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Abstract
The barks of fruits are usually discarded as organic waste; a valuable source of nutrients is obtained are used as a
starting source in the preparation of functional foods. In this work, the physicochemical properties (pH, titrable
acidity and soluble solids), mineral and bromatological analysis of nine Amazonian fruits were studied: abiu,
acerola, araçá, bacupari, biribá, camu-camu, fruta-do-conde, araçá and taperebá. The most acidic values stand
out for the different fruits, with the exception of the abiu bark (pH = 4.7). As for its nutritional contribution, it
was the araçá barks that presented the highest energy value of 276.29 Kcal 100 g-1. Among the macrominerals,
the potassium concentration stands out, being the highest concentration for the graviola bark, 521.04 mg 100 g-1
followed by magnesium, where the concentration in the biribá was 64.21 mg 100 g-1. On the other hand, the
husks are rich in micronutrients, highlighting the concentration of zinc in the bark of araçá, 12.23 mg 100 g-1
and manganese in the bark of abiu, 6.84 mg 100 g-1. The Pearson correlation coefficient presented a highly
significant correlation for Fe-Al (0.96), P-Fe (0.94) and Fe-Zn (0.89). O bligpot of principal components (PCA)
explains 56% of the cases, being the minerals Mg, Na, Co, K, S and Ca highly associated for the graviola and
bacuparí.
Keywords: minerals, sustainability, bromatology, foods
1. Introduction
Brazil produces about 140 million tons of food per year, being the largest exporters of agricultural products, but
at the same time there are problems with waste (Godim et al., 2005). From the foods wasted, 32 million tons are
fruit (Maia et al., 2007). Among those industrial waste we have the part of the fruit husks, rich in nutrients, they
are source of compounds with antioxidant activity (Montero et al., 2018). In addition, they have minerals both in
high concentrations and in moth concentrations, as well as source of vitamins.
In Brazil, an important amount of waste is generated in the processing of fruits, mainly composed of husks, barks
and bagasse, whose common destination is being discarded or destined for the production of fertilizers,
occupying a total volume of 40% of processed fruits (Silva, 2014; Ajila et al., 2007). Among the main industrial
residues in Brazil are the residues of the wine industry with a high concentration of antioxidants (Rubilar et al.,
2007), in fruits, for example the tomato (Solanum lycopersicum) (Correia et al., 2004), the goiaba (Psidium
guajava) (Melo & Vilela, 2005) and malted barley (Hordeum vulgare) in the beer industry (Santos, 2005).
Due to the nutritional importance of fruit residues, in this study, the fruits of nine fruits were evaluated in
northern Amazonia: abiu (Pouteria caimito), acerola (Malpighia emarginata), araçá (Psidium cattleianum),
bacuparí (Rheedia gardneriana), biribá (Rollinia mucosa), camu-camu (Myrciaria dubia), fruta-do-conde
(Annona squamosa), graviola (Annona muricata) and taperebá (Spondias mombin L.), the nutritional value,
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macro and microminerals, as well as the physico-chemical properties (pH, titratable acidity, total soluble solids)
and reducing and non-reducing sugars in order to be considered the use of the residues for the production of
bioproducts.
2. Materials and Methods
2.1 Preparation of Samples
Samples (Table 1) were collected from fruit markets and producers in Roraima state, Brazil. Then, the collected
fruits were taken to the Laboratory of the Agronomic Research Center, at the Agricultural Sciences Center,
Cauamé campus, Federal University of Roraima, fruits with good appearance were selected, washed previously
with distilled water and then with hypochlorite solution of sodium chloride and finally with distilled water again.
Table 1. Names and families of fruits cultivated in the Northern Amazon studied in this work
Scientific name
Pouteria caimito
Malpighia emarginata
Psidium cattleianum
Rheedia gardneriana
Rollinia mucosa
Myrciaria dúbia (Krunth) Mc Vaugh, Myrtaceae
Annona squamosa
Annona muricata
Spondias mombin L.

Family
Sapotaceae
Malpighiaceae
Myrtaceae
Clusiaceae
Annonaceae
Myrtaceae
Annonaceae
Annonaceae
Anacardiaceae

Name in Brazil
Abiu
Acerola
Araçá
Bacuparí
Biribá
Camu-camu
Fruta-do-conde
Graviola
Taperebá

The fruits were pulped, weighed and frozen in an ultra-freezer at -80 oC for further lyophilization in Liotop L101
lyophilizer for 48 hours, until complete drying. After drying, the samples were ground in a knife mill and sieved
between 30-40 Mesh, and stored in hermetically sealed sachets and protected from light to perform nutritional.
2.2 Physical Chemistry Parameters: pH, Titratable Acidity and Soluble Solids
The pH was determined by potentiometry using a pH meter previously calibrated. The titratable acidity (AT) was
determined by diluting 5 grams of lyophilized material, dissolved in 100 mL of distilled water with NaOH
titration (0.1 M) until the phenolphthalein was turned (pH 8.1) and the results expressed as g citric acid in 100 g
of pulp. Soluble solids (SS) were determined by refractometry with the fresh samples, expressed in ºBrix and
lastly, the SS/TA ratio were determined by the ratio between soluble solids content and titratable acidity (IAL,
2008).
2.3 Nutritional Analysis
The physical parameters evaluated to determine the nutritional composition were the percentage of moisture and
ash. The other nutritional parameters evaluated were the determination of total proteins, lipids and carbohydrates,
to determine the total energy content (IAL, 2008).
2.3.1 Determination of Humidity
To determine moisture, 5 g of fresh samples were placed in porcelain capsules for 6 hours at 105 °C to constant
mass, and then cooled in desiccator to room temperature (IAL, 2008).
Humidity (g/100 g) = [(P’ – P”)/(P’ – P)] × 100

(1)

Where, P = weight of porcelain capsule (g); P’ = weight of the porcelain capsule + fresh sample (g); P” = weight
of the capsule + sample after the oven (g).
2.3.2 Determination of Ashes
To determine the ash in the samples, the methodology proposed for the food analysis (IAL, 2008) with
modifications was used, where 5 grams of the lyophilized samples were weighed. These were placed in
preheated porcelain crucibles in an oven at 110 °C for one hour, to remove moisture, and cool them in a
desiccator to room temperature. The samples were incinerated at 600 °C in a FDG 3P-S EDG muffle for 16
hours, after which the samples were left in the desiccator until reaching room temperature.
%ashes = (N × 100)/M
Where, N = mass in grams of ash and M = mass of the sample in grams.
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2.3.3 Determination of Total Proteins
Protein determination is performed from the total nitrogen analysis by Kjeldahl distillation, in which the existing
organic matter is transformed into ammonia. The nitrogen content of the different proteins is approximately 16%,
which introduces the empirical factor of 5.75 (conversion factor for vegetable protein), this will transform the
number of grams of nitrogen, found with the number of grams of protein (IAL, 2008).
%proteins = %N × 5.75

(3)

2.3.4 Determination of Lipids
To determine the total amount of lipids, 20 g of each sample was weighed, and placed in the Soxhlet extractor
apparatus with hexane as the solvent for six hours. The solvent was recovered in a rotary evaporator (IAL, 2008).
%lipids = (N × 100) × m

(4)

Where, N = mass in grams of lipids and M = mass of the sample in grams.
2.3.5 Determination of Carbohydrates
The carbohydrate content is achieved by the difference of the value 100 subtracted from the sum of the already
obtained values of moisture, ashes, lipids and proteins.
Carbohydrates = 100 – (%moisture +%ash +%lipids +%proteins)

(5)

2.3.6 Energetic Value
In order to quantify the energy value, it was necessary to use the protein (P), lipid (L) and carbohydrate (C)
contents of each sample. The result should be expressed in kcal 100g-1 (Mendes-Filho, Carvalho & de Souza,
2014).
Energy value (kcal/100 g) = (P × 4) + (L × 9) + (C × 4)

(6)

Where, P = value of protein (%), L = lipid value (%), C = carbohydrate value (%), 4 = conversion factor in kcal
determined in calorimetric pump for proteins and carbohydrates and 9 = conversion factor in kcal determined in
a calorimetric pump for lipids.
2.4 Mineralogical Analysis
The extraction of the minerals into the epidermis was done according to the methodology described by (Embrapa,
2009) in which the perchloric nitric digestion (3:1) was used in TECNAL model TE 0079 digester block, washed
with distilled water up to 25 mL for subsequent analysis.
Calcium (Ca), magnesium (Mg), iron (Fe), copper (Cu), zinc (Zn), manganese (Mn) and aluminum (Al) were
determined by Flame Atomic Absorption Spectrophotometry (FAAS) Shimadzu AA-7000, coupled with
ASC-7000 auto sample. Calibration was performed with standard solutions prepared from commercial standards
of 1000 mg L-1 Qhemis High Purity PACU 1000-0125, according to the specific conditions of each element
(Table 2).
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Table 2. Analytical parameters of calibration
Element
Ca
Mg
P
K
S
Fe
Zn
Mn
Cu
Na
Al
B
Co

Technique
FAAS
FAAS
UV-Vis spectroscopy
AES
UV-Vis spectroscopy
FAAS
FAAS
FAAS
FAAS
AES
FAAS
UV-Vis spectroscopy
FAAS

(λ) nm
422.70
285.21
660.00
766.50
420.00
248.33
213.80
279.48
324.75
589.0
309.3
420.00
240.73

Correlation coefficient (r2)
0.999
0.997
0.999
0.993
0.998
0.996
0.991
0.999
0.997
0.999
0.998
0.999
0.997

LOD (mg L-1)
0.481
0.571
0.113
0.571
0.074
0.002
0.002
0.001
0.003
0.098
0.0008
0.089
0.0005

LOQ (mg L-1)
2.004
1.992
1.773
1.754
0.897
0,011
0.071
0.603
0.010
1.103
0.078
0.123
0.0008

Note. FAAS = Flame Atomic Absorption Spectroscopy. AES = Flame Atomic emission Spectroscopy. LOD =
detection limit. LOQ = Quantification limit.
As the ionization suppressor for the Ca and Mg elements, 0.1% of the lithium oxide solution (La2O) was used. In
the case of sodium (Na), it was determined in the same equipment, but in atomic emission mode. As for
potassium (K), it was determined by means of flame photometry on the Digimed Flame Photometer DH-62,
calibrated using a Digimed standard solution whose concentration range was 2-100 mg L-1.
For the determination of the phosphorus (P), boron (B) and sulfur (S) elements, the ultraviolet molecular
absorption spectrophotometry technique was used using a SHIMADZU UV-1800 model, according to the
(Embrapa, 2009), by formation of the colorimetric reaction with ammonium molybdate ((NH4)2MoO4). In the
case of P, blue complex formed, where the readings were made at λ = 660 nm; in the case of B complex was
formed with Azometine-H of yellow color and absorbs light at λ = 460 nm; and for the sulfur was precipitated
with BaCl2, calibrating with potassium sulphate, at λ = 420 nm.
Nitrogen determination was carried out by the distillation method followed by titration (Kjeldahl), where the
ammonium ion produced in the digestion with sulfuric acid (H2SO4) is distilled in strongly alkaline medium in
the Kjeldahl distiller model TECNAL TE-036/1, collected (0.01%) and methyl red (0.04%) and titrated with
0.01 mol L-1 HCl solution were added in 2% boric acid solution with a mixture of green bromocresol (0.01%)
and methyl (Embrapa, 2009).
%N total = (V × 0.028)/m

(7)

Where, V = difference in the titration volume of the sample blank; m = mass of the sample in grams; and the
value 0.028 = milliequivalents grams of nitrogen multiplied by the concentration.
2.5 Statistical Analysis
Correlations between the amounts of the different minerals in the epidermis of the fruit were evaluated using the
Pearson statistical test using INFOSTAT (Rienzo et al., 2016) for significance levels of 5%, 1% and 0.1%
respectively, as well as the principal component analyzes (PCA) and Hierarchical component analysis (HCA).
3. Results and Discussion
3.1 Physicochemical Characterization
The parameters of physicochemical analysis studied in this work (pH, titratable acidity (TA), total soluble solids
(SS) and SS/TA ratio) its serve to characterize the quality of the fruit, to potentiate or as a functional food
(Canuto et al., 2010). In Table 3, the results of the physicochemical parameters for the different fruits are
presented, with their standard deviation made for three repetitions using the value of the t-student for the 95%
probability.
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Table 3. Physicochemical parameters for the skin of different fruits
Fruit
Abiu
Acerola
Araçá
Bacuparí
Biribá
Camu camu
Fruta-do-conde
Graviola
Taperebá

pH
4.7±0.1
2.1±0.2
4.3±0.1
3.1±0.2
3.0±0.2
2.4±0.1
2.9±0.1
3.1±0.1
2.7±0.2

TA (g citric acid 100 g-1)
5.6±0.1
1.2±0.1
0.4±0.1
1.9±0.2
2.4±0.2
1.7±0.2
2.7±0.1
2.1±0.1
1.7±0.2

SS (ºBrix)
2.7±0.2
2.9±0.1
4.5±0.2
7.1±0.1
8.1±0.1
4.3±0.2
8.7±0.1
8.4±0.1
5.7±0.1

SS/TA
0.48±0.1
2.41±0.1
11.25±0.2
3.74±0.2
3.38±0.1
2.52±0.2
3.22±0.1
4.0±0.1
3.35±0.1

The pH value for the different fruits studied ranges from 2.1 for acerola bark, reaching 4.7 for the bark of the
abiu. The titratable acidity expressed in mg of citric acid 100 g-1 presents values of 0.4±0.1 for the araçá bark up
to 5.6±0.1 for the abiu. This parameter is important, since it indicates the maturity of the fruit, measuring the
titratable hydrogens contained in the fruits of all the acids that constitute it until they are neutralized at a fixed
pH value. It is expressed as the equivalent of citric acid since it is the predominant acid in fruits and according to
Fernández et al. (2006), this parameter can not be less than 0.4. The value of the SS expressed in ºBrix varies
between 2.7±0.2 for the abiu, reaching the value of 8.7±0.1 for the fruta-do-conde. Finally, the SS/TA ratio gave
values between 0.48 for the abiu to values of 11.25 for the araçá. This parameter relates the quality of the fruit
in terms of maturity and flavor (M. I. F. Chitarra & A. B. Chitarra, 2005).
There are few data in the literature about the physicochemical parameters in the skin of these Amazonian fruits,
being limited to the study of pulps. In the case of camu-camu, studies carried out by Maeda et al. (2006), the
physicochemical parameters for the pulp of the camu-camu, being the pH of the pulp of 2.64 slightly higher than
that of the bark, the solids solids also, with 6.20 ºBrix and the titratable acidity is also higher for the pulp (3.40 g
100 g-1 of citric acid). In the case of the fruit-do-count, Bonfim et al. (2014) study said fruit in different stages of
fruit maturity, finding values in the mature state of soluble solids between (17.25-20.22 ºBrix) values higher than
those found for the skin and potential acidity value between (0.18-0.23%) also higher than those found for the
skin in this work.
There is a work developed by Carlone et al. (2016), where they prepare a flour of bacuparí made from the pulp
and the barks finding pH values of 3.18 similar to those determined in this work and titulable acidity of 7.82 g
100 g-1 of citric acid, greater than those presented here, since in this work not only the skin of the fruit is being
evaluated, but also the pulp is being evaluated.
For the graviola, if studies were found that evaluate the bark of the same, made by Silva (2016), where the pH
value determined is approximately one unit lower than the one determined in this work and for the titratable
acidity, it finds a value of 3.70 g 100 g-1 of citric acid, somewhat higher than what we determine, since acidity
influences the degree of ripeness of the fruit. On the other hand, Sacramento et al. (2003), study the pulp of the
graviola, where the determined value of pH is 3.44 being approximate to the one we determined in this work for
the husk and acidity titulable in the case of the pulp it was approximately 1 g 100 g-1 of citric acid less than that
determined in the bark.
In the case of taperebá, no results have been found for physicochemical analysis in the bark, only for the pulp
being determined by Freitas (2017), pH values for the pulp between 2.60-2.95, being within the range of pH
determined for the bark in this work. The titratable acidity is slightly lower (0.60-1.40 g 100 g-1) of citric acid to
the one determined for the skin and the soluble solids in the pulp are slightly larger (9.96-11.30).
The araçá presents studies for the pulp, whose pH values vary between 3.0-4.0, titratable acidity between
1.80-1.87 g 100 g-1 of citric acid and soluble solids between 4.5-11 ºBrix. (Andrade et al., 1993; Canuto et al.,
2010). The pH values determined for the pulps are close but slightly lower than those of the bark of the fruits
evaluated in this work, the titratable acidity is much lower for the skin and in the case of the SS, these are close
to the determined by Canuto et al. (2010) for the pulp.
In the case of the abiu, the pH of the skin is close to that of the pulp determined by Canuto et al. (2010), who
obtains a pH value of 5.0 The titratable acidity is lower for the pulps than for the barks but with very close value
found by the same author 5.9 g 100 g-1 of citric acid and for soluble acids these are greater for the pulp (3.8)
according to the same author as for the skin. For acerola Godoy et al. (2008) and Canuto et al. (2010), the pH
value for pulp (2.8-3.4) is slightly higher than that found for the skin in this work, the potential acidity for the
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skin is within the range determined by these authors (0.92-1.90) g 100 g-1 of citric acid and the soluble solids for
the bark of this work are lower than those found by the previous authors for the pulp of these fruits with values
of (3.5-8.24) ºBrix.
3.2 Bromatological Analysis From Bark of Amazon Fruits
Table 4 presents the nutritional analysis values for the bark of the different Amazonian fruits studied.
Of all the parameters that make up the bromatological analysis, moisture is the majority in the barks of the fruits
studied compared to the other parameters, ranging from 32.12% for yellow araçá bark to 88.99% for acerola.
The content of ashes in the fruit exocarp does not reach 1%, with the lowest concentration for the taperebá with
0.24% and 0.89% for the fruta-do-conde.
The content of lipids in the husk is low, in relation to other parts of the fruit, being in lower concentration for the
taperebá with a percentage of 0.12% and the highest concentration for the bacuparí with 1.41%. The
carbohydrate content varies according to the fruit in a high percentage range, determining a percentage of 9.62%
for the biribá to 65.58% for the araçá.
The proteins are another one of the nutrients that are in low concentration in the bark of the fruits, being only in
concentration of 0.04% for the acerola, reaching values of 0.41% for the abiu. The energy contribution of the
bark varies from 48.06 kcal 100 g-1 for acerola to 276.29 kcal 100 g-1 for araçá.
Table 4. Nutritional composition in bark of Amazonian fruit
Fruit
Abiu
Acerola
Araçá
Bacuparí
Biribá
Camu-camu
Fruta-do-conde
Graviola
Taperebá

Nutritional Contribution
Moisture
Ashes
Lipids
Carbohydrates
Proteins
---------------------------------------------% -------------------------------------------82.49±0.09
0.41±0.02
1.27±0.02
15.42±0.01
0.41±0.02
88.89±0.05
0.27±0.03
0.94±0.02
9.86±0.01
0.04±0.00
32.12±0.12
0.52±0.09
1.37±0.13
65.58±0.01
0.41±0.02
84.37±0.21
0.38±0.11
1.41±0.03
13.52±0.02
0.32±0.02
88.32±0.07
0.77±0.17
1.12±0.06
9.62±0.02
0.17±0.02
83.12±0.09
0.31±0.09
1.12±0.04
15.37±0.01
0.08±0.00
85.43±0.02
0.89±0.03
1.27±0.01
12.30±0.02
0.11±0.01
74.16±0.08
0.72±0.04
1.04±0.04
23.91±0.02
0.17±0.03
73.21±0.13
0.24±0.12
0.12±0.04
26.32±0.02
0.11±0.01

Energetic Value
--- Kcal 100 g-1 --74.75±0.01
48.06±0.01
276.29±0.01
68.05±0.01
49.24±0.02
71.88±0.01
61.07±0.03
105.68±0.05
106.80±0.02

Note. Analyzes performed in triplicate and using as a standard deviation the value of the t-student for 95%.
3.3 Mineral Analysis
In the Table 5 and the Table 6, the values of macronutrients and micronutrients are presented for the different
barks studied. Among the macronutrients detected in the barks of different fruits, potassium stands out as the
majority, being in the barks of the graviola where it is in the highest concentration 521 mg 100 g-1, and in lower
concentration for the bark of taperebá with concentration of 111.34 mg 100 g-1. These values of K in the edible
fraction are in agreement with those established by Almeida et al. (2009), where they establish that K levels in
the edible fraction of fruits ranges between 143.67-790.11 mg 100 g-1. Elcinto (2000), notes that this element is
found in high concentrations in fresh fruits and vegetables, especially in the bark and stem of edible fruits. Its
importance in the organism is in the maintenance of the hydroelectric balance with sodium, the concentrations of
these elements being regulated inside and outside the cell Cuppari and Bazanelli (2010). The concentrations of
sodium in the fruits studied are lower than the potassium concentrations, with the highest concentration for the
camu-camu husk being 18.26 mg 100 g-1 and the lowest concentration for the abiu with 0.36 mg 100 g-1. Studies
of this mineral in plants of the Annonaceae family, determined Na concentration for the graviola of 3.11 mg 100
g-1, slightly higher than that found in this work and for the fruta-do-conde of 9.94 mg 100 g-1 also superior to the
one found in this work (Bramont et al., 2008).
Unlike what happens with potassium, calcium in the barks of the fruit is of great importance, since it is the
element that gives it firmness, being associated with high levels of calcium to a good quality of the fruit
(Johnston et al., 2002; Poovaiah et al., 1988). In this study, Ca is the second element in abundance after K, with
the highest concentration in the skin of camu-camu with 52.21 mg 100 g-1 and the lowest concentration for abiu
with 22.11 mg 100 g-1. The next element in abundance in the fruits studied is the Mg, being the skin of biribá
who presents a higher concentration of Mg, even superior to that of Ca with a concentration of 64.21 mg 100 g-1,
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with a lower concentration of the skin of the abiu again with 13.21 mg 100 g-1. Berto et al. (2015) determined
Mg concentrations of 69.07 mg 100 g-1 for biribá, a value close to that determined in this work.
The importance of phosphorus in the organism lies in its involvement in metabolic functions such as the
synthesis of ATP, synthesis of carbohydrates, nucleic acids and coenzymes (Epstein & Bloom, 2006), being
found in the body between 0.8-1.1% (Monteiro & Vannucchi , 2010). The highest concentration of phosphorus
was in araçá with 43.47 mg 100 g-1 and the lowest concentration of abiu husk with 4.3 mg 100 g-1. The
concentration of minerals in Biribá fruits was studied by Berto et al., (2015) who determined P concentrations in
this fruit of 25.32 mg 100 g-1, close to the value found in this work.
Sulfur is within the macrominerals, found in a wide range of values for the fruits studied, from 3.14 mg 100 g-1
for the bacuparí, to 37.22 mg 100 g-1, in the bark of acerola. This element is necessary for the human body since
it is part of amino acids such as cysteine and methionine present in hair and nails, being found in the body in
concentrations of 140 g of this element (Lisboa, 2015).
The last element to consider in this work is nitrogen, being a constituent in several components of plants and the
sea in the form of amino acids, nucleic acids and chlorophyll, as well as part of numerous microbiological
reactions (Novais et al., 2007), In the fruits studied they are stored in the bark of the biribá, whose concentration
is 8.56 mg 100 g-1.
Table 5. Macronutrients analyzed in bark fruit in the northern Amazon
Macronutrients
Fruit

Calcium
(Ca)

Magnesium Phosphorous Potassium
(Mg)
(P)
(K)

Sodium
(Na)

Sulfur
(S)

Nitrogen
(N)

------------------------------------------- mg 100 g-1 ------------------------------------------- ------ % -----Abiu (Pouteria caimito)

22.11±0.14

13.21±0.15

4.31±0.11

242.11±0.14

Acerola (Malpighia emarginata)

27.12±0.13 37.21±0.05

7.21±0.11

121.33±0.22 17.81±0.04 37.22±0.14 6.96.10-3±0.00

Araçá (Psidium cattleianum)
Bacuparí (Rheedia gardneriana
Planch & Triana)

27.23±0.01 15.27±0.11

43.47±0.04

123.11±0.07

6.83±0.11

7.31±0.02

0.07±0.02

44.12±0.10 35.55±0.12

6.21±0.09

411.08±0.07

7.13±0.01

3.14±0.08

0.06±0.01

Biribá (Rollinia mucosa)
Camu-camu (Myrciaria dúbia
(Kunth) Mc Vaugh)

47.91±0.12 64.21±0.11

20.22±0.01

441.12±0.12 17.13±0,31 19.14±0.14 8.56±0.02

52.21±0.13 32.12±0.09

17.30±0.12

431.21±0.17 18.26±0.11

Fruta-do-conde (Annona squamosa) 50.11±0.04

0.36±0.02

3.48±0.07

15.44±0.12 0.07±0.02

27.78±0.13 0.21±0.04

28.07±0.12

15.11±0.01

417.09±0.11

Graviola (Annona muricata)

33.12±0.04 21.08±0.09

16.11±0.21

521.04±0.15 2.16±0.08

13.11±0.05

0.03±0.00

Taperebá (Spondias mombin L.)

45.21±0.02 28.11±0.04

16.22±0.08

111.34±0.04

3.21±0.03

0.02±0.00

6.56±0.07

23.12±0.09 0.02±0.00

Note. Analyzes performed in triplicate and using as a standard deviation the value of the t-student for 95%.
Table 6. Micronutrients analyzed in bark fruits in the northern Amazon
Fruit

Iron
(Fe)

Zinc
(Zn)

Manganese
(Mn)

Copper
(Cu)

Aluminum
(Al)

Boron
(B)

Cobalt
(Co)

-------------------------------------------------- mg 100 g-1 --------------------------------------------------Abiu (Pouteria caimito)

0.07±0.00

3.04±0.01

6.84±0.11

1.24±0.05

0.08±0.01

0.74±0.03

N.D.

Acerola (Malpighia emarginata)

0.44±0.02

0.04±0.01

0.78±0.07

0.09±0.02

0.16±0.04

0.22±0.04

N.D.

Araçá (Psidium cattleianum)
Bacuparí (Rheedia gardneriana
Planch & Triana)

4.41±0.03

12.23±0.02

0.31±0.03

3.38±0.02

0.03±0.00

0.19±0.01

N.D.

0.32±0.04

2.94±0.09

0.50±0.07

0.82±0.06

0.22±0.04

0.12±0.03

0.031±0,006

1.32±0,12

0.94±0.09

0.57±0.07

0.87±0.06

0.27±0.04

0.22±0.04

0.011±0,006

0.21±0.08

0.71±0.03

1.07±0.07

0.72±0.02

0.04±0.01

0.23±0.02

0.061±0.002
N.D.

Biribá (Rollinia mucosa)
Camu-camu (Myrciaria dúbia
(Kunth) Mc Vaugh, Myrtaceae
Fruta-do-conde (Annona squamosa)

0.23±0.07

0.19±0.01

2.55±0.01

2.48±0.04

0.18±0.03

0.29±0.17

Graviola (Annona muricata)

0.81±0.04

0.32±0.01

0,64±0.05

0.39±0.02

0.38±0.01

0.37±0.03

0.010±0.001

Taperebá (Spondias mombin L.)

0.45±0.08

0.07±0.01

0.87±0,05

1.03±0.07

0.14±0.02

0.79±0.06

N.D.

Note. N.D. not detected. Analyzes performed in triplicate and using as a standard deviation the value of the
t-student for 95%.

239

jas.ccsenet.org

Journal of Agricultural Science

Vol. 12, No. 3; 2020

Analyzes of microminerals in Amazonian fruit barks are scarce or nonexistent. In Table 6, the values of
micronutrient concentrations for the nine fruits studied are presented.
Zinc is one of the important micronutrients since among other functions it is present in the liver mobilization of
vitamin A, sexual maturation, fertility and reproduction as well as participating in more than 300 metalloenzymes
(Manganaro, 2008; Cominetti, 2009) being found in low concentrations in the fruits studied with the exception of
araçá where the concentration of this element in the bark is 12.23 mg 100 g-1 followed by abiu bark with Zn
concentrations of 3.04 mg 100 g-1 and the lowest concentrations of This element was obtained in the barks of
acerola with concentrations of 0.04 mg 100 g-1. Studies conducted by Berto et al. (2015) on barks of different
Amazonian fruits obtain values of concentration of Zn for the skin of the biribá of 1.04 mg 100 g-1 being a value
practically similar to that obtained in this work. The recommendations of this element according to the DRI (2001)
for adulthood are of 9.4 mg dia-1 for men and 11 mg dia-1 for women.
Another of the micronutrients found in the highest concentration in some fruits is the Mn, being the barks of the
abiu, which presents a higher concentration with 6.84 mg 100 g-1, followed by the fruta-do-conde with
concentrations of 2.55 mg 100 g-1. This mineral presents lower concentrations for the araçá barks with only 0.31
mg 100 g-1. Berto et al. (2015) studied micronutrients in the barks of different Amazonian fruits, obtaining for the
biribá concentrations of 0.47 mg 100 g-1, close to the concentration determined in this work (Table 6). For the
taperebá, Sena et al. (2014), study the composition of micronutrients in flour obtained from residues of fruit
processing, with concentrations of Mn of 0.04 mg 100 g-1, concentration lower than that found in its shell pure.
This element is interesting for its implication with diverse metabolic reactions in the organisms of immune
response, synthesis of ATP and as cofactor in metalloenzymes (Burton & Guillarte, 2009) being the
recommendations of this element for adults of 2.3 mg dia-1 for men and 1.8 mg dia-1 for women (DRI, 2001).
Iron is another essential micronutrient whose recommendations according to DRI (2001) for adults are 8 mg dia-1
and from the age of fifty, these amounts are reduced to 8 mg dia-1 being found in the human body at concentrations
of 3-5 grams (Fantisi et al., 2008). As with Zn, it is the araçá that has a higher concentration in the barks of fruits
studied whose values are 12.23 mg 100 g-1, being the concentration of this element excessively low in the abiu
shell whose concentration is of 0.07 mg 100 g-1.
Copper is another microelement of interest in the bark of the fruits studied, being found in a higher concentration in
the araçá bark with a value of 3.38 mg 100 g-1 and in a lower concentration in the bark of acerola with a
concentration of 0.09 mg 100 g-1. The deficiency of this element, has important series implications for the
organism as is the case of the diseases of Wilson and Menkes (Amancio, 2017) being the recommendations of Cu
in adulthood according to the DRI (2011) of 700 μg day-1.
Boron is another essential element for man, related to maintaining the integrity of the plasma membrane and
involved with bone metabolism (Brown et al., 2002). According to the DRI (2001), the recommendations of B for
adults are of 20 mg dia-1. The highest concentrations of B found in the fruit bark studied in this study are in the bark
of taperebá whose concentration is 0.79 mg 100 g-1 and for abiu with concentrations of 0.74 mg 100 g-1. The
lowest concentrations of this element are in the bacuparí barks whose concentration is of 0.12 mg 100 g-1. Ribeiro
et al. (2016) studied the concentrations of B in dry camu-camu fruits and obtained values of 1.7-1.8 mg 100 g-1,
values higher than only for the isolated skin (Table 6).
The Cobalt is the element found in ultra-trace concentrations in the barks of the studied fruits, being only detected
in bacuparí, biribá, camu-camu and graviola whose values oscillate between 10 μg 100 g-1 for the skin of the
graviola being the highest concentration of this element in the bark of camu-camu in concentration of 61 μg 100
g-1. These values are lower than those recommended by FAO/WHO, which should be ingested 0.58 mg kg-1 as a
function of the individual's body size (FAO, 2013). This element in higher concentrations can cause toxicity as is
the case of cardiomyopathy, as well as linked to other nervous and blood clotting problems (Seghizzi et al., 1994).
Finally, the aluminum was also identified in the fruit skin studied, being one of the metals that must be found in
low concentrations in foods since this metal being a neurotoxic substance, is involved with Alzehimer's disease
(Armstrong, 2002). The concentrations of Al in this work are low, being the highest value for the graviola bark
with Al concentration of 0.38 mg 100 g-1 and the lowest concentration of Al for camu-camu bark with
concentration of 0.03 mg 100 g-1.
3.4 Statistic Analysis
3.4.1 Pearson Correlation Coefficient
Table 7 presents the Pearson correlation matrix between the different elements for the bark of the different fruits.
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Table 7. Pearson correlaation matrix beetween the diffferent elementss for the bark oof Amazonian fruits
Ca
Mg
P
K
S
N
Fe
Zn
Mn
Cu
Na
Al
B
Co

C
Ca
1
0..66*
0..00ns
0..55ns
0..05ns
0..39ns
-00.10ns
-00.26ns
-00.28ns
0..12ns
-00.19ns
0..00ns
-00.03ns
-00.36ns

Mg

P

K

S

N

Fe

Zn

Mn

Cu
u

Na

A
Al

B

Co

1
-0.10ns
0.41ns
0.38ns
0.82**
-0.08ns
-0.32ns
-0.38ns
-0.29ns
0.44ns
-0.09ns
-0.30ns
-0.17ns

1
-0.19ns
-0.25ns
0.14ns
0.94**
0.76*
-0.38ns
0.73*
0.01ns
0.88**
-0.25ns
-0.18ns

1
0.09ns
0.36ns
-0.21ns
-0.28ns
-0.05ns
-0.13ns
-0.34ns
0.00ns
-0.24ns
-0.06ns

1
0.17ns
-0.16ns
-0.30ns
0.13ns
-0.19ns
0.23ns
-0.14ns
-0.16ns
-0.49ns

1
0.11nss
-0.12nns
-0.19nns
-0.12nns
0.44nss
0.02nss
-0.20nns
-0.03nns

1
0.89**
-0.30ns
0.69*
-0.01ns
0.96**
-0.31ns
-0.26ns

1
0.000ns
0.755*
-0.200ns
0.855**
-0.222ns
-0.177ns

1
0.13ns
-0.51ns
-0.33ns
0.58ns
-0.26ns

1
-0..38ns
0.665*
-0..08ns
-0..32ns

1
-0.19ns 1
-0.49ns --0.34ns 1
0.46ns --0.32ns -0.39ns 1

Note. ns (nnot significant)) p ˃0.05, * p ˂ 0.05, ** p ˂ 0.01.
w
Table 7 prresents the Peaarson interactioon values for tthe different ffruit constituennts in the bark of the fruit, where
highly siggnificant interaactions are fouund at a signiificance level of 1% for nittrogen system
ms with magne
esium
(0.82), aluuminum with phosphorus
p
(00.88), iron witth phosphorus (0.94), alumiinum with ironn (0.96), zinc with
iron (0.899) and aluminnum with zinnc (0.85). On the other haand, there aree significant iinteractions at the
significancce level of 5%
% for the magnnesium system
ms with calcium
m (0.66), zincc with phosphoorus (0.76), co
opper
with phospphorus (0.73), copper with irron (0, 69), coopper with zincc (0.75) and alluminum withh copper (0.65)). For
the remainning elements there
t
is no signnificant interacction.
3.4.2 Princcipal Componeent Analysis (P
PCA)
The analyzzes of main coomponents weere carried outt jointly for thhe evaluated syystems (abiu, bacupari, ace
erola,
graviola, ccamu-camu, arraçá, biribá annd taperebá), iindependentlyy for bark of thhe fruit, in ordeer to find a new
w set
of variablees (main compponents), uncoorrelated, that explain the sttructure of thee variation, beiing represented the
weight of eeach variable analyzed
a
in eaach componentt (axes).
In the blippot (Figure 1),, the results off the analysis oof the main coomponents (PC
CA) for the baark of the diffferent
fruits are represented, being explainned the 56.0%
% of the origiinal variabilityy of the dataa retained in these
componennts. These resuults indicate thaat CP1 alloweed to distinguissh the fruits thhat are associaated to the min
nerals
in the barkks, being the frruits biribá, fruuta-do-conde, ccamu-camu annd araçá who w
were associatedd.

Figure 11. Distribution of the originall variables amoong the differeent fruits for thhe barks on thee first and seco
ond
main compoonent (CP1 andd CP2)
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The arranggement of thee sequence in Figure 1, show
ws that the syystems can bee grouped intoo two sets, the first
major com
mponent (CP1)), contributed 32.9% of the total variance explained, hoowever most oof the mineralss that
were stronngly affected, between (P), iron (Fe), zinnc (Zn) and coopper (Cu) conntributing positively to CP1
1 and
inverse wiith elements nitrogen
n
(N), m
magnesium (M
Mg), calcium ((Ca), sodium (Na), potassiuum (K), sulfurr (S),
cobalt (Coo), boron (B) annd manganesee (Mn).
These resuults indicate thhat CP1 alloweed to distinguish the fruits thhat are associaated to the minnerals in the pa
art of
the bark, bbeing only the araçá who is aassociated withh these mineraals.
The seconnd major compponent (CP2) accounted foor 23.1% of thhe total data, nitrogen (N), magnesium (Mg),
calcium (C
Ca), sodium (N
Na), potassium (K), sulfur (S), cobalt (Co), boron (B) andd manganese (M
Mn).
3.4.3 Hieraarchical Groupping Analysis (HCA)
Through tthe HCA, datta can be dispplayed in a tw
wo-dimensional space in oorder to emphhasize their na
atural
groupings and patterns, relating the ssamples so thaat the most sim
milar are relatted to each othher, presenting
g the
samples inn dendogram, grouping
g
the saamples and vaariables accordding to with its similarity.
In Figure 2 the dendograam for the HCA
A analyzes of tthe different frruit bark studieed is presentedd.

m by HCA, Euuclidean distance and incremental connection technique ffor the mineralls
Figuree 2. Dendogram
present in thhe fruit bark sttudied
mponents, obse
erved
For the prroduction of teested fruits, thhe trends obserrved through oor analysis off principal com
through H
HCA, observinng that either taperebá, fruta-do-conde, ggraviola, bacuupari and abiiu are not gro
ouped
between thhem, and for distance. 29.998, sendo or vvalue of metadda gives maxim
mum distance, or araçá e biribá
b
separated rrest.
4. Conclussions
Given the values obtaineed from nutritiional intake annd minerals forr the barks of the fruits studdied, which in some
cases are ssuperior to thoose of the edible parts, the huusks could be used as an altternative sourcce of nutrients, thus
avoiding thhe waste of foood, taking advvantage of the source of nutrrients and at thhe same time, other products can
be prepareed from these samples
s
such aas jellies, sweeets and flours.
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