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Abstract: The aim of this study was to develop a new bread formulation from different amounts of açaí powder and polydextrose 
incorporated into wheat flour on bread technological properties. The formulations were developed using the central composite 
rotational design and having as dependent variables specific volume, hardness, crumb color and image analysis. Statistical analysis 
was performed using multiple regression and response surface. The results showed that the inclusion of powdered açaí and 
polydextrose in bread formulations reduces the specific volume and alveoli number and increases the browning and hardness of the 
bread. However, values of this addition (30 g/100 g) were found that did not promote significant quality reduction and the scanning 
electron microscopy (SEM) showed minimal damage to the gluten network at this level of incorporation. 
 
Key words: Bread quality, fermentation, functional ingredients, gluten network. 
 

1. Introduction  

In today’s world, one of the major nutritional 
problems is the consumption of high quantities of fat 
and sugar, which has been associated with serious 
health problems. Due to a growing public interest in 
such products, the food industry has focused on 
developing low-calorie foods. The key means applied 
to reduce the energetic value of bakery products 
(including short-dough biscuits) include the use of 
whole-grain flours, sweeteners for partial replacement 
of sugar (e.g. tagatose, trehalose, inulin, oligofructose, 
polydextrose) [1]. 

A high intake of fruit and vegetables reduces the 
risk of age related disease [2]. Mechanistic studies 
suggest that these effects may be mediated, in part, by 
the interaction of undigested plant foods, and not 
limited to the traditional definitions of dietary fiber, 
with the gut microbiota [3]. 

Açai (Euterpe oleracea Martius) tree is a large 
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palm found in the Amazon flood plain. The fruit of 
this palm is a small purple-black berry which reaches 
about 10 mm in diameter and is usually consumed in 
all states of Brazil since it is rich in α-tocopherol, 
fibers, lipids, polyphenols (including anthocyanins), 
and mineral ions [4], has received much attention in 
recent years due to its potential anti-oxidant and 
anti-inflammatory properties [5].  

Polydextrose (PDX) is a soluble fiber with low 
viscosity that provides one-fourth of the energy that is 
supplied by glucose [6] and consists of approximately 
89% of d-glucose, 10% of sorbitol and 1% of citric 
acid [7], easily dissolves in water and, owing to its 
technological traits, may be used as a replacer of both 
fat and sugar [8]. Recent studies suggest that its 
consumption governs appetite. In a meta-analysis, we 
found that PDX reduces subsequent energy intake (EI) 
dose-dependently [9] and alters subjective feelings of 
appetite [10]. It has been successfully incorporated 
into a wide range of foods, i.e. baked goods, 
confectionery, beverages as well as frozen desserts, 
while providing the appropriate textural and mouthfeel 
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properties [11]. 
The inclusion of dietary fiber into food matrix (e.g. 

bread, cake, donut, etc.) could improve the daily 
intake value, thereby decrease the risks of constipation, 
diverticulosis, colon cancer, gallstone formation, 
overweight, hypercholesterolemia, type 2 diabetes, 
and atherosclerosis [12-14]. 

Bread, the product of wheat flour fermentation by 
yeast, is widely consumed as a staple food across 
many cultures and countries worldwide [15]. The 
functionality of the gluten network developed through 
mixing is crucial for gas retention and the final 
structure of bread. A previous study demonstrated that 
the impact of vacuum mixing on gluten network 
development was flour-type dependent [16]. The 
inclusion of açaí powder and polydextrose can 
improve the nutritional value of breads; however, the 
damage to gluten network for these raw materials is 
still unknown.  

The aim of this study was to develop a new bread 
formulation from different amounts of açaí powder 
and polydextrose incorporated into wheat flour. The 
effects of açaí powder and polydextrose were 
evaluated by means of technological properties of 
bread. 

2. Materials and Methods 

2.1 Materials 

Açaí powder and polydextrose were purchased from 

Sun Foods Inc. (Campinas, Brazil) and Danisco Inc. 
(São Paulo, Brazil). Wheat flour, sugar, salt, 
hydrogenated vegetable fat, compressed yeast and 
water were purchased from local markets in Fortaleza.  

2.2 Methods 

2.2.1 Preparation of Breads 
The control bread was composed by 300.0 g of 

wheat flour, 120.0 g water, 30.0 g hydrogenate 
vegetable fat, 15.0 g refined sugar, 11.0 g dry yeast, 
2.0 g salt and the inclusion of açaí powder and 
polydextrose was based on the Central Composite 
Rotational Design (CCRD) as shown in Table 1. 

All ingredients were mixed in a semi-industrial 
mixer (Lieme BP06, Brazil), following a preliminary 
mixing of dry ingredients for 1 min at low speed. 
Mixing was done for 3 minutes at medium speed and 
for 6 minutes at high speed. A quantify of water was 
added in the mixer at the beginning of the medium 
speed period. Dough temperature at the end of mixing 
was T = 26.0 °C ± 1.0 °C. After the mixture the dough 
was left to rest for 5 min and then divided in pieces of 
100.0 g and hand-molded in an ellipses form. Dough 
fermentation was performed in fermentation chamber 
(Perfecta, Brazil) at 28.0 °C ± 2.0 °C and 70.0% 
relative humidity for two hours in fermentation 
process. The doughs were baked without stream at 
220.0 °C for 20 minutes and cooled at room 
temperature (28.0 °C ± 2 °C). 

 

Table 1  Second order design matrix used for the evaluation of the effects of ingredients addition variables (açaí powder 
and polydextrose) on some physical, structural and sensory properties of breads. 

Coded values Uncoded values 
Runs Açaí powder (g/100 g) X1 Poly dextrose (g/100 g) X2 Açaí powder (g/100 g) X1 Poly dextrose (g/100 g) X2 
1 -1 -1 15 15 
2 -1 +1 15 45 
3 +1 -1 45 15 
4 +1 +1 45 45 
5 0 -1.41 30 0 
6 0 +1.41 30 60 
7 -1.41 0 0 30 
8 +1.41 0 60 30 
9 0 0 30 30 
10 0 0 30 30 
11 0 0 30 30 
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2.2.2 Analyses of Breads 
Physical properties of bread. Bake loss of breads 

was determined according to: 

ሺ%ሻ ݏݏܮ ݁݇ܽܤ ൌ  ሾ ܹ െ ሺௐೌ್
ௐ್್

ሻሿ  ൈ  100   (1) 

where Wbb is the weight of the loaf before baking and 
Wab is the weight of the loaf after baking and cooling 
[17]. 

(1) Specific Volume 
Weight and loaf volume after baking were 

evaluated. The specific loaf volume was calculated by 
dividing loaf volume and weight (method 10-10B) 
[18]. Specific volume was expressed in cm3/g. 

(2) Texture of the Bread Crumbs 
Bread firmness was measured as described in 

AACC Method 74-09 [18] using a TA.XT2 
instrument (Texture Technologies, New York, NY, 
USA) with a 40 mm diameter cylindrical probe, for 25% 
of compression, at a test speed of 1.0 mm/min. At 
least four slices of bread (25 mm thickness each) cut 
from the center of the loaf were tested. 

(3) Color Analysis 
The crust and crumb colors were measured using 

Hunter Lab Color Flex (Hunter Associates Inc., 
Reston, VA, USA). Averages of three measurements 
of L*, a* and b* values were recorded. Color 
measurements of bread crumb (20 measurements/runs) 
were performed. Results were expressed as browning 
index (BI) according to the following equations [18, 
19]. 

ܺ ൌ  כ ାଵ.ହ כ

ହ.ସହכାିכଷ.ଵଶ(2)                      כ 

ሻܫܤሺ ݔ݁݀݊ܫ ݃݊݅݊ݓݎܤ ൌ ଵ ሺି.ଷଵሻ
.ଵଶ

           (3) 

Image analysis. The bread was sliced transversely 
with a slicing machine. The images were captured 
using a color camera (NIKON P610, Nikon Inc., 
Japan) with a resolution of 4,272 × 2,848 pixels. The 
camera was located at 20 cm overhead on the sample 
platform to obtain the best image of the samples of 
bread slices throughout the experiment. The samples 

were illuminated with two 36 W fluorescent lights 
(model: T8 G13, Phillips, Brazil) and enclosed in a 
black cardboard box with a door [20]. The inside wall 
of the box was concealed with black paper to reduce 
the reflectance, and the roof was covered with white 
paper to enhance light scattering and reduce the 
shadow [21]. The sliced bread samples were 
positioned on a black background to provide higher 
contrast between the background and the sample. The 
camera was connected to a computer, which contained 
remote shooting software Nikon Wireless Mobile 
Utility (WMU) (version 1.5.0, Nikon INC, Japan) 
through which the digital images were acquired. 

The digital images were made using ImageJ 
software (National Institute of Health, Bethesda, MD, 
USA). The image was split into color channels. The 
contrast was enhanced and, finally, the image was 
binarized after applying a grey scale threshold. This 
was performed with the aim of dividing images into 
regions of cells and surrounding cell wall material. 
The analysis was performed on a slice area of 15 × 17 
mm. Porosity measurements were measured in 
triplicate [22]. 

(1) Scanning Electron Microscopy (SEM) Images 
of Breads 

Inspect F50 Scanning Electron Microscope (FEI, 
Czech Republic) was used to examine flour and crumb 
structures. Bread crumbs were cut into cubes (1 cm³). 
An accelerating voltage of 7 kV and 10 kV was used 
for flours and breads; system pressures were 80 Pa 
and 110 Pa for flours and breads, respectively.  

(2) Statistical Analysis and Modeling 
The CCRD was performed to obtain a second order 

model to predict the quality of dough and bread as a 
function of açaí powder and polydextrose addition. 
This model can be observed in the following equation: 

ݕ ൌ ߚ    ∑ ழݔߚ ݔ  ∑ ݔߚ
ଶ          ߝ (4) 

where y is the predicted response (dough and bread 
quality variables), β0 is the global mean, βj is the linear 
coefficient, βij is the coefficient of interaction, βjj is the 
quadratic coefficient, ε is the error of the model, and xi 
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and xj are the coded values of the independent 
variables. 

The experimental data were analyzed using 
Statistica software, version 8.0 (Statsoft, Inc., Tulsa, 
OK, USA). Analysis of variance (ANOVA) tables was 
generated, and the effect and regression coefficients of 
individual linear, quadratic and interaction terms were 
determined. The significances of all words were 
judged statistically according to the p-value, which 
was set at a 5% significance level. The quality-of-fit 
of the model equation was expressed by the 
coefficient of determination (R2), and its statistical 
significance was determined using the F-test. For 
validation of the statistical results, the observed values 
of dough and bread quality variables were compared 
with the predicted values obtained by the experimental 
models. The independent variables optimized were X1 
(Açaí Powder—AP), X2 (Polydextrose—PO) for 
dependent response Y1 (Bake Loss), Y2 (Specific 
Volume), Y3 (Alveoli Number), Y4 (L*), Y5 

(Browning index) and Y6 (Hardness). The complete 
design consisted of 11 combinations performed in 
standard order (Table 1). 

3. Results and Discussion 

Quality parameters of bread enriched with açaí 
powder and polydextrose are tabulated in Table 2. 
CCRD design of response surface methodology was 

chosen to show the main effects of independent 
variables (açaí powder and polydextrose) and their 
interactions. The bake loss, specific volume and 
alveoli number decreased significantly with increasing 
açaí powder and polydextrose level (p < 0.05,   
Table 2).  

The highest bake loss was determined to be 17.00% 
in the bread containing 30 g/100 g of açaí powder and 
without addition of polydextrose, while the lowest to 
be 4.66% in the sample containing 45 g/100 g of açaí 
powder and polydextrose. The inclusion of açaí 
powder and polydextrose in bread formulations 
significantly affected the specific and alveoli number. 
It produces more dense breads by reducing the volume 
and crumb porosity, characteristics of products 
enriched with fibers and minerals similarly reported 
by Martínez et al. [23]. 

There was a general trend indicating a decline in 
bread brightness with increasing açaí powder levels, 
but no significant difference (p > 0.05) to 
polydextrose levels. The browning index increased 
with açaí powder levels and decreased with increase 
polydextrose levels. This result was expected because 
the açaí powder presents low brightness and purple 
pigments [24]. And polydextrose consists of a 
white-cream powder, as reported by Almeida et al. [25] 
with high brightness.  

 

Table 2  Quality properties of bread enriched with açaí powder and polydextrose. 

Runs 
Quality properties 

Bake loss (%) Specific volume (cm³/g) Alveoli number (cells) L* Browning index Hardness (N)
1 13.33 ± 0.88 3.33 ± 0.17 2,504 ± 4 62.70 ± 0.05 28.80 ± 0.12 2.30 ± 0.03 
2 8.33 ± 0.33 3.07 ± 0.05 1,341 ± 40 68.25 ± 0.09 24.30 ± 0.10 3.21 ± 0.02 
3 8.33 ± 0.33 2.07 ± 0.04 1,342 ± 42 52.40 ± 0.05 44.46 ± 0.09 3.59 ± 0.02 
4 4.66 ± 0.33 1.72 ± 0.07 1,041 ± 7 50.09 ± 0.08 48.44 ± 0.08 4.21 ± 0.02 
5 17.00 ± 0.57 2.83 ± 0.06 2,943 ± 7 58.18 ± 0.05 54.21 ± 0.03 2.05 ± 0.03 
6 3.66 ± 0.33 2.46 ± 0.06 829 ± 23 61.70 ± 0.09 27.91 ± 0.04 4.98 ± 0.04 
7 14.66 ± 0.33 3.10 ± 0.04 3,220 ± 21 72.19 ± 0.04 22.14 ± 0.04 3.06 ± 0.03 
8 8.33 ± 0.33 1.58 ± 0.04 888 ± 18 44.18 ± 0.09 69.34 ± 0.04 5.19 ± 0.03 
9 6.33 ± 0.33 2.35 ± 0.05 1,326 ± 11 52.10 ± 0.08 59.07 ± 0.04 3.59 ± 0.02 
10 6.33 ± 0.33 2.34 ± 0.02 1,334 ± 4 52.15 ± 0.05 59.20 ± 0.03 3.57 ± 0.03 
11 6.33 ± 0.33 2.33 ± 0.02 1,341 ± 2 52.16 ± 0.03 59.15 ± 0.05 3.58 ± 0.02 
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The açaí powder and polydextrose in their linear 
models significantly influenced all quality attributes 
evaluated (Table 3), however, there was a greater 
quadratic effect of açaí powder than that of 
polydextrose, probably due to the high content of 
fibers, pigments and minerals and their contribution 
for gluten network modifications.  

As summarized in Table 3, breads were prepared 
with açaí powder and polydextrose presented 
significant effects on the modifications of the 
expansion properties. It has been extensively reported 
that the addition of non-gluten ingredients reduced 
loaf volume of the bread, which was mainly attributed 
to the dilution of the gluten in formula, as well as the 
change of viscoelastic properties in the dough [26].  

However, our study found that the inclusion of the 
ingredients is satisfactory at levels below 15 g/100 g 
to açaí powder and 45 g/100 g of polydextrose (Fig. 1). 
Specific volume is an important parameter to analyze 
the bread quality which involves bread volume/weight 
and together with bake loss represent the breadmaking 
quality set after the baking of bread. The specific 
volume of the breads ranged from 1.72 cm3/g to 3.33 
cm3/g, similar and inclusive higher values than other 
breads (1.23-3.5 cm3/g) [27, 28].  

The greater bread weight loss was observed for small 
additions of the ingredients. The minimum point was 
obtained for addition of polydextrose between 45 and 
55 g/100 g correlated with 35 to 45 g/100 g of açaí 
powder. The inclusion of these ingredients probably 
caused the reduction in free water amount present in the 

dough available for the evaporation process to be 
attached to these components, reducing their loss in the 
baking process. This result can be explained by the 
action of polydextrose as soluble fiber, with potential 
for water absorption, and also by the dietary fibers 
present in the açaí [29, 30]. Therefore, the use of these 
ingredients can increase the yield of the process. 

Effect of açaí powder and polydextrose levels on 
bread hardness is shown in Fig. 2. A significant (p < 
0.05) increase in bread hardness was noted at the 
highest substitution level. In general, the bread 
hardness increased with increase of açaí powder and 
polydextrose levels. The reduction of free water 
content in bread may be related to this result. The 
reduction of the moisture content with the increase of 
the bread crumb hardness was reported by several 
authors [31-33]. This may be due to increased water 
absorption which leads to increased crumb softness. 
Similar results were found by Fu et al. [34, 35]   
when enriched breads by 2%-8% turmeric powder or  
3%-9% lemon fiber. 

The color of bread crumb is an important parameter 
to determine its acceptability. Therefore, the effects of 
açaí powder and polydextrose addition on the bread 
crumb color were significantly. The prepared açaí 
powder-polydextrose (50:50) powder showed a 
medium brightness value (L*: 40.38) and a low 
intensity of yellow (b*: 10.11) and red (a*: 4.28) 
colors. Therefore, its use in different proportions 
promoted changes in the bread browning index, 
especially when the açaí powder is in greater quantity. 

 

Table 3  Regression coefficients for the dependent variables models in terms of açaí powder and polydextrose linear models, 
interaction and quadratic models. 

Response Intercept AP PO AP × PO (AP)2 (PO)2 Lack of fit 
Specific volume 2.458 -0.470* -0.112* -0.089 0.056 0.024 0.689 
Alveoli number 1,294.386 -510.660* -474.167* 215.500* 182.538* 140.497* 0.294 
Bake loss 6.353 -1.776* -2.945* 0.528 0.992* 1.292* 0.944 
Hardness 3.434 0.546* 0.615* -0.072 0.143* -0.009 0.377 
L* 53.302 -7.040* 0.850* 1.439* 1.873* -1.965* 0.482 
Browning index 52.921 11.183* -4.426* 2.119 -2.960* -4.130* 0.685 

* means that there are statistically significant regression coefficients p ≤ 0.05. 
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bread formulations. 
The inclusion of açaí powder and polydextrose in 

different levels affected significantly the number of 
alveoli and bread crumb structure. At high levels of 
ingredients incorporation (> 30 g/100 g) there was a 
strong reduction in alveoli number of bread crumb, 
reducing the product quality. According to Ref. [40], 
the yeast generated carbon dioxide and expanded the 
bread volume. Gas cell stabilization and gas retention 
are of interest because they determine the crumb 
structure and the bread volume. Thus, the açaí powder 
and polydextrose addition at high levels may decrease 
the retention of carbon dioxide due to the cracks 
promoted by these ingredients in the gluten network, 

as can be seen by scanning electron microscopy in  
Fig. 3. 

Higher gassing power which is associated with high 
pressure means more production of carbon dioxide in 
the dough system; thus, higher yeast activity during 
fermentation [41, 42]. In general, high yeast activity 
was exhibited when no açaí powder and polydextrose 
was present in the dough system. 

Thus, the densification of these breads could be 
mainly attributed to the interactions between gluten 
and fibrous material. In fact, dietary fiber contained in 
açaí powder could alter the formation of a continuous 
gluten network and exhibit a destabilizing effect at the 
interfaces of gas cells of the dough [43]. 

 

 
(a)                                                    (b) 

 
(c) 

Fig. 3  Scanning electron microscopy of dough added with 45 g/100 g of açaí powder and 45 g/100 g of polydextrose (a), 
dough added with 30 g/100 g of açaí powder and 30 g/100 g of polydextrose (b) and dough added with 60g/100 g of açaí 
powder and 0 g/100 g of polydextrose (c). 

Cracks on the gluten network 

Damage of gluten network 

Undamaged gluten network 

Dehydrated starch 
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(a)                                      (b)                                  (c) 

Fig. 4  Sample gray level images of 40 × 40 mm field of view of bread crumb. Bread supplemented with 45 g/100 g of açaí 
powder and 45 g/100 g of polydexrose (a); Bread supplemented with 30 g/100 g of açaí powder and 30 g/100 g of polydexrose 
(b); Breadsupplemented with 65 g/100 g of açaí powder and 0 g/100 g of polydexrose (c). 
 

The bread crumbs were analyzed by digital image 
(Fig. 4). Açaí powder and polydextrose alter the 
macroscopic bread crumb structural parameters.  

In contrast, the addition of these ingredients in 
proportions of 30 g/100 g increases the mean cell area 
and the number of cells/cm². Visual texture defines the 
appearance of the product, ranging from the color of 
the crust to the loaf volume to the cellular structure of 
the individual slices [44]. Visual texture accounts for 
up to 20% of the weighting score when assessing 
bread quality [45]. The reduction of the crumb 
porosity by the weakening of gluten through the 
addition of the açaí powder and polydextrose can 
affect the bread quality. 

4. Conclusions  

Açaí powder and polydextrose can be used in the 
production of breads. According to the optimization of 
results it could be concluded that the ingredients 
addition up to 30 g/100 g can be used in the bread 
formulation without impairing quality characteristics. 
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