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1 Introduction
Cerrado is a vegetation known as the Brazilian savanna. 

It has great relevance in the Brazilian scenario, constituting the 
second largest vegetation of the country, occupying around 22% 
of the national territory (Carrazza & Ávila, 2010; Ratter et al., 
1997). It is a rich and globally distinguished biome due to its 
extension, ecological diversity, carbon reserves, and hydrological 
role in the South-American continent, besides its social-cultural 
diversity (Carrazza & Ávila, 2010). The fruit species found in this 
vegetation have great agricultural and technological potential, 
and are endowed with high nutritional value, besides having very 
singular characteristics, such as the attributes of color, flavor, and 
aroma (Almeida, 1998; Almeida & Silva, 1994; Souza et al., 2012).

Pequi fruit (Caryocar brasiliense Camb) is a very typical fruit 
found in Cerrado that shows great economic potential. It is widely 
used in cooking, has therapeutic properties, in addition to being 
a source of oil (Almeida & Silva, 1994), which can be applied 
in the food and cosmetic industries. It has a drupe with light 
green bark, it has a spiky endocarp, and both pulp and almond 

adhered to the core are edible (Ratter et al., 1997). Each fruit 
has one to four almonds enveloped by a yellow, white or pinkish 
flesh. Pequi pulp and almond are rich in riboflavin, thiamine, 
provitamin A, and in oil, attributing high nutritional value to 
these edible fractions (Oliveira et al., 2006; Torres et al., 2016). 
In addition, Roesler et al. (2010) stated that pequi represents a 
viable source of natural antioxidant, due to its high free radical 
neutralization capacity.

According to studies carried out by Almeida (1998), Vilas Boas 
(2004), and Lima et al. (2007), pequi has relevant values of certain 
components, when compared to other native species. According 
to these authors, the protein content found in pequi almonds 
is inferior only to jatobá seeds (Hymenaea stigonocarpa Mart.) 
(9% d.b.) (Matuda & Maria Netto, 2005), and baru almonds 
(Dipteryx alata Vog.) (23.8-28.2% d.b.) (Fernandes et al., 2010). 
The lipid content presented by the pequi pulp and almond are 
worthy of note, given that they are the greatest when compared 
to other species, and overcome the content present in avocado 
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pulp (Persea Americana Mill.) (Hass variety) (15.8%) (Rodríguez-
Carpena et al., 2011), açaí (Euterpe oleracea Mart.) (49.4% d.b.) 
(Neida & Elba, 2007), and buriti (Mauritia flexuosa) (19% w.b.) 
(Darnet et al., 2011).

Another fruit from Cerrado is murici (Byrsonima crassifolia), 
which belongs to the Malpighiaceae family, and has a peculiar 
aroma and flavor. Rezende & Fraga (2003), and Alves & Franco 
(2003) resembled the strong odor that the fruit has to that of a 
rancid cheese. The murici grows in small trees of up to 5 m of 
height called muricizeiros. Ripe fruits are yellowish and have a 
diameter of 1 to 2 cm, and contain one hard and woody seed, 
which after milled releases an aroma alike to its pulp’s, and 
both odour are suchlike the aroma from pequi almond oil, 
with a cheesy-like odour due to the presence of butyric acid 
in their composition. Abadio Finco et al. (2012) studied few 
Cerrado species, such as cagaita (Eugenia dysenterica), buriti 
(Mauricia  flexuosa), and murici, and observed that murici 
had the greatest content of phenolic compounds. According to 
Guimarães & Silva (2008), it is important to develop different 
processing techniques so that the use of murici is diffused and 
that a higher value is added to this fruit.

Brazil has about 120 native species of the genus Passiflora. 
Fifty of them can be found in Cerrado, among which, 
Passiflora cincinnata, P. alata, P. setacea, and P. nitida, are better 
known (Oliveira & Ruggiero, 2005). Passiflora alata stands out 
for the pleasant and sweet aroma of the pulp, being appreciated 
for in  natura consumption. It is popularly known as sweet 
passionfruit (Braga et al., 2006). Passionfruit seeds are one of 
the greatest wastes produced by the industry, and have been 
shown to be valuable to the food industry due to their high fiber, 
protein, and oil content (Oliveira et al., 2013).

The Brazilian Cerrado has a wide variety of plants that have 
significant relevance to be applied in the cosmetic, pharmaceutical, 
and food industries, being sources of compounds of high 
biotechnological interest (Caramori  et  al., 2004). They are 
sources of compounds with functional properties that present 
health benefits, so it is of great relevance to have a more detailed 
study about these fruits in order to new products be developed 
(Siqueira et al., 2013).

Nevertheless, besides their great economic and nutritional 
potential (Santana & Naves, 2003), very few industrialized 
products can be found available in the market, and intensive 
extractivism may even produce genetic material losses since high 
quality fruits, originally from higher genotypes, are collected and 
commercialized (Melo et al., 2004). To start a process of rational 
economic exploitation of native fructiferous species of Cerrado, 
it is necessary to have knowledge about their characteristics 
and interaction with the environment. However, there is very 
limited available information on the chemical composition and 
potential of these fruits, mainly concerning their seeds and 
edible almonds, and existent data are scattered or do not follow 
scientific criteria (Mariano da Silva et al., 2009).

This work aimed to evaluate the chemical composition, and 
bioactive compounds (carotenoids, antioxidants and phenolic) 
present in pequi almonds, and in the seeds of murici and sweet 
passionfruit in order to increase the knowledge about these 
fruits’ wastes, and wealth the possibility of their application in 
new products with high added value.

2 Materials and methods
2.1 Samples

The fruits from Cerrado, pequi, murici, and sweet passionfruit 
were obtained from local cooperatives in Lavras, Minas Gerais, 
Brazil (Figure  1). The fruits were manually selected, washed 
with neutral detergent and tap water, and sanitized. To obtain 
the almonds and seeds, the fruits were pulped manually. In the 
case of murici, the fruit was pulped by scraping with a knife, 
allowing the entire seed to be obtained. Pequi fruit was split in 
half using a knife and hammer, and the almonds were removed 
with spatulas. The seeds of sweet passionfruit were separated 
from the pulp with the aid of a sieve. The seeds were stored in a 
freezer under -18 °C, until use. Prior to analysis the raw material 
was vacuum dried at 45 °C (48 h) (absolute pressure = 16.8 kPa) 
(Tecnal, TE-395, Piracicaba, Brazil), this being the time needed 
for the samples to reach constant weight. Afterwards, the seeds 
were milled (Marconi, MA048, Piracicaba, Brazil) and stored in 
sealed flasks inside desiccators in order not to absorb moisture.

Figure 1. Pequi seeds (A), murici fruits (B), and sweet passionfruits (C). (A1): Edible internal mesocarp (yellow pulp); (A2): Thorny endocarp 
containing the edible almond; (A3): Edible almond. (B1): Epicarp; (B2): Edible mesocarp (pulp); (B3): Endocarp (seed). (C1): Epicarp; 
(C2): Mesocarp; (C3): Aryl; (C4): Edible endocarp (pulp); (C5): Seed.
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2.2 Chemical analyzes

Proximate composition

Moisture content, ashes, proteins, lipids, and total fibers 
were determined according with the official methods of analysis 
of the Association of Official Analytical Chemists (2016). 
The  carbohydrate fraction was determined by the difference 
method (100 - %lipids - %protein - %fiber - %ashes), values 
in dry basis (d.b.). For conversion of the total nitrogen content 
of the protein, factor 6.25 was used (Food and Agriculture 
Organization of the United Nations, 2003). The total energetic 
value of the material was calculated using the conversion factors 
of 4 kcal/g for protein and carbohydrate, and 9 kcal/g for lipids 
(Merril & Watt, 1973).

Starch

Starch content was determined according to Somogyi’s 
method adapted by Nelson (1944). The results were expressed 
as g/100g of sample in dry basis (d.b.).

Pectic substances

Total and soluble pectin were extracted according to the 
technique described by McCready & McComb (1952) and 
determined according to Bitter & Muir (1962).

Minerals

Minerals (phosphorus, potassium, calcium, magnesium, 
sulfur, sodium, manganese, zinc, iron, and copper) were 
evaluated according to the methodology described by Salinas 
& Garcia (1985).

2.3 Bioactive compounds

Carotenoids

The extraction and quantification of total carotenoids 
were performed according to the methodology proposed by 
(Carvalho et al., 2012). The content of carotenoids in µg/g was 
estimated according to Equation 1.
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Abs = absorbance (nm);

v = total extract volume (mL);

m = sample (g);
1%
1cmE = 2592 (Extinction coefficient for β-carotene in petroleum 

ether).

Total phenolics and antioxidant assay

Extraction

The extracts were obtained by the method described by 
Brand-Williams et al. (1995).

Total phenolics determination

Total polyphenols content was quantified using the Folin-
Ciocalteu colorimetric method (Waterhouse, 2002).

In vitro antioxidant activity

The method used is based on the extinction of the absorption 
of 2,2-diphenyl-1-picrylhydrazyl free radical (•DPPH), and it 
was proposed by Brand-Williams  et  al. (1995). Results were 
expressed as inhibition percentage of free radical scavenging 
oxidation (IP) according to Equation 2.
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Monomeric anthocyanins

The differential pH methodology proposed by Wrolstad 
(1993) was used to determine the total monomeric anthocyanin 
content. The amount of total monomeric anthocyanins (TMA), 
expressed in terms of cyanidin-3-glucoside (CYG) (mg CYG/ 100g 
sample d.b.), was calculated using Equations 3 and 4.

, ,(  ) (  )= − − −510 700 pH 1 0 510 700 pH 4 5A A A A A  	 (3)

( ) ( )/   = × × × × ε× ×TMA A MW DF Ve 1000 1 M  	 (4)

MW = Molar weight of cyanidin-3-glucoside (449 g/mol);

DF = Dilution factor;

V = Extract volume (mL);

ε = Molar extinction coefficient of cyanidin-3-glucoside (29600);

M = sample mass (g).

2.4 Statistical analysis

Analysis of variance and Tukey’s mean comparison test 
(p < 5%) were used to compare the data, which are normally 
distributed. STATISTICA software version 8.0 (StatSoft, Inc., 
2007) was used to carry out the statistical analyzes.

3 Results and discussion
3.1 Proximate composition

The proximate composition expresses, in general, the 
nutritive value of food and corresponds to the proportion of 
homogeneous groups of substances present in 100 g of the 
considered food. The groups of substances considered to be 
homogeneous are those that are present in all foods, namely, 
moisture, lipid, protein, fiber, ash, and carbohydrates (Moreno 
Luzia & Jorge, 2011).

Table 1 shows the proximal composition and the energy 
values of the pequi almonds, murici, and sweet passionfruit 
seeds obtained in this study. Dry matter of pequi almonds 
is mainly composed of lipids and protein. Being fiber, ashes, 
and carbohydrates the minor components. Murici is mainly 
composed by lipids and carbohydrates, mostly consisting of 
dietary fibers. Sweet passionfruit presented the highest content 
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of fibers, followed by the lipid and protein fractions. Concerning 
the water fraction, all materials presented different moisture 
content (p < 0.05). Pequi almonds presented the greatest content 
of moisture (36% w.b.), followed by murici (26.4% w.b.), and 
sweet passionfruit seeds (12% w.b.).

Pequi dried almond presented elevated energy value. 
This trend was already expected considering that pequi almonds 
presented higher lipid content. Lima et al. (2007) found similar 
caloric value for pequi kernel (598 kcal/100 g). It is possible 
to affirm that pequi almond is rich in lipids. It has higher oil 
content than its own pulp, which according to Oliveira et al. 
(2006), who studied the nutritional value of pequi in different 
maturity stages, contains about 27 g/100 g of lipids for ripe 
fruits. This result indicates that pequi almond is a good source 
of oil when compared to soy beans, for instance, which contain 
an average of 20 g/100 g of lipids (Gunstone, 2005). There are 
few studies showing success in applying pequi pulp oil in the 
cosmetic and pharmaceutic industries, due to its clearness, soft 
aroma, and high absorbitivity by human skin (Oliveira et al., 
2010), which is and indicator that the almond oil might be a 
promissing input to those industries too, as well as to the food 
field. Lima et al. (2007) reported that about 52 g/100 g of the 
lipid fraction of pequi almond is constituted by fatty acids, 
mainly palmitc and oleic. This fatty acid composition gives the 
pequi almond lipid fraction great nutritional value because oleic 
acid consumption is related to the decrease in LDL-cholesterol 
(low-density lipoprotein), and in consequence, to the reduction 
of coronary disease risk (Ramadan et al., 2012). According to 
in vivo studies, the consumption of pequi pulp oil can improve 
the antioxidant defense system (Colombo  et  al., 2015), and 
shows hypolipidemic effects, decreasing oxidative stress and 
inflammatory processes (Figueiredo et al., 2016).

Pequi almond is also an important source of protein 
(Table 1), providing about 133.24 kcal in each 100 g of material, 
which corresponds to 6.7% of the caloric needs of an adult with 
a diet of 2000 kcal and over 40% of the daily protein intake 
needs for each kg of an adult (National Research Counsil, 
1989). This  shows that consumption of pequi almond may 
bring benefits to the health of the population, in view of the 
knowledge that regular consumption of protein and healthy 
fatty acids in the diet is related to the reduction of the risk of 
several pathological conditions. The proximal composition 
reported for pequi almond from the Northeastern region of 

Brazil (Piauí) by Lima et al. (2007) is in accordance with the 
results of this study for the lipid fraction. The authors reported 
51.5 g/100 g for this component. However, they found lower 
content of protein (25.3 g/100 g), fiber (2.2 g/100 g), and ashes 
(4 g/100 g), and higher value for carbohydrates (8.3 g/100 g). 
Oliveira Sousa et al. (2011) also observed, as in this study, an 
average of 50 g/100 g of total lipids, 29.7 g/100 g of protein, 
and 4.5 g/100 g of ashes in pequi almonds from different areas 
of the Brazilian Cerrado; yet they found higher values of fiber 
(10.4 g/100 g) and moisture (5 g/100 g), and a very low content 
of carbohydrates (0.4 g/100 g) in contrast to the value found in 
this work (2.3 g/100 g). These differences may be likely because 
the seeds come from different fruit varieties and locations.

A much lower value than the observed in this study for 
moisture content was observed by Araújo  et  al. (2009) by 
investigating the biometric characteristics of murici seeds 
from the Northeastern area of Brazil (Maceió) (7.3%), they 
also observed that the seeds present a recalcitrant behavior, 
which according to Roberts (1973) is basically, the intolerance 
to dissication, to longevity, and to low temperatures. The lipid 
content observed in this study for murici seeds was lower than 
the values reported in the literature by Costa  et  al. (2013), 
33 g/100 g, who analyzed the storage compounds of the seeds 
through cytochemical investigation. Rodrigues  et  al. (2016) 
profiled the fatty acids of murici and reported that palmitic, oleic, 
and linoleic acids were responsible for 95% of the total of fatty 
acids in murici from Belém (Pará), Brazil. However, the lipid 
content of 15 g/100 g found here is three times higher than the 
amount reported by Lima et al. (2006) in their work, 5.5 g/100 g, 
showing a wide variation range of the lipid fraction in murici 
seeds. The protein fraction found for murici seeds in this study 
was 62.4% higher than the content obtained by Costa et al. (2013). 
These seeds have very low content of minerals, as their ashes 
content was very low; however, they showed the highest amount 
of carbohydrates, among pequi almonds, and sweet passionfruit 
seeds. Murici seeds presented great fiber content, higher than in 
its pulp (2 g/100 g) (Monteiro et al., 2015). It can be considered 
as a source of this nutrient, which is a very attractive feature for 
a nourishing material, once dietary fiber is being, especially 
nowadays, looked for to be inserted in diets in the healthiest 
way as possible. Santana et al. (2015) found 32.4 g/100 g of lipid 
fraction in passionfruit seeds (Passiflora setacea), and Silva & 
Jorge (2014) extracted 24 g/100g of oil from the seeds of yellow 
passionfruit (Passiflora adulis Sims). These values are in the same 
range of the content found in this study for the lipid fraction 
(29.6 g/100 g), which can still be considered high, and allows 
to classify the sweet passionfruit seeds as a source of oil. Sweet 
passionfruit seeds presented the lowest ash content. It is known 
that the ash content indicates the amount of minerals the sample 
has; amongst the seeds studied, sweet passionfruit was the less 
relevant source of these compounds. Regarding the amount of 
carbohydrates present in the seeds, passionfruit presented an 
intermediate content (11.5 g/100 g). The macronutrient that 
stood out for sweet passionfruit seeds was the dietary fiber 
(41.2 g/100 g), showing that this by-product has great potential to 
be reinserted in the food industry approach. Once, dietary fibers 
promotes physiological beneficial effects to the human organism. 
They assist in the digestion process, and also in the reduction of 

Table 1. Nutritional value (% of dry matter) of pequi almonds, murici 
and sweet passionfruit seeds.

Macronutrients (g/100 g) Pequi Murici Sweet 
passionfruit

Lipid 50 ± 0.7a 15 ± 1.8c 29.6 ± 1.5b

Protein 33.3 ± 0.5a 8.8 ± 0.7c 15 ± 1.4b

Ash 5.8 ± 0.3a 2.2 ± 0.2b 1.4 ± 0.3c

Fiber 5 ± 1.5c 27.5 ± 0.6b 41.3 ± 2.2a

Carbohydrates 5.7 ± 2c 46.4 ± 1.8a 12.7 ± 2.3b

Energetic value (kcal/kg) 606.2 356.8 377.2
Data are mean ± standard deviation (n=3); a-c Data followed by the same letter in a row 
do not differ statistically (p < 0.05).
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plasmatic cholesterol (Cavalcanti, 1989; Mattos & Martins, 2000). 
They may also act in the prevention of cancer and support the 
control of diabetes mellitus (Kelsay, 1978). The content of fiber 
observed in this study for passionfruit seeds are in agreement with 
the results reported by Oliveira et al. (2013) (46.5% d.b.), who 
studied yellow passionfruit (Passiflora edulis f. flavicarpa) seeds.

The results concerning the proximal composition of pequi 
almonds, and sweet passionfruit, and murici seeds indicate 
that pequi almond and sweet passionfruit seeds stood out due 
to their high lipid fraction; pequi almonds by the expressive 
content of protein, while sweet passionfruit seeds, by the high 
fiber and protein content. Murici seeds were a relevant source 
of carbohydrates, fibers, and lipids.

It is known that the main storage substances in the seeds 
are carbohydrates, lipids, and proteins. The fact that lower 
carbohydrate content was found in pequi almonds and sweet 
passionfruit seeds compared to the murici seeds may be directly 
related to the higher content of lipids and proteins in pequi, and 
lipid and fibers in the seeds of sweet passionfruit, indicating the 
relevance of the lipids as storage substances in these two seeds.

Varied results related to chemical composition are found 
for the same fruit in a range of works, what can be explained 
by the influence of genetic factors, method of analyzes carried 
out, ecological factors, and post-harvest changes resulting from 
physiological activity, fertility of the soil, stage of maturation, and 
places of cultivation (Chitarra & Chitarra, 2005). In addition, 
other factors that can alter the chemical composition of fruits, 
are the variety, cultivar, climatic and geographic conditions of 
production, processing, and storage (Yu et al., 2002).

3.2 Starch and pectic substances

Starch and pectic substances content obtained for pequi 
almonds, murici, and passionfruit seeds are available in Table 2.

The content obtained in pequi almonds and murici seeds 
for total pectin and soluble pectin were lower than those found 
in sweet passionfruit seeds. On the other hand, murici seeds 
presented the greatest content of starch, four times higher than 
in pequi almonds, and thrice higher than in sweet passionfruit 
seeds. Souza et al. (2012) found 8.9% of starch in murici pulp.

The pectins in fruits are in different forms, characterized 
by different solubilities. Protopectin is a water-insoluble form 
which, by partial hydrolysis, produces pectinic acids or pectic 
acids also called soluble pectins (Baker, 1997). Almeida (1998) 
considers that the pequi fruit stands out because of its high pectin 
content, an important parameter for fruits industrialization and 

commercialization. According to the author, the pequi pulp 
contains approximately 2.3% of pectin, while other species 
such as buriti (Mauritia flexuosa), cagaita (Eugenia dysenterica), 
and mangaba (Hancornia speciosa) contain values under 1%. 
The authors compared the content found with those present in 
other fruits which are also used in Brazilian diets and verified 
that these values are almost equivalent to those present in 
oranges (~ 2.4%).

3.3 Mineral profile

Table 3 shows the results for quantitative determination of 
some minor and trace mineral elements, and their respective 
Dietary Recommended Ingestion (DRI) (Scientific Committee 
on Food, 2006; World Health Organization, 2012), present in 
the seeds analyzed.

Pequi almonds presented higher concentration of all the 
minerals when compared to murici and sweet passionfruit 
seeds; except for the mineral Ca, that presented values close to 
that of sweet passionfruit seeds. Murici seeds showed P, Fe, and 
Na values higher than the values found for sweet passionfruit 
seeds. The results of the mineral profile present in pequi almonds 
were also higher for P, Mg, Na, and Ca. Oliveira Sousa et al. 
(2011) quantified the minerals present in pequi almonds, 
reporting 90 mg Ca/100 g, 840 mg K/100 g, 5 mg Na/100 g, 
450 mg Mg/100 g, 22.8 ppm Fe/100 g, and 73.8 ppm Zn/100 g. 
Pequi almonds have great content of minerals as its own pulp, 
in which content of Zn, Cu, Ca, K, Mg, and P are higher than 
those of almost all fruits traditionally cultivated and consumed 
by Brazilian population (Universidade Estadual de Campinas, 
2011). Concerning the macrominerals, P was the one found in 
greater content, K also distinguished by its elevated content, 
followed by Ca, and Mg.

Concerning the microminerals, the most relevant was 
Zn. Murici seeds outstood by the great content of P, whereas 
sweet passionfruit seeds, by the levels of K, Ca, and Mg. Other 
Cerrado fruits also stood out due to their Ca content, such as 
macaúba (Acrocomia aculeata Mart) (130 mg/100g w.b.), chichá 

Table 2. Starch, total, and soluble pectin content in paqui almonds, in 
murici, and sweet passionfruit seeds (dry basis).

Component Pequi Murici Sweet 
passionfruit

Starch (g/100 g) 3 ± 0.2b 12 ± 0.4a 4 ± 0.4b

Total pectin (mg GA/100 g) 87 ± 13c 712 ± 10b 2135 ± 2a

Soluble pectin (mg GA/100 g) 64 ± 8c 81 ± 5b 436 ± 2a

Data are mean ± standard deviation (n=3); a-c Data followed by the same letter in a row 
do not differ statistically (p < 0.05); GA: Galacturonic acid.

Table 3. Mineral profile (mg/100 g) and mineral contribution to the 
Dietary Recommended Ingestion (DRI) of pequi almonds, murici, and 
sweet passiofruit seeds.

Minor 
elements

Pequi Murici Sweet passionfruit
Mineral DRI (%) Mineral DRI (%) Mineral DRI (%)

P 1690 241 1170 167 270 39
K 990 21 120 2.6 700 15
Ca 180 18 2 0.217 190 19
Mg 520 200 1.8 0.7 180 69
S 220 - 1 - 150 -

Na 3 0.1 2 0.1 2 0.1
Trace 

elements
Mn 3 143 NS NS 1.5 65
Zn 11 154 0.9 12 3 48
Fe 5 39 3 24 1.5 11
Cu 3 288 0.6 66 2 179

NS: Not significant.



Food Sci. Technol, Campinas, 38(Suppl. 1): 203-214, Dec. 2018208   208/214

Brazilian Cerrado seeds characterization

(Sterculia striata A. St. Hil. & Naud) (116.7 mg/100 g w.b.), and 
murici (78 mg/100 g w.b.) (Reis Silva et al., 2008). Reis Silva et al. 
(2008) also found 0.6 mg Zn/100 g w.b., and 1.3 mg Fe/100 g w.b. 
in murici fruits from the Brazilian Midwest (Goiás); although 
these values are in wet basis, in this study, murici seeds presented 
lower Zn content (0.9 mg/100 g d.b.), and much higher Fe content 
(3.3 mg/100 g d.b.) than the pulp, as reported by the authors.

Considering the content of minerals found in pequi almond, 
murici, and passionfruit seeds, it was possible to verify how 
much these almonds and seeds can contribute to the Daily 
Recommended Intake (DRI) of minerals, for an adult, in grams 
per 100 g of seeds (Table 3) (Institute of Medicine, 1997, 2001).

P requirement has often been linked to the Ca requirement, 
allowing a Ca:P weight ratio of about 1. A Population Reference 
Intake (PRI) of 550 mg/day in adults is suggested by the Scientific 
Committee for Food (1993). It is possible to supply that intake need, 
by only taking 33 g of pequi almonds, and 47 g of murici seeds 
a day. P is an essential nutrient involved in many physiological 
processes, such as the cell’s energy cycle, regulation of the whole 
body acid-base balance, and in the mineralisation of bones and 
teeth (Scientific Committee on Food, 2006).

K is an essential nutrient involved in fluid, acid and electrolyte 
balance and is required for normal cellular function (Scientific 
Committee on Food, 2006). DRI in Europe are in the order of 
3.1-3.5 g/day (Scientific Committee for Food, 1993). The US 
have set an intake of 4.7 g/day (Food Nutritional Board, 2005). 
All the seeds are able to supply these daily intake of K.

Ca must be ingested with the diet in sufficient amounts 
to allow for Ca deposition during bone growth and modeling 
and to compensate for obligatory intestinal, faecal, and dermal 
losses during the life-time. Tolerable Upper Intake Levels (UL) 
of 2500 mg/day intake is suggested (Scientific Committee on 
Food, 2006). None of the seeds, on a 100 g basis, would be able 
to supply this Ca intake need. It would be necessary about 1.4 kg 
of pequi almonds, 115.2 kg of murici seeds, and 13 kg of sweet 
passionfruit seeds to satisfy the daily intake of this element.

The Scientific Committee for Food (1993) determined an 
acceptable range of Mg intake for adults of 150 - 500 mg/day. 
While the Institute of Medicine (1997) suggests from 310 to 
420 mg. An amount of 100 g of pequi almonds, and of sweet 
passionfruit seeds can supply that need.

No recommended intake was set as adequate for sulfur, 
which is available from dietary inorganic sulfate from water and 
foods, and from sources of organic sulfate, such as glutathione 
and the sulfur amino acids methionine and cysteine. Metabolic 
breakdown of the recommended intake for protein and sulfur 
amino acids should provide adequate inorganic sulfate for 
synthesis of required sulfur-containing compounds (Food 
Nutritional Board, 2005).

Na is present in biological systems as the main cation in the 
extracellular space, acting to maintain extracellular volume and 
plasma osmolality (Scientific Committee on Food, 2006). For Na, 
the acceptable range of intakes for adults established by the 
Scientific Committee for Food (1993) was 0.025 to 0.15 mol/day. 
Content of Na in the seeds was very low in relation to the 

required daily intake need. UL of Zn is 25 mg/day (Scientific 
Committee on Food, 2006), which corresponds to over 200 g of 
pequi almonds to supply the intake need. The recommended Fe 
intake for a male adult has been estimated as between 8 and 10 
mg a day (Institute of Medicine, 2001; Scientific Committee for 
Food, 1993). Pequi almonds were the one closest in meeting the 
recommended intake needs (about 150 g of pequi). Fe deficiency 
is associated with reduced function of an array of iron-dependent 
enzymes and proteins (Beard & Dawson, 1997).

In the USA, it has been recommended that adult males and 
females should consume a dietary intake of 0.9 mg Cu/day (Institute 
of Medicine, 2001). An European Union PRI of 1.1 mg Cu/day 
for adults was established (Scientific Committee for Food, 
1993). In the UK, a reference nutrient intake of 1.2 mg/day has 
been set for adults (Department of Health, 1998). Studies have 
also shown that Cu is required for infant growth, host defence 
mechanisms, bone strength, red and white cell maturation, iron 
transport, cholesterol and glucose metabolism (Uauy et al., 1998).

The consumption of 100 g of pequi almonds supply the 
mineral need in relation to the DRI of P, Mg, Cu, Mn, and Zn. 
And when compared to the other seeds, besides presenting a 
greater contribution to the DRI of these minerals, it is also the 
one that contributes most to the DRI of Fe and Na. Therefore, 
pequi almonds present great mineral prominence concerning 
its potential to contribute to the DRI of these elements. 
The  abundance of different mineral elements in these fruits’ 
seeds stands out when compared with the data available for 
different fruits that are economically cultivated (Universidade 
Estadual de Campinas, 2011). This circumstance had already 
been emphasized by Almeida & Silva (1994), who reported that 
due to the fact that pequizeiro (pequi tree) is characteristic of low 
fertility soils, the mineral content in the fruits was unexpected 
leading to the hypothesis that this is a highly efficient plant on 
nutrient extraction from the soil (Oliveira et al., 2006; Santana 
& Naves, 2003).

According to Melo  et  al. (2004), the mineral content 
variation suggest a diversity among the populations studied in 
each region considering that this diversity may be the result of 
environmental factors or heterogeneity among the populations. 
Vera et al. (2005) and Vera et al. (2007) have already emphasized 
this peculiarity concerning chemical and physical characteristics 
of the pequi fruit, such as mass, volume, lipid fraction, pH, and 
visual aspect. Facts that could be also assembled to the variation 
of components found in murici and sweet passionfruit seeds.

3.4 Bioactive compounds

Table 4 shows the data obtained for the bioactive compounds 
of pequi almonds, murici, and sweet passionfruit seeds.

Carotenoids

There is little information on the carotenoid content present 
in the seeds from Cerrado in the specialized literature. These 
are compounds of relevance once they are associated with the 
prevention of oxidative processes (Lima et al., 2007), and with the 
reduction of the risk of developing non-communicable diseases 
(Ziegler, 1991), thus, worthy to be studied in such potential 
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fruits. About 700 naturally occurring carotenoids have been 
identified so far, and about 10% of them can be found in the 
human diet. Some dietary carotenoids, such as ß-carotene, serve 
as an important source of vitamin A, which is the major known 
function of carotenoids in humans (Scientific Committee on 
Food, 2006). The preformed vitamin A is only present in animal 
products (e.g. liver, eggs, milk products), thus, in countries where 
the intake of animal products is low, carotenoids have to meet (i.e. 
by 80% or more in Asia and Africa) the vitamin A requirements. 
Even in developed countries carotenoids usually contribute to 
vitamin A supply by more than 40% (Woutersen et al., 1999). 
On the other hand, the roles of carotenoids in seed are less clear 
than in other tissues, but are emerging. Carotenoid production 
in the seed is important for abscisic acid production and seed 
dormancy (Maluf  et  al., 1997). Furthermore, carotenoids 
contribute to the antioxidant system in seeds, which functions 
to limit free radical-induced membrane deterioration and seed 
ageing (Calucci et al., 2004; Pinzino et al., 1999).

The greatest carotenoid content was found for passionfruit 
seeds. Pequi almonds and murici seeds presented similar 
(p < 0.05) content of carotenoids and phenolic compounds as 
it can be observed in Table 4. These values are close to those 
of other seeds and almonds typical of Brazilian cerrado, such 
as baru almond (Dipteryx alata) (Santos et al., 2016), graviola 
seeds (Annona muricata) (Silva & Jorge, 2014), and marolo seeds 
(Annona crassiflora) (Luzia & Jorge, 2013). Lima et al. (2007) 
studied the carotenoid content in the almonds and pulp from 
pequi, and found 0.3 mg/100g (d.b.), and 7.3 mg/100g (d.b.), 
respectively. According to these data the carotenoid content of 
the almonds is much lower than the value found in the fruit 
pulp. Note that the carotenoid content found in pequi almonds 
by Lima et al. (2007) was about ten times higher in relation to 
the content found for the same material in this work.

Rufino  et  al. (2010) analyzed the carotenoid content of 
18 non‑traditional Brazilian fruits’pulps, and found total carotenoid 
content for murici of 1 mg/100g (w.b.). Rodrigues et al. (2016) 
identified 35 carotenoid esters in murici fruit, being the most 
relevant, lutein, β-carotene, and violaxanthin.

Santana et al. (2015) determined the total carotenoid content 
of the oil of several passionfruit seeds species and reported a 
content of 115.4 mg β-carotene/100 g of oil for Passiflora setacea 
(BRS Pérola do Cerrado), value higher than that determined in 
this work. However, sweet passionfruit presented the highest 

content of carotenoids amongst the other fruits studied, meeting 
almost half of the minimum daily intake recommended by the 
European Food Safety Authority (20 mg β-carotene) (Scientific 
Committee on Food, 2006). A number of descriptive, cohort 
and case-control studies have been reviewed (International 
Agency for Research on Cancer, 1998; Woutersen et al. 1999), 
suggesting that carotenoid and/or β-carotene rich diets may 
prevent cardiovascular disease. Dietary carotenoids have been 
suggested to reduce the risk of age-related macular degeneration 
(Cooper et al., 1999; Seddon et al., 1994), the most common cause 
of irreversible blindness in people over age 65 in western European 
countries. A case-control study in Greece (Bohlke et al.,1999) 
involved 820 women with histologically confirmed breast cancer 
who were compared with 1548 control women. In conclusion, 
the general assumption is confirmed that individuals who eat 
more fruits and vegetables, rich in carotenoids, and/or have 
high levels of serum β-carotene, have a lower risk for cancer 
and cardiovascular diseases.

The low carotenoid content of many staple foods, such as 
cereals, can exacerbate dietary deficiencies. The World Health 
Organization (1996) has estimated that more than 100 million 
children are vitamin A-deficient and up to 500,000 of these 
children become blind each year. Many of these children die within 
12 months of going blind. Thus, understanding the regulation 
of carotenoid accumulation in food crops, especially tubers and 
cereals, should facilitate improvements to nutritional value with 
potentially significant health benefits (Howitt & Pogson, 2006).

Total phenolic content

Polyphenols display important functions, like inhibition 
of pathogens and decay microorganisms, anti-deposition of 
triglycerides, anti-inflammatory and anti-allergic effect through 
processes involving reactive oxygen species (Graf et al., 2005).

Total phenolic content (TPC) varied from 211 to 404 mg GAE/100g 
in the seeds. Pequi almonds and sweet passionfruit seeds were 
the materials with the lowest content and murici seeds with the 
greatest. Lima et al. (2007) reported 122 mg GAE/100g for pequi 
almonds, value 57% lower than that found in this study. Data 
on TPC of an array of Cerrado fruits are also available. Abadio 
Finco et al. (2012) evaluated the phenolic content of three different 
Cerrado fruits from the Midwest region of Brazil (Tocantins), 
including murici. The authors obtained 53.2 mg GAE/100 g (w.b.), 
32.3 mg GAE/100 g (w.b.), and 298.3 mg GAE/100 g (w.b.), for 
buriti (Mauricia flexuosa), cagaita (Eugenia dysenterica), and 
murici (Byrsonima crassifolia L. Rich), respectively. The total 
phenolic content found is consistent with data from the literature 
in relation to the other seeds from Cerrado fruits, once data on 
the same fruits studied here are scarce.

Lima et al. (2007) affirmed that the values of TPC for pequi 
seeds are higher than the ones usually found in most fruit 
pulps consumed in Brazil, based on studies by Kuskoski et al. 
(2005), on açaí (Euterpe oleracea) (136.8 mg GAE/100g), 
guava (83 mg GAE/100 g), soursop (Annona muricata L.) 
(84.3 mg GAE/100 g), pineapple (21.7 mg GAE/100 g), and 
passionfruit (20 mg GAE /100g), only lower than the result 

Table 4. Bioactive compounds (carotenoids, total phenolic, in vitro 
antioxidant activity, ans monomeric anthocyanins) of pequi almonds, 
murici, and sweet passiofruit seeds.

Bioactive compound Pequia Muricia Sweet 
passionfruita

Carotenoids (mg/100g) 0.03 ± 0.01b 0.4 ± 0.03b 9 ± 2a

TPC (mg GAE/100 g) 211 ± 6b 404 ± 12a 216 ± 14b

In vitro antioxidant activity (IP%) 87 ± 2a 83 ± 1b 60 ± 1c

Anthocyanins (mg CYG/100 g) 14 ± 2a 0.1 ± 0.01b 2 ± 1b

Data are mean ± standard deviation (n=3); a-c Data followed by the same letter in a row do 
not differ statistically (p < 0.05); GAE: Gallic acid equivalent; CYG: Cyanidin-3-glucoside.
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obtained for acerola (Malpighia glabra) (580 mg GAE/ 100g), 
and mango (545 mg GAE/100g).

Aside with being responsible for the taste, flavor, and color of 
foods, one of the major polyphenol characteristics is the radical-
scavenging capacity, which is involved in antioxidant properties, 
and the ability to interact with proteins. The high antioxidant 
capacity makes polyphenols an important key factor which is 
involved in the chemical defense of plants against pathogens 
and predators, and in plant-plant interferences (Dixon & Paiva, 
1995; Ozcan et al., 2014).

In vitro antioxidant activity

Lima  et  al. (2007) reported that pequi pulp has a high 
antioxidant potential due to the amount of total phenolics found 
in this part of the fruit (209 mg GAE/100g d.b.), since several 
authors have found a positive correlation between the amount of 
phenolics and the antioxidant activity. Thus, the seeds analyzed 
in this study (pequi, murici, and sweet passionfruit) can also be 
considered potential sources of antioxidants, considering the 
total phenolic values found for the three seeds. The antioxidant 
activities of pequi almonds, murici, and sweet passionfruit seeds, 
determined by the free •DPPH scavanging method varied from 
60 to 87%.

The capacity of the sample to scavange the free •DPPH 
is considered strong when it reaches a percentage of 70%, 
moderate when the values are between 50 and 70%, and weak 
when it is below 50% (Melo et al., 2008). Thus, the respective 
seeds analyzed in this work have high (pequi and murici) and 
moderate (sweet passionfruit) capacity to scavange this free 
radical. Luzia & Jorge (2014) reported antioxidant activity for 
soursop seeds of 76%, 92% for pitanga (Eugenia uniflora L.) 
seeds, and 95.9% for cagaita (Eugenia dysenterica DC) 
seeds. While, Luzia & Jorge (2013) found 87.8% for marolo 
(Annona crassiflora Mart.) seeds.

Pequi is a fruit found in regions where the trees receive a 
high incidence of solar rays, which favors the generation of free 
radicals, in addition to which both the pulp and the almonds 
of pequi are rich in lipids (Table  4). These conditions favor 
the biosynthesis of secondary compounds with antioxidant 
properties (phenolic compounds and total carotenoids). These 
results indicate that pequi almonds, and also murici seeds are 
materials with high antioxidant capacity, demonstrating the 
correlation between total phenolics and antioxidant protection 
(Kuskoski et al., 2005).

Monomeric anthocyanins

Anthocyanins are water-soluble vacuolar pigments found 
in many plant tissues (Naczk & Shahidi, 2006). Although most 
commonly accumulated in flowers and fruits, they are also present 
in leaves, stems, and storage organs (Rodrı́guez-Delgado et al., 
2002), such as seeds.

In relation to these compounds, the highest value was found 
in pequi dry almonds, followed by sweet passionfruit, and murici 
seeds. Total anthocyanin content varies substantially across plant 
species and even cultivars (Wu et al., 2006). Available data show 

a very wide range of anthocyanin content in plant material with 
berries usually providing the most anthocyanins per serving. 
Environmental factors such as light, temperature, and altitude 
also affect anthocyanin concentration considerably (Naczk & 
Shahidi, 2003).

When analyzing the anthocyanin content present in 
passionfruit and acerola seeds, both in dry matter, Ribeiro 
Silva et al. (2014) found values of 3.7 mg/100g, and 246 mg/100g, 
respectively. In the studies conducted by Sales & Waughon 
(2013) no anthocyanins were detected in murici (bark + pulp). 
In the seeds of murici studied here, it is possible to affirm that 
only traces of these substances were found. Rufino et al. (2010) 
also analyzed this fruit and found 0.5 mg/100g of anthocyanin 
in fresh matter.

Dietary anthocyanin sources include many colorful fruits and 
vegetables (He & Giusti, 2010). With regard to mass consumed, 
anthocyanins constitute perhaps the most important subclass 
of flavonoids. Daily intake of anthocyanins had previously been 
estimated to be 180–215 mg per day per person (Kühnau, 1976), 
but according to a recent report by the USDA (U.S. Department 
of Agriculture), that evaluated more than 100 common foods, 
the estimation was 12.5 mg per day per person in the United 
States (Wu et al., 2006). Pequi almonds are one of this materials 
that could supply this estimated average intake of anthocyanins.

4 Conclusions
Pequi almonds are important sources of lipids and proteins, 

which are the major components in their composition. Sweet 
passionfruit seeds have high fiber, lipid, and protein content. 
Murici seeds have high carbohydrate and fiber content and 
significant lipid fraction. Pequi almonds stood out for containing 
higher levels of all studied minerals when compared to sweet 
passionfruit seeds and murici, except for calcium, with a higher 
content in sweet passionfruit seed. Pequi almonds and murici 
seeds distinguished by the high content of phosphorus. The seed 
with the highest starch content was of murici, whereas the 
passionfruit seed was the richest in total and soluble pectin. 
Regarding bioactive compounds, pequi almonds were richer 
in anthocyanins, murici seeds presented higher total phenolic 
content and antioxidant activity, and sweet passionfruit seeds 
had the highest carotenoid values.
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