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1 Introduction
The broad biodiversity of the Brazilian Amazon comprehends 

about 220 species of edible fruits, which represents around 4% 
of the diversity of fruits native to Brazil (Neves et al., 2012). 
Valuing the typical fruits of the Amazon region and learning 
new information on those food sources drives the sustainable 
development of regional raw materials (Hiane et al., 2003) both 
in the Brazilian Amazon and in neighbor countries featuring 
this biome.

Among Amazonian cultures, peach palm three (Bactris 
gasipaes Kunth) stands out with the production of peach palm 
fruit and heart of palm. The fruit is edible with pleasant flavor 
and has high nutritional and energy values while carrying lipids, 
proteins, carotenoids (pro-vitamin A), vitamins B and C, selenium, 
and iron (Santos  et  al., 2008). Peach palm fruit varieties are 
differentiated according to the fruits’ skin color, lipid content, 
and presence or absence of seeds. However, peach palm trees 
can be classified into microcarpa, mesocarpa, and macrocarpa 
landraces based on pulp thickness (Yuyama, 2011). The different 
compositions of those fruits enable the obtention of different 
food products such as peach palm oil and flour.

Peach palm flour is obtained from the pulp of the fruit 
(Ferreira & Pena, 2003). This flour is rich in starch and can be 
used to prepare lighter products such as cakes, biscuits, and 
pasta. This is a way of diversifying the demand for peach palm 
and enables its year-round consumption since it is a seasonal 
fruit. Given it is gluten free (Clement & Urpí, 2005), the flour 
can be used to prepare products for population groups with 
restricted diets, such as persons with celiac disease.

The use of peach palm flour as an ingredient for the formulation 
of different products requires studies on its technological 
properties such as fat absorption capacity, desirable to improve 
palatability; emulsifying capacity so it can replace ingredients 
in emulsion systems; and water absorption capacity, a relevant 
property for application in meat products, breads, and cakes 
(Porte et al., 2011).

Recommending peach palm flours produced from fruits 
of different landraces requires preliminary studies on their 
nutritional, morphological, and technological characteristics. 
Aiming to value the typical fruits of the Amazon region so as to 
meet the current market demand for innovative and healthful 
products, the present study assessed the physicochemical and 
morphological characteristics and the technological properties 
of peach palm flours produced from the microcarpa, mesocarpa, 
and macrocarpa landraces. That allows alternatives to be proposed 
for the industrial application of those flours in the development 
of several gluten-free products.

2 Material and methods
2.1 Raw material

The peach palm fruits were purchased in street markets 
in the city of Belém, PA, (01° 27’ 21” S, 48° 30’ 16” W), in 
the North region of Brazil, in 5 kg batches collected between 
March and June, which corresponds to the harvest period of the 
fruits and to the replicates needed for the experimental design. 
The fruits were then transported to the laboratories of UFPA’s 
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Graduate Program in Food Science and Technology (PPGCTA) 
and classified regarding the landraces based on their physical 
characteristics according to Yuyama (2011).

2.2 Flour preparation

After the physical characterization, the fruits were separated 
into batches according to their landrace, hygienized with a 
100 ppm sodium hypochlorite solution, peeled, and cut into 
four parts with seed separation. The fruits were dried in a 
fixed-bed dryer with forced air circulation at 55 °C for 42 h. 
After drying, the samples were ground in a hammer mill, 
vacuum packaged in polyethylene bags, and stored at room 
temperature until the moment of analysis. The peach palm flour 
batches were coded as MIF (microcarpa peach palm flour), 
MEF (mesocarpa peach palm flour), and MAF (macrocarpa 
peach palm flour).

2.3 Physicochemical characterization of the peach palm 
fruits and flours

The analyses of moisture, lipids, ashes, proteins, fibers, 
water activity (aw), pH, and acidity of the fruits and flours were 
performed according to the Association Of Official Analytical 
Chemists (2002). The caloric value was calculated based on 
the percentage composition using Atwater coefficients (Watt 
& Merrill, 1963). Color was analyzed by a Minolta CR400 
colorimeter using the CIE system to assess the chromaticity 
coordinates L* for luminosity, a* for red color intensity, and b* 
for yellow color intensity.

2.4 Morphological characterization

The samples were metallized with platinum for scanning 
electron microscopy (SEM) evaluation using a ZEISS LEO-1430 
electron microscope. The analysis conditions for the secondary 
electron imaging were working distance of 15 mm and constant 
acceleration voltage.

2.4 Paste properties

The viscoamylographic behavior of the peach palm flours was 
measured in an RVA 4500 Rapid Visco Analyser (RVA – PERTEN, 
Australia) using samples with known moisture contents. 3.5 g of 
peach palm flour were weighed, whose operational parameters 
were initial temperature of 50 °C under stirring at 960 rpm for 
10 s for sample homogenization followed by stirring at 160 rpm 
at 50 °C, heating at 95 °C, and cooling at 50 °C according to 
AACC methodology no. 76-21 (AACC, 2000).

2.5 Technological properties

The technological properties assessed for the peach palm 
flours were oil absorption capacity (OAC) determined according 
to Linet et al. (1974); water absorption capacity (WAC) calculated 
according to Sosulski (1962); and emulsifying activity and 
stability (EA and EE) determined according to the method by 
Dench et al. (1981).

2.6 Infrared absorption spectroscopy analyses

The flour samples were analyzed in a MICROLAB FTIR 
630 infrared absorption spectrophotometer using the software 
Agilent MicroLab in absorbance mode using eight scans and 
16 cm-1 resolution (Smith, 1979).

2.7 Statistical analysis

All analyses were carried out in triplicate and the data were 
expressed as arithmetic means and standard deviation (SD). 
The  data underwent analysis of variance (ANOVA) and Tukey’s 
test at 5% significance level.

3 Results and discussions
3.1 Physicochemical characterization of the peach palm 
fruits and flours

The fruits’ landrace classification was performed through 
biometry. The mean values found for the different peach palm 
landraces were: microcarpa - length (cm) 3.24 ± 0.20, diameter 
(cm) 2.13 ± 0.15, and weight (g) 8.24 ± 1.34; mesocarpa - 
length (cm) 4.40 ± 0.22, diameter (cm) 3.61 ± 0.17, and weight 
(g) 35.37 ± 4.43; and macrocarpa - length (cm) 5.80 ± 0.33, 
diameter (cm) 4.47 ± 0.20, and weight (g) 70.67 ± 1.93. Landrace 
classification was based on information reported by Yuyama 
(2011), i.e., microcarpa (fruit < 20 g), mesocarpa (fruit 21-70 g), 
and macrocarpa (fruit > 70 g). The physical variations can be 
justified by several factors such as genetics, number of fruits per 
plant, and competition among developing organs (Sena et al., 
2009). After landrace classification, the fruits were characterized 
regarding their centesimal composition (Table 1).

It can be seen that the fruits of different landraces have 
high nutritional value and significant differences among their 
compositions. Macrocarpa fruits had the lowest moisture values 
(47.98 ± 0.14 g.100 g-1), which contributes to those fruits being 
little consumed as they are considered dry (Yuyama, 2011).

Microcarpa fruits had the highest lipid contents 
(6.88±0.03 g.100 g-1), which, according to Porte et al. (2011), is 

Table 1. Centesimal composition of peach palm (Bactris gasipaes Kunth) 
fruits of different landraces.

COMPONENTS
MIP MEP MAP

(g.100 g-1)
Moisture 62.43 ± 0.12b 63.96 ± 0.50a 47.98 ± 0.14c

Lipids 6.88 ± 0.03a 2.62 ± 0.08c 4.42 ± 0.07b

Ashes 2.74 ± 0.06a 2.22 ± 0.07b 0.80 ± 0.00c

Proteins 3.90 ± 0.01a 2.00 ± 0.07c 2.64 ± 0.04b

Carbohydrates 24.05 ± 0.04c 29.20 ± 0.54b 44.16 ± 0.09a

aw 0.98 ± 0.00a 0.99 ± 0.00a 0.99 ± 0.00a

pH 6.09 ± 0.19b 6.30 ± 0.04a 6.16 ± 0.04b

Titratable acidity 
(mL.100 g-1)

2.36 ± 0.15a 2.14 ± 0.06a 1.21 ± 0.96b

Caloric value 
(kcal.100 g-1)

173.76 ± 0.5b 148.40 ± 1.8c 227.01 ± 0.35a

Components in wet basis; mean values of three replicates with their standard deviations; 
different letters among the columns indicate difference at 95% significance. MIP – microcarpa 
peach palm; MEP – mesocarpa peach palm; MAP – macrocarpa peach palm.
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desirable to improve the palatability of foods, thus justifying the 
preference of Amazonian consumers for this landrace.

According to Ferreira & Pena (2003), starch-rich peach 
palm fruits can be used to produce flours, which is the case of 
macrocarpa with its high carbohydrate content and low moisture 
compared to the other landraces.

pH values remained in the neutral range and are close to 
those of fruits of Amazonian palm trees such as maripa palm 
(6.35 ± 0.2), tucuman (6.12 ± 0), and peach palm (6.15 ± 0.3) 
(Santos et al., 2017).

The Brazilian and international food-quality regulatory 
agencies have set no standards for peach palm flour. Thus, the 
standards of other flours established by CNNPA Resolution no. 
12 of ANVISA (Brasil, 1978), which regulates quality parameters 
for wheat flour, were used as reference. All flours prepared are in 
accordance with the requirements of the legislation concerning 
moisture and aw (Table 2). Based on the aw values found for the 
peach palm flours, final moisture below 12% is recommended to 
ensure the microbiological stability of these products (aw < 0.6).

The analyses showed that MIF had significantly higher 
lipid values (7.40 ± 0.20 g.100 g-1) compared to MEF 
(4.73 ± 0.04 g.100 g-1) and MAF (3.95 ± 0.13 g.100 g-1). MAF had 
the highest carbohydrate content (75.02 ± 0.23 g.100 g-1) compared 
to MIF (67.32 ± 0.4 g.100 g-1) and MEF (66.68 ± 0.92 g.100 g-1). 
According to Santos  et  al. (2011), the different peach palm 
landraces have different chemical compositions. On average, 
microcarpa has higher lipid content, a characteristic that is 
appreciated by consumers, whereas macrocarpa has higher 
carbohydrate content, which justifies it being known as a “dry” 
peach palm (Bolanho et al., 2014).

In Brazil, according to Resolution no. 52 (Brasil, 2012), 
which regulates complementary nutritional information, a 

solid food can be considered a source of dietary fibers when the 
finished product contains 3 g.100 g-1 fibers and, when a food has 
a value twice as high, it is considered as having high dietary fiber 
content. Therefore, MIF can be considered a source of dietary 
fibers while MEF and MAF can be considered rich in fibers. 
The peach palm flours had total dietary fiber contents close to 
that of whole wheat flour (10.7 g.100 g-1) (Chaudhary & Weber, 
1990). It is noteworthy that, in the case of peach palm flours, 
the highest fiber concentration corresponds to the insoluble 
fraction, which remains intact along the entire human digestive 
tract. The growing consumer demand for fiber-rich foods has 
led many manufacturers to incorporate more fibers into their 
products, thus showing that peach palm flour may be used as 
a raw material in the development of new products (Buttriss & 
Stokes, 2008).

Peach palm flours can be considered excellent sources 
of calories since their caloric values are close to those of 
conventional flours such as whole wheat and defatted soybean of 
339 and 329 kcal.100 g-1, respectively (United State Department 
of Agriculture, 2002).

Statistical differences in color were observed among the peach 
palm flours produced. MIF had more yellow color (66.74 ± 0.40) 
compared to MEF (42.84 ± 0.60) and MAF (27.59 ± 0.40). 
Carotenoid content may justify such colors (Ribeiro & Seravalli, 
2004), which is an important attribute for those flours since, in 
general, conventional flours do not have carotenoids.

3.2 Infrared absorption spectroscopy analyses

The FTIR spectra found for the peach palm flours are similar 
to those of corn and wheat flours (Cremer & Kaletunç, 2003). 
Figure 1 (a-c) presents the spectra for peach palm flour samples.

The spectra have a broad peak in the OH elongation region 
in the neighborhood of 3,450 cm-1 (point 1 in Figure 1 a-c). 
The high lipid content of the samples (MEF and MIF) results in 
a more pronounced CH elongation region, in which the main 
peak is at 2,900 cm-1 (point 2), which is characteristic of CH2. 
The MIF and MEF samples are followed by a second, smaller 
peak and more marked at 2,850 cm-1 (CH2, symmetric), point 3, 
which is not apparent in the spectrum of MAF due to the lower 
lipid content in this sample compared to the other flours. 
The difference in lipid content is evidenced by the elongation 
of the carbonyl ester band at 1,740 cm-1, appearing at point 4, 
found only for the MIF and MEF samples.

The first band that characterizes the proteins is found 
in spectrum point 5. This band represents the amide I band 
(C=O primary elongation vibration) and peaks at 1,650 cm-1. 
According to Cooper (1995), it is well established that the 
H-O-H flexion vibrations of water show strong absorbance 
close to 1,640 cm-1, around which the amide I band absorbs. 
In addition, a weak C-O-H deformation of the starch glucose 
ring contributes at 1,650 cm-1. The amide II band is represented 
by point 6 largely because of the NH flexion vibration observed 
at 1,490 cm-1.

The fingerprint region at 1,300-900 cm-1, close to point 7, 
possibly features carbohydrates. All peach palm flours exhibited 

Table 2. Peach palm (Bactris gasipaes Kunth) flour composition.

Components MIF MEF MAF
Moisture (g.100 g-1) 12.21 ± 0.41a 12.58 ± 0.51a 9.60 ± 0.17b

Lipids (g.100 g-1) 7.40 ± 0.20a 4.73 ± 0.04b 3.95 ± 0.13c

Ashes (g.100 g-1) 2.61 ± 0.08a 1.85 ± 0.01b 1.22 ± 0.03c

Proteins (g.100 g-1) 4.62 ± 0.03a 3.20 ± 0.02b 2.46 ± 0.02c

Carbohydrates (g.100 g-1) 67.32 ± 0.4b 66.68 ± 0.92b 75.02 ± 0.23a

Total fibers (g.100 g-1) 5.47 ± 0.70c 10.82 ± 0.43a 7.67 ± 0.18b

Insoluble fibers (g.100 g-1) 5.03 ± 0.40c 10.04 ± 0.32a 7.23 ± 0.41b

Soluble fibers (g.100 g-1) 0.44 ± 0.29a 0.78 ± 0.72a 0.04 ± 0.27a

aw 0.62 ± 0.00a 0.61 ± 0.00a 0.47 ± 0.03b

pH 5.46 ± 0.02c 5.78 ± 0.00b 5.92 ± 0.03a

Titratable acidity  
(mL.100 g-1)

6.30 ± 0.96a 6.60 ± 0.033a 3.46 ± 0.10b

L* 72.93 ± 0.55c 79.18 ± 0.37b 81.61 ± 0.13a

a* 13.60 ± 0.05a 0.32 ± 0.17b -1.12 ± 0.10c

b* 66.74 ± 0.40a 42.84 ± 0.60b 27.59 ± 0.40c

Caloric value  
(kcal.100 g-1)

300.07 ± 2.46a 326.67 ± 2.01a 321.28 ± 1.64a

Mean values of three replicates with their standard deviations. Different letters among the 
columns represent a difference at 95% significance. In dry basis. MIF – microcarpa peach 
palm flour; MEF – mesocarpa peach palm flour; MAF – macrocarpa peach palm flour. 
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strong characteristic peaks at 1,190, 1,100, and 1,050 cm-1, 
related to C-C-O, C-C, and O-C-O deformations, characteristics 
of starch.

The results found are close to those obtained in the percentage 
composition analyses using traditional methods. That enables 
using x-ray analysis to replace conventional analyses to determine 
composition since a small sample is sufficient for a result of all 
components in a single assay, with the advantage of a quick, 
low-cost method compared to traditional ones.

3.3 Morphological characterization

The micrographs presented in Figure 2 enable assessing the 
morphology of peach palm flour particles and show the starch 
structure (A) with rounded characteristics, slightly flattened in 
one of its ends, non-homogeneous sizes, and structures similar 
to dietary fibers (B). The drying temperature employed to obtain 
the flours (55 °C) did not impact the integrity of starch granules 
since the gelling temperature of peach palm starch has been 
identified as being over 85 °C.

Figure 1. Absorption spectra in the infrared region of peach palm flours. A = MIF – microcarpa peach palm; B = MEF – mesocarpa peach palm; 
C = MAF – macrocarpa peach palm.
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3.4 Technological properties of peach palm flour

Table 3 presents the viscosity profiles of the flours studied. 
Maximum and minimum viscosity, breakdown, and downgrading 
are significantly lower in MEF, which can be justified by the high 
insoluble fibers content in this landrace. According to Sena et al. 
(2009), insoluble fibers have low water solubility, high water 

absorption capacity, and high liquid retention, which may have 
impacted the paste formation of peach palm flour prepared from 
the mesocarpa landrace.

The initial paste temperatures for the flours studied were 
94.70 ± 0.25 for MIF, 94.90 ± 2.00 for MEF, and 94.92 ± 0.02 for 
MAF. Besides indicating the minimum temperature at which 

Figure 2. Scanning electron microscopy of the peach palm flours MIF, MEF and MAF. A: starch structure e B: structures similar to dietary fibers.
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The OAC values found were intermediate compared to other 
matrices such as peanut flour (200%) (Beuchat et al. 1975), which 
suggests the flours, particularly MIF, are not appropriate to be 
used as the main ingredient of viscous products such as pastas. 
However, flours with low OAC are indicated for breading since 
they reduce fat absorption by the processed food during frying 
(Bolanho et al., 2014). The EA and EE values of all flours were 
low compared to mixed rice and soybean flour (106%) (Maia, 
2000), which suggests the flours may not be used to replace 
ingredients in emulsion systems.

4 Conclusion
The peach palm flours showed important nutritional and 

energy values. The functional property analyses showed their 
potential use in the formulation of different cookies, cakes, and 
meat, bakery, and breaded products. Since peach palm flour is 
gluten free, it is an option of healthy raw material to prepare 
products targeted at specific consumers. It is considered a source 
of fibers and can be added to different products in order to meet 
the growing market demand. This new flour product is a viable 
alternative to replace wheat flour in the preparation of different 
products, besides adding nutritional value to them.
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