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1 Introduction
Bread is one of the basic products in human diet worldwide. 

This product is one primary sources of energy since it is rich in 
carbohydrates, but it is poor in quantity and quality of protein 
(Bowles  & Demiate, 2006). This paper aims at improving the 
protein content of bread by incorporating lupine protein isolate 
(LI) (Lupinus mutabillis sweet) in its formulation.

Lupine is a valuable ancient leguminous plant which grows 
well in different soils and climates. It has been used as food by 
people of the Andean highlands (Morrow, 1991; Dervas et al., 
1999). The main interest in lupine in foods relates to its high 
content of protein, which is considered as a good source of 
lysine and is generally poor in sulfur-containing amino acids 
(Lampart-Szczapa, 1996). The main anti-nutritional substances 
are various alkaloids of the quinolizidine group (Mohamed & 
Rayas-Duarte, 1995). Many lupine varieties have high levels 
of alkaloids (bitter tasting compounds) that make the seed 
unpalatable  and sometimes toxic (El-Adawy  et  al., 2001). 
Lupine alkaloids can be removed from the seed by boiling 
for 30 minutes, followed by steeping in running water for 
three days (Rahma & Narasinga Rao, 2002). In addition, the 
production of protein isolates can contribute to solving this 
problem because alkaloids are water-soluble and would be 
removed during preparation of the isolates; they can then be 
used as functional ingredients in human food (Souza et al., 
1996). Sosulski & Youngs (1979) mentioned that the protein 
concentrates and isolates from lupines can be used as an 
additional source of protein for human nutrition. Lupine protein 
has a high nutritive value if supplemented with methionine, 
and it could replace soy concentrate in countries that need to 
import soybean (Ruiz Junior & Hove, 1976). Therefore, several 

authors have incorporated lupine proteins to the formulation 
of bread (Dervas  et  al. 1999; Paraskevopoulou  et  al., 2010; 
Doxastakis et al., 2002; Bonet et al., 2006).  

Hydrocolloids are widely used as additives in the food 
industry because they can modify 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/or 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; Sharadanant & Khan, 2003;  Rosell et al., 
2001). 

Brea gum (BG) is a hydrocolloid obtained as phloematic 
exudate from Cercidium praecox. The two most common species 
in Argentina are C. praecox (Brea tree) and C. australe (Brea 
arbustus). The genus Cercidium belongs to the Leguminosae 
family. With their extensive root system, Brea trees can be found 
in semi-arid regions of Argentina. Brea trees grow scattered 
in the wild, and gums from these untended trees are 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 drying and further grinding into a fine powder 
(López et al., 2013).

The production and composition of the BG is complex 
and varies somewhat depending on the geographical origin, 
climatic conditions, and the age of the trees. BG has an amber 
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To study the effect of the gum on the characteristics of fresh 
bread, BG was added to the mixture WF:LI at a rate of 0.5% w/w, 
and dough and breads were also elaborated.

2.3 Lupine protein isolates (LI)

Lupine seeds were crushed using a household mill (Braun, 
Germany) and defatted by soaking in petroleum ether for 20 
hours with several changes of the solvent. The defatted flour 
was air-dried at room temperature (25°C) and ground again 
to pass through an 80-mesh (0.173 mm ASTM) sieve. The fine 
flour was used to prepare the protein isolates. One kg of lupine 
flour was suspended in 1:10 distilled water, and the pH was 
adjusted to 9.0 using 1 M NaOH. The suspension was stirred 
for one hour at room temperature and then centrifuged at 3000 
x g for 30 minutes. To obtain higher yields, the extraction and 
centrifugation were repeated on the residue. The extracts were 
combined and acidified to pH 4.5 (HCl 1N). The precipitate 
was recovered by centrifugation at 3000 x g for 30 minutes and 
then neutralized by 1.0 M NaOH to pH 7 and washed with 
distilled water several times. The neutralized precipitate was 
freeze-dried (Heto CT 110, Heto - Denmark), milled using a 
household mill (Braun, Germany), and finally sieved through 
an 80-mesh (0.173 mm – ASTM).

The following parameters were measured in the LI analysis:

•	 Nitrogen content: determined using the Kjeldahl method 
and multiplied by a factor of 6.25 to determine total 
protein content (g%);

•	 Moisture (g%): by drying at 105 °C to constant weight 
(Association of Offcial Analytical Chemists, 2000);

•	 Ash and fats (g%): following the official AOAC methods 
(Association of Offcial Analytical Chemists, 2000);

•	 Colour: the CIELAB parameters (L *, a *, b *) were 
determined using a ColorTec PCM colorimeter (Accuracy 
Microsensor Inc., Pittsford, USA), equipped with a light 
source D65 and an observation angle of 10º.

Each analysis was performed in triplicate.

2.4 Purified brea gum

The native BG was purified at the laboratory. First, it was 
solubilized in water at room temperature, and then it was 
successively filtered. Once clean, BG was dried in an oven 
at low temperature and milled to a particle size of 80 mesh 
(0.173 mm – ASTM). Since BG has a high solubility in water 
(28.3% at 25° C), the fine powder was solubilized in the water 
required for kneading (measured by farinograph analysis) to 
ensure a good distribution of the hydrocolloid throughout the 
dough (20). To study the effect of the gum on the characteristics 
of fresh bread, BG was added (0.5% w/w) to the mixture WF:LI.

2.5 Pasting properties of the WF:LI blend

The pasting properties of WF:LI and WF:LI  +  BG were 
determined using a Rapid Visco Analyzer (RVA) (RVA 
4500-TecMaster, Perten Instruments, USA). The samples were 

colour and a semi-liquid consistency with a faintly sweet 
flavour. It is highly soluble in water and yields homogeneous 
acidic solutions (pH = 4). The hydrocolloid contains residues 
of L-arabinose, D-xylose, D-glucuronic acid, and 4-Omethyl- 
D -glucuronic acid in the approximate molar ratios of 1.7:6, 
3:1 and 9:0.9, respectively (De Pinto et al., 1993; Cerezo et al., 
1969), 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 for 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 et al., 
1969). BG share structural and chemical similarities with 
other plant gums widely used in the food industry such as the 
Arabic gum (De Pinto et al., 1993). Therefore, BG could be a 
suitable candidate for incorporation as stabilizing, 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 addition of BG (0.5% w/w) to flour has proven to 
improve the texture of stored wheat bread (López et al., 2013), 
and the emulsifying properties of this hydrocolloid may have 
contributed to the texture and the structure of the crumb of 
the fresh bread made with other flours and when the wheat 
gluten is “diluted”.

It should be noted that the use of hydrocolloid in this 
study aims to test its functionality as a promoting agent of the 
physical characteristics of fresh bread made with flour mixture. 
Therefore, the major objective of this research was to evaluate 
the influence of the addition of LI on the quality and quantity 
of the proteins of fresh bread with BG.

2 Materials and methods

2.1 Raw materials

Lupine: healthy and clean Bolivian seeds of Lupinus 
mutabillis sweet were used, from which protein isolate was 
obtained.

BG was provided by indigenous communities of Chaco 
Salteño.

For the bread elaboration, commercial wheat flour (WF) 
(10 % moisture content, 11.79 % protein and 0.71 % ash), 
compressed yeast, and other ingredients were purchased from 
local markets.

2.2 Mix WF:LI

The proportion used was WF: LI - 90:10. With this mixture, 
dough and breads were developed later.
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The test was performed in triplicate for each sample.

2.8 Baking test

The dough was prepared using the following proportions of 
ingredients based on 100g of WF:LI and WF:LI+BG mixtures: 
dried yeast 1%, salt 1.6%, and water according to the WA.

The ingredients were mixed (for 10 minutes) and kneaded 
using a commercial bread maker machine (ATMA easy cook). 
The dough was fermented at 27°C for 95 min and kneaded for 
25 min. Baking was performed at 150° C for 60 min. Finally, 
the bread was cooled to room temperature for 120 minutes. The 
loaves were placed unpacked into a special camera and stored at 
25 °C ± 2 °C with a 75-80% relative humidity for 2 hours. Three 
pieces of each type of bread (WF:LI and WF:LI+BG) were taken 
and stored for analysis.

2.9 Evaluation of fresh bread quality characteristics

Each loaf was characterized by:

•	 Volume (rapeseed displacement) (V);

•	 Specific volume index: specific volume of the control 
loaves were taken as 100, and the specific volume of the 
samples with BG was referred to the value assigned to 
the control (SVI);

•	 Width/height ratio of the central slice (W/H);

•	 Analysis of the crumb structure: 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 analyzed by ImageJ software version 1.44 (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 it to an 8-bit image to obtain a black and white 
threshold, allowing a clear distinction between black 
cells. This allows the 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 number of cells per cm2, first, the value (I) 
is converted to cm2, then the ratio of the parameters (I) 
and (II) is calculated.

The total cell area (%) (TCA), the average size of the cells 
(mm) (ASC), and the number of cells per unit area (C/cm2) 
were calculated.

Three replicates for each sample were carried out.

2.10 Protein quality and chemical composition of the loaves.

•	 Protein quality was analyzed based on the chemical score 
corrected for digestibility (CSCD %) The pattern of amino 
acid recommended by the FBN/IOM (Food and Nutrition 
Board & Institute of Medicine, 2002) for preschoolers 
was used;

prepared by mixing the flour (3.5±0.5 g) with 25 ml distilled 
water. The analysis was performed based on the AACC approved 
method 76-21.01 (American Association of Cereal Chemists, 
2000). The heating and cooling cycles were programmed as 
follows: The samples were held at 50 °C for 1 min, heated to 
95 °C in 3.42 min, held at 95 °C for 2.7 min, cooled to 50 °C in 
3.88 min, and held at 50 °C for 2.0 min. The following parameters 
were analyzed in triplicate:

•	 Pasting temperature (°C) (T°ig);

•	 Peak viscosity (in cP) (PV);

•	 Viscosity at the end of the heating period or hold (in cP) 
(H);

•	 Viscosity at 50° C (in cP) (C);

•	 Stability or breakdown (in cP), as the difference between 
PV – H;

•	 Setback (in cP) calculated as the difference between the 
parameters C - PV.

2.6 Farinograph procedure

The dough mixing properties of the WF:LI and WF:LI+GB 
blends were evaluated using the Brabender farinograph 
(Brabender, Duisburg, Germany), according to the procedure 
of AACC (American Association of Cereal Chemists, 1983). 
The parameters evaluated were:

•	 Water absorption (WA) or percentage of water required to 
achieve a dough consistency of 500 BU (Brabender Units);

•	 Development time (DT, time required to reach maximum 
consistency, expressed in minutes);

•	 Stability (S, time during which the dough is maintained 
at 500UB, expressed in minutes);

•	 Softening or relaxation of the dough (So, drop dough 
consistency after 12 minutes from the onset of peak in 
UB); and

•	 Farinograph quality number FQN expresses a singular 
number that allows the comparison of the baking quality 
of flour: weak flours shown a low FQN) (Wang et al., 2002; 
Gómez Pallares et al., 2007).  

The test was performed in triplicate for each sample.

2.7 Alveograph procedure

This procedure was performed using an alveograph (Model 
Alveographe NG, Chopin, France) according to the AACC 
method (American Association of Cereal Chemists, 2000) and 
determining the following parameters

•	 P (dough resistance to deformation, in mm);

•	 L (extensibility of the dough, in mm);

•	 P/L (ratio between tenacity and dough extensibility);

•	 W (strain energy or baking strength) (Gómez Pallares et al., 
2007; Miralbés, 2004; Rosell et al., 2001).
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This finding is consistent with that the reported by 
Funami  et  al. (2008), who added 0.5% of Arabic gum to a 
suspension of wheat starch.

The WF:LI mixture showed significant differences (p < 0.05) 
when compared to control, resulting in lower peak viscosity. This 
finding was consistent with that reported by King et al. (1985), 
who observed a decrease in the maximum viscosity with the 
addition of soy protein isolate to a suspension of mung bean 
starch. This decrease can be related to the lower swelling capacity 
of wheat starch granules (diluted by the addition of LI) since 
the starch would compete with the LI proteins for the available 
water. The peak decreased even more with BG addition, which 
can be due to lower availability of water for starch.

Breakdown is considered a measure of the degree of 
disintegration of the granules of the paste (Newport Scientific, 
1998; Dengate, 1984) and is an indicator of the stability of the 
starch gel during baking (Zaidul et al., 2006). Higher damage 
values are associated with greater peak viscosities, which in 
turn are related to the degree of swelling of the starch granules 
during heating (Ragaee & Abdel-Aal, 2006). Since more highly 
swollen starch granules are present in the system, the viscosity 
at the peak is higher. Therefore, the WF: LI mixture had 
significant differences (p> 0.05) in the final viscosity from that 
of the control flour since the smaller rupture of granules in the 
mixture led to a decrease in the final viscosity and thus, the gel 
stability was higher. The setback values were significantly higher 
for WF: LI, particularly for WF:LI +BG, in than that of the WF. 
This effect observed on the mixture with added BG, could be 
explained by a process of phase separation that is related to an 
incompatibility phenomenon between starch and gum since 
both polymers would not be linked (Alloncle & Doublier, 1991). 
Both polysaccharides exhibited mutual exclusion based on 
thermodynamic incompatibility (Funami et al., 2008; Alloncle 
& Doublier, 1991; Annable et al., 1994); resulting in an increased 

•	 Available lysine (AL) (six replicates) in the flours (WF, 
WF:LI, and WF:LI + BG) and fresh breads was determined 
following the Carpenter method, modified by Booth 
(1971). The loss rate of AL (dry basis) was calculated by 
the following formula:

Loss rate (%) = (AL bread *100) / AL flour

•	 The chemical composition was determined (in triplicate) 
in the fresh breads in terms of moisture, ash, and fats 
(g%), following the AOAC methods (Association of 
Offcial Analytical Chemists, 2000), protein (g%) by the 
Kjeldhal method using a 6.25 factor for conversion, and 
carbohydrates (g%) by difference.

3 Statistical analysis
The data obtained was subjected to analysis of variance 

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

4 Results and Discussion

4.1 Lupine protein isolates (LI)

Table 1 presents the chemical composition and the colour 
profile of the WF and LI obtained.

LI had the appearance of a fine powder (80 mesh – 0.173 
mm ASTM), and a creamy yellow colour. It was significantly 
more opaque than WF. LI protein content was 92%, and it 
showed lower values of fats, carbohydrates, and moisture than 
those of WF. The chemical composition of LI was very similar 
to that reported by El-Adaway et  al. (2001), who analyzed a 
sample of LI obtained by alkaline water extraction/isoelectric 
precipitation (protein: 91.2g%; Ash: 1.26g%; moisture: 2.93g%; 
fats: 0.15g%).

4.2 Pasting properties of the WF:LI blend

Table 2 shows the viscosity profile of control flour and WF: 
LI blend, with and without the addition of BG.

Table  2 Pasting temperature or gelatinization onset 
temperature (Tig°) is a measure of the minimum temperature 
required to cook a sample of a given food (Sandhu, 2007). It may 
affect the stability of other components of the formula and is an 
indicator of the energy costs (Newport Scientific, 1998). In the 
WF:LI mixture, with and without the addition of BG, the pasting 
temperature was not significantly different from that of the WF.

Table 1. Chemical composition and colour profile of WF and LI.

Colour Moisture
g%

Ash
g%

Proteins
g%

Carbohydrates
g%

Fat
g%L* a* b*

WF 94.2±1.3a 4.5±0.4a 6.8±0.7a 10.0±0.8a 0.7±0.2a 11.8±0.2a 70.2±1.8b 1.5±0.6a
LI 85.0±3.5b 7.0±0.4b 25.1±1.3b 3.2±0.7b 0.8±0.2b 92.3±0.4b 3.3±0.4a 0.09±0.0b

Means ± standard deviations. Values in the column followed by the same letter are not significantly different (p < 0.05).

Table 2. Viscosity profile of the control flour and the WF: LI mixture, 
with and without addition of BG.

Control
WF:LI-90:10

Without BG With BG
PV (cP) 2658±62c 2374±11b 2172±18a
H (cP) 1680±28a 1795±3ab 1822±38b
C (cP) 3062±83b 3062±58b 3119±65b

Breakdown (cP) 978±32c 579±28b 350±30a
Setback (cP) 404±25a 688±42b 947±10c

Tig (°C) 66.9±0.3a 67.6±0.7a 67.8±1.2a
Means ± standard deviations. Values in the rows followed by the same letter are not 
significantly different (p < 0.05).T°ig: Pasting temperature; PV: Peak viscosity; H: Viscosity 
at the end of the heating period or hold; C: Viscosity at 50° C.
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the viscosity of the system by requiring an even greater amount 
of water for dough forming. Furthermore, the greater presence 
of water leads to starch hydration, causing an increase in paste 
viscosity.

Stability (S) of the dough made from the mixtures of flour, 
with or without BG (Table 3), was significantly lower than that 
of the control (p <0.05). This behavior is justified by the fact that 
the quantity and quality of gluten formed were lower because 
WF proteins would be diluted and possibly there would be a 
mechanical effect of disruption of the gluten network caused 
by the particles of LI (10). Güemes-Vera  et  al. (2004), who 
carried out a structural analysis of dough made from blends of 
wheat flour with lupine flour as well as concentrate and lupine 
protein isolates, reported that the vegetable protein present in 
the mixture resulted in disruption of the structure of the dough.

The degree of softening or drop dough consistency (So, 
Table 3) was higher (p <0.05) in the dough made with flour 
mixture and was even higher in the dough with BG added. So 
is an indicator of the kneading resistance; thus, it was concluded 
that the flour mixture dough was less tolerant to mechanical 
action, which could be explained by the interruption of the 
dough structure caused by the presence of the LI proteins and 
the weakening of the gluten formed, as reported by Güemes-
Vera et al.(2004). The addition of the hydrocolloid led to a larger 
decrease in consistency, which can be related to the decrease in 
the DT and S. Similar results were reported by Wang et al. (2002) 
who evaluated the addition of different fibers to bread dough.

These results explain the decrease in FQN (Table 3) since 
a reduction in this indicator shows a weakening of the dough 
(Miralbés, 2004).

Alveograph analysis

Table  3 also presents the results of the farinograph and 
alveograph analysis performed in the flour mixture dough.

The tenacity of the dough or dough resistance to 
deformation (P) is a measure of the ability of the dough to hold 
the gas produced during fermentation. When LI was added, the 
parameter P did not change; according to Paraskevopoulou et al. 
(2010), this behavior is due to the strengthening of the gluten 
network caused by the occlusion of the LI protein within this 
network.

On the other hand, the extensibility (L) of the dough was 
strongly increased (p <0.05) with the presence of LI. This 
behavior resulted in softer dough, which is justified by the 
presence of more water in the system and the lower strength of 
the gluten formed. Therefore, the P/L ratio (Table 3) or balance 
(which is a measure of the elastic resistance and balance dough 

synergy of the composite system. This can explain the decrease 
in the value of PV and the lower amount of lixiviated amylose.

4.3 Rheological behavior of the dough

The results of the farinograph and alveograph analysis of the 
dough of WF, WF: LI, and WF: LI + BG blends are described 
in Table 3.

Farinograph analysis

The WA (Table  3) was significantly higher (p <0.05) in 
the flour blend. In the WF:LI dough, this increase can be 
explained by the addition of a significant amount of protein 
to the WF, which is consistent with the finding reported by 
Paraskevopoulou et al. (2010), who combined wheat flour with 
lupine protein isolate at 10 and 5%w/w.

Other authors have also reported an increase in the WA 
with the addition of vegetable protein to wheat flour, and they 
have attributed this phenomenon to the ability of proteins to 
compete for water with other constituents in the dough system.

According to these authors, the ability of these proteins 
to absorb high amounts of water in the dough resulted 
in an increase in the farinograph water absorption values 
(Doxastakis et al., 2002; Dervas et al., 1999;  El-Soukkary, 2001; 
El-Adawy, 1997).

The amount of water added is considered very important 
for the distribution of the different components of the dough, 
hydration and development of the gluten network. WA also 
increased with the addition of BG, given the ability of the gum 
to retain water due to the presence of hydroxyl groups in the 
hydrocolloid structure. These groups allow more interaction 
between water molecules through hydrogen bond formation.

This finding is in agreement with that reported by 
Rosell et al. (2001), in a study on the effect of the addition of 
alginate and HPMC on the formulation of bread, and with that 
reported by Friend et al. (1993) who added xanthan gum and 
HPMC to the tortilla dough.

The development time (DT) (Table 3) is considered as the 
time required for the consistency of the dough to reach 500 
BU. By adding LI to the WF, there was a significant (p < 0.05) 
decrease in the time required to achieve a dough of 500 BU, 
which can be explained by the smaller amount of wheat storage 
proteins present in the mixtures, causing the early developed of 
gluten by the increased presence of water in the system. In the 
particular case of the WF:LI + BG mixture, the DT was lower 
than that observed for the mixture without BG, which could be 
explained by the presence of the hydrocolloid, which increases 

Table 3. Farinograph and alveograph parameters of the dough made with flour mixture and addition of BG.

WA (%) So (BU) DT (B) S (BU) FQN P (mm) L (mm) P/L W
WF 53.7±0.1a 29.0±0.3a 9.0±0.5c 18.0±0.6c 201±1c 130±7b 29±1a 4.6±0.4b 174±1a

WF:LI 56.8±0.1b 32.8±0.9b 6.5±0.4b 12.5±0.5b 188±4b 133±10b 46±2b 2.9±0.5a 251±9b
WF:LI+BG 58.4±0.2c 35.5±0.7c 4.1±0.4a 9.5±0.4a 132±4a 130±7b 49±1b 2.7±0.5a 230±6b

Means ± standard deviations. Values in the columns followed by the same letter are not significantly different (p < 0.05). WA: water absorption; So: softening or relaxation; DT: 
development time; S: stability; FQN: farinograph Quality Number; P: resistance; L: extensibility; P/L: Resistance/extensibility ratio; W: baking strength.
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the limiting amino acids of the control flour, the LI, and their 
mixture (WF:LI - 90:10).

The WF:LI mixture showed the greatest CS% that had the 
highest percentage of lysine corrected for digestibility, which 
was expected since the anti-nutrients were removed and the 
protein was concentrated (El-Adawy  et  al., 2001). Using the 
mixture WF:LI - 90:10, the protein quality of WF was improved 
by 90.7% due to high protein contribution, and therefore the 
concentration of lysine (the limiting amino acid of the WF) 
was higher.

Available lysine (AL)

 The bread with the addition of LI showed greater AL values 
(Figure 1) with significant difference (p < 0.05). This result was 
expected since LI contributed to the lysine increase.

The addition of BG to the formulations did not affect at all 
the availability of lysine in the breads, but it caused a significantly 
decrease in the loss rate of AL (Figure 1) in the breads with BG, 
when compared with those without the gum. This could be due 
to the higher moisture content of the crumbs with the addition 
of the hydrocolloid. The influence of BG on the loss rate of AL 
was more important in the control breads because in the other 
breads, the effect of the gum was softened by the presence of 
greater amount of protein compounds with high capacity of 
moisture retention.

Chemical composition of breads

Table 6 shows the chemical composition of the different 
breads made for this research.

The WF:LI breads had the highest protein content. The 
addition of BG changed only the moisture content and did not 

extensibility) (Rosell  et  al., 2001) decreased significantly in 
the flour mixture dough, and it was more extensible than 
tenacious resulting in softer and sticky dough. A similar effect 
was reported by Dervas et al. (1999), who added whole lupine 
flour, concentrate of defatted lupine flour, and lupine concentrate 
flour to the wheat flour dough.

The addition of BG to 0.5%, appears to have no influence 
on the tenacity and extensibility of the flour mixture dough 
(compared with that of the WF:LI blend), perhaps because the 
amount added was very low and the effect on the alveographic 
parameters would be more likely related to the addition of LI.

The baking strength (W) or energy needed to deform the 
dough until it breaks (Osorio & Aristizabal Henao Galvis, 2009) 
(Table 3) was significantly increased with the addition of LI, and 
this behavior can be explained by the fact that the dough was 
more extensible, and thus it can resist the deformation forces. 
Therefore, the force needed to break the structure is greater.

4.4 Evaluation of fresh bread quality characteristics

Table 4 summarizes the data obtained in the evaluation of 
the quality of the fresh breads made with the flour blend and 
compares the parameters with those of the control.

The breads made with WF:LI showed a significant reduction 
(p <0.05) in the SV compared with that of the control, which 
resulted in a marked decrease in the IVE in the WF:LI bread. 
These results agree with those obtained in the farinograph 
and alveograph analysis and also with those reported by 
Paraskevopoulou  et  al. (2010), Doxastakis  et  al. (2002) and 
Dervas et al. (1999).

The width/height ratio (W/H), which is a measure of the 
slice shape, showed that breads made with the flour mixture 
were lower in volume since the slices were wider than higher.

Significant differences in the size and distribution of the 
cells were observed (Table 4). Breads crumbs made with the 
flour blends had a lower average size of cells and hence greater 
amount of cells per unit area (Table 4).

This resulted in a lower area fraction, which is directly 
related to the volume of the bread. Thus, the fraction of the 
area showed a high positive correlation with the average cell 
size (r = 0.97) and SV (r = 0.95).

The WF: LI + BG bread had very similar values to those 
found for the WF: LI bread. The presence of BG did not improve 
the quality of the fresh bread, probably because it is not a gum 
with structural properties such as those of HPMC and xanthan 
gum. At the same time, it is important to note that this gum 
did not deteriorate the bread quality as do alginates (American 
Association of Cereal Chemists, 1983).

4.5 Protein quality and chemical composition of the loaves.

Chemical Score

Table  5 summarizes the results of the calculation of the 
chemical score (CS %) corrected for digestibility (CSCD %) for 

Table 4. Quality parameters of fresh control bread and fresh bread 
made from a blend of WF:LI.

Parameter WF bread WF:LI bread WF:LI+BG
SV 2.26±0.05a 2.13±0.12b 2.10±0.16b
SVI 100 a 94b 93b

W/H 1.19±0.06a 1.73±0.20b 1.71±0.10b
Average cell size (mm) 3.84±0.03a 2.82±0.02b 2.75±0.05b

Area fraction (%) 30.55±1.99a 28.90±1.13b 27.93±0.10b
N° cells /cm2 7.97±0.42a 9.03±0.11b 8.93±0.20b

Means ± standard deviations. Values in the rows followed by the same letter are not 
significantly different (p < 0.05). SV: specific volume; SVI: Specific Volume Index; W/H: 
width / height ratio.

Table 5. Chemical Score corrected by digestibility 

Flour/blend
Lysine Methionine-Cystine

CS % CSCD% CS % CSCD%
WF 45 43 175 168
LI 104 93* 86 77*

WF:LI 90:10 92 82 176 157
*CSCD% according to data published by El-Adawy (2001).
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BG affects mainly the WA, stability, and resistance to prolonged 
mixing, which was due to incorporating the hydrocolloid; the 
dough became stickier, which was expected due to the higher 
water content thereof.

The characteristics of the fresh bread were affected by 
the addition of LI since the WF:LI bread had lower specific 
volume and heterogeneous crumbs. This result is results from 
the dilution of the gluten of wheat flour and the higher water 
content. The addition of BG did not influence the quality of the 
mixed flour bread, but it showed a positive effect on the loss rate 
of available lysine because the increased water content of the 
crumb containing BG appears to have a protective effect on the 
loss of available lysine.
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