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Abstract

The use of unconventional edible plants in human food has grown more widespread in recent years, driven mainly
by gourmet dishes. Evidence of the food properties of these species is still scarce. Aiming to obtain more in-depth
knowledge of dahlia plants, this study aimed to evaluate the nutritional, bioactive, and antinutritional properties of
the edible parts of purple dahlia (tuberous root and flower) to elucidate their value and safety as foods. The percent
composition, caloric value, pH, Total Soluble Solids (TSS), Total Titratable Acidity (TTA), ratio of TSS to TTA,
anthocyanins, carotenoids, vitamin C, total phenolics, tannins, nitrates, and minerals of the roots and flowers were
analyzed. The inulin content in the root and the color of the flower were also evaluated. The results were reported
as mean and standard deviation, and exploratory factor analysis was performed. Both parts of the dahlia had
constituents that contribute to a good diet at concentrations like those in conventional vegetables, whereas the
antinutritional components were also compatible with those of commonly consumed foods, with acceptable dietary
values. Thus, it is evident that purple dahlia flowers and roots have potential for use in human food and can be
considered good options to improve and diversify a healthy diet.

Keywords: Dahlia spp.; Bioactive compounds; Percent composition; Nutritional composition; Antinutritional
compounds; Edible flowers.

Resumo

A utilizacdo de plantas alimenticias ndo convencionais na alimentagdo humana tem crescido nos Ultimos anos,
impulsionada principalmente pelos pratos gourmet. Entretanto, estudos comprovando as propriedades alimenticias
destas espécies ainda sdo incipientes. Sendo assim, objetivou-se com este trabalho avaliar as propriedades
nutricionais, bioativas e antinutricionais das partes comestiveis da dalia roxa (raiz tuberosa e flor), para elucidar seu
potencial e a seguranga no seu consumo. Foram, dessa forma, analisados: composi¢do centesimal, valor calérico,
pH, solidos sollveis totais, acidez total titulavel, ratio, antocianinas, carotenoides, vitamina C, fendlicos totais,
taninos, nitratos e minerais para a raiz e a flor, além da avaliagdo do teor de inulina na raiz. Os resultados foram
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analisados pelas médias e desvio padrdo, e foi realizada a anélise fatorial exploratéria. Ambas as partes avaliadas
possuem constituintes requeridos para uma boa alimentacdo em concentracdes semelhantes as das hortalicas
convencionais, enquanto os componentes antinutricionais também sdo compativeis aos de alimentos comumente
consumidos, com valores aceitaveis na alimentacdo. Desse modo, é evidenciado que flor e raiz de dalia roxa
apresentam potencial para uso na alimentacdo humana, podendo ser consideradas como boas opg¢des para
incrementar e diversificar uma dieta saudavel.

Palavras-chave: Dahlia spp.; Compostos bioativos; Composicao centesimal; Composicdo nutricional; Compostos
antinutricionais; Flores comestiveis.

Highlights
e  The studied parts of dahlia showed constituents required for good nutrition.

o  The levels of antinutritional molecules were like those of commonly eaten foods.

e  Dahlia flowers and roots have potential for fresh consumption or as raw material for processed foods.

1 Introduction

Dahlia (Dahlia spp.) is a genus belonging to the family Asteraceae that is widely used for ornamental
purposes as a potted plant or cut flower. It is native to Mexico, where, in addition to its ornamental value, it
is a source of food and medicines. Its tuberous roots and petals are consumed and used in different
gastronomic elaborations (Lara-Cortés et al., 2014) and for medicinal purposes. Its tuberous root is indicated
for diabetic patients because it helps to regulate blood glucose levels, in addition to decreasing cholesterol
and triglycerides (Mejia-Muiioz et al., 2020). Petals have a long history of consumption by the indigenous
population in the form of small cakes, and even today this species is consumed in salads, in desserts, and as
a garnish in many dishes (Trevifio et al., 2007). In Brazil, dahlia petals are used only for ornamental purposes,
where there is a wide diversity of types and colors.

Dahlia’s tuberous roots and flowers have potential as functional, medicinal, and gastronomic foods. Its tuberous
roots have a high content of carbohydrates, including inulin and fibre, proteins, vitamins, minerals, and bioactive
compounds that can benefit human health (Lara-Cortés et al., 2014; Ciobanu et al. 2016; Rivera-Espejel et al., 2019).
Inulin has been widely used in the food industry as a supplement, as a substitute for macronutrients, and also as a
substrate for probiotics. Dahlias are included among plant species with high levels of inulin (Hughes, et al., 2017).

Its flowers also have high concentrations of bioactive compounds and a healthful nutritional composition,
so they can be consumed as fresh products, as evidenced by Espejel et al. (2019). These authors analyzed the
physicochemical properties, nutritional value, and antioxidant capacity of flowers of dahlia species and
confirmed the high concentrations of these compounds in the flowers. A similar study was conducted by
Lara-Cortés et al. (2014), who detected compounds such as carotenoids and anthocyanins, in addition to
finding that the flowers and roots were more than 80% of water, making them a low-calorie food. Therefore,
dahlias can contribute not only to the decor but also to the flavor of culinary dishes, by adding nutritional
value to the human diet. Lara-Cortés et al. (2014) reported that purple dahlia flowers are an important source
of compounds with biological activity, such as antioxidants, making them a functional food.

It is important to know the physicochemical composition of edible flowers, since some species may have
phytotoxic compounds in their flowers (Newman & O’Connor, 2009). The petals are the parts that are usually
consumed, and other parts of the flower may have an unpleasant taste and even cause allergic reactions
(Mlcek & Rop, 2011). More than 40 compounds have been identified in the roots and shoots of dahlia species,
mostly acetylenes that can be toxic (Lam, 1998).
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Given the scarcity of studies on the nutritional components and bioactive compounds of dahlias, in addition
to the limited knowledge about their suitability as foods, this study aimed to evaluate the nutritional,
antinutritional, and bioactive properties of tuberous roots and flowers of Dahlia spp.

2 Materials and methods

The plant materials evaluated in this study were taken from the municipality of Itumirim, in the state of
Minas Gerais (latitude 21°19” 01" S, longitude 44°52’ 15" W, and altitude 870.56 m). According to the
classification by Koppen and Geiger, the climate of the region is subtropical with a dry winter (Cwa), with
an average temperature of 20.2 °C and an average annual rainfall of 1,481 mm (Alvares et al., 2013).

Dahlia plants with purple flowers were used. Both their tuberous roots and their flowers were analyzed, and no
type of chemical was used in the cultivation. Flowers were randomly collected during the flowering of March 2019.
The petals were detached from the receptacle and homogenized. About one-tenth of them were reserved for analysis
of the fresh matter, and the rest were put in an air-circulation oven (TECNAL, TE-394/3) at 40 °C to dry until they
reached constant weight, after which they were ground with a mortar and pestle for analysis of the dry sample.

The roots were collected after the flowering period (June 2019), and after harvest, the roots were separated from
the rest of the plant and washed under running water to eliminate soil and impurities. The samples were peeled
and cut in half to facilitate and standardize the process. They were separated into three portions, which were stored
in plastic bags and frozen in a conventional freezer at -20 °C. They were later placed in three aluminum trays and
sent for lyophilization (Liotop L108 freeze dryer), where they remained at -50 °C under a partial vacuum of 38
pmHg until constant weight. Then, they were ground with a mortar and pestle to be analyzed.

The samples were analyzed for their percent composition and bioactive compounds in the Fruit and
Vegetable Postharvest Laboratory and the Grains, Roots, and Tubers Laboratory, both Food Science
Department of the Federal University of Lavras (Universidade Federal de Lavras-UFLA). Analyses of
minerals were conducted at the Nutrition Laboratory of the Soil Science Department, UFLA.

Both in the flowers and in the roots, the following were evaluated: moisture; ether extract; crude protein;
ash; crude fibre; carbohydrate fraction; pH (microprocessed pH meter TECNAL® R-TEC-7-MP);Total
Titratable Acidity (TTA),Total Soluble Solids (TSS) (digital refractometer model PAL-1, brand ATAGO),
and TSS/TTA ratio according to the Association of Official Analytical Chemists (2012) Analytical
Standards; caloric value according to Osborne & Voogt (1978); anthocyanins following Lees & Francis
(1972) as adapted by Barcia et al. (2012), with results expressed in milligrams of cyanidin-3-glucoside per
100 grams of sample; total carotenoids following Rodriguez-Amaya (2001); vitamin C by the
dinitrophenylhydrazine (2,4-DNPH) method according to Strohecker & Henning (1967); total phenolics by
the Folin—Ciocalteau method as detailed by Waterhouse (2002) using 50% methanol and 70% acetone for
extraction; tannins by the Folin—Ciocalteau colorimetric method according to Association of Official
Analytical Chemists (1990) and Deshpande et al. (1986); nitrates by the colorimetric method of Cataldo et al.
(1975); and minerals (N, P, K, Ca, Mg, S, B, Cu, Fe, Mn, and Zn) by the method for the analysis of elements
in plant material described by Malavolta et al. (1997), being the nitrogen determined by the semi-micro-
Kjeldahl method and the other minerals quantified in Inductively Coupled Plasma (ICP OES).

In the roots, the inulin content was quantified following the method of Anan'ina et al. (2009). Flower color
was analyzed using the Konica Minolta CR-400 colorimeter, calibrated according to the CIE system with
measurement of the parameters lightness (L*), angle of inclination (h°), and color purity (chroma, C¥*)
(illuminant D65). These measurements were taken at 10 random points due to the variation of tones in the
same flower.

The ether extract, crude protein, crude fibre, ash, carbohydrate fraction, inulin and minerals contents were
expressed on a dry basis, and the moisture content, caloric value, pH, TTA, TSS, TSS/TTA ratio, color and
anthocyanins contents, total carotenoids, vitamin C, total phenolics, tannins and nitrate were expressed in fresh basis.
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The results are reported as mean +standard deviation, and exploratory factor analysis was performed to
analyze the patterns between the variables. The exploratory factor analysis used factor loadings that
established the correlations between the original variables and the factors found, so that values in modulus
between [0; 0.3) were considered a weak factor load, [0.3; 0.5) low factor loading, [0.5; 0.7) moderate factor
loading, [0.7; 0.9) high factor loading, and [0.9, 1.0] strong factor loading. The analyses were performed with
the aid of scripts for public use developed in R software (R Development Core Team, 2020) using the MVar
package version 2.1.3, applied to normalized data for each variable (Ossani & Cirillo, 2020).

3 Results and discussion

The composition of purple dahlia flowers and roots is shown in Table 1.

Table 1. Composition of purple dahlia flowers and roots: moisture, ether extract, crude protein, crude fibre, ash,
carbohydrate fraction, caloric value, pH, Total Titratable Acidity (TTA), Total Soluble Solids (TSS), ratio, inulin, color,
anthocyanins, total carotenoids, vitamin C, total phenolics, nitrogen, phosphorus, potassium, calcium, magnesium,
sulfur, boron, copper, iron, manganese, zinc, tannins, and nitrate.

Constituent® Flowers Roots
Moisture® (g 100 g™ 92.97+0.71 84.70 + 0.46
Ether extract (g 100 g'!) 03.01 +0.27 00.83 +0.19
Crude protein (g 100 g™ 13.80 + 0.54 11.66 + 0.55
Ashes (g 100 g™ 07.19 +0.08 06.32 + 0.08
Crude fibre (g 100 g’ 28.97 +3.58 04.36 +0.18
Carbohydrate Fraction (g 100 g') 47.03 £4.21 76.83 +0.53
Caloric value (kcal 100 g'!)° 19.02 +£3.07 55.30 £2.49
pH® 05.34£0.12 05.58 £0.05
TTA (citric acid g100 g")° 00.28 + 0.02 00.20 + 0.02
TSS (g 100 g)° 05.24+0.91 11.08 +0.14
Ratio (TSS/TTA)® 18.71 £ 1.26 55.40 + 5.66
Inulin (g 100 g - 72.48 +8.97
L* 50.17 -
a* 34.07 -
b* -5.44 -
c* 34.59 -
h* 351.25 -
Anthocyanins (mg 100 g')° 07.40 + 0.94 nd
Total carotenoids (u 100 g-1)° 01.25+0.26 00.74 + 0.04
Vitamin C (mg 100 g")® 101.67 £ 3.67 153.68+2.84
Total phenolics (mg 100 g!)° 111.99 £9.98 66.74 +5.07
Tannins (mg 100 g')° 152.91 +£7.88 380.94 + 20.03
Nitrate (mg 100 g')° 56.11+3.14 nd
Nitrogen (g kg™!) 20.1 + 0.60 14.70 + 0.40
Phosphorus (g kg™!) 03.51+0.11 04.61 £0.21
Potassium (g kg') 43.82+0.16 42.49 +£1.12
Calcium (g kg™) 02.49 +0.12 04.91 +0.27
Magnesium (g kg™!) 02.00 +0.10 01.55 +0.09
Sulfur (g kg™ 01.31+0.05 00.99 £ 0.03
Boron (mg kg™') 20.60 £ 0.60 03.59 + 0.26
Iron (mg kg™) 207.82 +1.20 34.77+0.37
Manganese (mg kg'') 24.39 +0.21 12.12 +0.46
Copper (mg kg™) 06.67 + 0.06 05.36 + 0.06
Zinc (mg kg'!) 30.58 + 0.67 14.59 £0.73
*Mean values obtained from three replicates on a dry basis, followed by the standard deviations. "Wet basis - analysis not performed. nd: not

detected.
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3.1 Percent composition

The moisture content in the flowers and roots was 92.97 + 0.71 g 100 g™ and 84.70 + 0.46 g 100 g,
respectively. As expected, the roots had a higher dry matter content: 30 g 100 g™!, versus 15 g 100 g! for the
flowers. These results corroborate those of dahlia species grown in Mexico obtained by Lara-Cortés et al.
(2014) (88 to 92 g 100 g') and Espejel et al. (2019) (85.9 to 93.4 g 100 g!). Similarly, the root moisture
content in this experiment corroborates the results obtained by Rivera-Espejel et al. (2019), with a range of
75.62 and 88.71 g 100 g! for the crop. The control of the moisture content in food is important for upholding
its quality, as it affects the shelf life and the microbial quality of the food in addition to influencing the
structure, appearance, and chemical and enzymatic reactions that lead to degradation (Souza et al., 2019;
Berry, 2012). Thus, humidity tests are one of the most important analyses performed on a food product
(Padhan et al., 2020).

The high moisture content, with more than 80% of its mass being water, confirms that this food is
calorically low (Lara-Cortés et al., 2014). The energy value observed in the flowers (19.02 + 3.07 kcal 100
g’) and in the roots (55.30 + 2.49 kcal 100 gV, both on a fresh basis (Table 1), confirms the low-calorie
content of this species, including when compared to other species whose flowers and roots are consumed.
Pansy flowers (Viola x wittrockiana) showed energy values between 31 and 52 kcal 100 g! (Fernandes et al.,
2019), Nasturtium flowers showed values between 34.32 kcal 100 g' and 72.79 kcal 100 g' (Lima
Franzen et al., 2016). The caloric value of roots of dahlia was between that of clones of Leren (Calathea
allouia (Aubl.) Lindl.) (47.96 to 75.25 kcal 100 g™!), as studied by Marques et al. (2019), who reported that
variations in its caloric content may be caused by crop treatment and physiological maturity of the roots.

The glycidic fraction or carbohydrate fraction found in the flowers and roots were 47.03 g 100 g + 4.21
and 76.83 £ 0.53 g 100 g™!, respectively, values lower than those could be observed in other tuberous roots,
such as yacén (85 g 100 g'!), purple sweet potato (91 g 100 g™'), and white carrot (87 g 100 g™!). Dahlia roots
are rich in reserve carbohydrates (Nsabimana & Jiang, 2011), with their most abundant carbohydrate, inulin,
presenting levels ranging from 57.95 to 72.25%, depending on the species (Ciobanu et al., 2016), plant origin,
climate, cultivation conditions, root maturity, and storage time after harvest (Baranska et al., 2013). In the
present study, an average content of 72.48 (+ 8.97) g 100 g™! inulin was detected in the roots, corroborating
studies conducted by Rivera-Espejel et al. (2019), who observed a maximum content of 72.25 g 100 g™ in
different species. This result proves that the species used is an excellent raw material, i.e., supplier of inulin.
The low caloric value observed in this article is related to the predominance of inulin, which has low caloric
value (Ohno et al., 2013). Present in many plants, inulin has high biotechnological potential to produce
several industrially important products (Lara-Cortés et al., 2014). Inulin is 1.5-2 times sweeter than sucrose,
making it highly useful in the food industry due to its nutritional and functional potential (Kaur & Gupta,
2002; Hilman et al., 2021; Giri et al., 2021).

Ether extract calculated on a dry basis was 3.01 + 0.27 g 100 g™ for flowers and 0.83 + 0.19 for roots
(Table 1). The value of 3.01 £ 0.27 g 100 g'! was inconsistent with the findings of Lara-Cortés et al. (2014)
in different dahlia species (0.5 to 1.6 g 100 g!), though it did agree with those of Rivera-Espejel et al. (2019),
who observed values between 1.5 g 100 g™ and 3.4 g 100 g'!. This difference can be explained by the color
difference between these flowers because in the ether extract analysis, organic substances such as pigments
were also detected, not only the lipid content (Lima Franzen et al., 2016). In the roots, the values were higher
than those observed by Rivera-Espejel et al. (2019) in dahlias grown in Mexican territories (0.23 to 0.75 g
100 g!). Factors such as light intensity, salt stress, nutrient deficiency, and cultivation method can alter lipid
metabolism in plants. The low content of ether extract observed is favorable and even required for the use of
this root as processed products, such as flours and starches (Bramont et al., 2018).

The protein content was 13.80 = 0.54 g 100 g and 11.66 + 0.55 g 100 g’ in the flowers and roots,
respectively (Table 1). These results were close to the concentrations obtained by Espejel et al. (2019), which
ranged from 11.9 to 16.2 g 100 g' crude protein and varied between different species of dahlias and between
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differently colored dahlias of the same species. Their purple dahlias had 11.9 g 100 g™! of protein, while we
measured 13.80 + 0.54 g 100 g'!. The protein present in the root exceeded that of crops such as yacén, purple
sweet potato, and white carrot by approximately 63%, 61%, and 46%, respectively, thus showing its high
nutritional potential (Pacheco et al., 2020). This variation may be related to factors such as soil nutritional
status, species analyzed, and time of harvest (Juarez-Rosete et al., 2019).

The fibre content of the flower (28.97 = 3.58 g 100 g!) was higher than that reported by Espejel et al.
(2019) (9.8 to 14.3 g 100 g'')(Table 1), at least doubling it, which can be considered a positive characteristic
because this component is important for improving digestibility in diabetic patients, in addition to reducing
blood cholesterol and obesity (Anan'ina et al., 2009). Despite its superiority in relation to other findings, the
analyzed flower, on a wet basis, did not meet the requirement to be considered a source of fibre by Ordinance
SVS/MS no. 29 of January 13, 1998, which establishes a minimum value of 3 g 100 g"! (solid) to receive this
characterization (Brasil, 1998). Higher fibre contents in roots are not attractive to the food industry, as they
can compromise processing by retaining starch and hindering grinding processes (Roesler et al., 2008). The
value observed (4.36 £ 0.18 g 100 g'!) (Table 1), was comparable to that of Rivera-Espejel et al. (2019) (2.88
to 5.49 g 100 gh).

The ash contents were 7.19+0.08 g 100 g and 6.32 +0.08 g 100 g™! for the flowers and roots, respectively
(Table 1). These results were much higher than those reported by Nsabimana & Jiang (2011) but like those
found in other studies of dahlia (Espejel et al., 2019; Rivera-Espejel et al., 2019). The ash content in the food
corresponds to the amount of minerals, and the chemical composition of the soil is one of the factors that
most influences the portion of ash in the food because this component is the result of complex interactions
between minerals in the soil and in the tissues in the entire plant. Thus, the mineral content of the food is
linked to the origin of this product (Pacheco et al., 2020). Most unconventional vegetables have high levels
of minerals, often exceeding those commonly consumed (Oliveira et al., 2013).

3.2 Mineral analysis

Minerals, macronutrients, and micronutrients are essential to the diet and are responsible for specific
functions in human metabolism. The macronutrients present in the dahlia flowers, in decreasing order, were
potassium, nitrogen, phosphorus, calcium, magnesium, and sulfur. The root had the same order except that
phosphorus and calcium were switched. The micronutrients in both flowers and roots had the decreasing
order of iron, zinc, manganese, boron, and copper, but in the root, the copper content was higher than that in
boron. Regarding the roots, their concentrations were much higher than those found by Nsabimana & Jiang
(2011) on a dry basis among dahlia clones.

The N content was lower than that in other unconventional vegetables considered protein sources, such as
cocoyam (Xanthosoma sagittifolium (L.) Schott) (50.2 g kg!) and ora-pro-nébis (Pereskia aculeata Mill.)
(34.7 g kg'!) (Oliveira et al., 2013). On the other hand, the K content was like that found in other edible
flowers, such as pansy (Violaxwittrockiana) with 39.608 g kg™ (Rop et al., 2012). This element has important
functions, participating in the transmission of nerve impulses, protein synthesis, and other aspects of human
physiology (Rop et al., 2012). The studied petals had a copper content close to that of broccoli (6.8 mg kg™!).
In contrast, the iron present in the dahlia flower was approximately five times higher than that in broccoli
(Llorent-Martinez et al., 2020).

Flowers are generally consumed fresh as salads and, depending on the species, can meet up to 25% of the
required minerals demand by the human body (Rop et al., 2012). In addition, by fresh matter, approximately
250 g of dahlia root would supply almost 14% of the recommended daily intake for adults of magnesium
(0.42 g) and almost 20% of the minerals phosphorus (0.7 g) and copper (0.9 mg), according to the Agéncia
Nacional de Vigilancia Sanitaria (ANVISA) Regulation, through document RDC no. 269, of September 22,
2005 (Brasil, 2005), and more recently, by Normative Instruction —Instru¢do Normativa (IN) no. 75, of
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October 8, 2020, which establishes the technical requirements for declaration of nutrition labeling on
packaged foods (Brasil, 2020).

The plants produce different substances that are healthful for those who consume them, however, they can
produce compounds that are considered antinutritional, such as protein inhibitors, oxalates, tannins, and
nitrate. Antinutritional factors may lower the nutritional quality of proteins and interfere with the absorption
of nutrients by the body. However, when present in low amounts, some of these compounds can act
beneficially, such as antioxidants and anticarcinogens (Benevides et al., 2011; Higashijima et al., 2020).

As shown in Table 1, the dahlia roots had higher tannin contents (380.94 mg 100 g!) than the flowers
(152.91 mg 100 g!). Tannins (tannic acids) are polyphenolic compounds that add color and astringent flavor
to foods. They are among the most numerous and widespread substances in the plant kingdom. They are
complex polymers with high molecular weights that are a group of phenolic compounds (Alves et al., 2019).
Tannins form complexes with proteins, making them insoluble and inactivating enzymes. They may also be
responsible for other detrimental effects to the diet, such as undesirable colors foods caused by enzymatic
browning reactions and decreased palatability caused by the astringency that they add food due to
precipitation of salivary glycoproteins (Alves et al., 2019).

Although there are reports of the negative effect of tannins on the nutritional value of foods, such as
reduced protein digestibility, inhibition of the action of digestive enzymes and interference in iron absorption,
in addition to recently, reports of damage to the digestive system and systemic toxic effects associated with
consumption of high amounts of this substance, few studies have proved the effects of tannins on human
health (Higashijima et al., 2020; Marinho et al., 2016).

When comparing the data obtained in this assay with data reported by other authors, we found that the
tannin content in dahlia was like that of other commonly consumed vegetables. The levels observed for fresh
leaves of kale, broccoli, and cauliflower studied by Santos (2006) showed approximately 200 to 300 mg 100
¢! of polyphenols in fresh matter, values higher than those observed in the dahlia flower of the present study
(152.91 + 7.88 mg 100 g'). Seeking measures to reduce this compound in consumption, the same author
reported that an alternative is to wash the food in water or saline solution before cooking.

Another plant compound considered antinutritional is nitrate, which is widely used as a source of nitrogen
for plant growth. We only detected nitrate in the flowers (56.11 + 3.14 mg 100 g™'). This value is like that of
fresh kale leaves, higher than that of cauliflower, and lower than that of broccoli reported by Santos (2006).
There are reports of the nitrate content of some plants with consumable floral structures, such as artichoke
(Cynara scolymus L.), from the same family as dahlia, which has an extremely low nitrate value (1.6 mg 100
g!), whereas other plants, such as broccoli and cauliflower, have shown higher values than those found for
dahlia, at 101.4 mg 100 g™ and 65.80 mg 100 g”!, respectively (Walker, 1990).

There are reports that plants are responsible for more than 80% of the intake of nitrate by humans;
therefore, we should pay attention to the plants we eat to reduce the intake of this substance (Ebrahimi et al.,
2020; Xarvier et al., 2018). Caution should be taken regarding this compound in the diet because the body
can transform nitrate into nitrite, which can be harmful to human health (Teixeira et al., 2020). In Brazil,
there is no specific legislation on the maximum permitted limits or acceptable daily intake for nitrates in
plants; since the country follows international regulations (Silva et al., 2018; Aratgjo et al., 2019). The
Scientific Committee for Food establishes a daily dose of 3.65 mg/kg body weight as an acceptable value
(Comissao Europeia, 2006). In this case, an adult with a mass of 65 kg, on average, could ingest a maximum
of 422.83 grams of fresh dahlia flower petals daily.

3.3 Nutritional composition

The flowers and roots in the present study showed slightly acidic pH values (Table 1). Low pH values may
favor the action of degradation enzymes. The citric acid content (titratable acidity) observed for flowers and

Braz. J. Food Technol., Campinas, v. 25, €2022029, 2022 | https://doi.org/10.1590/1981-6723.02922 7113



Nutritional and functional compounds in dahlia flowers and roots
Costa, P. A. et al.

roots was 0.28 and 0.20, respectively, lower than those found for flowers of the same crop (0.4 to 1.4 g 100 g”!
citric acid) (Espejel et al., 2019) and for roots (0.17 to 0.31 g 100 g™ citric acid) (Rivera-Espejel et al., 2019).
Low citric acid levels may be related to the low concentration of organic acids in the cultivation environment
(Oliveira et al., 2019).

The flower and root had higher TSS (Table 1) than those of Espejel et al. (2019) and Rivera-Espejel et al.
(2019) (0.10 to 0.20 g 100 g for flower and 4.98 to 9.11 for root). The values found for roots were
comparable to those found by Silva et al. (2018) in yacén roots (8.58 to 13.6 g 100 g''), which belong to the
same family. Confirming the more sweet taste of these foods, the TSS/TTA ratio, which is responsible for
determining the flavor of the food, was high for both evaluated parts of dahlia (Table 1).Thus, dahlia flowers
and roots can be considered attractive food alternatives for industrial use, such as in cake preparations,
yogurts, and jams, since high levels of soluble solids can improve their flavor in addition to providing a
higher processing yield (Silva et al., 2018).

A key factor in the quality of flowers is color, which has a great influence on the consumption of edible
flowers (Lara-Cortés et al., 2016). In the present study, the flowers analyzed had a purple color, with mean
C* values 0f 34.59, h°® of 351.25, and L* of 50.17. Lightness is related to the absorption of light wavelengths,
low values corresponding to darker colors and higher concentrations of secondary pigments, such as
anthocyanins and carotenoids (Espejel et al., 2019).

Substances considered bioactive act in the neutralization of excess free radicals caused by oxidative stress,
reducing the risk of chronic noncommunicable diseases, such as cancer, diabetes, obesity, and cardiovascular
diseases. Many edible flowers have been recognized for having such substances in their composition (Lara-
Cortés et al., 2016). Anthocyanins are the main chromophores that belong to the flavonoid group, and confer
red, purple, or blue color to food. Considered natural dyes, they contribute much to the attractiveness of food
because appearance is one of the first quality attributes evaluated by the consumer (Khoo et al., 2017). We
only found anthocyanins in the flower in this study (Table 1), at levels higher than that obtained in tests for
purple dahlia (5.17 mg 100 g') but lower than that of cherry-colored dahlia (14.74 mg 100 g™!) (Espejel et al.,
2019), which can be explained by the L* values observed in the two studies.

Other important bioactive compounds in foods are carotenoids. The low carotenoid content observed in
both the flower and the root under study (Table 1) corroborated the report of Lara-Cortés et al. (2014) that
this constituent depends on the color of the food and that orange petal flowers have higher content and may
also be present in red flowers.

The dahlia flowers and roots both had vitamin C (Table 1). The flowers showed values close to those
observed by Espejel et al. (2019), who found a maximum content of 90 mg of ascorbic acid 100 g for the
different dahlia species, while the value was high when compared to that of Lara-Cortés et al. (2014) (0.05 mg
of ascorbic acid 100 g'). This difference may have been due to the genotype, the part sampled, and the
edaphoclimatic conditions of cultivation, all factors that influence the concentration of ascorbic acid in plants
(Rivera-Espejel et al., 2019).The ascorbic acid contents observed in the present study for the dahlia root and
flower were higher than those of some fruits and vegetables considered rich in this substance, such as orange
(47.3 mg 100 g!), guava (89.9 mg 100 g'), strawberry (69.8 mg 100 g'), and broccoli (43.3 mg 100 g)
(Tabela Brasileira de Composi¢do de Alimentos, 2020). In addition, according to the Regulation for the
Recommended Daily Intake (RDI) of protein, vitamins and minerals, the recommended daily amount of
vitamin C is 45 mg (Brasil, 2005); thus, approximately 44 grams of petals or 29 grams of dahlia root would
satisfy this need.

The total phenolic content observed for the analyzed flowers (Table 1) was lower than that found for purple
dahlia in the literature when calculated by fresh base. In contrast, this content was approximately four times
higher than that of red flowers, which difference may be due to the extraction method, since the existing
methods for this process are not standardized (Lara-Cortés et al., 2014). In the root, the total phenolic content
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(66.74 £ 5.07 mg 100 g'!) (Table 1) corroborated those of Rivera-Espejel et al. (2019) of 60 to 174 mg 100 g™ for
the same culture.

The results found for the composition of dahlia, both flower and of the root, are close to those described
by TACO (Universidade Estadual de Campinas, 2011) and by Tabela Brasileira de Composi¢do de Alimentos
(TBCA) (2020) for some vegetables such as celery, lettuce, almond, potato, and sweet potato (considering
the fresh matter), which indicates the possibility of using this plant as a component of a varied and healthy
diet.

3.4 Factor analysis

For the exploratory factor analysis, the explanations of the variances attributed to the first two factors were
93.13% and 3.67%, respectively, representing 96.80% of the total variation. Figure 1 shows the magnitude
of the variability of all factors found.
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Figure 1. Graph of the magnitude of the variability of the factors found for all variables studied: moisture, ether
extract, crude protein, crude fibre, ash, carbohydrate fraction, pH, Total Titratable Acidity (TTA), Total Soluble Solids
(TSS), ratio, color, anthocyanins, total carotenoids, vitamin C, total phenolics, nitrogen, phosphorus, potassium,
calcium, magnesium, sulfur, boron, copper, iron, manganese, zinc, tannins, and nitrate.

The data were highly concentrated around the Y axis, suggesting little variability. Thus, the variables
carbohydrate fraction, pH, TSS, TSS/TTA ratio, vitamin C, phosphorus, calcium, and tannins are in
opposition to the other variables, and the changes caused in one of these substances were followed similarly
by the others in the group. In contrast, these changes were inversely reflected in the other variables. The point
cloud of the observations regarding the flower and the tuberous root showed that these parts were separated
by the Y axis. The tuberous root stood out for having a greater relationship with the constituents cited, while
the flower showed a stronger relationship with the other variables analyzed.

These results corroborated those of Rivera-Espejel et al. (2019), which also observed in dahlia root a
negative correlation between TSS and TTA, indicating that changes in the soluble solids content lead to the
opposite changes in the acidity of the foods. The same authors also reported a positive correlation between
TSS and vitamin C, as was observed in the present study.
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Among the bioactive compounds analyzed, vitamin C showed negative correlations with anthocyanins,
total carotenoids, and total phenols, which three showed positive correlations with each other. Neto et al.
(2018) observed a similar pattern when evaluating the correlation of bioactive compounds in fruits of
ambarella (Spondias dulcis Parkinson), which are also considered unconventional foods.

The roots were more correlated with the levels of phosphorus and calcium, which showed a positive
correlation; that is, the changes between these nutrients were associated. The flowers showed a relationship
with most of the evaluated nutrients, which agrees with the report that edible flowers are rich sources of
minerals (Rop et al., 2012).

These results are important for understanding the features of the dahlia flowers and roots of the present
study. They can facilitate studies to enhance the nutritional value of this vegetable, as long as we take care
not to negatively interfere with its flavor or safety of consumption.

4 Conclusions

Both studied parts of dahlia showed constituents required for good nutrition in concentrations like those
in vegetables eaten by humans. The levels of molecules considered antinutritional were also like those of
commonly eaten foods. Both dahlia flowers and roots have the potential for use in food, either for fresh
consumption or as raw material for processed foods.

Acknowledgements

To the National Council for Scientific and Technological Development (Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico - CNPq) for the scholarship granted and financial support. Process
number: 131442/2019-8.

References

Alvares, C. A,, Stape, J. L., Sentelhas, P. C., Gongalves, J. L. M., & Sparovek, G. (2013). Képpen'’s climate classification map
for Brazil. Meteorologische Zeitschrift (Berlin), 22(6), 711-728. http://dx.doi.org/10.1127/0941-2948/2013/0507

Alves, V. M., Amorim, K., Abreu, D., Silva, J. S., Asquieri, E., & Damiani, C. (2019). Extragdo de taninos de farinha de semente
de graviola por ultrassom. DESAFIOS -Revista Interdisciplinar da Universidade Federal do Tocantins, 6(Especial), 54-59.
http://dx.doi.org/10.20873/uft.2359365220196Especialp54

Anan'ina, N. A., Andreeva, O. A., Mycaots, L. P., & Oganesyan, E. T. (2009). Standardization of inulin extracted from Dahlia
single tubers and some physicochemical properties of inulin. Pharmaceutical Chemistry Journal, 43(3), 157-159.
http://dx.doi.org/10.1007/s11094-009-0261-8

Aratjo, D. D. A. C., Cunha, L. S,, Silva, E., & Morais, |. C. O. (2019). Teor de nitrato em alfaces de cultivo organico e
convencional comercializadas no sertdo central do Ceara. Encontro de Extensdo, Docéncia e Iniciagao Cientifica, 4(1), 1-5.

Association of Official Analytical Chemists — AOAC. (1990). Official methods of analysis of the Association of Official Analytical
Chemists.Arlington, VA: AOAC.

Association of Official Analytical Chemists — AOAC. (2012). Official methods of analysis of AOAC international (19th ed.).
Gaithersburg: AOAC.

Baranska, M., Roman, M., Cz. Dobrowolski, J., Schulz, H., & Baranski, R. (2013). Recent advances in raman analysis of plants:
Alkaloids, Carotenoids, and Polyacetylenes. Current Analytical Chemistry, 9(1), 108-127.
http://dx.doi.org/10.2174/157341113804486455

Barcia, M. B., Pertuzatti, P. C., Jacques, A. T., Godoy, H., & Zambiazi, R. (2012). Bioactive compounds, antioxidant activity and
percent composition of jambol&o fruits (Syzygiumcumini). The Natural Products Journal, 2(2), 129-138.
http://dx.doi.org/10.2174/2210315511202020129

Benevides, C. M. J., Souza, M. V., Souza, R. D. B., & Lopes, M. V. (2011). Fatores antinutricionais em alimentos: Revisao.
Seguranga Alimentar e Nutricional, 18(2), 67-79. http://dx.doi.org/10.20396/san.v18i2.8634679

Berry, D. (2012). Managing moisture in food formulations. Food Products Design, 22(6), 1-5.

Bramont, W. B., Leal, I. L., Umsza-Guez, M. A., Guedes, A. S., Alves, S. C. O., Reis, J. H. O., Barbosa, J. D. V., & Machado, B.
A. S. (2018). Comparagéo da composicédo centesimal, mineral e fitoquimica de polpas e cascas de dez diferentes frutas.
Revista Virtual de Quimica, 10(4), 811-823.

Braz. J. Food Technol., Campinas, v. 25, €2022029, 2022 | https://doi.org/10.1590/1981-6723.02922 10/13


https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.20873/uft.2359365220196Especialp54
https://doi.org/10.1007/s11094-009-0261-8
https://doi.org/10.2174/157341113804486455
https://doi.org/10.2174/2210315511202020129
https://doi.org/10.20396/san.v18i2.8634679

Nutritional and functional compounds in dahlia flowers and roots
Costa, P. A. et al.

Brasil. Ministério da Saude. Agéncia Nacional de Vigilancia Sanitaria — ANVISA. (2020, outubro 8). Instrugdo Normativa n° 75
de 8 de outubro de 2020. Estabelece os requisitos técnicos para declaragéo da rotulagem nutricional nos alimentos embalados.
Diario Oficial [da] Republica Federativa do Brasil, Brasilia.

Brasil. Ministério da Saude. Agéncia Nacional de Vigilancia Sanitaria — ANVISA. (2005, setembro 23). Resolugdo RDC n° 269,
de 22 de setembro de 2005. Aprova o regulamento técnico sobre a Ingestdo Diaria Recomendada (IDR) de proteina, vitaminas
e minerais. Diario Oficial [da] Republica Federativa do Brasil, Brasilia.

Brasil. Ministério da Saude. Agéncia Nacional de Vigilancia Sanitaria — ANVISA. (1998, janeiro 15). Portaria SVS/MS n. 29, de
13 de janeiro de 1998. Regulamento técnico referente a alimentos para fins especiais. Diario Oficial [da] Republica Federativa
do Brasil, Brasilia, se¢ao 1.

Cataldo, D. A., Maroon, M., Schrader, L. E., & Youngs, V. L. (1975). Rapid colorimetric determination of nitrate in plant tissue by
nitration of salicylic acid. Communications in Soil Science and Plant Analysis, 6(1), 71-80.
http://dx.doi.org/10.1080/00103627509366547

Ciobanu, I., Cantor, M., Stefan, R., Buta, E., Magyari, K., & Baia, M. (2016). The influence of storage conditions on the
biochemical composition and morphology of dahlia tubers. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 44(2), 459-465.
http://dx.doi.org/10.15835/nbha44210436

Comisséao Europeia. (2006). Regulamento (CE) n° 1881/2006 da comissao de 19 de Dezembro de 2006 que fixa os teores
maximos de certos contaminantes presentes nos géneros alimenticios. Jornal Oficial da Unido Europeia L, 364, 5-24.

Deshpande, S. S., Cheryan, M., Salunkhe, D. K., & Luh, B. S. (1986). Tannin analysis of food products. CRC Critical Reviews in
Food Science and Nutrition, 24(4), 401-449. PMid:3536314.http://dx.doi.org/10.1080/10408398609527441

Ebrahimi, R., Ahmadian, A., Ferdousi, A., Zandi, S., Shahmoradi, B., Ghanbari, R., Mahammadi, S., Rezaee, R., Safari, M.,
Daraei, H., Maleki, A., & Yetiimezsoy, K. (2020). Effect of washing and cooking on nitrate content of potatoes (cv. Diamant) and
implications for mitigating human health risk in Iran. Potato Research, 63(3), 449-462. http://dx.doi.org/10.1007/s11540-020-
09450-4

Espejel, E. A. R., Alvarez, O. C., Mufioz, J. M. M., Mateos, M. R. G., Le6n, M. T. B. C., & Damian, M. T. M. (2019).
Physicochemical quality, antioxidant capacity and nutritional value of edible flowers of some wild dahlia species. Folia
Horticulturae, 31(2), 331-342. http://dx.doi.org/10.2478/fhort-2019-0026

Fernandes, L., Ramalhosa, E., Baptista, P., Pereira, J. A., Saraiva, J. A., & Casal, S. |. P. (2019). Nutritional and nutraceutical
composition of pansies (Viola x wittrockiana) during flowering. Journal of Food Science, 84(3), 490-498.
PMid:30779144.http://dx.doi.org/10.1111/1750-3841.14482

Giri, S., Dutta, P., & Giri, T. K. (2021). Inulin-based carriers for colon drug targeting. Journal of Drug Delivery Science and
Technology, 64, 102595. http://dx.doi.org/10.1016/j.jddst.2021.102595

Higashijima, N. S., Lucca, A., Rebizz, L. R. H., & Rebizzi, L. M. H. (2020). Fatores antinutricionais na alimentagéo humana.
Seguranga Alimentar e Nutricional, 27, €020013. http://dx.doi.org/10.20396/san.v27i0.8653587

Hilman, A., Harmayani, E., & Cahyanto, M. N. (2021). The potential of Gembili (Dioscorea esculenta L.) and Dahlia (Dahlia spp
L.) from Indonesia as prebiotic compound. In /IOP Conference Series: Earth and Environmental Science (Vol. 782, No. 3, p.
032109). Bristol: IOP Publishing. http://dx.doi.org/10.1088/1755-1315/782/3/032109.

Hughes, S. R., Qureshi, N., Lépez-Nufiez, J. C., Jones, M. A., Jarodsky, J. M., Galindo-Leva, L. A., & Lindquist, M. R. (2017).
Utilization of inulin-containing waste in industrial fermentations to produce biofuels and bio-based chemicals. World Journal of
Microbiology & Biotechnology, 33(4), 78. PMid:28341907 .http://dx.doi.org/10.1007/s11274-017-2241-6

Juarez-Rosete, C. R., Aguilar-Castillo, J. A., Aburto-Gonzalez, C. A., & Alejo-Santiago, G. (2019). Biomass production,
nutritional requirement of nitrogen, phosphorus and potassium, and concentration of the nutrient solution in oregano. Revista
Chapingo Serie Horticultura, 25(1), 17-28. http://dx.doi.org/10.5154/r.rchsh.2018.02.006

Kaur, N., & Gupta, A. K. (2002). Applications of inulin and oligofructose in health and nutrition. Journal of Biosciences, 27(7),
703-714. PMid:12571376.http://dx.doi.org/10.1007/BF02708379

Khoo, H. E., Azlan, A, Tang, S. T., & Lim, S. M. (2017). Anthocyanidins and anthocyanins: Colored pigments as food,
pharmaceutical ingredients, and the potential health benefits. Food & Nutrition Research, 61(1), 1361779.
PMid:28970777.http://dx.doi.org/10.1080/16546628.2017.1361779

Lam, J. (1998). Acetilenos do género dahlia, asteraceae em homenagem ao professor GH neiltowers 75° aniversario.
Fitoquimica, 49(2), 513-519.

Lara-Cortés, E., Martin-Belloso, O., Osorio-Diaz, P., Barrera-Necha, L. L., Sanchez-Lopez, J. A., & Bautista-Bafios, S. (2014).
Antioxidant capacity, nutritional and functional composition of edible Dahlia flowers. Revista Chapingo Serie Horticultura, 20(1),
101-116. http://dx.doi.org/10.5154/r.rchsh.2013.07.024

Lara-Cortés, E., Troncoso-Rojas, R., Hernandez-Lépez, M., & Bautista-Bafos, S. (2016). Evaluation of the antimicrobial activity
of cinnamaldehyde in the preservation of edible dahlia flowers, under different storage conditions. Revista Chapingo Serie
Horticultura, 22(3), 177-189.

Lees, D. H., & Francis, F. J. (1972). Standardization of pigment analyses in cranberries. HortScience, 7(1), 83-84.
http://dx.doi.org/10.21273/HORTSCI.7.1.83

Lima Franzen, F., Santos Richards, N. S. P., Oliveira, M. S. R., Backes, F. A. A. L., Menegaes, J. F., & Zago, A. P. (2016).
Caracterizagéo e qualidade nutricional de pétalas de flores ornamentais. Acta Iguazu, 5(3), 58-70.

Braz. J. Food Technol., Campinas, v. 25, €2022029, 2022 | https://doi.org/10.1590/1981-6723.02922 11/13


https://doi.org/10.1080/00103627509366547
https://doi.org/10.15835/nbha44210436
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3536314&dopt=Abstract
https://doi.org/10.1080/10408398609527441
https://doi.org/10.1007/s11540-020-09450-4
https://doi.org/10.1007/s11540-020-09450-4
https://doi.org/10.2478/fhort-2019-0026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30779144&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30779144&dopt=Abstract
https://doi.org/10.1111/1750-3841.14482
https://doi.org/10.1016/j.jddst.2021.102595
https://doi.org/10.20396/san.v27i0.8653587
https://doi.org/10.1088/1755-1315/782/3/032109
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28341907&dopt=Abstract
https://doi.org/10.1007/s11274-017-2241-6
https://doi.org/10.5154/r.rchsh.2018.02.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12571376&dopt=Abstract
https://doi.org/10.1007/BF02708379
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970777&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970777&dopt=Abstract
https://doi.org/10.1080/16546628.2017.1361779
https://doi.org/10.5154/r.rchsh.2013.07.024
https://doi.org/10.21273/HORTSCI.7.1.83

Nutritional and functional compounds in dahlia flowers and roots
Costa, P. A. et al.

Llorent-Martinez, E. J., Ortega-Vidal, J., Ruiz-Riaguas, A., Ortega-Barrales, P., & Fernandez-de Cérdova, M. L. (2020).
Comparative study of the phytochemical and mineral composition of fresh and cooked broccolini. Food Research International,
129, 108798-108805. PMid:32036908.http://dx.doi.org/10.1016/j.foodres.2019.108798

Malavolta, E., Vitti, G. C., & Oliveira, S. A. (1997). Avaliacao do estado nutricional das plantas: principios e aplicagées. (2th ed.).
Piracicaba: POTAFOS.

Marinho, J. B. M., Arruda, A. M. V., Fernandes, R. T. V., Melo, A. S., Souza, R. F., Santos, L. O. G, Figueirédo, L. C.,
Fernandes, R. T. V., & Mesquita, A. C. N. (2016). Uso da moringa na alimentagao animal e humana: Revisdo. Pubvet, 10(8),
580-635. http://dx.doi.org/10.22256/pubvet.v10n8.619-627

Marques, C. M. M. C., Silva Filho, D. F., Blind, A. D., Costa, H. G., Figueiredo, J. N. R, Lima, E. B., Batista, M. R. A, &
Machado, F. M. (2019). Caracterizacéo fisica e quimica de clones de aria (Calatheaallouia). Brazilian Applied Science Review,
3(5), 2052-2064. http://dx.doi.org/10.34115/basrv3n5-010

Mejia-Mufioz, J. M., De Luna-Garcia, ., Jiménez-Ruiz, E. F., Sosa-Montes, E., Flores-Espinosa, C., Trevifio-De Castro, G., &
Reyes-Santiago, J. (2020). Research on dahlia, the national flower of Mexico. Acta Horticulturae, (1288), 103-108.
http://dx.doi.org/10.17660/ActaHortic.2020.1288.15

Micek, J., & Rop, O. (2011). Fresh edible flowers of ornamental plants: A new source of nutraceutical foods. Trends in Food
Science & Technology, 22(10), 561-569. http://dx.doi.org/10.1016/j.tifs.2011.04.006

Neto, J. R. C., Schunemann, A. P. P., Andrade, M. D. G. S., & Silva, S. D. M. (2018). Compostos fendlicos, carotenoides e
atividade antioxidante em frutos de caja-manga. Boletim do Centro de Pesquisa e Processamento de Alimentos, 36(1), 55-68.

Newman, S. E., & O’Connor, A. S. (2009). Edible flowers. Gardening series. Flowers, 7(237), 1-5.

Nsabimana, C., & Jiang, B. (2011). The chemical composition of some garden Dabhlia tubers. British Food Journal, 113(9), 1081-
1093. http://dx.doi.org/10.1108/00070701111174541

Ohno, S., Deguchi, A., Hosokawa, M., Tatsuzawa, F., & Doi, M. (2013). A basic helix-loop-helix transcription factor DvIVS
determines flower color intensity in cyanic dahlia cultivars. Planta, 238(2), 331-343.
PMid:23689377.http://dx.doi.org/10.1007/s00425-013-1897-x

Oliveira, D. C. S., Wobeto, C., Zanuzo, M. R., & Severgnini, C. (2013). Composi¢do mineral e teor de acido ascoérbico nas
folhas de quatro espécies olericolas ndao-convencionais. Horticultura Brasileira, 31(3), 472-475. http://dx.doi.org/10.1590/S0102-
05362013000300021

Oliveira, H. A. B. D., Anunciacéo, P. C., Silva, B. P. D., Souza, A. M. N. D., Pinheiro, S. S., Lucia, C. M. D., Cardoso, L. M.,
Castro, L. C. V., & Pinheiro-Sant’Ana, H. M. (2019). Valor nutricional de hortaligas ndo convencionais preparadas por
agricultores familiares em comunidades rurais. Ciéncia Rural, 49(8), €20180918.

Osborne, D. R., & Voogt, P. |. (1978). The analysis of nutrients in foods. London: Academic press.

Ossani, P. C., & Cirillo, M. A. (2020). MVar: Multivariate Analysis - R package version. Retrieved in 2020, Jully 10, from
https://cran.r-project.org/web/packages/MVar/index.html

Pacheco, M. T., Hernandez-Hernandez, O., Moreno, F. J., & Villamiel, M. (2020). Andean tubers grown in Ecuador: New
sources of functional ingredients. Food Bioscience, 35, 100601. http://dx.doi.org/10.1016/j.fbio.2020.100601

Padhan, B., Biswas, M., & Panda, D. (2020). Nutritional, anti-nutritional and physico-functional properties of wild edible yam
(Dioscorea spp.) tubers from Koraput, India. Food Bioscience, 34, 100527. http://dx.doi.org/10.1016/j.fbio.2020.100527

R Development Core Team. (2020) R: A language and environment for statistical computing. R Foundation for Statistical
Computing. Vienna: Vienna University of Economics and Business.

Rivera-Espejel, E. A., Cruz-Alvares, O., Mejia-Munoz, J. M., Garcia-Mateos, M. R., Colinas-Leon, M. T., & Martinez-Damian, M.
T. (2019). Physicochemical quality, antioxidant capacity and nutritional value in tuberous roots of some wild dahlia species.
Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 47(3), 813-820. http://dx.doi.org/10.15835/nbha47311552

Rodriguez-Amaya, D. B. (2001). A guide to carotenoid analysis in foods (Vol. 71). Washington: ILSI press.

Roesler, P. V. S. D. O., Gomes, S. D., Moro, E., Kummer, A. C. B, & Cereda, M. P. (2008). Producéo e qualidade de raiz
tuberosa de cultivares de batata-doce no oeste do Parana. Acta Scientiarum. Agronomy, 30(1), 117-122.

Rop, O., Micek, J., Jurikova, T., Neugebauerova, J., & Vabkova, J. (2012). Edible flowers: A new promising source of mineral
elements in human nutrition. Molecules (Basel, Switzerland), 17(6), 6672-6683.
PMid:22728361.http://dx.doi.org/10.3390/molecules 17066672

Santos, M. A. T. D. (2006). Efeito do cozimento sobre alguns fatores antinutricionais em folhas de brécoli, couve-flor e couve.
Ciéncia e Agrotecnologia, 30(2), 294-301. http://dx.doi.org/10.1590/S1413-70542006000200015

Silva, D., Lima, R. R., Oliveira, F. L., Teixeira, L. J., & Machado, L. C. (2018). Physical and chemical characterization of yacon
tuberous roots at different altitudes and planting times. Horticultura Brasileira, 36(2), 199-204. http://dx.doi.org/10.1590/s0102-
053620180209

Souza, D. C. D., Silva, R. D. J., Guerra, T. S,, Silva, L. F. L., Resende, L. V., & Pereira, J. (2019). Characterization of arrowroot
starch in different agronomic managements. Revista Ceres, 66(5), 323-332. http://dx.doi.org/10.1590/0034-737x201966050001

Strohecker, R., & Henning, H. M. (1967). Anélisis de vitaminas, métodos comprobados (No. QP801. V5 S7e).Madrid: Editorial
Paz Montalvo

Tabela Brasileira de Composigéo de Alimentos — TBCA. (2020). Retrieved in 2020, Jully 10, from http://www.fcf.usp.br/tbca

Braz. J. Food Technol., Campinas, v. 25, €2022029, 2022 | https://doi.org/10.1590/1981-6723.02922 12/13


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32036908&dopt=Abstract
https://doi.org/10.1016/j.foodres.2019.108798
https://doi.org/10.22256/pubvet.v10n8.619-627
https://doi.org/10.34115/basrv3n5-010
https://doi.org/10.17660/ActaHortic.2020.1288.15
https://doi.org/10.1016/j.tifs.2011.04.006
https://doi.org/10.1108/00070701111174541
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23689377&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23689377&dopt=Abstract
https://doi.org/10.1007/s00425-013-1897-x
https://doi.org/10.1590/S0102-05362013000300021
https://doi.org/10.1590/S0102-05362013000300021
https://doi.org/10.1016/j.fbio.2020.100601
https://doi.org/10.1016/j.fbio.2020.100527
https://doi.org/10.15835/nbha47311552
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22728361&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22728361&dopt=Abstract
https://doi.org/10.3390/molecules17066672
https://doi.org/10.1590/S1413-70542006000200015
https://doi.org/10.1590/s0102-053620180209
https://doi.org/10.1590/s0102-053620180209
https://doi.org/10.1590/0034-737x201966050001

Nutritional and functional compounds in dahlia flowers and roots
Costa, P. A. et al.

Teixeira, M. C., Araujo, J. S., Santos, M. S. R., Mariano, I. R., & Nascimento, S. M. C. (2020). Qualidade de alfaces
comercializadas na ilha de Sao Luis — MA, produzidas sob diferentes sistemas de cultivo. In Tépicos em Ciéncias Agrarias (Vol.
5). Belo Horizonte: Poisson. http://dx.doi.org/10.36229/978-65-86127-17-1.CAP.07.

Trevifio, G., Mera, O. L. M., Bye, B. R., Mejia, M. J. M., & Laguna, C. A. (2007). Historia de la Dalia (Acocoxochitl) la flor
nacional de México. México, DF: Servicio Nacional de Inspeccién y Certificacion de Semillas.

Universidade Estadual de Campinas — UNICAMP; Nucleo de Estudos e pesquisas em Alimentagdo — NEPA. (2011). TACO:
Tabela Brasileira de Composicao de Alimentos. (4. ed., 161 p.). Campinas: NEPA/UNICAMP. Retrieved in 2020, Jully 10, from
https://www.cfn.org.br/wp-content/uploads/2017/03/taco_4_edicao_ampliada_e_revisada.pdf

Walker, R. (1990). Nitrates, nitrites and N-nitrosocompounds: A review of the occurrence in food and diet and the toxicological
implications. Food Additives and Contaminants, 7(6), 717-768. PMid:2079111.http://dx.doi.org/10.1080/02652039009373938

Waterhouse, A. L. (2002). Determination of total phenolics. Current Protocols in Food Analytical Chemistry, 6(1), 1-8.

Xarvier, J. B., Souza, D. C., Souza, L. C., Guerra, T. S., Resende, L. V., & Pereira, J. (2018). Nutritive potential of amaranth
weed grains. African Journal of Agricultural Research, 13(22), 1140-1147. http://dx.doi.org/10.5897/AJAR2018.13151

Funding: Conselho Nacional de Desenvolvimento Cientifico e
Tecnolégico — CNPq (131442/2019-8); Coordenacgéo de
Aperfeicoamento de Pessoal de Nivel Superior; Fundagdo de
Amparo a Pesquisa do Estado de Minas Gerais

Received: Mar. 21, 2022; Accepted: Aug. 22, 2022

Associate Editor: Maria Teresa Bertoldo Pacheco.

Braz. J. Food Technol., Campinas, v. 25, €2022029, 2022 | https://doi.org/10.1590/1981-6723.02922 13/13


https://doi.org/10.36229/978-65-86127-17-1.CAP.07
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2079111&dopt=Abstract
https://doi.org/10.1080/02652039009373938
https://doi.org/10.5897/AJAR2018.13151

