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24 Abstract: In this work, nine fruits cultivated in the northern Amazon were studied: abiu, acerola,
25 aragd, bacupari, biribg, cagari, fruta-do-conde, graviola and taperebd, with the objective of carrying

26 out a bromatological and nutritional study of the pulps of fruits studied. Of all of them, are the
27 pulps of graviola (76.83 + 0.02 kcal 100 g-1) bacupari (76.83 + 0.02 kcal 100 g-1) and fruta-do-conde
28 (46.66 + 0.02 kcal 100 g-1). Among the macronutrients, the high concentration of potassium stands
29 out, especially in the graviola (541.16 + 0.24 mg 100g-1) and the biriba (468.21 + 0.13 mg 100g-1).

30 Among the micronutrients, iron concentrations are representative for araca pulp (3.04 + 0.02 mg
31 100g-1), abiu is rich in zinc (3.71 + 0.02 mg 100g-1) and manganese (6.61 + 0.11 mg 100g-1). The
32 presence of cobalt at the level of traces in some of the pulps studied stands out. The Pearson
33 correlation coefficient was evaluated, as well as the statistical treatment by multivariate analysis

34 PCA to establish the correlation between the variables studied.

35 Keywords: Amazonian fruit, funtional food, PCA, Person.

36 1. Introduction

37 The Amazon region along with the freshwater biome, presents the largest biodiversity on the
38  planet with more than 5000 species [1]. The fruits of this biodiversity, native and exotic, present an
39  expressive potential of bioactive compounds, which can be a source of bioproducts for the
40  development of humanity [2].

41 The Amazonian fruits arouse great study interest due to their great biodiversity, which,
42  according to [3-4] present outstanding results in quality and attractive attributes such as appearance
43 in large sizes, different shapes, colors, textures and different flavors.

44 In the human diet, fruits are considered the main sources of necessary minerals, playing a vital
45  role in the peculiar development and good health of the human body [5] because they participate in
46  many biochemical reactions, being divided according to [6] in macronutrients (minerals required for
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47  humans in amounts greater than or equal to 100 mg day' as calcium, magnesium, potassium,
48  phosphorus, sulfur, chlorine and sodium) and micronutrients (minerals required for humans in
49  amounts less than 100 mg day", such as copper, iron, zinc, manganese, selenium, molybdenum and
50 fluorine.

51 Thus, many of the fruits cultivated, Amazonian or introduced in the region, do not present
52 information on the nutritional and mineralogical composition. For this reason, the objective of this
53  work is to analyze the composition of minerals and nutrients in the pulp of nine fruits grown in the
54  Northern Amazon (Figure 1) and to study the correlation between existing data using the Pearson
55  test as well as to use multivariate analysis methods such as Principal Component Analysis (PCA).

56
57
Fruta-do-conde Biriba Graviola
(4. squamosa) (R. mucosa) . (A. muricata)
Bacupari Abiu Acerola
(R. gardneriana) (P. caimito) (M. emarginata)
Tapereba Cacari Aracad
(S. mombin) (M. dubia) (P. cattleianum)
58

59 Figure 1. Fruits grown in the North Amazon under study (Pictures by Ismael Montero Fernandez)
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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 according to the procedure
described [7].

Table 1 - Names and families of fruits cultivated in the Northern Amazon studied in this work

Scientific name Family Name in Brazil
Pouteria caimito Sapotaceae Abiu
Malpighia emarginata Malpighiaceae Acerola
Psidium cattleianum Myrtaceae Aragd
Rheedia gardneriana Clusiaceae Bacupari
Rollinia mucosa Annonaceae Biribd
Myrciaria diibia (Krunth) Mc Myrtaceae Cagari
Vaugh, Myrtaceae
Annona squamosa Annonaceae Fruta-do-conde
Annona muricata Annonaceae Graviola
Spondias mombin L. Anacardiaceae Taperebd

The fruits were pulped, weighed and frozen in an ultra-freezer at -80 °C 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 and mineralogical analysis.

2.2. 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.

2.2.1. 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 [8].
Humidity (g 100g*) = (P -P"")/(P’-P)).100
being;:

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)

d0i:10.20944/preprints201809.0231.v1
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91  2.2.2. Determination of ashes

92 To determine the ash in the samples, the methodology proposed for the food analysis [8] with
93  modifications was used, where 5 grams of the lyophilized samples were weighed. These were placed
94  in preheated porcelain crucibles in an oven at 110 °C for one hour, to remove moisture, and cool
95  them in a desiccator to room temperature. The samples were incinerated at 600 °C in a FDG 3P-5
96  EDG muffle for 16 hours, after which the samples were left in the desiccator until reaching room

97  temperature.

98

99 % ashes = ((N.100)/M)
100
101 N =mass in grams of ash and M = mass of the sample in grams.
102

103  2.2.3. Determination of total protein

104 Protein determination is performed from the total nitrogen analysis by Kjeldahl distillation, in
105  which the existing organic matter is transformed into ammonia. The nitrogen content of the different
106  proteins is approximately 16%, which introduces the empirical factor of 5.75 (conversion factor for
107  vegetable protein), this will transform the number of grams of nitrogen, found with the number of

108  grams of protein [8].
109 % proteins =% N. 5.75

110  2.2.4. Determination of lipids

111 To determine the total amount of lipids, 20 g of each sample was weighed, and placed in the
112 Soxhlet extractor apparatus with hexane as the solvent for six hours. The solvent was recovered in a

113 rotary evaporator [8].

114

115 % lipids = ((N.100).m)

116

117  Where: N =mass in grams of lipids and M = mass of the sample in grams.
118

119  2.2.5. Determination of Carbohydrates

120 The carbohydrate content is achieved by the difference of the value 100 subtracted from the sum
121  of the already obtained values of moisture, ashes, lipids and proteins.

122

123 Carbohydrates = 100 - (% moisture +% ash +% lipids +% proteins)

124 2.2.5. Energetic value

125 In order to quantify the energy value, it was necessary to use the protein (P), lipid (L) and
126  carbohydrate (C) contents of each sample. The result should be expressed in kcal 100g™ [9].

127

128 Energy value (kcal 100g)= (P *4) + (L *9) + (C* 4)

129

130 P =value of protein (%), L =lipid value (%), C = carbohydrate value (%), 4 = conversion factor in kcal
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131  determined in calorimetric pump for proteins and carbohydrates and 9 = conversion factor in kcal

132 determined in a calorimetric pump for lipids.

133

134 2.2. Mineralogical analysis

135

136 The extraction of the minerals into the pulps was done according to the methodology described

137 by [10] in which the perchloric nitric digestion (3:1) was used in TECNAL model TE 0079 digester
138  block, washed with distilled water up to 25 mL for subsequent analysis.

139 Calcium (Ca), magnesium (Mg), iron (Fe), copper (Cu), zinc (Zn), manganese (Mn) and
140  aluminum (Al) were determined by Flame Atomic Absorption Spectrophotometry (FAAS)
141  Shimadzu AA-7000, coupled with ASC-7000 auto sample. Calibration was performed with standard
142 solutions prepared from commercial standards of 1000 mg L1 Qhemis High Purity PACU 1000-0125,

143 according to the specific conditions of each element (Table 2).

144
145  Table 2. Analytical Parameters
Element Technique (A) nm Calibration Line
Ca AAS 422.70 y=0.0092 x - 0.0005 2= 0.999
Mg AAS 285.21 y=10.2353 x - 0.0658 r>= 0.997
p UV-Vis Spectroscopy 660.00 y=0.2181 x - 0.0005 r?= 0.999
Flame Photometry 766.50 y=0.1231 x - 0.0013 r2= 0.993
S UV-Vis Spectroscopy 420.00 y=0.0213 x - 0.0012 r?= 0.998
Fe AAS 248.33 y=10.0399 x + 0.0067 r2= 0.996
Zn AAS 213.80 y=10.0600 x - 0.0171 r>= 0.991
Mn AAS 279.48 y=10.0282 x + 0.0041 r2= 0.999
Cu AAS 324.75 y=0.0512 x - 0.0099 r>= 0.997
Na EAS 589.00 y=1.0000 x + 0.0005 r2= 0.999
Al AAS 309.30 y=0.0088 x + 0.0005 r2= 0.998
B UV-Vis Spectroscopy 460.00 y=0.0537 x + 0.0002 r2= 0.999
Co AAS 240.73 y=10.0286 x - 0.0066 r>= 0.997
146 AAS=Flame Atomic Absorption Spectroscopy. EAS = Flame Atomic Emission Spectroscopy.
147
148 As the ionization suppressor for the Ca and Mg elements, 0.1% of the lithium oxide solution

149  (La20) was used. In the case of sodium (Na), it was determined in the same equipment, but in atomic
150  emission mode. As for potassium (K), it was determined by means of flame photometry on the
151 Digimed Flame Photometer DH-62, calibrated using a Digimed standard solution whose
152  concentration range was 2 - 100 mg .L-.

153 For the determination of the phosphorus (P), boron (B) and sulfur (S) elements, the ultraviolet
154  molecular absorption spectrophotometry technique was used using a SHIMADZU UV-1800 model,
155  according to the [10], by formation of the colorimetric reaction with ammonium molybdate
156  ((NH4)2Mo0Os). In the case of P, blue complex formed, where the readings were made at A = 660 nm;
157  in the case of B complex was formed with azomidine-H of yellow color and absorbs light at A = 460
158  nm; and for the sulfur was precipitated with BaCly, calibrating with potassium sulphate, at A =420
159 nm.
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160 Nitrogen determination was carried out by the distillation method followed by titration
161  (Kjeldahl), where the ammonium ion produced in the digestion with sulfuric acid (H2SOs) is distilled
162  in strongly alkaline medium in the Kjeldahl distiller model TECNAL TE-036/1, collected (0.01%) and
163  methyl red (0.04%) and titrated with 0.01 mol L-* HCI solution were added in 2% boric acid solution
164  with a mixture of green bromocresol (0.01%) and methyl [10].

165 % N total = (V.0.028)/m

166 Where V = difference in the titration volume of the sample blank; m = mass of the sample in

167  grams; and the value 0.028 = milliequivalents grams of nitrogen multiplied by the concentration.

168
169  2.3. Statistical analysis
170 Correlations between the amounts of the different minerals in the different parts of the fruit

171  were evaluated using the Pearson statistical test using INFOSTAT [11] for significance levels of 5%,
172 1% and 0.1% respectively, as well as the principal component analyzes (PCA).

173 3. Results and Discussion

174 3.1 Bromatological analysis from Amazonian fruits
175 Table 3 presents the nutritional analysis values for the pulps of the different Amazonian fruits

176 studied.
177
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Table 3 - Nutritional composition in Amazonian fruit pulps.

d0i:10.20944/preprints201809.0231.v1

Nutritional Contribution

Moisture Ashes Lipids Proteins Energetic Value
Fruits Carbohydrates

% Kcal 100 g1
Abiu 92.43+0.02 0.13+0.07 0.12+0.01 6.48 +0.02 0.84+0.01 30.36 +0.03
Acerola 94.21 +0.01 0.16 +0.03 0.06 +0.00 4.45+0.02 1.12+0.01 22.82+0.02
Aragi 59.21+0.08 0.21+0.07 0.17 +0.09 30.87 +0.03 3.93+0.07 18.09 £ 0.02
Bacupari 86.61+0.11 0.19+0.01 0.07 +0.00 12.36 £0.01 0.77 +0.01 53.15+0.02
Biribi 91.34+0.01 0.31+0.02 0.22+0.02 6.95+0.03 1.18 £0.04 34.5+0.01
Cagari 95.21+0.14 0.25+0.11 0.05+0.00 3.14+0.02 1.35+0.04 18.41 £ 0.02
Fruta do conde 88.27 +0.05 0.29+0.07 0.18+0.07 10.08 £0.01 1.18 £0.04 46.66 +0.02
Graviola 80.77 +0.07 0.31+0.11 0.23+0.08 17.34+0.01 1.35+0.02 76.83 +£0.02
Taperebi 88.23+0,10 0.15+0.01 0.05+0.01 10.01 +£0.03 1.56 +£0.01 46.73 £ 0.03
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207 The first parameter analyzed is moisture, which according to [12] the moisture content is used as
208  afactor indicative of propensity for food spoilage, and may think that the greater stability of the food
209 s in the control of the minimum humidity.

210 The amount of moisture in the pulps varies from 64.22-95.21%, where the highest moisture
211 values are for cagari (95.21 + 0.14%) and acerola (94.21 + 0.11%); and the lowest value for aragd with
212 64.22 + 0.12%. Regarding the values of humidity for abiu, acerola and graviola, are slightly lower, but
213 close to those presented by [13] and in the case of aracd lower than those presented by the same
214 author.

215 The presented values of humidity are within the percentage humidity range given by the [8]
216  that establishes the values in fruits between 65-90%. In the case of cagari, [14] determined the
217  percentage of moisture in the camu-camu pulp of 92.65%, close to that found in the present study.
218 The ash content reflects the amount of minerals present in the food. On the other hand, the [8]
219  establishes the values of percentage of fruit ashes between 0.3 - 2.1%, being the values of ashes
220  studied in this work according to this range.

221 For proteins, it is those of animal origin that have higher biological value compared to proteins
222 of plant origin [15] and the identification of plant species with a certain content of proteins, are
223 important to satisfy the nutritional deficiencies of people with different dietary habits and diets [16]
224 plus many native Amazonian species have not yet been studied to evaluate their protein potential.
225 The protein content in the fruit pulps studied in this study ranged from 0.77% for the bacupari
226 t03.93% for the aragd pulp. Cagari has a protein content of 1.35% as does graviola with the same value.
227 The three groups of primary metabolites in fruits, carbohydrates are the major ones,
228  presenting values between 3.14-30.87% for pulps, being the one with the lowest value is the potato
229  pulp and the highest is the ara¢d pulp.

230 The lipid content observed in the fruits cultivated in the Northern Amazon was observed in the
231 cagari pulps, 0.05%, taperebd, 0.05%, and biribd, 0.22%, with lipid values being relatively low in fruit
232 pulps. Among the fruits of the Annonaceae family, the species that had the highest lipid content was
233 graviola with 0.23%, followed by the biribd with 0.22% and the fruit of the count with 0.18%. The
234 values obtained for the biribd are close to those determined [17]. The oil of other fruits of the
235  Annonaceae family, as is the case of A. squamosa and A. atemoya, presents natural bioinsecticidal
236  properties [18], as well as other biological properties such as A. hypoglauca on inhibition of fungi and
237  bacteria and the acetylcholinesterase enzyme [19].

238
239 3.2 Mineral analysis.
240

241 In tables 4 and 5, the values of macronutrients and micronutrients are presented for the
242  different pulps studied.

243

244

245

246

247
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248

249  Table 4 - Macronutrients analyzed in fruits grown in the northern Amazon.

d0i:10.20944/preprints201809.0231.v1

Macronutrients
Frait Calcium Magnesium Phosphorous Potassium Sulfur Nitrogen

(Ca) Mg) (9] X) ) ™)

mg 100 g’ %
Abiu (P. caimito) 4.51+0.02 1.71+£0,07 8.21 +£0,04 255.21+0.03 11.11£0.04 0.15+0.01
Acerola (M. emarginata) 11.23+0.12 18.41 +£0.21 11.93+£0.04 154.34 £0.18 34.13+0.14 0.19+0.01
Araga (P. cattleianum) 24.13+0.03 12.21 £0.08 6.32+0.04 137.11 £0.08 9.02+0.01 0.68 +£0.07
Bacupari (R. gardneriana) 32.41+0.02 14.21+0.08 12.31+0.14 329.12+£0.04 5.21+£0.04 0.13+0.01
Biriba (R. mucosa) 32.11+0.08 112.32+0.12 23.41 +£0.01 468.21 +£0.13 21.31+£0.12 0.21+0.04
Cagari (M. dubia) 9.51+£0.02 8.49 +£0.04 6.21+£ 0.04 124.13 £0.12 7.21+£0.04 0.23+0.04
Fruta do conde (A. squamosa) 52.21+0.13 32.12+0.09 17.30 £ 0.12 431.21+£0.17 27.78 +£0.13 0.21+0.04
Graviola (4. muricata) 39.21 +£0.13 27.11+£0.15 19.24 £0.16 541.16 +£0.24 29.31+0.08 0.23+0.02
Tapereba (S. mombin) 38.12+0.12 16.32 £ 0.09 24.12+£0.11 149.13+0.23 4.38+0.08 0.27+0.01

250

251

252

253

254

255
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257  Table 5 - Micronutrients analyzed in fruits grown in the northern Amazon.

Micronutrients
Fruit Iron Zinc Manganese Copper Sodium Aluminum Boron Cobalt
(Fe) (Zn) (Mn) (Cu) (Na) (AD B) (Co)
mg 100 g’

Abiu (P. caimito) 0.18 +0.04 3.71+0.22 6.61+0.11 0.12+£0.02 0.22+£0.01 0.17£0.02 0.27 £0.07 N.D.

Acerola (M. emarginata) 0.80+0.12 0.08 £0.01 0.24 +0.05 0.17£0.01 35.13+0.12 0.93 £ 0.04 0.11+0.03 N.D.
Araga (P. cattleianum) 3.04+0.02 1.14+0.02 1.25+0.07 1.73+£0.02 1.93+0.02 0.14+0.06 0.10 +£0.02 0.012 £ 0,003
Bacupari (R. gardneriana) 0.71 +£0.02 3.46 +0.02 0.24 +0.01 0.15+0.00 0.09 +0.01 0.12+0,01 0.14+0.01 0.021 £ 0.000
Biriba (R. mucosa) 1.82+0.11 1.23+0.04 0.33+0.04 1.14£0,13 18.44+0.21 0.06 +0.01 0.51+0.05 0.006 + 0,001
Cagari (M. dubia) 0.29+0.03 0.13+0.04 2.39+0.02 0.17 +0.08 1.91+0.04 0.09 +0.01 0.11£0.06 0.067 +0.001
Fruta do conde (A. squamosa) 0,91 £0.09 0.22+£0.03 0.12+0.02 0.31+0.08 4.24+0.31 0.04 £0.01 0.12+0.03 0.018 +0.001
Graviola (A. muricata) 0.87+0.12 0.39+0.02 0.09 +0.00 0.19+0.04 8,76 £ 0,31 0.07 +0.01 0.17+£0.02 0.012+0.001

Tapereba (S. mombin) 1.134+0.05 0.19+0.03 0.04 £ 0.00 0.07 £ 0.00 3.24+0.83 0.02 +0.00 0.19+0.01 N.D.

258  N.D. not detected

259
260
261
262
263
264
265
266


http://dx.doi.org/10.20944/preprints201809.0231.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2018 d0i:10.20944/preprints201809.0231.v1

267 Among the macroelements, the high values of potassium in the fruits studied were the lowest,
268  with the lowest value presented for the cagari pulp, with 124.13 + 0.12 mg 100 g ! and 541.16 + 0.24
269 mg 100 g . The levels of potassium daily are 4700 mg day! [20], with consumption of
270  potassium-rich foods beneficial for controlling blood pressure, type Il diabetes and bone health.

271 Phosphorus is an essential element that, besides appearing in fruits, its main contribution to the
272 organism is the source of animal origin, mainly in red, white and viscera meats [21], in fruits, the
273 phosphorus levels oscillate between 20-100 mg 100 g [22]. The fruits in the study presented low
274  values of phosphorus, being the cacari pulp, which presents a lower value 6.21 + 0.04 mg 100 g and
275  for taperebd 24.12 + 0.11 mg 100 g. the recommended dose of phosphorus per day is 800 mg [22].

276

277 The fruits studied, it is the abiu that presents a lower concentration of calcium 4.51 = 0.02 mg 100 g, 52.21
278  £0.13 mg 100 g' The nutritional contribution of Ca in adults.is 1000-1200 mg day™' [23].

279 Magnesium is other important macroelement in fruits, and it appears within a very variable range in the

280 fruits studied. In the abiu pulp, it is in low concentrations 1.71 + 0.07 mg 100 g*!, presenting the highest
281 concentration of magnesium for pulp of the biribd with 112.32 £ 0.12 mg 100 g''. The main function of
282  magnesium in the body is to stabilize the structure of ATP in enzymatic reactions, as cofactor in enzymatic
283 reactions, in neuromuscular transmission [24].

284 As for sulfur, it is required in small concentrations, being an element that forms part of the structure of
285 essential amino acids such as cysteine and methionine and enzymatic activator [25]. Of the fruits studied, it is
286  the acerola that has the highest concentrations of sulfur, 34.13 £ 0.14 mg day’!, being the pulp of taperebd,
287  which presents lower concentrations.

288 Nitrogen is not one of the most studied micronutrients in fruits, being more studied associated with the
289 proteins of the fruit. Its fruit pulp quantity is low, presenting the lowest value for the bacupari with 0.13 +
290 0.01%, being the fruit that presents a higher value the pulp of ara¢a with 0.68 £ 0.07%.

291 In the case of graviola, the values obtained for the case of Ca, K and Mg are close to those obtained [26] in
292  the sodium and potassium are lower than those obtained by the same author and in the case of sulfur the value
293 obtained is bigger.

294 In the fruit of the earl, the value obtained from Ca, K and S, are similar to those obtained by the same author
295 for the Mg and Na are many lower than those presented [26].

296 Among the micronutrients, iron is very important in the human diet, because its deficiency can cause
297 anemia, fatigue and impairment in neurological growth and development [27]. The highest values of iron
298  presented in this work are for aracd with concentrations of 3.04 = 0.02 mg.100 g’', the fruit having the lowest
299  amounts of iron 0.18 = 0.04 mg 100g™". Another of the rich fruits in iron is the pulp of biribd with 1.82 +£0.11 mg
300 100 g'.

301 As for zinc, it is important in the organism at the physiological level as an antioxidant [28], as well as
302 developing a fundamental role in the polymer organization of macromolecules such as DNA and RNA, as well
303 as their synthesis [29]. According to Food and Nutrition Board [30]. The zinc recommendations for the
304  population are 8 mg day! for women and 11 mg day! for men. In the fruits studied, the highest pulp
305 concentration was pulp pulp 3.71 £ 0.22 mg 100 g, with the acerola pulp being 0.08 = 0.01 mg 100 g

306 Several Amazonian fruits, among them the ara¢a and acerola, presenting values of zinc concentration in the
307 aragd of 0.17 mg 100 g e for acerola of 0.19 mg 100 g! [26], for the edible fraction of fruit, being for acerola
308 lesser than that obtained in this work (table 5) and in the case of aragd is smaller than the value presented in
309 Table 5.
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310 Other important microelement in enzymatic metabolic reactions is manganese is part of two
311 metalloenzymes, carboxylase pyruvate and Mn-superoxide dismutase [31].

312 Among the studied fruits, the abiu presents high concentrations for the pulp with 6.61 £ 0.11 mg 100 g*'.
313 Other fruits with considerable concentrations of manganese are the cagari pulp with 2.39 + 0.02 mg 100 g,
314 with the lowest values of manganese in the graviola pulp 0.09 £ 0.00 mg 100 g! and the taperebd pulp 0.04 +
315  0.00mg 100 g

316 Minerals estudies in tropical fruits and found values of manganese for the graviola of 0.07 £ 0.02 mg 100
317 g'! low value in relation to the value found in the present work for the pulp 0.39 = 0.02 mg 100 g! and for the
318  fruitofthe count 0.16 +0.00 mg 100 g'!, a value close to the finding in this work for the pulp 0.12 +0.02 mg 100
319 g [32]. On the other hand, evaluated fruits cultivated in Colombia and found manganese values for the aracd
320  0.08mg 100 g'! [26], the value found in this work for the pulp of 1.25+0.07 mg 100 g ! slightly higher than the
321 value described by the previous author and for acerola 0.09 mg 100 g, being lower than that found in the
322 present study with a value of 0.24 + 0.05 mg 100 g'.

323 Copper is a trace element that may exhibit various oxidation states and within the cell predominates the
324 cuprous ion [33]. Copper levels, compared to the other elements, are low, with the exception of Araga that
325 presents copper concentrations of 1.73 £0.02 mg 100 g for the pulp, and the tapereba is the one with the lowest
326 concentration of copper, with only 0.07 £ 0.00 mg 100 g -'.

327 The need for copper is 1-2 mg dia!, and 10 mg dia™! is tolerated according to DRIs [34] for the maintenance
328 of the human organism, the above fruits being above tolerable levels for the organism [32] determined copper
329 concentrations in the soursop of 0.15 + 0.03 mg 100 g’!, being close to that found in the present study with 0.19
330 +£0.04mg 100 g and for 0.22 + 0.03 mg 100 g, the concentration of copper for the pulp in 0.31 + 0.08 mg 100
331 g, slightly higher to the value found in the literature.

332 An important trace element is boron, being related to the cerebral metabolism [35] among other functions. In
333  the case of fruits, boron has an important function of stimulating the germination and generation of pollen and
334  pollen tube growth, being a fundamental factor for the adequate formation of fruits [36]. The highest
335 concentration of boron was found in the pulp of the biribd 0.51 +0.05 mg 100 g and the lowest concentration
336  was the aracd 0.10 = 0.02 mg 100 g\,

337 The aluminum is a toxic metal, whose concentration in food is low, of the order of 5 mg Kg' [37]. The
338 consumption of foods contaminated by this metal may be related to Alzheimer's disease [38]. Thus, the fruits
339  analyzed had relatively low concentrations, varying between 0.02 - 0.17 mg 100 g in pulps, being within the
340  recommended levels.

341 Among all the evaluated minor elements, cobalt is the lowest concentration in relation to the
342  microconstituents, only present in some of the studied fruits and the highest values show the crab with 0.067 +
343 0.001 mg 100 g!. The estimated cobalt doses are between 0.5-1.4 mg dia”!, therefore, the levels found in the
344 fruits studied would be below the recommended levels [39].

345 A present a study of determination of seven minerals in different Amazonian fruits in the different parts of
346  the same, among them the biribad, being the values obtained for this fruit, very close to those presented with the
347 exception of the sodium concentration obtained for the pulp of the biriba that presents a much lower value [17].
348 A study of mineral determination in acerola in natura and juice, presenting very close values for Mg, P, K

349 and Zn, and for the Fe, Na and Cu elements we obtained larger values compared to the author [40].

350 The results obtained in this study were similar to those and the values for Ca, Mg and Ca were higher for P,
351 K, Na, Fe, Mn and Cu [41].
352

353  3.3. Statistic analysis.
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354

355  3.3.1. Pearson correlation coefficient
356

357  Table 6 presents the Pearson correlation matrix between the different elements for the pulps of the
358  different fruits.
359
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Table 6 - Pearson correlation matrix between the different elements for the pulps of Amazonian fruits.

Ca Mg P K S N Fe Zn Mn Cu Na Al B Co
Ca 1
Mg 0,76* 1
P 0,40ns 0,13ns 1
K 0,69* 0,43ns 0,36ns 1
S 0,22ns 0,23ns -0,29ns 0,42ns 1
N 0,02ns -0,08ns 0,60ns 0,12ns -0,14ns 1
Fe 0,28ns 0,22ns 0,76* 0,31ns -0,04ns 0,92** 1
Zn -0,25ns -0,23ns 0,37ns 0,11ns -0,47ns 0,02ns 0,10ns 1
Mn -0,66* -0,41ns -0,43ns -0,28ns -0,32ns -0,10ns -0,26ns 0,56ns 1
Cu 0,10ns 0,08ns 0,68* 0,27ns -0,09ns 0,94** 0,97** 0,22ns -0,06ns 1
Na -0,03ns 0,28ns 0,01ns -0,02ns 0,66* 0,21ns 0,34ns -0,34ns -0,34ns 0,27ns 1
Al -0,48ns -0,21ns -0,25ns -0,40ns 0,52ns -0,11ns -0,10ns -0,17ns -0,05ns -0,10ns 0,80** 1
B 0,42ns 0,80** 0,17ns 0,40ns -0,03ns 0,09ns 0,35ns 0,26ns 0,13ns 0,32ns 0,15ns -0,27ns 1
Co 0,21ns 0,45ns -0,14ns 0,08ns -0,15ns -0,09ns -0,04ns -0,18ns -0,08ns 0,02ns -0,11ns -0,33ns 0,34ns 1

Subtitle: ns (not significant) p >0.05, * p <0.05, ** p <0.01
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386

387 In Table 6, Pearson correlation coefficient showed highly significant correlation values at 1% significance
388  for the following elements: copper with iron (0.97), iron with nitrogen (0.92), copper with nitrogen (0.94) and
389  aluminum with sodium (0.80). On the other hand, there are significant interactions at the significance level of
390 5%, calcium with magnesium (0.76), calcium with potassium (0.69), and at the same time, calcium with
391  manganese (0.66). Phosphorus also has a significant interaction with iron and copper. In the case of the
392  interaction of iron with phosphorus presents with Pearson correlation coefficient (0.76) and for the interaction
393  of phosphorus with copper (0.68). Sodium with sulfur also has a significant interaction of (0.66). The other

394  elements do not present significant interactions between them.

395

396  3.3.2. Principal component analysis (PCA)

397 The analyzes of main components were carried out jointly for the evaluated systems (abiu, bacupari,
398 acerola, graviola, cagari, aracd, biribd and taperebd), independently for each part of the fruit, in order to (minerals
399 present in different parts of the fruit), in order to find a new set of variables (main components), uncorrelated,
400  that explain the structure of the variation, being represented the weight of each variable analyzed in each
401 component (axes).

402

403  Figure 2. Distribution of the original variables between the different fruits for the pulp on the first and second
404 main component (CP1 and CP2).
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406
407 In the blipot (Figure 2), the results of the analysis of the main components (PCA) for the pulps of the

408  different fruits are presented, explaining the 52.3% of the original variability of the data retained in these

409  components.
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410 The arrangement of the sequence in Figure 2 of the supplementary material shows that the systems can be
411  grouped into two sets, the first major component (CP1), contributed with 30.8% of the total variance explained,
412 however most of the minerals that were strongly affected, between (S), sodium (Na), magnesium (Mg), calcium
413 (Ca), cobalt (Co), potassium (K) and boron (B) contributing positively to CP1 and inverse with aluminum

414 elements) and manganese (Mn).

415 These results indicate that CP1 allowed to distinguish the fruits that are associated to the minerals, being
416 the fruit aragd, biribd, fruit of the count and graviola that have been associated, being the last three of the same
417  family.

418 The second main component (CP2) explained 21.5% of the total data, relating the elements aluminum

419  (Al) and manganese (Mn). The analysis of this component also showed that these attributes negatively
420 projected on the elements S, sodium (Na), magnesium (Mg), calcium (Ca), cobalt (Co), potassium (K) and boron
421 (B), being the fruits acerola, taperebd, abiu, cagari and bacupari who were associated.

422

423 4. Conclusions

424 The present work establishes the nutritional importance of Amazonian fruits, which present a great
425  richness in minerals especially in micronutrients, establishing a correlation between the different constituents,
426  as well as establishing methods of multivariate analysis to establish the relationship between the different
427  studied variables.

428  Due to the nutritional importance of fruits, they could be used to develop bioproducts with interest being at the
429  same time a part with high energetic potential.

430

431  Acknowledgments: To CAPES for the scholarship and agronomy research laboratory (NUPAGRI) of the
432 Federal University of Roraima (Brazil).

433

434 Conflicts of Interest: The authors declare no conflict of interest.

435


http://dx.doi.org/10.20944/preprints201809.0231.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2018 d0i:10.20944/preprints201809.0231.v1

436 References

437 1.  Hubbell, S.P.; He, F.; Condit, R.; Borda-de-agua, L.; Kellner, J.; Ter, S.H. How many tree species are there in

438 the Amazon and how many of them will go extinct? Proceedings of National Academy of Sciences. 2008, 105,
439 11498-11504.

440 2. Mariutti, L.R.B.; Rodrigues, E.; Chisté, R.C.; Fernandes, E.; Mercadate, A.Z.; Freitas, S. P. The Amazonian
441 fruit Byrsonima crassifélia effectively scavenges reactive oxygen and nitrogen species and protects human
442 erythorocytes against oxidative demange. Food Research International. 2014, 64, 618-625.

443 3. Drewnowaki, A.; Fulgoni, V. Nutrient profiling of foods: creating a nutrient-Rich. Food Index. 2014, 66,
444 23-29.

445 4. Darmon, N.; Briend, A.; Drewnowaki, A. Energy-dense are associated with lower diet costs; a community
446 study of french adults. Public Health Nutrition. 2004, 7, 21-27.

447 5. Hardisson, A.; Rubio, C.; Baez, A.; Martin, M.; Alvarez, R.; Diaz, E. Mineral composition of the banana
448 (Musa acuminate) from the island of Tenerife. Food Chemistry. 2001, 73, 153-161.

449 6. Krause, M.V.; Mahan, L.K. Minerals. In: food, nutrition and diet therapy. 11 ed. Sdo Paulo, 2005.

450 7. Avila, O.V,; Fernandez, ILM.; da Costa, H.N.R.; Melo Filho, A.A.; Ribeiro, P.R.E. Bromatological Analysis,
451 Chemical Composition and Bioassays from the Genipa americana L. (Rubiaceae). Journal of Agricultural
452 Science. 2018, 10, 244-252.

453 8.  Instituto Adolfo Lutz (IAL). Physicochemical methods for food analysis (IV ed.) Sdao Paulo, 2008.

454 9.  Mendes-Filho, N.E.; Carvalho, M.P.; de Souza, ].M.T. Determination of macronutrients and minerals

455 nutriente of the mango pulp (Mangifera indica L.). Perspectivas da Ciéncia e Tecnologia. 2014, 6, 22-36

456  10. Empresa Brasileira de Pesquisa Agropecuaria- EMBRAPA. Manual of chemical analyzes of soils, plants
457 and fertilizers. 2" edition revised and extended, Brasilia, DF, 627 p, 2009.

458 11. Rienzo, J.A.di.; Casanoves F.; Balzarini, M.G.; Gonzales, L.; Tablada, M.; Robledo, C.W. InfoStat Release
459 2016. InfoStat Group FCA, Universidad Nacional de Cérdoba, Argentina, 2016.

460  12. Welti, J.; Vergara, F. Water activity: concept and application in foods with high moisture content. In:
461 AGUILERA, J.M. Topics in food technology. 1997, 1, 11-26.

462 13. Canuto, G.A.B.; Xavier, A.A.O.; Neves, L.C.; Benassi, M.T. Physical chemical characterization of fruit
463 pulps from Amazonia and their correlation with free radical anti-free radicals. Rer. Bras. Frutic. Jaboticabal.
464 2010, 32, 1196-1205.

465 14. Maeda, RN, Pantoja, L; Yuyama, L.K.O. Chaar, ]JM. Determination of the formulation and
466 characterization of camu-camu nectar (Myrciaria dub McVaugh). Ciéncia e Tecnologia de alimentos. 2006, 26,
467 70-74.

468 15. Kinupp, V.F.; Barros, LB.I,; Protein and mineral contentes of native species, potential vegetable and fruits.
469 Ciéncia e Tecnologia de alimentos. 2006, 28, 846-857.

470  16. Aletor, V.A.; Adeogun, O.A. Nutrient and antinutrient constituents of some tropical leafy vegetables. Food
471 Chemistry. 1995, 53, 3775-3779.

472 17. Berto, A; Da Silva, A.F.; Visentainer, M.M.; de Souza, N.E. Proximate compositions, mineral contents and
473 fatty acid composition of native Amazon fruits. Food Research International. 2015, 77, 441-449.

474 18. Seffrin, R.C.; Shikano, I.; Akhtar, Y.; Isman, M.B. Effects of crude seed extracts of Annona atemoya and
475 Annona squamosal L. against the cabbage Iooper, Trichoplusia in the laboratory and greenhouse. Crop
476 Protection. 2010, 29, 20-24.

477 19. Santos, R. C.; Melo Filho, A. A.; Chagas, E. A.; Takahashi, J. A.; Ferraz, V. P.; Costa, A. K. P.; Melo, A. C. G.
478 R.; Montero, I. F.; Ribeiro, P. R. E. Fatty acid profile and bioactivity from Annona hypoglauca seeds oil.
479 African Journal of Biotechnoly. 2015, 14, 2377-2382.

480 20. Food and nutrition board. Dietary reference intakes for vitamin a, vitamin k, arsenic, boron, chromium,
481 copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium and zinc. National Academy of
482 Sciences, Washington, 2001.

483 21. Cozzolino, S.M.F. Bioavailability of nutrients. SP: Manile, 2007.

484 22. Tomassi, G. Phosphorus- an essential nutrient for human diet. Imphos. 2002, 16, 1-3.

485 23. Pereira, G.A.P.; Genaro, P.S.; Pinheiro, M.M.; Szenjnfeld, V.L.; Martini, L.A. Diet Calcium-Strategies to
486 Optimize Consumption. Revista Brasileira Reumatol. 2009, 49, 164-180.

487 24. Iseri, L.T.; French, ].M. Magnesium-nature’s physiologic calcium blocker. American Heart Journal. 1984, 108.


http://dx.doi.org/10.20944/preprints201809.0231.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2018 d0i:10.20944/preprints201809.0231.v1

488 25. Silva, D.J.; Pereira, J.R; do Carmo, M.A.; de Alburquerque, J.A.S.; Van Raji, B.; Silva, C.A. Mineral

489 nutrition and fertilization of the hose under irrigated conditions. Technical Circular, 2004, 77. Ministry of
490 Agriculture, Livestock and Food Supply. EMBRAPA.

491 26. Leterme, P.; Buldgen, A.; Estrada, F.; Londofio, A.M. Mineral content of tropical fruits and unconventional
492 foods of the Andes and the rain forest of Colombia. Food Chemistry. 2006, 95, 644-652.

493 27. Carvalho, M.C.; Baracat, E.C.E.; Sgarbieri, V.C. Iron deficiency anemia and chronic disease anemia:
494 disturbances of iron metabolism. Revista SAN. 2010, 13, 54-56.

495 28. Powell, S.R. The antioxidante properties of zinc. J. Nut. 2000, 130, 1447-1454.

496 29. Vallee, B.L.; Falchuk, K.H. The biochemical basis of zinc physiology. Physiol Rev. 1993, 73, 1.

497 30. Food and Nutrition Board of the Institute of Medicine, 2013.

498 31. Panziera, F.B.; Dorneles, M.M.; Durgante, P.C.; da Silva, V.L. Evaluation of antioxidant minerals intake in

499 elderly. Ver. Bras. Gerontol. 2011, 14, 49-58.

500 32. Almeida, MML.A.; de Souza, P.H.M.; Fonseca, M.L.; Magalhées, C.E.C.; Lopes, M.F.G.; de Lemos, T.L.G.
501 Evaluation of macro and micro-mineral content in fruits cultivated in the northeast of Brazil. Ciéncia e
502 Tecnologia de Alimentos. 2009, 23, 581-589.

503 33. Bairele, M.; Valentini, J.; Paniz, G.; Moro, A.; Junior, F.B.; Garcia, S.C. Possible effects of blood copper on
504 hematological parameters in elderly. Journal Bras Patol Med Lab. 2010, 46, 463-470.

505  34. Dietary Reference Intakes (DRI). https://www.nal.usda.gov/fnic/dietary-reference-intakes
506 35. Penland, J.G. Dietary boron, brain function and cognitive perfomace. Environ Health Perspect. 1994, 102,

507 65-72.

508 36. SangHyun, L.; WolSoo, K.,; TaeHo, H. Effects of post-harvest foliar boron and calcium applications on
509 subsequent season’s pollen germination and pollen tube growth of pear (Pyrus pyrifolia). Scientie
510 Horticulturae. 2009, 122, 77-82.

511 37. Dantas, S.T.; Saron, E.S,; Dantas, F.B.H.; Yamashita, D.M.; Kiyataka, P.H.M. Determining aluminuim
512 dissolution when cooking food in aluminuim cans. Ciéncia e Tecnologia de Alimentos. 2007, 27, 291-297.

513 38. Martyn, C.N., Coggan, D., Inskip, H., Lacey, RF., & Young, W.F. (1997). Aluminium concentrations in
514 drinking water and risk of Alzheimer’s disease. Epidemiology, 8, 281-286.

515 39. Martyn, C.N.,, Coggan, D., Inskip, H., Lacey, RF., & Young, W.F. (1997). Aluminium concentrations in
516 drinking water and risk of Alzheimer’s disease. Epidemiology, 8, 281-286.

517 40. Vaitsman, D.S.; Alonso, J.C.; Dutra, P.B. What are the chemical elements for? Editora Interciéncia, 2011.
518 41. Freitas, C.AS,; Maia, G.A.; da Costa, ]M.C.; Figueiredo, RW.; de Sousa, H.M. Acerola: production,

519 composition nutritional aspects and products. Revista Brasileira Agrociéncia. 2006, 12, 395-400.
520 42. Caldeira, S.D.; Hiane, P.A.; Ramos, M.IL.; Filho, M.MM.R. (2004). Physical-chemical characterization of
521 aragd (Psidium guineense SW) and tucuma (Vitez cymosa Bert.) Of the State of Mato Grosso do Sul. Ceppa.

522 2006, 22, 145-154.


http://dx.doi.org/10.20944/preprints201809.0231.v1

