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Some vegetables, such as Arracacia xanthorrhiza, present parts that are not commercialized.
However, it still has a great composition that make it interesting to food industry. The flours
production from vegetable waste are a great way to guarantee its use as a whole and decrease of
waste of food in the World. Also, it can contribute on food products by adding nutrients and
compounds important for human health. This study aimed to develop semi-sweet biscuits with crown
and non-commercial roots of 4. xanthorrhiza flour and the evaluation of its nutritional composition,
physical characteristics and sensory profile. Biscuits were made in different concentration of
cornmeal, flours of crowns and non-commercial roots of A. xanthorrhiza, according to centroid
simplex experimental design, resulting in nine trials. The influence on nutritional, physical and
sensory characteristics of the substitution of flours on the biscuits were analyzed. Results of the
proximal composition of different formulations of biscuit were significantly different, except for
lipids. Formulations with high percentage of flour of crown have presented darker color and has been
liked by assessors on the sensory analyze, which could be associated with chocolate biscuits, due to
the dark brown color. Semi-sweet biscuits with flour of crown and non-commercial roots of A.
xanthorrhiza were satisfactory developed and showed a great nutritional composition, mainly on the
minerals, fiber and carbohydrate content.

RESUMO

Palavras-chave:
Vegetais ndo
convencionais
Subproduto
Produtos de
panificacdo
Analise sensorial

Algumas hortali¢as, como a Arracacia xanthorrhiza, apresentam partes ndo comercializadas. Porém,
ainda tem uma 6tima composi¢do que o torna interessante para a industria alimenticia. A produgéo de
farinhas a partir de residuos vegetais ¢ uma 6tima forma de garantir seu uso como um todo e diminuir
o desperdicio de alimentos no mundo. Também, pode contribuir em produtos alimenticios ao
adicionar nutrientes e compostos importantes para a saide humana. Este estudo teve como objetivo o
desenvolvimento de biscoitos semidoces com coroa e raizes ndo comerciais da farinha de A.
xanthorrhiza e a avaliagdo de sua composi¢do nutricional, caracteristicas fisicas e perfil sensorial. Os
biscoitos foram confeccionados em diferentes concentragdes de fuba, farinhas de coroas e raizes ndo
comerciais de A. xanthorrhiza, segundo delineamento experimental centroide simplex, resultando em
nove ensaios. Foi analisada a influéncia nas caracteristicas nutricionais, fisicas e sensoriais da
substituicdo das farinhas nos biscoitos. Os resultados da composi¢do proximal das diferentes
formulagdes de biscoito foram significativamente diferentes, exceto para lipidios. Formulagdes com
alto percentual de farinha de coroa apresentaram cor mais escura e tém sido apreciadas pelos
avaliadores na andlise sensorial, o que pode estar associado aos biscoitos de chocolate, devido a cor
marrom escura. Biscoitos semidoces com farinha de coroa e raizes ndo comerciais de A. xanthorrhiza
desenvolveram-se satisfatoriamente e apresentaram o6tima composi¢ao nutricional, principalmente
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INTRODUCTION

Perruvian carrot (Arracacia xanthorrhiza Bancroft) is an
unconventional vegetable, native from the Andes region, also
known as white carrot or arracacha. It consume in Mato Grosso
do Sul (Brazil) is not common among the population, due to the
lack of information about its nutritional properties and the
expensive price, limiting its insertion on the diet of low income
people (HEREDIA-ZARATE et al., 2008; HEREDIA-
ZARATE et al., 2019; VITAMVAS et al., 2019; CHAALI et
al., 2020; MONTANA et al., 2020). Consumers usually look for
the commercial roots, due to its attractive appearance and the
high content of minerals and vitamins. However, other
morphological parts of this vegetable, such as non-commercial
roots (roots with physical damage and/or mass less than 25.0
grams) or crown (transport and storage organ in the plants),
have high content of essential nutrients for human diet and they
are wasted by producers (TORALES et al., 2015).

Production of flour from waste of fruits and vegetables is
an alternative form to utilize them as byproduct, due to the
presence of important nutrients, as well as reduction of waste on
the environment. Besides, it contributing with income to
producers (FREITAS et al., 2015; KIRBAS et al., 2019;
SANTOS; GONCALVES, 2016; SILVA et al, 2018;
SOQUETTA et al., 2016; SALLAM et al., 2021).

Flours could be inserted in the formulation of different
types of food, like cereal bars, yogurt, bakery products and
others (COSTA et al., 2014; CRISTO et al., 2015; DIAZ et al.,
2019; FARINELLI et al., 2014; GARMUS et al., 2016; GASSI
et al., 2016; HUERTA et al., 2016; SILVA et al., 2018; SILVA
et al., 2016). The partial substitution may increase the
nutritional characteristics without to cause injuries to the final
quality of products (COSTA et al., 2014; MONTES et al., 2015;
KUMAR et al., 2019; PATEL et al., 2019; SINTHUSAMRAN
etal., 2019).

Among the range of bakery products, biscuits are
considered the most popular, due to its practicality of
consumption and its shelf life relatively long, based on the low
moisture content (ADHIKARI; ACHARYA, 2015; PATEL et
al., 2019).

Lima et al. (2015) on the development of biscuit from a
flour of watermelon rind have obtained a product with a great
sensory acceptance and an expressive content of minerals and
dietary fibers. This indicates that the use of this flour is a viable
alternative to the industry. Similarly, Mariani et al. (2015)
indicated rice bran, rice flour and soy flour as ingredients in the
production of gluten free biscuits with high content of minerals
and proteins.

This study aimed to develop semi-sweet biscuits with
crown and non-commercial roots of Peruvian carrot flour and
the evaluation of its nutritional composition, physical
characteristics and sensory profile.

MATERIAL AND METHODS

Raw Materials
Fresh samples of crowns (morphological component of the
plant used as seedling) and non-commercial roots (roots with

physical damage and/or mass less than 25.0 grams) were
fractionated separately into pieces and dried for 72 hours at 60
+ 5°C in an oven with circulating air (1.0 m s speed). The
dried product was ground in a circular rotor macro mill with
fixed and mobile knives, "CROTON" type (Marconi - MA-
580), and sieved through mesh with holes of 1 mm diameter, to
obtain a flour with homogeneous particle size. Flours of crowns
and non-commercial roots were placed separately on flexible
polyethylene bags and stored at 25°C, protected from light until
use.

Basic formulation and manufacturing process of biscuits

The semi-sweet biscuit manufacturing used several
ingredients: cornmeal and flours of crowns and non-commercial
roots of Peruvian carrot, sugar, butter, eggs, cassava starch and
water. The biscuits were semi-sweet, not fermented and round
in shape (GASSI et al., 2016).

The standard formulation of semi-sweet biscuit is shown
in Table 1. Biscuits made with substitution of cornmeal (CM)
were prepared using flour of crowns (FC) or non-commercial
roots (FNCR) of Peruvian carrot. The process of preparing
biscuits originally consisted of mixing the butter with sugar and
eggs until smooth. Subsequently, CM, FC or FNCR, cassava
starch and water were added. Next, the dough was divided into
small portions (13 g) and molded. The biscuits were baked in an
oven at 180°C for 35 minutes. After baking, the biscuits were
cooled to room temperature (25°C) and immediately packaged
in polyethylene bags. The vials were sealed, stored in glass
containers and stored from light at 25°C until further analyses.

Table 1. Standard formulation of semi-sweet biscuit.

Ingredients Quantity (%)
Cornmeal 27.60
Sugar 13.60
Butter 13.60
Eggs 9.00
Cassava starch 30.10
Water sq*

*sq: Sufficient quantity.

Experimental Design

To study the effect of cornmeal substitution for flours of
crowns and non-commercial roots on biscuits formulation, a
simplex centroid experimental design was performed (Table 2),
with nine trials.

Physical and chemical properties of biscuits

The proximal composition of biscuits was determined by
analyzing for moisture, mineral, proteins, lipids and fiber
(AOAC, 2000). Moisture was determined by gravimetric
method, heating 105°C to constant weight. Mineral was
obtained by sample calcination in muffle furnace at 550°C.
Protein content was determined by the Kjeldahl method. The
Soxhlet method was used for lipids. The fiber content was
determined by material digestion with a solution of NaOH
(1.25%) and H>SO4 (1.25%). Carbohydrate was quantified by
acid hydrolysis method (CARVALHO et al, 2006). All
analyses were carried out in triplicate.
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Table 2. Centroid Simplex Experimental Design for
formulating semi-sweet biscuits with cornmeal (CM) and flours
of crowns (FC) and non-commercial roots (FNCR) of Peruvian

green (180°) and blue (270°) calculated by Equation (2), and
color variation (AE), given by equation (3), where a;*, bi* and
L* refer to the values of the standard formulation, and a,*, by*

carrot ‘Amarela de Carandai’ (Arracacia xanthorrhiza and Lo* refer to other formulations.
Bancroft).
Formulations Flour (%) * 2 k2
CM FC FNCR C =va +b (1)
1 0 100 0 i *
2 100 0 0 h =arctan— )
3 0 0 100 a
4 30 30 0 AE =.[(as—aj)+(b; —b5)+(L5— L) 3
s ) 20 5 V(a;—ai) + (b —bj) + (L3 - L3) O
6 50 0 50 .
Sensory analysis
7 33 33 33 . . . .
Sensory analysis was carried out using a structured 9-point
8 33 33 33 - . « 3 e e €] load]?
9 3 3 3 hedonic scale ranging from “disliked” to “liked” (color, texture,

The energetic value of biscuits was calculated by
multiplying the total percentages of lipids, proteins and
carbohydrates in each sample, using the conversion factors of
Atwater, namely: 9 kcal, 4 kcal and 4 kcal, respectively.
Specific volume of biscuits was measured by millet seed
method, and results showed as cm®/g.

The texture of biscuits of each formulation was
determined by measuring the shear strength (hardness) in
texturometer TA - HDi (Stable Micro Systems, Godalming,
UK) with TA 9/1000 rectangular steel blade HDP/LKB,
operating under the following conditions: measure of strength at
break, pre-test speed of 10.0 mm.s-1, 3 mm.s" test and 10
mm.s”! post-test, 30 mm distance, depth penetration of 20 mm
between the support base and the blade and 0.1 kg strength. The
biscuit was placed horizontally on a support platform and sliced
in half by the blade. Measurements were determined in six
biscuits of each formulation.

The color of the biscuits was assessed in twelve random
units of each sample unit in the digital colorimeter (Konica
Minolta, Model CR400) at 25°C, adopting the CIELAB system.
The values of L* lightness or brightness (black 0 / white 100),
a* (green - / red +) and b* (blue - / yellow +) were measured.
The parameters evaluated were Chromaticity (C*) obtained by
Eq (1), shade (h*) representing the colors red (0°), yellow (90°),

taste and overall acceptability). 120 untrained assessors were
selected at random, all healthy adults (age between 18 and 50
years old) of any gender.

Samples were coded using 3-digit random numbers and
served monadically in random order to assessors in individual
booths. The test was carried out in two steps: In the first step,
the assessors evaluated five formulations of biscuits
(formulations F1, F3, F5, F7 and F8); In the second step, other
four formulations were presented for evaluation (formulations
F2, F4, F6 and F9).

Statistical analysis

Results were expressed by the mean value of triplicates
and submitted to analysis of variance (ANOVA), and mean
values compared by Tukey test (p<0.05), with STATISTICA
7.0.

RESULTS AND DISCUSSION

Results of the proximal composition of different
formulations of biscuit were significantly different (p<0.05),
except for lipids (Table 3). The biscuits have shown moisture
content between 4.36% and 8.57%, which is into the Brazilian
legislation, which recommend a maximum moisture content of
14% (BRAZIL, 1978).

Table 3. Proximal composition of semi-sweet biscuits with cornmeal (CM) and flours of crowns (FC) and non-commercial roots

(FNCR) of Peruvian carrot ‘Amarela de Carandai’ (Arracacia xanthorrhiza Bancroft).

Formulations Moisture Minerals Proteins Lipids Carbohydrate
(mass %) (mass %) (mass %) (mass %) (mass %)
100% FC 6.02+£0.02°  1.26+0.68° 6.27+£0.31®  15.56+0.18*  73.41£2.00°
100% CM 6.20£0.05°  0.32+0.01°  4.87+0.73%¢  13.03£0.78*  79.48+1.48°
100% FNCR 6.85£0.11°  0.94+£0.16*  3.52+0.38¢  13.19+1.68*  77.21+1.31%
50% CM + 50% FC 5.65£0.07¢  0.35+0.04°  6.44£0.72%¢  15.30£1.06*°  79.53+1.87°
50% FC + 50% FNCR 6.02£0.09°  2.11+0.08*  4.50+0.65%  14.83+0.88*  50.23+1.19¢
50% CM + 50% FNCR 4.36+£0.05°  1.07+0.13% 6.73+£0.20°  14.62+1.97°  49.57+1.68¢
33% CM + 33% FC +33% FNCR 8.47+0.19°  1.36+0.27® 3.46+0.24¢  15.06£2.14*  55.03+0.68¢
33% CM + 33% FC + 33%FNCR 8.57£0.01*  1.06£0.41>  3.44+0.38¢  11.39+0.66*  53.11+1.68%
33% CM + 33% FC + 33%FNCR 8.44+0.05%  1.00£0.08>  4.04+0.92%¢  11.61+2.48*  55.83£1.18¢

Means followed by the same letter in the columns do not differ statistically by Tukey test, at 5% of probability. FC: Flour of crowns; CM: Cornmeal; FNCR: Flour of

non-commercial roots.
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Biscuits made with Table 4. Fiber content, energetic value and specific volume of semi-sweet biscuits with
50% FC and 50% FNCR cornmeal (CM) and flours of crowns (FC) and non-commercial roots (FNCR) of Peruvian
presented the highest carrot ‘Amarela de Carandai’ (Arracacia xanthorrhiza Bancroft).
percentage  of  minerals - - -

(2.11%), as shown in Table Formulations Energetic Value Flbelz)s Specific 3Volume
3. It represents an increase (keal/ IOOg)b (mass %) (cm’/g) 5
greater than 500% from the 100% FC 455.40+4.46 2.27£0.55% 0.93+0.12°
standard formulation (100% 100% CM 453.13+1.42° 0.86+0.28% 0.78+0.13¢
CM). Formulations with 100% FNCR 447.04+6.50° 0.07+0.01¢ 0.90+0.04°
partial substitution of 50% CM + 50% FC 480.24+5.207 0.88+0.12% 1.29+0.06*
cornmeal are significantly 50% FC + 50% FNCR 337.04+£3.75¢ 1.18+0.22° 1.05+0.06"
different (p<0.05) among 50% CM + 50% FNCR 357.50+0.04° 0.37+0.01 1.15+0.08%
them for this parameter. 33% CM + 33% FC + 33% FNCR 351.39+2.50% 0.86£0.04% 1.174£0.07%
Formulations with 50% CM 33% CM + 33% FC + 33% FNCR 347.06+1.51¢ 1.09+0.46" 1.2040.05%
+ 50% FC and 50% CM + 33% CM + 33% FC + 33% FNCR 345.99+2.56% 0.95+0.07" 1.1840.04%

50% FCNR have shown
protein content higher than
the standard formulation
(100% CM), indicating that mixing flours with cornmeal in the
development of biscuits can improve the nutritional value of
them.

The development of biscuits from cornmeal or flour of
non-commercial parts of Peruvian carrot results in a product
with great content of carbohydrate, as shown in Table 3, for
100% FC, 100% CM and 100% FNCR, even though the
formulation with 100% FC is significantly different of standard
formulation. In contrast, a blend of flours decreased the
percentage of carbohydrate, collaborating on the reduction of
energetic value (Table 4). The total substitution of cornmeal to
flour of crown and flour of non-commercial roots of Peruvian
carrot have reduced the energetic value of biscuits from 453.13
kcal/100 g in the standard formulation to 337.04 kcal/100 g in
that formulation (Table 4).

Regarding the fiber content, biscuits made only with
FNCR shown the lowest content (0.07%), and the highest value
(2.27%) was found on those made only with FC (Table 4). The
percentage of fibers on the flours (2.67% in FNCR and 4.71%
in FC) have influenced significantly the results for this
parameter on the final product.

Specific volume of biscuits was increased by the addition
of flour of crown and flours of non-commercial roots of

Means followed by the same letter in the columns do not differ statistically by Tukey test, at 5% of probability. FC:
Flour of crowns; CM: Cornmeal; FNCR: Flour of non-commercial roots.

Peruvian carrot, as shown in Table 4. This property was
influenced by any factors, such as quality of ingredients used on
the dough, especially flours or conditions of the process
(MOURA et al., 2010). Bick et al. (2014) and Lima et al. (2015)
on the development of biscuits with quinoa flour and
watermelon flour, respectively, obtained higher values of
specific volume on their products, compared with those made in
this work.

Texture was significantly influenced by the substitution of
cornmeal for flour of crown and non-commercial roots of
Peruvian carrot on biscuits, as presented in Figure 1. Hardness
of biscuits increased proportionally with the percentage of FC
and FNCR on the formulations (Figure 1A). This parameter
resulted of the maximum force applied on the product to cause
its deformation, and it can be influenced by the ingredients,
time of baking, chemical composition or other processing
conditions. As shown in Table 3 and 4, the biscuits had low
moisture content and high content of fibers, particularly for
formulations with FC. Hence, high percentage of flour of non-
commercial parts of Peruvian carrot resulted in a harder
product.

Figure 1. Contour curve of hardness (A), sensory texture (B) of semi-sweet biscuits with cornmeal (CM) and flours of crowns
(FC) and non-commercial roots (FNCR) of Peruvian carrot ‘Amarela de Carandai’ (4rracacia xanthorrhiza Bancroft).
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Assessors observed on the sensory analyses the difference
in the texture of biscuits, and they preferred the softer
formulations (Figure 1B). However, the central point
formulations (33% CM + 33% FC + 33% FNCR) presented
values around 6 in the sensory analysis, which means “I liked
slightly”” on the hedonic scale. Silva et al. (2015) on the sensory
analyses of cookies replacing hydrogen fat by avocado fat
obtained greater results for softer biscuits by assessors,
corroborating with this work.

In addition, color parameters of semi-sweet biscuits have
been influenced by the use of flours (Figure 2). Replacement of
cornmeal to flour of crown reduce the lightness (L*) of biscuits
(Figure 2A), resulting in darker products. It is shown in Figure
2B the color variation (AE) of all formulations, and the high
variation was observed specially with the addition of FC, due to
the high initial content of fibers of this flour, which is not

observed in FNCR and CM. A color variation was also
observed on biscuits with FNCR in the formulation, comparing
with standard formulation, but it was lower than biscuits with
FC.

Assessors on the sensory analyses (Figure 2C) preferred
biscuits made with high percentage of cornmeal. In contrast,
they also liked the darker formulations (with FC), giving values
of 6 (I liked slightly) and up on the hedonic scale. Assessors
could associate the darker color of biscuits with chocolate, as
the formulations with high content of FC were dark brown.
Biscuits formulated with 8% of amaranth flour, 17% of
Jerusalem artichoke flour and 75% of wheat flour exhibited the
higher rate of acceptance between the tested formulations, and it
may be considered a healthier alternative, with lower energy
content than traditional wheat flour-based biscuits (DIAZ et al.,
2019).

Figure 2. Contour curve of lightness (A), color variation (B) and sensory color (C) of semi-sweet biscuits with cornmeal (CM) and
flours of crowns (FC) and non-commercial roots (FNCR) of Peruvian carrot ‘Amarela de Carandai’ (Arracacia xanthorrhiza

Bancroft).
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CONCLUSION flour of crown resulted in harder and darker biscuits, due to its

Semi-sweet biscuits with flour of crown and non-
commercial roots of Peruvian carrot were satisfactory
developed and showed a great nutritional composition, mainly
on the minerals, fiber and carbohydrate content. The increase on

fibers content. Based on parameters of color and texture
resulted from sensory analyses, the formulation with 33%
cornmeal + 33% flour of crown + 33% flour of non-commercial
roots is recommended.
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