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APRESENTAÇÃO

A obra "Equidade e Sustentabilidade no Campo da Segurança Alimentar 
Global” é composta por 16 capítulos elaborados a partir de publicações da Atena 
Editora e aborda temas importantes, oferecendo ao leitor uma visão ampla de 
aspectos que transcorrem por vários assuntos deste campo.

Há uma preocupação crescente no campo da segurança alimentar global e 
os esforços científicos para verificar os parâmetros equidade e sustentabilidade de 
produtos alimentares são imprescindíveis. Tratando-se de um assunto de tamanha 
relevância, a ciência deve sempre trazer novas pesquisas a fim de elucidar as 
principais lacunas e trazer soluções frente aos gargalos enfrentados. 

Os novos artigos apresentados nesta obra, foram possíveis graças aos esforços 
assíduos destes autores junto aos esforços da Atena Editora, que reconhece 
a importância da divulgação cientifica e oferece uma plataforma consolidada e 
confiável para estes pesquisadores exporem seus resultados.

Esperamos que esta leitura seja capaz de sanar suas dúvidas e propiciar a 
base intelectual ideal para que se desenvolva novos pensamentos acerca deste 
tema tão importante.

Flávio Ferreira Silva (Flávio Brah)
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ABSTRACT: The stems of red beet (Beta 
vulgaris L.) correspond to approximately 
30% of mass composition of this vegetable. 
Nevertheless, beet stems are generally treated 
as a by-product due to the population’s lack of 
knowledge of their nutritional content. Given 
this situation, the present study aimed at the 
physical-chemical characterization of three 
batches of beet stems flour produced by freeze-
drying. The beet stems were obtained in different 
months (March, April, May) from the same model 
fair in the city of Porto Alegre, RS, Brazil. The 
stems were hygienized, dehydrated by freeze-
drying and transformed into powder using a 

hammer mill with separate sieving (60 mesh). 
The batches had a yield of 6.39% to 7.07%. The 
results, on a wet basis, were 44.80±0.10% to 
56.61±0.90% for carbohydrates; 20.78±0.22% 
to 29.41±0.08% for ashes; 14.00±0.60% to 
16.74±0.76% for proteins; 4.97±0.07% to 
8.07±0.16% for moisture; 2.22±0.24% to 
2.46±0.66% for lipids;  0.383 to 0.466±0.01 for 
water activity; 7,36±0,75 to 7,98±0,30 g water/g 
dry matter for water absorption index; 5,92±0,21 
to 6,26±0,55 g oil/g dry matter for oil absorption 
index and 24,22±2,63 to  35,18±3,10% for 
water solubility index. According to Brazilian 
legislation, the product can be classified as flour. 
Due to the high content of proteins and minerals, 
it is an alternative to dietary protein enrichment. 
The product presented good stability due to the 
values of water activity and low lipid content. 
The highest yield was obtained in May, beet 
harvest season. This study was essential to the 
technological and nutritional characterization of 
flour produced from a by-product.
KEYWORDS: nutritional composition, by-
product, freeze-drying, functional properties.

CARACTERIZAÇÃO FÍSICO-QUÍMICA DA 

FARINHA DE TALOS BETERRABA (Beta 
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vulgaris L.)  PRODUZIDA POR LIOFILIZAÇÃO

RESUMO: Os talos da beterraba vermelha (Beta vulgaris L.) correspondem a 
aproximadamente 30% da composição mássica deste vegetal. Não obstante, são 
geralmente tratados como subproduto devido à falta de conhecimento populacional 
sobre o seu conteúdo nutricional. Diante dessa situação, o presente estudo teve como 
finalidade a caracterização físico-química de três lotes de farinha de talos beterraba 
produzida por liofilização. Os talos foram obtidos em meses diferentes (Março, Abril, 
Maio) da mesma feira modelo na cidade de Porto Alegre, RS, Brasil. Os talos foram 
higienizados, desidratados por liofilização e transformados em pó usando moinho de 
martelos e peneira (malha 60). Os lotes tiveram um rendimento de 6,39% a 7,07%. 
Os resultados, em base úmida, foram de 44,80 ± 0,10% a 56,61 ± 0,90% para 
carboidratos, 20,78 ± 0,22% a 29,41 ± 0,08% para cinzas, 14,00 ± 0,60% a 16,74 ± 
0,76% para proteínas; 4,97 ± 0,07% a 8,07 ± 0,16% para a umidade; 2,22 ± 0,24% a 
2,46 ± 0,66% para lipídios; 0,383 a 0,466 ± 0,01 para atividade de água; 7,36 ± 0,75 a 
7,98 ± 0,30 g de água / g de matéria seca para o índice de absorção de água; 5,92 ± 
0,21 a 6,26 ± 0,55 g de óleo / g de matéria seca para o índice de absorção de óleo e 
24,22 ± 2,63 a 35,18 ± 3,10% para o índice de solubilidade em água. De acordo com 
a legislação brasileira, o produto pode ser classificado como farinha. Devido ao alto 
teor de proteínas e minerais, é uma alternativa ao enriquecimento proteico na dieta. O 
produto apresentou boa estabilidade devido aos valores de atividade da água e baixo 
teor lipídico. O maior rendimento foi obtido em maio, época da colheita de beterraba. 
Este estudo foi essencial para  caracterização tecnológica e nutricional da farinha 
obtida de um subproduto.
PALAVRAS-CHAVE: composição nutricional, subproduto, liofilização, propriedades 
funcionais.

1 |  INTRODUCTION

Brazil has a large agricultural variety due to the climate and soil predominated, 
which favors the healthy and nutritious growth of vegetables and fruits (MONTEIRO, 
2009). However, it’s estimated that from production to the final consumer, 
approximately 30% to 40% agro-industrial waste is produced, being among the ten 
countries that most waste food. It was found that annually in Brazil there is a waste 
of an average of 37 kg/inhabitant of vegetables (EMBRAPA, 2014), including mostly 
unconventional parts such as peels, leaves, stems which may contain characteristics 
of interest for health maintenance (GOULART, 2008). Paradoxically, about 50 million 
Brazilians live in a deplorable situation of hunger and malnutrition (GOULART, 2008). 

 Thereby, it’s perceptible that the lack of knowledge about the nutritional and 
technological properties being in unconventional parts of food causes the waste of 
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food tons on a national and global scale (NUNES 2009). In this perspective, beet 
stems are noteworthy. The Beta vulgaris L. stems corresponds to approximately 
30% of the mass composition of this vegetable. Nevertheless, during the minimum 
processing, stalks are treated as agro-industrial by-products. Therefore, the use of 
unconventional food parts is a sustainable, economical and conscious act that reduces 
waste and provides to the population different means of acquiring nutritional sources 
and diversification of eating habits (BANCO DE ALIMENTOS, 2003). Consequently, 
it favors the reduction of the incidence of malnutrition and diseases resulting from 
nutritional deficiencies, especially in low-income groups, whose access to food is 
limited (SANTOS et al., 2001).

Studies found that beetroot has in its composition several phenolic acids and 
flavonoids that confers antioxidant properties to this vegetable (KAZIMIERCZAK 
et al., 2014; KRAJKA-KU´ZNIAK et. al., 2012). Nevertheless, according to Carrillo 
et. al. (2019), it’s difficult to guarantee that the fact of selecting organic rather than 
conventional beetroots will result in a richer source of bioactive compounds since 
basic factors such as the cultivar, post-harvest time, and storage temperature would 
also play crucial roles in that respect (CARRILLO et al., 2019). 

 Koubaier et al. (2014) identified phenolic acids (gallic, vanillic, chlorogenic, 
ferulic, caffeic, syringic) and flavonoids (myricetin, quercetin, rutin, and kaempferol) 
in beet stems. Supplementation with dehydrated beet stalks prevented many of 
the alterations that resulted from obesity in mice, decreasing fasting glucose and 
cholesterol levels (Lorizola et. al, 2018). Emphasizes that antioxidant properties are 
linked to increased low-density lipoprotein (LDL) resistance to oxidation (Tesoriere 
et. al, 2004). According to Kannan and Jain (2000), the inclusion of beet stalks as 
part of a healthy diet could serve as a strategy to enhance endogenous antioxidant 
defenses, helping to protect cellular components from oxidative damage. 

 Moreover, beetroot has betalains as an important bioactive compound with 
antioxidant capacity (CARRILLO, REY, HENDRICKX, CAVIA, & ALONSO-TORRE, 
2017). Then, it’s the reason for red beet has a characteristic coloration on all parts 
of it (leaves, stems, root, and bulb) (AZEREDO, 2009; KHAN, 2016; HERBACH et. 
al., 2006; TIVELLI et al., 2011). According to Rahimi (2018), betalain-rich diet is 
a non-toxic alternative to supplement therapies in oxidative stress, inflammation, 
and dyslipidemia-related diseases such as stenosis of the arteries, atherosclerosis, 
hypertension, and cancer, among others. 

 Then, the use of beet, mainly the unconventional part of, the stems, is a good 
alternative on different perspectives, on economic, sustainability and nutritional, 
such a therapeutic supplement (CLIFFORD, 2015; SOUZA, 2007). Stands out that 
such parts for their use don’t necessarily have to be inserted into the food freshly, 
but can be included as ingredients for food formulation, as seen by Viera et al. 
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(2010), who founded that, contrary to what was stipulated, the consumption of 
recipes that use unconventional and conventional parts, that is, food in its entirety, 
has a good acceptance of an audience made up of the most diverse economic 
levels. The insertion of such part in the diet in various ways favors the improvement 
of nutritional diversification in the diet of individuals as well as reduces food waste. 
In the case of beet, the stalks may be processed and used as a raw material in the 
production of flour consisting of natural dye. 

 Given this situation and these parameters, the present study aimed at the 
physical-chemical characterization of three batches acquired on different months 
(March, April, May) of beet stems flour produced by freeze-drying.

2 |  METHODOLOGY

The beet stems were obtained in different months (March, April, and May) from 
the same model fair in the city of Porto Alegre, RS, Brazil. Initially, the stems were 
selected, hygienized, dehydrated by freeze-drying and transformed into powder 
using a hammer mill with separate sieving (60 mesh). The analyzes followed the 
methodologies of the Adolfo Lutz Institute, Kjeldahl method was used to proteins 
analysis and Soxhlet to lipids. The value of carbohydrates was acquired by difference. 
To functional properties analyzes, it was followed by Guillon & Champe Robertson 
and collaborators (2000). To water activity, a hygrometer (Aqualab 3TE, Decagon, 
Pullman, WA, EUA) was used. The results were submitted to statistical analysis 
with 5% of significance (p<0,05) on SPSS software, version 25. The batches were 
compared using the ANOVA test with Tukey’s test to multiple comparisons.

3 |  RESULTS AND DISCUSSION

According to the Brazilian legislation (Resolution No. 263, 2005), flour is a 
product obtained by milling the edible part of vegetables, which can be subject to 
adequate technological processes, as dehydration (BRASIL, 2005). Thus, this study 
selected a freeze-drying dehydration for beet stems, due provides a superior quality 
and a longer shelf life, retain sensory and nutritional attributes, as well as, enhance 
the concentration of betalain, a heat-sensitive pigment that resists low temperatures 
and stabilizes in the absence of oxygen (SAGUY, 1979; HERBACH, 2006). Even 
as the freeze-drying method provides the maintenance of bioproducts and reactive 
substances, avoiding oxidative reactions and promoting a longer shelf life. Emphasize 
that volatile aromatic compounds are preserved to the food matrix and aren’t lost by 
sublimation, resulting in aromatic retention of 80% to 100%. Nevertheless the flour 
freeze-dried becomes more porous, allowing rehydration of the product if not stored 
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correctly (FELLOWS, 2009).
The results were expressed on a wet basis. The batches had a yield of 6.39% 

to 7.07%. Differences in yield values between lots are due to harvest season. The 
flour that presented the highest yield was obtained in May, beet harvest season. The 
physical-chemical characterization of flour from freeze-dried beet stems are shown 
in the following table (1).

March Values April Values May Values

Moisture (%) 8.01±0.09 a 8.07±0.16 a 4.97±0.07 b

Ashes (%) 26.60±1.05 a 29.41±0.08 b 20.78±0.22 c

Proteins (%) 16.74±0.76 a 14.00±0.60 b 14.12±0.66 b

Lipids (%) 2.26±0.69 a 2.46±0.66 a 2.22±0.24 a

Carbohydrates (%) 44.91±0.79 a 44.83±0.10 a 56.68±0.90 b

Water Activity 0.38±0.00 a 0.47±0.01 b 0.45±0.02 b

Water Absorption Index (g 
water/g dry matter) 8.050.30 a             7.590.75 a              7.590.27 a           

Oil Absorption Index
(g oil/g dry matter) 6.260.55 a           5.920.21  a           6.090.30 a           

Water Solubility Index (%) 24.222.63 a 24.433.40 a 35.183.10 b

Table 1. Acquired values   for months of sampling by physical-chemical characterization of flour 
from freeze-dried beet stems. 

Values   followed by equal letters don’t differ from each other by the Tukey test at 0.05 of 
probability. With p-value <0.05, there is significant difference between the means of the lots in 

that variable.
Source:  Authoress (2019)

 Regarding the moisture content and the agreement of the product with the 
Brazilian legislation, it is noticeable from the data presented that the percentage 
contents heard by the flours elaborated based on data from the freeze-dried Beta 
vulgar L. meet the identity standard according to ANVISA, having received a moisture 
content of less than 15%, the maximum percentage of moisture it may contain to be 
used by definition as flour (Resolution No. 263, 2005- BRASIL, 2005). 

 The relevance of performing the water activity analysis of the samples is 
directly related to its conservation. The maximum value of water activity is 1,0 for 
pure water. The lower the water activity value, the less conducive the food will be 
to microbial growth. However, lower values between 0.40 and 0.80, next as those 
obtained through this analysis, favor the occurrence of chemical and enzymatic 
reactions.

 About nutritional composition, according to Trani et al. (1993), the beet 
stems have higher levels of protein, fiber, minerals such as iron, calcium, potassium 
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and some vitamins such as A, B complex (Thiamine, Niacin, and Riboflavin) and 
ascorbic acid when compared to the root, mainly to the bulb. As regards the phenolic 
compounds contained, according to Storck et al. (2013), beet stems consist of 43.87 
mg of total polyphenols in 100g, showing a high phenolic index present.

 The fixed mineral residue found is considered a relevant resource in flour as 
it’s of extreme nutritional interest. With the obtained value, beet flour considered as 
a mineral source product according to ANVISA. A study by Crocetti et al., (2017) who 
performed the nutritional characterization of a lyophilized beet flour produced, found 
for fixed mineral residues a content of 7.68 ± 0.00 for the lyophilized bulb. Because 
of this, it’s noticeable that in addition to the lyophilized stems being constituted by a 
nutritionally relevant mineral content, they have an advantage over the lyophilized 
bulb. Nevertheless, it’s noteworthy that the present study didn’t carry out the micro 
and macro minerals characterization, being of interest for further studies, analyzes 
aimed at the qualitative and quantitative characterization of the main minerals that 
constitute the beet stalks.

 The beet stems flours were shown rich in proteins, besides obtaining similar 
values compared to beet bulb flour, that obtained a value of 14.58 ± 0.27 of proteins 
in its constitution (Crocetti et al., 2017).  Therefore, the use of beet stalks in human 
diets become more interesting, emphasizing that beet stems freeze-dried flours can 
be considered as an alternative for protein enrichment in the diet, whereas a large 
part of the population has been changing to vegetarianism or veganism. Apart from 
that, flour from beet stem can be an alternative to the celiac public, due this flour 
doesn’t have gluten in its constitution.

 Values found in the quantification of total carbohydrates are lower than those 
of flours often used in the human diet, such as corn (79.1g/100g), wheat (75.1g/100g) 
and rye (73.3g/100g) (TACO, 2011). Thus, flour-based on an unconventional portion 
of beet proves interesting for individuals who yearn to keep their dietary intake of 
flour while they need to decrease their daily carbohydrate intake. Lipid contents were 
low in the produced flours, but with higher levels than rye (1.8g / 100g), corn (1.5g 
/ 100g) and wheat (1.4g / 100g) flours, as well as, to the flour-based on lyophilized 
beet bulb (0.90 ± 0.07g / 100g) (TACO, 2011; Crocetti et. al., 2017). 

 Hygroscopic properties characterization is extremely relevant to show the 
functionality, stability, and sensory of the food product. (REIS; ASCHERI; DEVILLA, 
2010). Water absorption, oil absorption, and water solubility indexes describe 
hygroscopic properties. Stands out those such properties modify if there is an 
alteration in the chemical and physical constitution, either due to edaphoclimatic 
factors or technological processing subjection (BORROTO et. Al., 1995; GRIGELMO-
MIGUEL and MARTIN-BELLOSO, 1999).

 The oil absorption index is mainly attributed to the combination of fat to 
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nonpolar protein groups or the availability of lipophilic groups. The indices remained 
close to the three months of sampling analyzed in this study. The water absorption 
index indicates the fiber’s ability to absorb water and other organic constituents 
(NIBA, 2001). According to Cadden (1987), hydration properties demonstrate that 
the submission to structural modifications due to dehydration and grinding affects 
the fiber’s ability to absorb and, consequently, the texture of the product. According 
to Robertson et al. (2000), it’s expected that for fiber-rich fruit and vegetable flours 
there will be a water absorption rate above 20 g water / g dry matter. Nonetheless, 
the values obtained in this study were lower than this value, giving the assumption 
that there is probably not a high amount of fiber in the product obtained. Being a 
limitation of this study the no quantification of fibers in flour-based on lyophilized 
stems.

 The water solubility index is a parameter that indicates if there were degradation 
processes suffered by fiber constituents, such as solubilization (GUTKOSKY, 1997). 
Solubility has a direct effect on the viscosity stability of the product (GUILLON and 
CHAMP, 2000), which is of interest as the product analyzed in this study is flour. 
Leonel et al. (2006) analyzed the water solubility index in extruded yam flours 
acquired by different heat and chemical treatments and detected values ranging 
from 47.15 to 70.77% in extruded products and 9.96% for flour before extrusion. 
Being one of the explanations to the high percentage acquired in the water solubility 
index (24.22 to 35.18%) in beet stalks flours by physical and chemical modifications 
by dehydration and grinding. Due to the high solubility values of stalk flour, there is 
evidence of its ability to use as a thickener in foods (REIS, RC et. al., 2010). The 
correlation between moisture and solubility index is highlighted, the highest solubility 
index and lowest index are in the same lot, corresponding to month May.

 Stands out in May, the beet stems flour had higher water solubility index, 
carbohydrates, and yield. While, in March, beet stems flour had higher proteins and 
oil absorption index and lowest water activity. From this perspective, the physical-
chemical characteristics are directly correlated at the time of the beet harvest.         

 Furthermore, with the results acquired on analysis did on this study, it’s possible 
to affirm that flour from freeze-dried beet stem has nutritional and technological 
potential in the food industry. Besides, it’s an alternative to reduce waste in the food 
industry and provides to the most varied population a different mean of acquiring 
nutritional sources.
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