breads with 1% of BG addition.

The ingredients were mixed and kneaded in a commercial 
bread maker machine (ATMA easy cook). The dough was 
fermented at 27 °C for 95 minutes and kneaded (25 minutes); 
baking was performed at 150 °C for 60 minutes. Finally, the 
bread was cooled to room temperature for 120 minutes. For 
the study of aging, the loaves were placed unpacked into a 
special camera and stored at 25 °C ± 2 °C with a 75-80% relative 
humidity for 24, 48, and 72 hours. Three loaves were prepared 
and stored for analyzes at each storage time.
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Statistical analysis

The data obtained were subjected to analysis of variance 
(ANOVA) and Tukey´s test using the software program of 
Statistical Package for the Social Sciences (SPSS, 17.0) in order 
to assess significant differences among samples. Differences 
were considered significant when p < 0.05.

3 Results and discussion

3.1 Effect of BG addition on the quality of fresh crumbs

The quality parameters of the loaves with BG is described 
in Table 1.

Although the addition of 1% BG appears to increase the V 
and SVI of the pieces of bread, this effect was not statistically 
significant (p<0.05). It can be seen that the specific volume and 
the SVI of the samples with BG were similar to the control. 
This effect was positive since the addition of BG, in any of the 
proportions studied, does not affect the volume, unlike other 
hydrocolloids used in baking that impair the volume of breads, 
such as alginate (ROSELL; ROJAS; BENEDITO DE BARBER, 
2001). These differences can be due to be different origins of 
the hydrocolloids.

The shape of the loaf slices was not affected by the different 
percentages of BG added.

The moisture content of the fresh samples containing BG 
were significantly (p<0.05) higher than that of the control, 
which was expected due to an increase in the amount of water 
necessary for the formation of the dough, (up to optimum 
consistency of 500 Brabender units). This indicates that the 
water absorption of the dough with BG was higher. This effect 
was due to the water retention ability of this polymer resulting 
from the hydrophilic nature of most gums (GUARDA et al., 
2004; CHRISTIANSON  et  al., 1981; COLLAR; ARMERO; 
MARTÍNEZ, 1999; GURKIN, 2002; TWILLMAN; WHITE, 
1988). Perhaps, this behavior can demonstrate that during 
cooking, the hydrocolloid forms a network that could act as a 
barrier to the diffusion of gases, which in turn would reduce 
vapor losses resulting in higher moisture content of crumb bread 

Crumb moisture content

Moisture content was determined in fresh and stored 
samples, according to the AACC official method (method 
925.10) (AMERICAN..., 1995). Three replicates for each sample 
were carried out.

Crumb hardness

Crumb hardness was measured in a QTS 25 texturometer 
(Brookfield). A 2.5 cm thick slice was compressed with a 
38.1 mm acrylic probe up to 40% deformation, at 120 mm/min 
speed and 60 seconds of hold time. Analyzes were performed 
six times for each sample.

Retrogradation of amylopectin

A differential scanning calorimeter (DSC- Q200, TA 
Instruments, USA) was used to determine the amylopectin 
retrogradation. Crumb samples (control and with the addition 
of BG) from different times of storage were weighed (60 mg ± 5) 
inside aluminum pans of 100µL (T0 pans, Switzerland). Empty 
pans were used as reference. After sealed, the pans were 
heated from 27 to 120 °C at 10 °C/min speed. The parameters 
measured were: the onset temperature (T0), peak temperature 
(Tp), final temperature (Tf), and amylopectin retrogradation 
(∆Hret); straight lines were drawn between the T0 and Tf, and 
the enthalpy associated to the amylopectin retrogradation 
was calculated as the area enclosed by the straight lines and 
endotherm curves; it was expressed in joules per gram (J/g) of 
dry sample (BÁRCENAS; ROSELL, 2005). Four replicates for 
each sample were carried out.

Scanning electron microscopy (SEM) of bread crumbs

A Jeol scanning electron microscope (JSM 6480 LV, Tokyo, 
Japan) was used, with an acceleration voltage between 0.2 
and 30 Kv, including sensors for secondary and backscattered 
electrons, working with high and low vacuum. The bread 
samples were initially treated with glutaraldehyde and ethylic 
alcohol (98°) and dried up to a critical point and finally 
metalized with gold.

Table 1. Influence of the addition of GB on the quality parameters of fresh bread.

Control 0.5% 1%
V (cm3) 221 ± 0.12a 226 ± 0.27a 219 ± 0.51a

Specific Volume (cm3/g) 2.26 ± 0.05a 2.23 ± 0.12a 2.36 ± 0.02a

SVI (%) 100a 98.94 ± 5.12a 104.60 ± 0.95a

W/H 1.09 ± 0.06b 1.10 ± 0.04b 1.13 ± 0.01a

Crumb moisture (g%) 44.60 ± 0.17a 45.34 ± 0.15b 45.21 ± 0.20b

Crumb Hardness (g) 186.33 ± 9.43a 217.67 ± 12.5b 232.33 ± 3.95b

Area fraction (%) 30.55 ± 1.99a 30.00 ± 2.40 a 32.05 ± 0.07a

ASC(mm) 3.84 ± 0.03a 3.17 ± 0.60a 5.67 ± 0.11b

N °C/ cm2 7.97 ± 0.42b 9.46 ± 1.18b 5.66 ± 0.10a

Means ± standard deviation (n=3). Means in the same row with different letters are significantly different (p<0.05). V: volume; SVI: specific volume index; W/H: width/height ratio; 
ASC: average size of the cells; n °C/cm2: number of cells per unit area.
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3.2 Effect of BG on the crumb staling during storage

In Figure 2, it can be seen that the moisture content of the 
crumbs during the three days of storage at 25 °C.

The bread crumbs with BG were more humid than the 
control sample at 48 and 72 hours of storage. The difference 
was significant. Since there were no differences between the 
moisture content of the breads with hydrocolloid, it appears 
that the minimum addition of BG promotes moisture retention 
in the bread crumb.

Similar results were reported by Guarda et al. (2004), who 
studied the effect of some hydrocolloids such as k-carrageenan, 
xanthan, HPMC, and alginate and found that all of those 
hydrocolloids would reduce moisture loss from the crumb, even 
when a small percentage of them was added to the formulation. 
Davidou  et  al. (1996) reported a similar result in the locust 
bean gum; it can reduce the loss of moisture and dehydration 
rate during storage, in comparison to that the control sample.

(BELL, 1990). Similar behavior was reported by Bárcenas and 
Rosell (2005) in breads with added HPMC.

The addition of BG increased the hardness of the bread 
crumb which could be a consequence of the thickening effect 
on the crumb walls surrounding air spaces, as proposed 
by Guarda  et  al. (2004) and Rosell, Rojas and Benedito de 
Barber (2001) for xanthan gum. These unusual characteristics 
compared with those presented by other similar molecular 
weight polysaccharides are related to the branched and more 
compact molecular structure in BG (BERTUZZI; SLAVUTSKY; 
ARMADA, 2012).

Crumb cellular structure is an important quality criterion 
used in commercial baking and research laboratories to judge 
bread quality along with taste, crumb color, and crumb physical 
texture (KAMMAN, 1970; PYLER, 1988; ZAYAS, 1993).

As for the crumb structure, it was observed that in the 
bread with further addition of BG there were fewer cells, but 
they were larger; thus, the total area covered by cells was higher 
in the crumb supplemented with 1% of BG. In the crumb 
supplemented with 0.5% of BG there were no significant 
differences from the crumb control bread, suggesting that the 
minimal addition of hydrocolloid does not alter the quality of 
the crumb, while the maximum addition seems to favor the 
formation of larger cells, which would lead to a heterogeneous 
crumb structure.

Figure 1 shows the color profile of crumbs with and without 
BG.

The L* parameter showed no significant differences between 
the control and the crumb supplemented with 0.5% of BG, 
while it showed a significant decrease in the crumb with 1% 
BG. Parameters a* and b* showed a significant increase in the 
crumb with the maximum level of added hydrocolloid. This was 
expected since BG has a clear tendency to yellow (L*: 78.01; a*: 
2.63; b*: 20.49). With regard to the red and yellow dyes, there 
was an increase proportional to the amount of BG added to 
the formulation. The crumb supplemented with 1% of BG was 
creamy yellow and opaque.

Figure 1. Color profile of bread crumbs with different additions of BG.

Figure 2. Moisture variation in white bread crumbs with different levels 
of addition of BG, stored for 72 hours.

Figure 3. Effect of BG on the hardness variation of the crumb at 
different storage times.
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∆Hret than that of the crumb of the control sample and that 
supplemented with 0.5% of BG. This would suggest a significant 
decrease in the amount of water available for starch in the 
crumb with the addition of 1% of BG (DAVIDOU et al., 1996; 
MIURA; NISHIMURA; KATSUKA, 1992; ROULET, 1988; 
PISESOOKBUNTERNG; D´APPOLONIA, 1983).

After 48 hours of storage, the ∆Hret of the two types of 
crumbs with BG did not differ, suggesting a higher rate of 
retrogradation than that of the control samples (Figure 4). At 
72 hours, both crumbs added with GB had higher ∆Hret than 
that of the control, and the difference was significant.

Many authors demonstrated that retrogradation was not 
the only factor responsible for the firmness of the bread crumb 
but rather, hardness would be the result of macromolecular 
interactions causing entanglements (COLWELL, 1969; RAO; 
NUSSINOVITCH; CHINACHOTTI, 1992; ROGERS  et  al., 
1988; MCLVER et al., 1968).

With respect to the moisture content, the results of the 
thermograms do not agree with what is proposed in the literature 
as generally accepted. Specifically, when there is higher water 
content, there is less retrogradation in the sample (BÁRCENAS; 
ROSELL, 2005; DAVIDOU et al., 1996; LE-BAIL et al., 2009; 
PRIMO MARTÍN et al., 2007; LEÓN; DURÁN; BENEDITO 
DE BARBER, 1997).

This behavior could be explained by a competition for 
water between the hydrocolloid and starch. Part of the water 
of the system would be retained in the structure of the BG, 
which would explain the results in the moisture content and 
hardness of the crumb. The starch in the crumbs supplemented 
with BG, is provided with a certain amount of water that is 
less than that of the control crumb, but enough to act as a 
plasticizer in the reorganization of the amylopectin molecule. 
Rogers et al. (1988) concluded that starch retrogradation and 
hardening of the crumb are uncorrelated with each other in a 
certain range of moisture contents and, according to several 
authors, the moisture content close to 40% would highly favor 
starch retrogardation and bread firming (DAVIDOU  et  al., 
1996; HE; HOSENEY, 1990; ROGERS et al., 1988; ZELEZNAK; 
HOSENEY, 1986).

These observations seem to indicate that, regardless of their 
origin, the gums can help reduce the loss of moisture from the 
crumb. This is attributable  to increased water retention and 
better water distribution which affects the crumb hardness 
(ARMERO; COLLAR, 1996; EIDAM et al., 1995).

Figure 3 shows the hardness increase of the crumb during 
the bread storage at 25 °C. The crumb hardness increased 
during storage with or without BG. However, after 24 hours, 
there was no difference in the hardness of the crumbs in the 
presence or absence of BG although breads containing BG had 
significantly lower values of crumb hardness at 48 and 72 hours 
of storage resulting in a softer crumb than the control. The lower 
crumb hardness obtained in the samples containing BG could 
be related to the high moisture content of these crumbs at 48 
and 72 hours of storage since the inverse relationship between 
hardness and moisture content has been widely reported (HUG-
ITEN; ESCHER; CONDE-PETIT, 2003; SHARADANANT; 
KHAN, 2003; FIK; SUROWKA, 2002; LEUNG; MAGNUSON; 
BRUINSMA, 1983; RIBOTTA; LEÓN; AÑÓN, 2003). Similar 
results have been found by other authors who have studied 
other gums such as HPMC, alginate, and k-carrageenaner. 
Sharadanant and Khan (2003) found that the addition of 
hydrocolloids such as carboxymethylcellulose, arabic and locust 
bean gum to the bread formulation led to a lower hardening 
rate during the storage of bread crumbs. Opposite effects with 
xanthan were also reported (BÁRCENAS; ROSELL, 2005; 
GUARDA et al., 2004; ARMERO; COLLAR, 1998).

The hydrocolloid mechanism has not yet, been completely 
understood, and many authors have proposed some hypothesis. 
It seems that the effect of gums results from two opposite 
phenomena: firstly, due to an increase in the rigidity as a 
consequence of the decrease in the swelling of the starch 
granules and the amylose lixiviation; secondly, due to a 
weakening effect on the starch structure caused by inhibition 
of the amylase chain association (BILIADERIS  et  al., 1997). 
Other authors (ARMERO; COLLAR, 1996; EIDAM  et  al., 
1995) proposed that hydrocolloids have a weakening effect on 
the starch structure that promotes better water distribution 
and retention and a decrease in the crumb resistance. He 
and Hoseney (1990) proposed that the decrease in moisture 
content favors the rapid formation of cross-links between starch 
molecules and proteins, yielding a faster hardening of the bread 
and, as a consequence, if the hydrocolloids can act in favor of 
the retention of water in the crumb structure, there will be less 
hardening. The power of the effect will depend on the specific 
hydrocolloid (GUARDA et al., 2004).

Texture results showed that the lowest BG concentration 
(0.5% w/w flour basis) is sufficient to change crumb hardness, 
while no further modification was obtained by increasing the 
hydrocolloid concentration.

The results regarding the retrogradation of amylopectin 
are shown in Figure 4.

The values for ∆Hret of the control bread were similar to 
those reported by Le Bail et al. (2009).

It is important to note that in the first 24 hours of storage, 
the crumb supplemented with 1% BG had a significantly higher 

Figure 4. Evolution of the melting enthalpy of amylopectine (DHret) 
during storage.
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It can be concluded from this experiment, in agreement 
with Davidou et al. (1996), that bread firming during storage 
cannot be explained by starch retrogradation alone or by 
the moisture content. The organization of polymers within 
the amorphous region, the repartition of water between the 
amorphous and crystalline regions of bread crumb, or the 

The lower hardness of the bread crumbs with the addition 
of BG would be due to higher water content in the crumb 
structure. The higher moisture content would be due to the 
water trapped by the hydrocolloid in the crumb structure. In 
the present study, the hardness of the crumb was not correlated 
with retrogradation of amylopectin.

Figure 5. Effect of BG on the microstructure of fresh crumbs and at 72 hours of storage. a and d: control crumbs (a: fresh, d: 72hs of storage), b 
and e: crumb with 0.5% BG (b: fresh, e: stored), c and f: crumb 1% GB (c:fresh, f: stored). White arrows show rigid areas observed in the samples; 
red arrows indicate the presence of clearly visible starch granules; and green arrows show the network structure containing the granules.
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by the moisture content. The organization of polymers within 
the amorphous region or the repartition of water between the 
amorphous and crystalline regions may play an important role.
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