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1 Introduction
Malnutrition has always been considered a major and undeniable 

problem in the socioeconomic scenario of underdeveloped world 
and so-called developing countries such as Brazil. According to 
estimates of Food and Agriculture Organization of the United 
Nations, there are 821 million people worldwide and 39.3 million 
in Latin America and the Caribbean under this condition (Food 
and Agriculture Organization of the United Nations, 2017).

This context gave rise the so-called Alternative Feeding, 
whose name is used to designate the proposal to promote the 
use of unconventional foods or agroindustrial by-products 
accessible to the entire population (Hernandez-Santos  et  al., 
2015; Molina Ramírez et al., 2018). In this scenario, the so-called 
“multimixture flour” or simply “multimixture” (MM) can be 
defined as a product obtained, basically, by mixing bran, seeds, 
dark green leaf powder and eggshells. In view of the above, MM 
is a social strategy of food supplement/complement that aims 
to combat infant mortality and malnutrition.

However, MM efficiency in reducing malnutrition has generated 
controversial opinions between entities that disseminate it and 
scientific community, since most of scientific work has shown 
some fragility in the arguments in favor of its supposed benefits 
to human health (Madruga et al., 2004; Ferreira et al., 2010).

In this sense, studies highlighting the potential of using 
agroindustrial by-products to formulate new ingredients or 

“sub-ingredients” for food enrichment are of great significance, 
because this practice would be an economical alternative for 
agroindustries as well as for environmental sustainability 
(Esteller et al., 2006; Pugliese et al., 2013; Can-Cauich et al., 
2017; Da Costa et al., 2018). The recovery of agro-industrial 
fruit by-products has gained growing interest because of the 
possibility of exploiting their bioactive compounds. Among 
them, the by-product of cupuassu (Theobroma grandiflorum 
Schum.) has great potential as a source of functional compounds 
and antioxidants (Da Costa et al., 2018).

Faced with this situation and due to insufficient scientific 
evidence justifying the consumption of traditional multimixtures, 
it is necessary to incorporate enriching nutritional components 
into new, safer and scientifically-tested formulations.

In this context, with the purpose of contributing to the 
prevention and reduction of infant malnutrition in riverside 
populations of the Amazon region, in this study we evaluated 
the physicochemical, thermal, nutritional and functional 
properties of a) the microencapsulated extract of cupuassu 
seed by-product, b) a basic formulation already used by Child’s 
Pastoral in conjunction with the Brazilian National Conference 
of Bishops (CNBB), and c) another multimixture obtained 
by adding to this formulation microparticles prepared under 
optimum spray drying conditions.
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This work deals with the application of microencapsulated extract of cupuassu seed by-product to functionally enrich a food 
multimixture. The methodological bases applied were those of the Official Methods of Analysis of AOAC. Multimixture 
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2 Material and methods
2.1 Preparation of microencapsulated extract of cupuassu 
seed by-product

The extract of cupuassu seed by-product was obtained from 
percolation extraction, the whole process is described in the 
methodology of Costa et al. (2019). And the microencapsulated 
extract of cupuassu seed by-product (ME) was obtained by 
spray drying (Mini Spray Dryer, model B-290, Büchi, Flawil, 
Switzerland) using maltodextrin as a coating material under 
optimal microencapsulation conditions, which were previously 
established according to a 33-Box-Beheken factorial design 
(Da Costa et al., 2018).

2.2 Multimixture composition and preparation

The conventional multimixture (MM I) used in this study 
consisted of 42.5% rice bran, 42.5% maize corn, 4.0% sunflower 
seed, 0.5% cabbage leaf powder and 0.5% eggshell powder, while 
the enriched multimixture (MM II) was obtained by adding 10% of 
ME to MM I. All ingredients were sanitized, and eggshells washed 
in running water and submerged in a 1.0% sodium hypochlorite 
solution for disinfection. The components were pulverized in 
a variable speed rotor mill, model Pulverisette 14 (Fritsch, 
Idar-Oberstein, Germany), under 150 rpm agitation for 180 s, 
and then weighed and mixed in a solids mixer, model Mixer plus 
(Tepron, São Paulo, SP, Brazil), at 3000 rpm for 45 min. Samples 
of MM I and MM II were packed and stored under refrigeration 
(8 °C) and protected from light until analyses.

2.3 Determination of centesimal composition

Samples were submitted to drying using a moisture analyzer 
coupled to a balance with infrared radiation, model IV 2000 
(Gehaka, São Paulo, SP, Brazil). Drying was performed at 105 °C 
until constant weight, and values were expressed as percentages.

Total ashes were quantified by calcination, according to the 
method of Association of Official Analytical Chemists (2010). 
Samples were carbonized in muffle (550 ± 2 °C) and subsequently 
weighed. To calculate the wet (WAC) and dry (DAC) ash contents, 
the following Equations 1 and 2 were used:
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where Mf (g) is the sample mass after ashing, Mi (g) the tare 
mass of crucible, Ms the original sample mass and WC (%) the 
water content.

The protein content was determined by the Kjeldahl method 
using the nitrogen conversion factor for total proteins of 6.25, 
while that of lipids by solid-liquid extraction with petroleum 
ether, using a Soxhlet extractor. In both cases, the AOAC 
methodologies (Association of Official Analytical Chemists, 
2010) were used.

The total dietary fiber was determined according to the 
enzymatic-gravimetric AOAC 985.29 method, the insoluble 
one according to the AOAC 991.42 method and the soluble 
one by difference of the last two terms (Association of Official 
Analytical Chemists, 2010).

The carbohydrate content, expressed in %, was obtained 
by difference between 100 and the sum of the other contents 
(moisture, ashes, proteins, lipids and total dietary fiber), while 
the caloric value was determined applying the Atwater factors 
4, 9 and 4 kcal/100g for proteins, lipids and carbohydrates, 
respectively. Both determinations were done according to the 
Food and Drug Administration (Food and Drug Administration, 
2018).

2.4 Determination of fatty acid composition

Oil fractions of MM I and MM II were extracted by 
solid-liquid separation using petroleum ether (Association of 
Official Analytical Chemists, 2010). After extraction, the oil was 
stored under refrigeration at -7 °C.

Fatty acid composition was determined by conversion to 
their methyl esters (FAMEs) (Rodrigues  et  al., 2010), which 
were analyzed by means of a gas chromatograph, model CP 
3380 (Varian, Walnut Creek, CA, USA), equipped with a flame 
ionization detector (FID) and a CP-Sil 88 (Varian) capillary 
column with a length of 60 m, internal diameter of 0.25 mm 
and film thickness of 0.25 μm. The following conditions were 
adopted: helium as transport gas at a flow rate of 0.9 mL/min, 
detector and injector temperature of 250 °C and injection volume 
of 1.0 μL. Column temperature was initially set at 175 °C for 
8 min, increased by 2.0 °C/min to 180 °C, held at this temperature 
for 28 min, then again increased by 2.0 °C/min to 250 °C, and 
maintained at this temperature for 10 min. Individual peaks of 
FAMEs were identified by comparison of retention times with 
those of standard FAMEs (74 X Nu-Chek-Prep, Inc., Elysian, MN, 
USA), which were analyzed under the same operating conditions. 
The retention time and area of each peak were calculated using 
the software Varian Star 3.4.1, and the results expressed as relative 
percentages of total fatty acids (Bezerra et al., 2017).

2.5. Evaluation of functional quality of lipid fractions

The functionality of multimixture lipid fractions was based 
on their fatty acid profiles. For this purpose, the indices of 
atherogenicity (AI) and thrombogenicity (TI) were calculated 
according to Ulbricht & Southgate (1991), the following 
Equations 3 and 4 were used:

C12 : 0 4*C14 : 0 C16 : 0AI  
MUFA FA 6 FA 3

+ +
=
Σ + Σ ω + Σ ω

  (3)

( ) ( ) ( )
C14 : 0 C16 : 0 C18 : 0TI  

0,5* MUFA 0,5* FA 6 3*FA 3
+ +

=
Σ + Σ ω + ω

   (4)

where the acronyms MUFA, FAω3 and Faω6 indicate the 
monounsaturated fatty acids and fatty acids with 3 and 6 
insaturations, respectively, while the ratio of hypocholesterolemic 
to hypercholesterolemic compounds (HH) according to 
Santos-Silva et al. (2002), the following Equation 5 was used:
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2.6 Micronutrient composition: macro and microminerals

Samples of MM I and MM II were weighed (0.25 mg) and 
subjected to acid digestion in a microwave oven, model Start E 
(Milestone, Sporisole, Italy). Concentrated HNO3 (8.0 mL) and 30% 
(w/w) H2O2 (4.0 mL) were added to the samples. This procedure 
was performed in two stages. In the former stage, the system was 
heated at 180 °C at a power of 800 W for 36 min, while in the 
latter it was simply ventilated for 50 min. After acid digestion, 
the samples were diluted in ultra-pure water and filtered through 
a membrane with 0.20 μm-pore diameter (Millipore, Bedford, 
MA, USA). Afterwards, they were analyzed with an Inductively 
Coupled Plasma Optical Emission Spectrometer, model ICP-OES, 
CAP 6500 Duo (Thermo Fisher Scientific, Cambridge, UK), 
with concentric nebulization chamber, radio-frequency power 
of 1.15 kw, flow rate of plasma gas of 12 L/min and nebulized 
gas flow rate of 0.5 L/min. After the construction of curves, Fe, 
Na, Mg, Mn, K, P, Ca, Zn and Pb were analyzed.

2.7 Morphological analysis by Scanning Electron Microscopy

Degreased samples (ME, MM I and MM II) were deposited 
on a sample holder with the aid of a carbon tape and metallized 
with Au/Pd using a metallizer, model SC7620 (Quorum 
Technologies, Lewes, UK). Metallization was performed for 
2.0 min with 5.0 mA current. Electromicrographs were obtained 
using a scanning electron microscope, model VEGA 3 (Tescan, 
Cranberry Township, PA, USA), with 85-90-μA electron beam 
current and 10.0-kV acceleration voltage. Micrometric scales 
were designed in the same optical conditions.

2.8 Determination of thermal profile by thermogravimetry

The TGA/DTG curves of ME, MM I and MM II were obtained 
using a thermal analyzer, model TGA 50/50H (Shimadzu, Kyoto, 
Japan). Samples were weighed (5-10 mg) in platinum crucible 
and analyzed under N2 atmosphere at a flow rate of 50 mL/min. 
Tests were carried out in the temperature range of 25-600 °C with 
a heating rate of 10 °C/min (Sampaio et al., 2016). The results 
were analyzed by the TA-60W-Shimadzu software.

2.9 Statistical analysis

Experimental data were subjected to one-way analysis of 
variance (ANOVA) and Tukey’s multiple-range test, using the 
Statistica version 7.0 software (StatSoft Inc., Tulsa, OK, USA). 
Differences were considered to be significant at p < 0.05.

3 Results and discussion
3.1 Functional potential of multimixtures

Cupuassu seeds by-product extract showed significant values 
of macro and micronutrients, as well as phenolic compounds 
that give it an important antioxidant activity (Costa et al., 2019).

Both MM I and II formulations showed satisfactory contents 
of the main macronutrients with nutritional relevance, namely 
carbohydrates, proteins and total dietary fiber (Table 1). Even 
the total energy value (TEV) of MM I was about 7% higher than 
that of MM II, this did not mean a better functional quality, since 
it was related to higher percentage of saturated fats.

ME addition to the multimixture led to a generalized functional 
improvement, i.e. 27 and 23% reductions in carbohydrate and 
saturated fat contents, respectively, the addition of polyphenols 
contained in ME, and a parallel increase in unsaturated fat content, 
consistently with the 19% increase in MM II total fat content.

All contents of these components are consistent with 
recommended daily intakes (RDIs) (Table 1). It is noteworthy 
that the formulations showed statistically significant differences 
(p < 0.05) in protein and lipid contents that can be attributed to the 
multmixture oily components (sunflower seeds and by-product 
of cupuassu seeds that still had around 3 to 4% of crude oil).

Studies on different multimixtures showed that those 
containing soybean flour or wheat germ in their composition 
had protein contents up to 38% higher (Kaminski et al., 2006). 
Therefore, the low protein contents found in this study were the 
likely result of the use of basic and economically-viable ingredients 
adopted by the Child’s Pastoral, as well as the substitution of 
cassava leaves (with higher protein value) by those of cabbage 
with the aim of reducing the antinutritional factors present in 
conventional multimixture.

Lipids also have important functions, because when present 
in appropriate levels they can contribute decisively to an adequate 
absorption of liposoluble vitamins and, consequently, to the 

Table 1. Nutritional information of the conventional multimixture 
(MM I) and the multimixture enriched with the microencapsulated 
extract of cupuassu seed by-product (MM II).

Energy value / componenta MM I MM II RDIb

TEV (kcal)c 368.2 ± 8.7** 344.5 ± 2.3* 2000
Carbohydrates (g) 46.6 ± 1.4** 33.9 ± 0.5* 300
Proteins (g) 1.7 ± 0.1** 1.6 ± 0.0* 75
Total fats (g) 18.9 ± 1.5** 22.5 ± 0.4* 55
Saturated fats (%) 27.9 ± 0.0** 21.6 ± 0.0* 22
Unsaturated fats (%) 72.2 ± 0.01 78.4 ± 0.01 NM
Trans fats (g) 0,00* 0,00** NMd

Insoluble dietary fiber (g) 14.0 ± 0.2* 17.7 ± 0.7** 25
Soluble dietary fiber (g) 3.3 ± 0.6* 9.1 ± 0.6** 25
Total dietary fiber (g) 17.3 ± 0.4* 26.7 ± 0.1** 25
Moisture (%) 9.4 ± 0.9* 8.8 ± 0.3* NMd

Ash (%) 6.0 ± 0.5* 6.3 ± 0.1* NMd

Total polyphenols (mgGAE)e - 48.9 ± 1.2 NMd

Antioxidant activity (mgTEAC)f - 51.4 ± 0.4 NMd

a All values refer to 100 g of multimixture on a dry basis and are expressed as means of 
triplicates ± standard deviations. Mean values on the same line with different capital 
letters differ significantly at the 5% probability level by the Tukey’s test. b Recommended 
Daily Intake values based on a 2000 kcal (8400 kJ) diet. Daily values may be higher 
or lower depending on the individual’s energy needs (FDA, 2018). c Total Energy 
Value. d Not mentioned. e GAE = Gallic Acid Equivalents. f TEAC = Trolox Equivalent 
Antioxidant Capacity. Different asterisks on the same line means that there was a 
statistical difference p <0.05.
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assimilation of proteins and carbohydrates (Martin & Li, 2017). 
As for proteins, the nutritional values of this food fraction may 
vary greatly depending on the source.

Another important nutritional aspect is the significant 
presence of dietary fibers in both formulations. Knowledge of 
the dietary fiber content of foods for human consumption is 
more interesting than that of crude fiber. For this reason, the 
Brazilian National Agency of Sanitary Surveillance (ANVISA) 
establishes that “foods containing at least 6.0 g of fibers per 100 g 
of total solids are classified as foods with a high fiber content” 
(Brasil, 2005). Based on a RDI of 25 g, which is considered by 
the European Food Safety Authority (EFSA) a dose sufficient 
to ensure a normal laxation, both formulations can be classified 
as high fiber products. In addition, there is evidence of fiber 
benefits for adult health, such as lower risk of coronary artery 
disease and type 2 diabetes along with maintenance of body 
weight (EFSA, 2010).

MM II dietary fiber content (26.7 ± 0.1 g/100g) was 54% 
higher than that of conventional multimixture, confirming the 
improvement of functional qualities mentioned above, and 
appreciably higher than those of other formulations based on 
oat flakes (20.20 g/100g), cassava flour (19.81 g/100g) or soybean 
flour (14.66 g/100g) (Kaminski et al., 2006).

MM II also had contents of insoluble (IDF = 17.7 ± 0.7 g/100g) 
and soluble (SDF = 9.1 ± 0.6 g/100g) dietary fibers 26 and 176% 
higher than MM I, respectively. According to Delcour et al. 
(2016), diets with different SDF/IDF ratios may result in 
different physiological effects. A higher IDF proportion, as in 
the case of MM I (80.9%), a) leads to greater absorption and 
retention of water, b) makes the movement of digestive bolus 
in the gastrointestinal tract easier, c) increases stool volume 
and speed of transit, and d) reduces intestinal constipation, 
hemorrhoids, varicose veins and diverticulitis. On the other 
hand, a higher SDF proportion, as in the case of MM II (34.1%), 
may aid in the control and decrease of LDL cholesterol, blood 
glucose and insulin levels, as well as stimulate fermentation 
by beneficial intestinal bacteria that produce short-chain fatty 
acids. Finally, IDF values higher than those of SDF in both 
formulations may be related to the high rice bran and green 
leaves proportions.

MM I and MM II samples had moisture contents statistically 
coincident (p > 0.05) with that of ME (9.7 ± 0.4%) and within 
the limits established by the Brazilian legislation for flours, 
starches and bran (15%) as well as for cassava flour (13%) 
(Brasil, 1995, 2005).

The fixed mineral residue, corresponding to the ash content, 
of MM I and MM II (Table 1) was statistically coincident (p > 0.05) 
and almost 5-fold that of ME (1.3 ± 0.3%), due to the abundance 
of inorganic compounds in the multimixture.

As mentioned above, MM I composition followed the 
recommendations of the Child’s Pastoral, which produces and 
uses it as a food supplement for preventing and reducing child 
malnutrition. To improve the multimixture functional quality, the 
new MM II formulation was integrated with 5.0 g of 10% (w/w) 
ME as an additive, which resulted in total polyphenol content 
of 48.9 mgGAE/100g and antioxidant activity of 51.4 mgTEAC/100g 

(Table 1). Besides their antioxidant activity (Barros et al., 2016; 
Can-Cauich et al., 2017), food polyphenols provide protection 
against the development of chronic diseases such as cardiovascular 
diseases, type 2 diabetes and certain cancers (Martin & Li, 2017).

These characterization results demonstrate that the ME-enriched 
formulation may be an advance in terms of functional compounds 
compared with the conventional multimixture, thanks to the 
high antioxidant content of the extract.

3.2 Fatty acids composition

Fatty acid profiles of the two multimixtures showed statistically 
significant variations (p < 0.05) in the contents of all major fatty 
acids (Table 2).

In particular, MM II had a content of saturated fatty acids, 
especially palmitic and stearic acids, about 22% lower than 
that of MM I, which not only reduced the TEV by around 
14%, but also avoided exceeding the corresponding RDI (22 g) 
(Table 1). The regulatory bodies do in fact establish that one 
must consume the lowest possible content of saturated fatty 
acids for a nutritionally adequate diet (Institute of Medicine, 
2006; Food and Drug Administration, 2018).

In addition, the levels of monounsaturated fatty acids 
(MUFA) and polyunsaturated fatty acids (PUFA) of MM II were 
about 10% higher than those of MM I. As is well known, PUFAs 
confer human health benefits, since ω-6 and ω-3 fatty acids are 
essential, cannot be synthesized by the body and must then be 
obtained only through diet. Among them, linoleic acid acts as 
a precursor of arachidonic acid, which in turn is the precursor 
for the synthesis of eicosanoids (prostaglandins, thromboxanes 
and leukotrienes), an important class of mediators involved in 
the inflammation process (Martin & Li, 2017). PUFAs contained 
in the multimixture can be ascribed mainly to oils present 
in sunflower seeds, chestnuts and seeds, which, admittedly, 
contribute to proper metabolic functioning and human health 
maintenance (Müller et al., 2004).

Table 2. Fatty acid profile and functional quality of lipid fractions of 
the conventional multimixture (MM I) and that enriched with the 
microencapsulated extract of the cupuassu seed by-product (MM II).

Fatty acid profile a MM I (%) MM II (%)
Saturated fatty acids
Palmitic acid (C16:0) 21.29 ± 0.02** 18.08 ± 0.00*

Stearic acid (C18:0) 6.56 ± 0.01** 3.49 ± 0.02*

Monounsaturated fatty acid
Oleic acid (C18:1, ω-9) 40.81 ± 0.00* 44.32 ± 0.00**

Polyunsaturated fatty acid
Linoleic acid (C18:2, ω-6) 31.34 ± 0.01* 34.11 ± 0.01**

Lipid functional quality
AIb 0.29** 0.23*

TIc 0.77** 0.55*

HHd 3.39* 4.34**

a All values are the means of two determinations ± standard deviations. Mean values on 
the same line with different capital letters differ significantly at the 5% probability level 
by the Tukey’s test. b Atherogenicity index. c Thrombogenicity index. d Ratio between 
hypocholesterolemic and hypercholesterolemic fatty acids. Different asterisks on the 
same line means that there was a statistical difference p <0.05.
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Fatty acids composition allowed us to evaluate the functional 
quality of lipid fractions. The ratio between hypocholesterolemic 
and hypercholesterolemic fatty acids (HH) was in MM II 28% 
higher than in MM I. It is worth remembering that the higher 
such an index, the more functionally suitable the oil or fat, being 
specifically related to cholesterol metabolism (Martin & Li, 
2017). The atherogenicity (AI) and trobogenicity (TI) indexes, 
which correlate pro- and anti-atherogenic acids, were 20 and 
29% lower for MM II than for MM I (Table 2).

These indices indicate the potential for stimulating 
platelet aggregation (Turan, Sönmez & Kaya, 2007), that is, 
the lower the AI and TI values, the greater the amount of 
anti-atherogenic fatty acids, and consequently the greater the 
potential for prevention of coronary diseases. The lower AI and 
TI values of MM II are consistent with its lower saturated fatty 
acids content compared to MM I (Table 1) and suggest that 
multimixture enrichment with the cupuassu seed by-product 
may contribute to the prevention of coronary diseases as well 
as anti-inflammatory processes.

These results as a whole confirm that the multimixture had 
an improved functional composition when enriched with ME.

3.3 Macro- and micromineral composition

Calcium, which is one of the most important macrominerals 
of human body and plays a keyrole in bone and dental health 
(Institute of Medicine, 2006; Berto et al., 2015), was abundant both 
in MMI (225.5 ± 12.0 mg/100g) and MM II (258.7 ± 16.0 mg/100g), 
accounting for about one fourth of the mean RDI for adults (FDA, 
2018). MM II had sodium (35.1 ± 0.4 mg/100g) and potassium 
(1384.4 ± 0.8 mg/100g) contents within the values established 
as being acceptable by Institute of Medicine (2006), constituting 
only 1.5 and 23.6% of their respective RDIs.

Among the microminerals, Fe and Zn levels in MM II 
(5.1 ± 0.1 mg/100g and 2.6 ± 0.2 mg/100g, respectively) did not differ 
statistically from those in MM I (5.4 ± 0.1 and 2.7 ± 0.2 mg/100g) 
(p > 0.05), while that of Cu (MM I = 0.35 ± 0.10 mg/100g 
and MM II = 0.45 ± 0.10 mg/100g) was almost 30% higher, 

suggesting a high content of this metal in ME. These values 
correspond to mean percentages of about 28, 25 and 50% of 
maximum RDIs for adults (Institute of Medicine, 2006), while 
the Mn (9.9 ± 0.1% mg/100g) content in both formulations 
was approximately four times higher (Institute of Medicine, 
2006; Food and Drug Administration, 2018). Mg and Mn, 
whose contents were above their corresponding RDIs, should 
be related to the suggested consumption of only 25% of the 
expressed unit (mg/100g), referring to a homemade tablespoon. 
Zn is important for children growth and development, being 
involved in various enzyme reactions of the metabolism of 
proteins, sugars and fats as well as the regulation of gene 
expression (Bhowmik et al., 2010). No quantifiable levels of 
Pb were detected in both formulations.

A comparative analysis with foods largely consumed by the 
population of the State of Pará, such as frozen pulp of açaí and 
cooked cassava (Table 3), shows for MM II better nutritional 
and mineral values, especially of TEV, proteins, dietary fiber, 
and minerals.

In view of the above, it is noteworthy that, for a large part of 
Brazilian population, there is a significant limitation of nutrients 
in foods due to the limited consumption of fruits and vegetables 
(Brasil, 2014). This situation becomes even more serious for 
school-age children, who need a more diversified diet for optimal 
growth and mental development.

3.4 Morphological analysis

Scanning Electron Microscopy confirmed the significant 
contents of total dietary fiber, carbohydrates and proteins in 
MM II (Figure 1), mainly because it was made up only of food 
grains and cupuassu by-product.

In particular, panel A shows starch granules irregularly 
dispersed on the formulation surface (highlighted arrows). These 
structures are oval- or rounded-shape polysaccharide reserves 
that have smooth surfaces probably due to the strong interaction 
between starch and proteins. It is also evident a fragment of 
cell membrane that has a fibrillar nutritional function, i.e., it 

Table 3. Nutritional parameters of multimixture enriched with the microencapsulated extract of cupuassu seed by-product (MM II) in comparison 
with frozen açaí pulp and cooked cassava.

Nutritional parameter MM II Frozen pulp of açaía Cooked cassavaa

TEV (kcal/100g) 278 58 125
Proteins (g/100g) 1.6 0.8 0.68
Lipids (g/100g) 9.1 3.9 0.30
Carbohydrates (g/100g) 47 6.2 30.1
Dietary fiber (g/100g) 27 2.6 1.6
Ca (mg/100g) 258 35 19
Mg (mg/100g) 660 17 27
Mn (mg/100g) 9.9 6.2 0.06
P (mg/100g) 1384 16 22
Fe (mg/100g) 5.1 0.4 0.1
Na (mg/100g) 35 5.0 1.0
K (mg/100g) 1110 124 100
Zn (mg/100g) 2.6 0.3 0.2
aNúcleo de Estudos e Pesquisas em Alimentação (2011).
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acts increasing the speed of intestinal transit, being composed 
of amiloplasts and residues of reserve parenchyma. It can also 
improve the product technological functions because of its ability 
to absorb hydrophilic and lipophilic components. Its fragmented 
and spiculate structure was probably due to intense grinding 
and drying of the material during sample preparation.

In panel B, one can identify fiber bundles, consistently with 
the significant levels of total, soluble and insoluble fibers quantified 
in the multimixture. The presence of high fiber contents in foods, 
as is the case of MM II, follows the principles of preventive 
action against the occurrence of pathogenic diseases, especially 
the colorectal cancer (Delcour et al., 2016).

Finally, panel C shows structures with spherical, oval or 
spongy surfaces similar to those observed for Brazil nut proteins 
by Santos et al. (2010), who suggested that they may have been 
caused by lipid extraction and related to protein matrix.

3.5 Thermogravimetric analysis

Figure 2 shows the thermal behavior of both multimixtures 
and ME. The TG/DTG curves do refer to the mass losses due 
to degradation and/or decomposition of sample components. 
In panel B, referring to the DTG curves that allow for better 
visualization of thermal degration events, the endothermic peaks 
may be related to the low protein content of multimixtures.

These curves reveal a certain thermal stability up to about 
110 °C for MM I and MM II and 150 °C for ME, with mass 
losses around 4.5 and 10.5% respectively. These reductions may 
be related to loss of material moisture. Both MM I and MM II 
were thermally stable at 190 °C, having suffered initial mass 
losses of 19.2 and 18.3%, respectively, which can be attributed 
to the degradation of constituents such starch and fibers as 
well as the decomposition of residual lipid material. At higher 
temperatures, the two multimixtures showed identical thermal 
behavior, characterized by two important endothermic mass loss 
events occurred between 190 and 304 °C (19.2%) and between 
304.5 and 418 °C (41.5%). The same took place with ME in 
the temperature ranges of 202-245 °C (20.3%) and 270-369 °C 
(38.4%). All these events can be explained by carbonization of 
organic compounds. At temperatures above 400 °C no mass 
loss was observed, suggesting total burning of the organic 
constituents of all materials.

These results show that, in the temperature range commonly 
used for food products (100-300 °C), the multimixture containing 
microencapsulated cupuassu seed extract did not undergo major 
variations or significant mass losses that could prevent its use 
as a nutritional integrator.

4 Conclusion
The nutritional and functional qualities of a multimixture 

enriched with the microencapsulated extract of cupuassu 
seed by-product were compared with those of a conventional 
multimixture. The results point it as a promising raw material 
to be used as an alternative dietary supplement in basic foods. 
Both multimixtures had suitable contents of macronutrients, 
total fiber and unsaturated fats, which play important 

Figure 1. Scanning Electron Microscopy images of the multimixture enriched with the microencapsulated extract of cupuassu seed by-product. 
(A) Structures of starch granules and cell membrane fragment (2600 x magnification), (B) Structure of fiber bundles (3000 x magnification), 
(C) Characteristic protein structures (6840 x magnification).

Figure 2. Thermogravimetric curves of a) conventional multimixture, 
b) multimixture enriched with the microencapsulated extract of cupuassu 
seed by-product, and c) microcapsules of the extract of cupuassu seed 
by-product obtained under optimum microencapsulation conditions. 
A) TG curves; B) DTG curves.
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nutritional and functional roles to human health thanks to their 
beneficial properties in the prevention of pathologies, mainly 
cardiovascular diseases. The contents of microminerals were equal 
to or higher than the RDIs recommended for a 2000 kcal diet. 
Thermogravimetric analyses highlighted excellent stability of both 
multimixtures when temperature was progressively increased 
within the typical working range for food preparations and small 
variations or limited mass losses. These results suggest the use 
of the microencapsulated extract of cupuassu seed by-product 
as a basic ingredient to enrich conventional multimixtures or 
to prepare new food products.
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