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1 Introduction
The Andean blueberry is part of the family Ericaceae, generally 

found in the mountainous areas of northwestern South America, 
from which about 4,500 species with different variables of this 
family are derived. It belongs to the genus Vaccinium, and the 
species floribundum is found in Ecuador (Vasco et al., 2008). 
This fruit is known for its nutraceutical functions due to its high 
antioxidant capacity and its potential for agricultural production 
and processing (Coba Santamaría et al., 2012).

Antioxidant capacity can be defined as the characteristic of 
certain molecules to have activity against oxidizing agents; this 
feature represents the ability of the antioxidant compounds to 
decrease oxidant species by donating a hydrogen or electron 
(Quintanar & Calderón, 2009). Oxidation usually affects biological 
substrates and is initiated by the action of reactive species such 
as free radicals and other species which, without being free 
radicals, may induce the oxidation process (Pokorn et al., 2001). 
Free radicals are species that have an unpaired electron in their 
outermost orbital (Gutiérrez et al., 2007).

It has been determined that the antioxidant capacity 
of Andean blueberries is around 1,200 mg equivalents of 
Trolox/100 g tissue (Vasco et al., 2008). The compounds that are 
outlined predominantly within this system of antioxidants in 
Andean blueberries are the anthocyanins, which are evidenced 
by the bluish black color of the fruit. As for other polyphenolic 
compounds, the presence of gallic acid, derivatives of vanillic 
acid and hydroxybenzoic acid, proanthocyanidins, quercetin and 

derivatives of chlorogenic acid have been determined. On the 
other hand, the high content of antioxidant compounds in 
mature fruits has been reported as consequent oxidative stress, 
increasing phenol levels in advanced development stages (Coba 
Santamaría et al., 2012).

Even though the content of some antioxidant compounds, 
such as anthocyanins, is reduced during storage, higher losses 
occur during processing (Chaovanalikit & Wrolstad, 2004). 
Temperature is the main factor in the destabilization of molecular 
structure. The higher the temperature of the process, the greater 
the destruction of the anthocyanins, since hydrolyzation of the 
3-glucoside structure occurs, which is a protective component 
of the anthocyanin structure (Gaviria et al., 2011).

In recent years, new food products have been developed 
with plant components, such as anthocyanins extracted from 
black rice (Sui et al., 2015), and used as active ingredients in 
processed food matrices. However, it has been demonstrated 
that its digestibility could be improved and the bioaccessible 
fraction could increase in baked products (Rupasinghe et al., 
2008). It is therefore important to exploit the use of raw materials 
rich in antioxidant compounds, such as Andean blueberries, 
for the formulation of functional foods. On the other hand, the 
“bioavailability of food in organisms” is defined as the efficiency of 
a particular compound or property (such as antioxidant capacity) 
to be used systematically through the normal metabolic pathway 
and to be expressed as a percentage of intake. It is influenced 
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by various factors, either from the nutrient matrix or from the 
host organism (Aggett, 2010). Determination of bioavailability 
includes three processes: bioaccessibility (release of the compound 
from its matrix into the intestinal lumen), intestinal transport 
(transport through the intestinal epithelium into the body) 
and metabolism (degradation of the compounds in the liver) 
(Versantvoort et al., 2004). This model of study can be used as 
a basis for the development of technical standards and food 
optimization to improve established nutritional recommendations 
(Jadán et al., 2013). The aim was to determine the effect of the 
addition of Andean blueberry (AB) pulp on the physicochemical 
properties and on the bioaccessibility of antioxidants in bread.

2 Materials and methods
The Andean blueberry (AB) (Vaccinum floribundum Kunt) 

was harvested in the area of Ilinizas (northern highlands of 
Ecuador, province of Pichincha 0° 40’ S, 78° 45’ W) with 
commercial maturity corresponding to: pH = 2.7; soluble solids 
= 9.9%; total acidity = 1.6% citric acid; L* = 28.0; a* = 1.3 and 
b* = -1.7). Wheat flour was used (Planiplus, Moderna Alimentos) 
with the following characterization: 11% protein, 65.5% water 
absorption, 5min stability, 36% wet gluten, 10% dry gluten and 
280 s Falling Number).

2.1 Andean blueberry bread preparation

Loaf bread samples were prepared based on a no-time 
bread-making process. The formulation of bread was: wheat 
flour (100%), vegetable fat (6%), fresh yeast (8%), white sugar 
(20%), water (63%) and salt (1%). AB was added as fruit pulp 
in a proportion of 50% mixed with the remaining 13% water of 
the water requirement in the formulation. To obtain the bread, 
the ingredients were first blended for 6 min until reaching 
optimum development of the gluten. Subsequently, 220g pieces 
were formed, followed by 60 min of proofing at 40 °C with 85% 
relative humidity in a chamber proofer. After fermentation, the 
dough was baked at 200 °C for 20 min. The AB bread was stored 
at room temperature for 24h for further analysis. Simultaneously, 
a control bread, without the fruit pulp, was made following the 
same steps described above.

2.2 Characterization of breads

The obtained breads were characterized by pH according to 
the AACCI Method 02-52.01 (Association of Cereal Chemists 
International, 2010), water activity (Aw) of crumbs using a 
Hygrolab C1 electrical water activity analyzer (Hygrolab C1, 
Rotronic, Bassersdorf, Switzerland) at room temperature and 
the titratable acidity following the AACCI Method 02-31.01 
(Association of Cereal Chemists International, 2010). The crumb 
moisture of the fresh breads was determined according to the 
AACCI Method 44-15.02 (Association of Cereal Chemists 
International, 2010). Three replicates were made in each 
measurement. The specific volume was determined following 
the AACCI method 10-05.05 (Association of Cereal Chemists 
International, 2010). Twelve measurements of each sample 
were made. The determination of color of the crust and crumbs 
was determined after 24 hours of baking, using the rectangular 

space Hunter L*, a* and b*; 30 measurements were taken using a 
Chroma Meter CR-400 Konica Minolta colorimeter. In addition, 
the browning index (BI) were determined according to Correa 
(2012).

For the texture profile analysis, the methodology of Bourne 
(2002) was applied in a TA-XT2i (Stable Micro Systems) 
texturometer. The AB bread was compressed to up to 40% of the 
original height by means of a SP25 cylindrical probe at a speed 
of 0.5 mm/s. The texture parameters evaluated were: maximum 
strength or hardness (N), consistency (N*s), cohesiveness, elasticity 
and resilience. The parameters were calculated using Texture 
Expert software for Windows. Trials were performed in triplicate.

The analysis of the crumbs’ alveoli was carried out according 
to the method described by Correa (2012). The analyzed 
characteristics of the crumbs were: number of alveoli, alveolar 
area (mean and mode), air fraction (relation between alveolar area 
and total area), circularity and alveolar perimeter. The circularity 
was determined as the quotient between the area of the alveolus 
and the area of a circle with the same perimeter (Equation 1), 
being a character of dimensionless form related to the degree of 
compaction. Circularity takes values between 0 and 1.

( )2  4* * /=Circularity area perimeterπ 	 (1)

2.3 Determination of the antioxidant capacity

The antioxidant capacity was determined using the 
ABTS•+ radical, following the methodology described by 
Re  et  al. (1999). For the determination of the antioxidant 
capacity, extracts of the fluids of each stage, ethanolic extract 
of fresh fruit and breaded product were diluted until finding 
an inhibition of 20 to 80% in comparison to the absorbance of 
the target. The synthetic antioxidant of the Trolox reference was 
tested at a concentration of 0.5 mM in ethanol under the same 
conditions above. The results were expressed as μmol Trolox/g 
tissue (wet basis). The trial was performed in triplicate.

2.4 In vitro digestion

Fresh AB and bread samples were digested in vitro according 
to a modified protocol developed by Gião et al. (2012) for the 
mastication and duodenal stages and by Aura (2005) for the gastrical 
stage. At each stage of the gastrointestinal tract, samples of 7 mL 
were taken and kept frozen at -20 °C for further determination 
of antioxidant capacity. The aliquots obtained in each phase were 
processed as an ethanolic extract, centrifuged at 4000 rpm during 
30 min at 4 °C and then filtered. As for the duodenal stage, another 
aliquot was taken which was dialyzed using a 25 mm wide (flat) 
dialysis membrane with a pore size of 12000 Da. In this process, 
the residue and the soluble fraction in the organism were separated, 
determining that the bioaccessible fraction is the one transported 
through the dialysis membrane (Torres, 2011).

2.5 Statistical analysis

All analyses were performed in at least triplicate and the 
results as mean ± standard deviation. One-way analysis of 
variance (ANOVA) was followed by Tukye’s test (p < 0.05) Infostat 
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software (version 2010, Argentina) to evaluate the differences 
among samples.

3 Results and discussion
3.1 Determination of pH and specific volume

The pH of the dough decreased after the leavening stage in 
both the control bread and the AB bread. The decrease in pH at 
this stage is important since it indicates that the yeast was not 
inactivated by adding AB pulp in the formulation. However, the 
fermentation rate was affected; the pH reduction was 21 and 2% 
for the control bread and AB bread, respectively. The pH range for 
the optimal yeast activity is 4.5-6.0 (Cauvain, 2015). Therefore, 
the addition of AB pulp, as well as the presence of lactic acid 
bacteria (LAB) like suggest Rollán et al. (2010), reduced the 
initial pH of the dough, which could affect the final volume of 
the bread due to the low production of CO2 generated in the 
fermentation of sugars through the action of the yeast (Delcour 
& Hoseney, 2010).

The control bread presented a higher specific volume than 
the AB bread, with a difference of 36% (Table  1) due to the 
substitution of 50% of water by pulp of the fruit in the AB bread. 
The most favored pH range for yeast activity is 4.5‑6.0. When water 
is used for bread formulations, pH values of bread dough are 
generally in the region of 5.5, and therefore, the expansion of 
dough during proof is largely controlled by the rate at which the 
carbon dioxide gas is generated within the dough (Cauvain, 2015).

However, when pulp fruit is used instead of water, the pH 
would decrease due to the acidity of the fruit and therefore, the 
rate of fermentation would be also lower. The lower volume 
of the AB bread was due to the lower initial pH being near 
the lower limit of the optimum pH of the yeast, which is 4.5 
(Cauvain, 2015). The greater fermentative development is due 
to the maximum CO2 production within the dough, which is 
produced in dough with pH values between 5 and 6, being the 
most precise 5.4 to 5.8 (Sánchez, 2002).

In addition, the gluten matrix would have been affected by 
the substitution of water by the AB pulp, which would give an 
approximate concentration of 7g of total fiber per each 100g, where 
6g corresponds to insoluble fiber. Silva et al. (2011) indicated 
that technologically, the presence of fiber (its insoluble part in 
greater percentage) generates interferences in the mechanical 
formation causing discontinuity in the gluten network; therefore, 
the capacity to maintain the gas produced in the fermentation 
is diminished.

3.2 Crust and crumb color

A useful quality parameter of breaded products is color 
determination, which together with the texture and flavor 
generated could be the cause of acceptance or rejection of a 
product (Bedolla et al., 2004). During the processing of AB bread, 
the violet-bluish color of the fruit (Arteaga Dalgo et al., 2012) 
contributes colorations in the violet range to the dough and 
bread (Figure 1). The addition of AB pulp in the formulation 
produced significant changes in the crust and crumb color 
parameters. The control bread presented higher values of 
L*, a*, b* and BI than the AB bread (Table 1). The crust of the 
AB bread had 36.4% lower luminosity than the control bread. 
While browning results in the reduction of the L* parameter 
(Conesa et al., 2012), this difference would be related to the 
absorption of light in the structure of the crust (Sui et al., 2015), 
as well as anthocyanins degradation, which is a non-enzymatic 
browning reaction (Sui et al., 2015)

Regarding the a* and b* values, different behavior was 
observed between crust and crumb. The change in a* value 
indicates variation towards the red-blue color tone (Westland, 
2012), which was observed mainly in the AB bread crumb, due to 
pigments like anthocyanins that provide the purple-blue color to 
the fruit (Arteaga Dalgo et al., 2012). The b* value indicates the 
tonality of yellow (Westland, 2012). Values of 41.3 and 18.8, for 
crust and crumb respectively, were found in the control bread, 
while the AB bread presented values of 13.4 and 4.3 (crust and 
crumb), perceiving an effect of the addition of AB pulp in the 
superficial and internal color of the bread.

Both the control and AB bread produced a Maillard reaction, 
where melanoidin and hydroxymethylfurfural (Cauvain, 
2015) caused a brown color to the crust, which is shown by 
the value of BI indicating the purity of the color produced by 
the compounds synthesized in the non-enzymatic browning 
reactions. BI values of 98.1 were found for the control bread. 
Similar values were reported by Correa (2012) for wheat flour 
bread with modified celluloses, while the AB bread presented a 
value of 52.2. This difference is due to the fact that the AB pulp 
produces an alteration of the characteristic color of bread that 
is developed by a Maillard reaction during baking.

3.3 Crumb moisture

Water is an important element in bread processing, because 
it affects both the characteristics of the dough and bread quality. 
The AB bread presented 7.5% higher moisture than the control 
bread. The AB pulp would have an influence on hydration and 
dough formation, dough consistency, temperature control of 

Table 1. Physical-chemical characterization of Andean blueberry bread 
and Control bread.

Parameter Control bread Andean blueberry 
bread

pH fresh dough 5.6 ± 0.1a 4.6 ± 0.0b

fermented dough 4.4 ± 0.1b 4.5 ± 0.0a

Bread 5.9 ± 0.0a 4.7 ± 0.0b

Specific volume (cm3 / g) 4.4 ± 0.1a 2.8 ± 0.1b

Crust Color L* 70.6 ± 2.1 a 44.9 ± 6.2 b

a* 14.7 ± 1.1 a 10.9 ± 0.5 b

b* 41.3 ± 0.8 a 13.3 ± 2.5 b

BI 98.1 ± 5.8 a 52.2 ± 7.5 b

Crumb Color L* 92.1 ± 2.0 a 33.7 ± 1.2 b

a* -1.8 ± 0.4 b 11.6 ± 0.5 a

b* 18.8 ± 0.5 a 4.3 ± 0.3 b

Crumb Moisture 32.6 ± 1.1b 35.3 ± 1.6a

Aw bread 0.92 ± 0.01b 0.90 ± 0.01a

Averages with different letters in the same line show significant differences between the 
samples using the Tukey test (p < 0.05).
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the dough, among others (Park & Morita, 2005), because the 
capacity of solids and fiber (Coba Santamaría et al., 2012) to 
retain water cause a decrease in the Aw of the product (Table 1).

3.4 Crumb alveolate structure

The structure of the crumb is mainly based on the number and 
size of alveoli. Consequently, the texture parameters are directly 
dependent on its characteristics (alveoli number, perimeter, 
circularity, area, air percentage) (Correa, 2012). The perimeter 
measurement refers to the constancy of the alveolar contour 
where, the lower this value, the more alveolar area regularity 
(Gan et al., 1995). According to the results, the AB bread crumb 
did not achieve correct alveolar stabilization, correlating in this 
way with the air fraction parameter. This parameter measures the 
percentage of air of the cross section of the alveoli with respect to 
the total area, as shown in Figure 1. The alveoli of the AB bread 
were characterized by size not being uniform, and because of 
this, the percentage of air retained is higher than in the control 
bread. These parameters depend on the matrix formed between 
gluten and starch (Correa, 2012). The difference in the number 
of alveoli with respect to the control was due to the low volume 
developed in the AB bread and its fragile structure to retain the 
gas, causing changes in the structure.

Circularity is a descriptor of the alveolus. Unlike the control, 
where small alveoli were determined because of the stability 
of cell walls, a symmetrical structure was not found in the AB 
bread. The addition of AB pulp in the formulation would have 
also affected the circularity of the alveoli, reducing its size by 
81.8% with respect to the control and affected the average alveolar 
area. This parameter relates to perimeter and its frequency in 
the crumb, decreasing in the AB bread up to 75% with respect 
to the control bread (Table 2) (Magdic et al., 2006).

3.5 Texture Profile Analysis (TPA)

Table 3 shows the results of the analysis of the TPA of the 
control bread and the AB bread. In all analyzed parameters 
(hardness, cohesiveness, elasticity, resilience and consistency) 
differences were found between the samples. The AB bread had 
a higher hardness value than the control bread. This could be 
reflected in a decrease in the quality perceived by the consumer 
when performing the chewing process (Correa, 2012), after 
comparison with the soft crumb offered by the control bread.

Cohesiveness is related to the rapid formation of the 
alimentary bolus with bread crumbs in chewing, the moisture 
of the product and the resistance of the alveolar walls. Elasticity 
is a value that describes the extent to which a baked product 

Figure 1. Color of crust and crumb in Control bread (left) and Andean blueberry bread (right).
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can return to its original shape after being compressed between 
the teeth. Consumers associate an elastic crumb to fresh bread 
(Hernández, 2005). According to Correa (2012), the values of 
cohesiveness should be low to avoid an overexertion in chewiness. 
The control bread showed higher values of cohesiveness than 
AB bread, which also showed an elasticity of 10% lower than 
the controls. This difference could be related to the resistance 
of the alveolar walls produced by the addition of AB pulp in 
the formulation, which could affect the stability of the gluten 
network. Related to the resilience parameter, AB bread crumbs 
presented an 85% greater capacity to reincorporate to their 
original dimensions, and the consistency was 46.9% superior in 
AB bread. This could indicate that the addition of AB pulp in the 
formulation affected alveolar wall characteristics, considerably 
influencing the chewing process performed by the consumer 
(Silva et al., 2011).

3.6 Antioxidant capacity prior to digestion

The antioxidant capacity of fresh AB, control bread and 
AB bread were determined (Table  4). The fruits presented a 
value of 731 ± 9 mg trolox equivalents/100g fresh tissue, similar 
to those reported by Vasco et al. (2008). AB is a fruit with a 
recognized antioxidant activity due to the high concentration 
of anthocyanins and vitamin C (Andrade, 2012). On the other 
hand, it is also known for its sensitivity to heat treatments 
(Gaviria et al., 2011). Studies on the loss of anthocyanins during 
the baking of bread enriched with cranberries have been carried 
out (Rodriguez et al., 2013).

Claudio et al. (2012) indicated that the antioxidant capacity of 
AB decreased approximately 50% after a treatment in conditions 
of 110 °C for 30 min. In this study AB bread presented a reduced 
antioxidant capacity compared to the fresh fruit (94.9%), however, 

it maintains advantage against the control bread which had a 
54.2% lower antioxidant capacity than the AB bread.

Several studies highlight the use of anthocyanin-rich fruits 
as raw materials for the manufacturing of enriched products 
such as tortillas, baby food, bread and soft drinks, among others 
as a consumer alternative (Proaño, 2015; Shipp & Abdel, 2010). 
However, the high content of antioxidant compounds in a meal 
does not necessarily indicate that the entire fraction present is 
absorbed and metabolized by the body. Therefore, it is necessary 
to determine the concentration of antioxidant compound and 
antioxidant capacity during the digestion process.

3.7 Bioaccessibility of fresh Andean blueberry antioxidants

AB was subjected to the in vitro digestion process, under 
conditions of pH and temperature similar to those of the 
gastrointestinal tract. As shown in Table 4, a significant difference 
was found in the antioxidant capacity in gastric digestion 
compared to duodenal digestion and bioaccessible fraction 
(content of antioxidant compounds after the dialysis process). 
The oral digestion stage (chewing) was not performed because 
no variation was found in the results between the initial food 
matrix and after the simulation of the chewing process (data 
not shown). In general, the published studies report results that 
exclude this stage (Gawlik-Dziki et al., 2014; Xuan et al., 2014).

An antioxidant activity of 43.9 μM trolox/g fruit was found in 
gastric digestion, which decreased to 21.6 in the duodenal stage. 
After the dialysate process, a greater reduction in antioxidant 
capacity with respect to the duodenal stage was assumed; however, 
the values were stable (21.7 μM Trolox/g fruit). These results would 
be related to the rupture of the cell membranes and enzymatic 
inactivation during the gastric digestion stage (Claudio et al., 
2012), as well as the physicochemical processes that would release 
the compounds with antioxidant activity from the structure of the 
tissue, therefore increasing its bioaccessibility. This behavior of 
the fresh AB fruit under simulated in vitro digestion conditions is 
similar to studies carried out by Carbonell‑Capella et al. (2015), 
who determined that the salivary phase did not significantly affect 
the concentrations of components with antioxidant capacity 
in an exotic fruit beverage. However, these concentrations 
showed a decrease after passing through the gastric phase and 

Table 2. Parameters of analysis of Control bread and Andean blueberry 
bread crumbs.

Parameters Control Bread Andean blueberry Bread
Alveoli Number 567 ± 87a 192 ± 64b

Perimeter (cm) 0.36 ± 0.04b 0.95 ± 0.15a

Circularity* 0.55 ± 0.13a 0.10 ± 0.10b

Middle alveolar area (cm2) 0.04 ± 0.01a 0.01 ± 0.01b

% Air 42.6 ± 1.3a 52.5 ± 11.8a

*Dimensional value. Averages with different letters in the same line show significant 
differences between the samples using the Tukey test (p < 0.05).

Table 3. Texture profile analysis (TPA) of baked Control bread and 
Andean blueberry bread.

Parameter Control Bread Andean blueberry Bread
Hardness (N) 3.1 ± 0.4b 6.1 ± 0.6a

Cohesiveness* 0.44 ± 0.05a 0.34 ± 0.01b

Elasticity* 0.89 ± 0.04a 0.80 ± 0.05b

Resilience* -3.2x10-4±2.6x10-4a -2.2x10-3± 2.0x10-3b

Consistency (N*s) 40.8 ± 10.8b 76.8 ± 8.2a

*Dimensional descriptive values. Averages with different letters in the same line show 
significant differences between the samples using the Tukey test (p < 0.05).

Table 4. Antioxidant capacity of the products without digestion and 
during digestion stages.

Sample

Antioxidant Capacity (µM trolox/g)

Andean 
blueberry

Control 
Bread

Andean 
blueberry 

bread
Product without digestion 731 ± 9a 16.9 ± 0.6e 37.0 ± 4.1c

Digestion 
Stage

Gastric 43.9 ± 1.8b N/D 7.4 ± 1.6fg

Duodenal 21.6 ± 2.1de 4.4 ± 0.8gh 26.1 ± 1.5d

Bioaccessible 
Fraction

21.7 ± 3.1de 2.4 ± 0.3gh 10.6 ± 0.8f

Bioaccessibility 
(%)

2.8 14.3 28.6

N/D = Not detectable. Averages with different letters in the same row show significant 
differences between the samples using the Tukey test (p < 0.05).
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an even greater decrease in digestion occurred with bile salts 
and pancreatin (duodenal phase). Similarly, Ting et al. (2014) 
determined that the polyphenols characteristic of water-soluble 
tea become unstable and oxidize under the drastic change of the 
gastric environment to the alkaline environment of the intestine, 
rapidly degrading.

3.8 Bioaccessibility of bread antioxidants

A meal digestion is influenced by certain parameters, 
characteristic of each organism by which it is metabolized and of 
the matrix containing it (Hur et al., 2011). The antioxidant fractions 
of the AB bread and the control bread obtained at each digestion 
stage (gastric, duodenal and bioaccessible portion) showed that 
in the simulation of the gastrointestinal process the anti-radical 
compounds of the AB bread presented greater bioaccessibility in 
vitro compared to the control bread (Table 4). Throughout the 
digestion stages, a higher antioxidant capacity was found in the AB 
bread than in the control, due to the contribution of antioxidant 
compounds from the pulp in the formulation. For the AB bread 
in the gastric phase, a value of 7.4 μM trolox/g bread was found, 
while in the control bread, no compounds with antioxidant activity 
were detected. In relation to the gastric stage, the fluid extract of 
the duodenal digestion presented an increase of 26.1 and 4.4 μM 
trolox/g bread for the AB and control breads, respectively. 
This difference would be related to the kneading process in which 
the gluten is developed, forming an elastic dough that protects 
the compounds with antioxidant activity in the gastrointestinal 
tract (Cauvain, 2015; Claudio et al., 2012). In addition, in the 
duodenal stage, the AB bread demonstrated a greater release of 
antioxidant components than the control bread, with a difference 
of 83.1% between samples. This difference could be related to 
the fact that, in this phase, pancreatic enzymes and added bile 
salts first decompose the structures of emulsified lipids and then 
convert the tri and diglycerols into monoglycerols by displacing 
the molecules of the existing emulsions, finally transporting the 
remaining antioxidant compounds to the surface of the fluid 
(Hur et al., 2011).

After the dialysis process, the bioaccessible fraction of 
components with an antioxidant capacity decreased significantly 
with respect to the duodenal phase (59.5% in the AB bread 
and 44.9% in the control bread). This could be related to the 
porosity of the dialysis membrane, which allows components to 
pass (according to molecular weight), limiting the absorption 
of polyphenols in the small intestine (Quiñones et al., 2012). 
Therefore, the bioaccessible fraction would be composed of 
substances with an antioxidant capacity of low molecular weight 
or compounds which have undergone modifications in the 
organization of their structure and nevertheless retained their 
antioxidant properties. Deprez et al. (2001) determined that high 
molecular weight polyphenols may not have been sufficiently 
hydrolyzed by enzymes in the gastrointestinal tract, making it 
difficult to pass through the epithelial membranes.

4 Conclusions
The addition of AB pulp in the bread formulation produced 

variation in the physicochemical characteristics of loaf bread. 
The specific volume was affected by the low fermentation rate, which 

is due to the acidic pH of the fruit. In terms of the results obtained 
by the TPA, a product with greater hardness and consistency 
and less sponginess was obtained in alveoli of smaller number, 
size and circularity. Nevertheless, there was more air retention 
in the crumb. Gastrointestinal conditions directly affected the 
antioxidant capacity of the AB, producing a reduction of 96.9%. 
On the other hand, the AB bread initially presented a value of 
37 μM Trolox/g and, after the digestion process, a value of 10.6 μM 
Trolox/g, corresponding to a percentage of bioaccessibility of 
28.6%. The global results indicate that the gluten network would 
protect the antioxidant compounds contributed by the AB. It was 
possible to develop bread with healthier properties, due to the 
high antioxidant content of the AB.
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