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Preface to ”III Conference la ValSe-Food and VI
Symposium Chia-Link Network”

Iberoamerican crops are underutilized and cultivation levels are low, but, recently, their
worldwide demand has significant increased, resulting in a production increase as well as a price
increase. For many years, these valuable seeds have been widely recognized by food scientists and
food producers because of their nutritional value. They contain high-quality proteins and some
contain abundant amounts of starch and/or fibre (with unique characteristics) and large quantities of
micronutrients such as minerals, vitamins and bioactive compounds; moreover, they are gluten-free,
which makes them suitable for people suffering from gluten intolerances/allergies. For these reasons,
the Iberoamerican valuable seeds interest has immensely increased, since in recent decades, research
efforts have been intensified.

This book summarizes the Proceedings of the III International Ia ValSe-Food and VI Symposium
of Chia-Kink Network “Iberoamerican Valuable Seeds for the Food of the Future”, which was
held in the Universidad Central de Chile, 15-17 October, Santiago, Chile. This book gathers the
recent investigations of la ValSe-Food Group on these valuable seeds and other crops, and provides
comprehensive and up-to-date knowledge of all the relevant fields of food science. It provides
information on production and utilization, structure and chemical composition, paying special
attention to carbohydrates, fibres, bioactive compounds, proteins and lipids of kernels and other parts
of the plants. It includes their process, various food products and applications, and the nutritional
and health implications. We hope that this book will contribute to the increased utilization of
Iberoamerican valuable seeds in human nutrition.

This publication was financed by the Project Ia Valse Food-CYTED (Ref. 119RT0567).

Claudia Monika Haros and Loreto Muiioz
Editors
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Abstract: Native to South America, the Sicana sp. fruits, known in Paraguay as “kurugua”, belongs
to the Cucurbit family and is almost extinct in the region. The aim of this study was to determine the
physicochemical characteristics, composition and antioxidant activity of “kurugua” with reddish
peel color. The determinations were made by official and regional standardized methodologies
on fresh weight (FW). The pulp has an alkaline pH (7.41 + 0.11), and its main components are
carbohydrates (9.44 + 0.45 g-100 g~ 1), followed by dietary fiber (1.74 + 0, 04 g-100 g~!), as minor
proteins (0.53 & 0.05 g-100 g~ ') and lipids (0.08 + 0.01 g-100 g~ !). On the evaluated antioxidants
compounds, they were higher in peel than in pulp as; total phenols (279.2 + 12.1, 55.7 & 10.3 mg
of GAE-100 gfl), Vitamin C (9.67 4 0.09, 7.84 + 1.71 mg-100 gfl) and beta-carotene (0.37 £ 0.03,
0.19 4+ 0.01 mg-100 g~ 1), respectively. Fresh seeds have a high moisture content (38.8%), dietary fiber
(40.2%) and lipids (11.74%), they mineral composition showed a high content of Mg and Ca and a
high content of micronutrients such as Cu, Mn, Fe and Zn, which can represent a great contribution
to the daily requirements of the diet. The red kurugua fruits are a natural source of nutritious and
bioactive compounds beneficial to health, with multiple potential applications in foodstuff, which
should be promoted in healthy dietary guidelines for the benefit of the populations.

Keywords: composition; carotenes; antioxidants; total phenol compounds; Sicana sp.

1. Introduction

The kurugua fruit belongs to the genus Sicana, which in turn belongs to the curcu-
bitaceae family. This oval-shaped fruit, which grows on the vine similar to grapes, is native
to South America [1]. Its pulp or endocarp is widely used by the inhabitants for various
culinary recipes, including sweet and salty foods [2]. Despite having a very pleasant aroma
and a tasty pulp, this fruit is not currently widely consumed in the region, due to lack
of knowledge of its uses. This is because new generations and the urban population no
longer grow them domestically. Unlike the fruits of Sicana sp. with reddish skin, the black
Sicana odorifera variety is currently better known and studied [1,3]. The objective of this
work was therefore to determine the physicochemical characteristics, proximal composition
and antioxidant activity of the endocarp, epicarp and seeds of “kurugua” fruits Sicana sp.
growing in Paraguay.

Biol. Life Sci. Forum 2021, 8, 1. https:/ /doi.org/10.3390/blsf2021008001 1
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2. Materials and Methods
2.1. Plant Material

The fruits of Sicana spp. were collected in January 2020, from the department of
Cordillera of the city of Juan de Mena (24°57'35.8” S, 56°44/20.0” W) Paraguay. The
“kurugua” with the reddish peel color by convenience sampling of the harvest of the year
2020 in a mature state. They did not show any visible signs of damage and were sent to
the Department of Food Biochemistry of the Faculty of Chemical Sciences of the National
University of Asuncion (FCQ-UNA). The seeds and epicarp were manually separated from
the endocarp and analysed immediately.

2.2. Physicochemical Characteristics

Morphological studies were carried out on whole fruits without previous treatment,
as described by Coronel et al. [3]. The pH (method N° 920.152), tithable acidity (method
N° 925.53) and soluble solids (method N° 932.14) were measured according to AOAC
Methods [4]. A potentiometer (BOECO, MBT-700 model, Berlin, Germany) at 25 °C and an
analytical balance (KERN ADB, Baligen, Germany) were used.

2.3. Proximal Composition

The proximal composition of the endocarp and seed of the analysed fruits was deter-
mined by official methodologies (AOAC) [4]: moisture (method No. 950.06), ash (method
No. 923.03), dietary fiber (method No. 991.42), total lipids (method No. 970.51) and total
nitrogen using the conversion factor 6.25 from nitrogen to proteins (method No. 920.152).
The content of total carbohydrates and soluble sugars was determined using the Clegg
anthrone method, with and without previous acid hydrolysis, respectively [5]. The results
were expressed in g/100 g fresh sample.

2.4. Minerals Content

The minerals content of the endocarp and seed of the analyzed fruits was determined
by the atomic absorption (AA 6300 Shimadzu, Kyoto, Japan) AOAC method 975.03 [4]. The
minerals analyzed were Na, Ca, Mg, Fe, Cu, Zn and Mn. For each mineral, a calibration
curve was made using standard solutions (MERCK, Darmstadt, Alemania). The results
were expressed in mg/100 g fresh sample.

2.5. Total Phenol Content

The content of total phenols was determined in the endocarp and epicarp of the fruits.
The extracts were made with methanol: water (80:20), as described by IICA (2018) [6]. Total
phenols were measured spectrophotometrically using the Folin—Ciocalteu reagent by the
method described by Singleton and Rossi, (1965) [7], where the blue colored complex was
quantified at 765 nm (UV-1800, Shimadzu, Kyoto, Japan). A gallic acid calibration curve
(10-160 ng/mL) was used. The results were expressed in mg of gallic acid equivalents
(GAE) per 100 g of sample fresh (mg of GAE/100 g).

2.6. Vitamin C Content

The Vitamin C content was determined in the endocarp and epicarp of the fruits. The
determination was made using the spectrofluorometric method 967.22 of AOAC [4]. The
results were expressed in mg of Vitamin C per 100 g of pulp fresh weight.

2.7. Content of B-Carotene

For the extraction of total carotenoids, the method previously described by Procisur,
IICA was used [6]. The content of 3-carotene was determined by HPLC-PDA with some
modifications [6]. First, the extraction with BHT (in acetone) was performed. The injections
were made immediately after each extraction. The chromatographic system used was:
C18 column (Phenomenex Inc., Torrance, CA, USA) 250 cm X 4.6 mm, 5 um, 100 A, kept at
30 °C, FM: methanol: acetonitrile: triethylamine (900:100:1) isocratic. Flow 1.5 mL/min,
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and seeds.

injection volume 20 pL. Detector; PDA SPD-M20A (Shimadzu, Kyoto, Japan) at 450 nm. A
calibration curve of 3-carotene dissolved in HPLC grade acetone was used (0.3-3 pg/mL).

2.8. Statistical Analysis

The data were recorded in an Excel spreadsheet and analyzed in the statistical program
Graphpad prism 5.0 (GraphPad Software Inc., San Diego, CA, USA). Student’s t (p < 0.05)
was used to determine the significant differences.

3. Results
3.1. Physicochemical Characteristics

The fruits of Sicana spp. analyzed has a reddish (Figure 1) peel that easily distinguishes
it from the Sicana odorifera variety anthropurpurea, which has a black peel, as published in
other works [1]. The morphological characteristics of the analyzed fruits are detailed in
Table 1, where we can see that the weight of the fruits is quite similar to that reported in
S. odorifera var. mature with black peel [1], as well as its transverse diameter; however, its
longitudinal diameter turned out to be smaller. On the other hand, it was observed that
the soluble solids and the pH of the endocarp of the kurugua with reddish skin analyzed
are higher than the kurugua with black peel, however we found that the titratable acidity
found in this work is lower than that reported by Coronel et al. [3].

C
Figure 1. Reddish Sicana spp. fruits. (A) Whole fruits. (B) Measurements made. (C) Cross section of the fruit showing pulp

Table 1. Physicochemical characterization of Sicana spp. with reddish peel.

Parameter Result
Weight (g) 1656 + 11
Longitudinal diameter (cm) 23.13 +1.82
Transverse diameter (cm) 10.90 + 0.23
Soluble solids (°Brix) * 11.86 £+ 0.21
Titrable acidity (g of Ac. Citrus) * 0.06 £+ 10.02
pH* 7.41 4+ 0.11

The values express the average of three repetitions 4= SD.* Determinations made in fresh fruit endocarp.

3.2. Proximal Composition and Minerals Content of the Endocarp and Sed

The proximal composition and the mineral content of the endocarp and the fruit
seeds analyzed are presented in Table 2, where we can observe that there are significant
differences in all the determinations made (student’s ¢, p < 0.5). This is to be expected
due to it being a fresh fruit, where endocarp is also known as fruit pulp and has water
as the majority component (86.67%), as reported by other authors [1,8]. In the seeds, the
high content of dietary fiber (40.19%), total proteins (18.58%) and lipids (11.74%) stand out.
Although the moisture content of the analyzed seeds (35.29%) is similar to that reported
for the Curcubita maxima (pumpkin) [9], it has a much lower dietary fiber content and the
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total protein content is higher than that of this job. Of the minerals analyzed, Ca was the
majority, both in the endocarp and in the analyzed seeds.

Table 2. Proximal and minerals content of endocarp and seed of Sicana spp. with reddish peel.

Parameter Endocarp Seed

Moisture (g/100 g) 86.67 + 1972 35.29 + 0.04 °

Ash (g/100 g) 0.08 +0.012 2.64 +0.02°

Total protein (g/100 g) 0.53 +0.052 18.58 + 4.17P

Total lipids 0.08 £ 0.01 2 9.16 + 1.22°

Total carbohydrate (g/100 g) 944 4+0452 3.35+0.40P
Dietary fiber (g/100 g) 1.74 4+ 0.04° 40.19 £0.00®

Caloric Value (Kcal/100 g) 41 170

Na (mg/100 g) 3.46 £0322 35.26 + 0.02°
Ca (mg/100 g) 21.21 £1.882 148.42 + 3.74P
Mg (mg/100 g) 1.58 +0.46 2 193.15 4+ 4.84 P

Fe (mg/100 g) 0.2540.012 8.14 +0.63°

Zn (mg/100 g) 0.42 £0.06 2 3.21+0.01°

Cu (mg/100 g) 0.19 + 0.03 2 0.84 +0.05b

Mn (mg/100 g) 0.42 £0.022 210 £0.05°

The values express are means + SD. Different letters indicate significant differences between means (t of Student

p < 0.05).

3.3. Content of Total Phenols, Vitamin C and B-Carotene in the Endocarp and Epicarp

Content of total phenols, Vitamin C and (3-carotene of the endocarp and epicarp of
the fruits of Sicana spp. with reddish peel are shown in Figure 2. Significant differences
(student’s t, p < 0.5) are observed between the endocarp and epicarp in these three deter-
minations, being the highest value for the epicarp in the case of phenol and 3-carotene
content and for the endocarp in the case of Vitamin C. The content of total phenols found
in this work is higher than that reported in the pulp (endocarp) and peel (epicarp) of the
kurugua with black peel [1], however, the Vitamin C content found in this work is less than
the same [3]. The reddish color of the fruit’s peel or the yellowish color could be due to
a good content of 3-carotene, although in this work it is shown that its content is low, so
other substances that cause these colorations should be sought.

(A) (B) (©

4004

w
=1
(=]
1
-
o
1

)
3
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®

=]
T

Endocarp Epicarp Endocarp Epicarp ’ Endocarp Epicarp

Figure 2. (A) Content of total phenols, (B) Vitamin C and (C) 3-carotene of endocarp and epicarp of reddish Sicana spp. The
values express are means + SD. Different letters indicate significant differences between means (t of Student p < 0.05).

4. Conclusions

The morphological and physicochemical characteristics of the fruit of “kurugua”
Sicana sp., and its proximal composition and minerals have been described, where the
high content of dietary fiber, total proteins and lipids of the seeds, which are currently
underused, stands out.

The presence of antioxidant compounds such as phenolic compounds and Vitamin C
has been observed in the pulp and peel of the fruits. Significant amounts of carotenes have
not been observed in the reddish rind or in the pulp of the fruit.
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The fruits of Sicana sp. “kurugua” are a natural source of nutritional and bioactive
compounds beneficial to health, with multiple potential applications in food, which should
be promoted in healthy eating guidelines for the benefit of the population.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.
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Abstract: Sicana odorifera seeds, from an ancestral Cucurbita growing in Paraguay, possess important
biowaste after fruit pulp use. However, there are reports that its infusions can reduce and cure the
symptoms of viral diseases such as hepatitis, denoting its medicinal properties. The recovery of
nutrients and bioactive molecules from its bio-residues has potential uses in the industrial sector with
high added value as functional food ingredients. In S. odorifera species, although it is not a fruit for
mass consumption, it is precisely the lack of a market for its biowaste that has limited its integral use.
Based on this, the centesimal composition, oil characterization, and fatty acids profile of the kurugua
seeds from two accessions (atropurpurea (black) and reddish) were studied. Kurugua seeds have
been subjected to a cold extraction with a hydraulic press from dried whole seeds, and ISO and AOCS
standard methods were used for analytical determinations. The major components in the centesimal
composition of kurugua seeds were lipids, dietary fiber, and proteins. The oils presented iodine,
saponification, and refractive indices characteristic of preferentially polyunsaturated oils. The major
component in the fatty acid profile was linolenic acid, an important essential fatty acid in the diet.
Although the characteristics of kurugua oil, demonstrate its potential application in the food industry
as a polyunsaturated oil, source of essential fatty acids, future studies on stability and sensory
analysis for food applications are suggested, with great possibilities for the food safety framework.

Keywords: biowaste; composition; Cucurbita; fatty acids; oil; Sicana odorifera

1. Introduction

The ancestral species of the Cucurbitaceae family are part of the cultural and food
heritage of several nations. However, some members of this family, such as S. odorifera, have
been losing prominence to the point of being undervalued at the regional level, despite
their delicate and delicious aroma and flavor and the multiple potential applications of its
pulp [1].

The seeds of these fruits are important bio-residues. There are reports that its infusions
can reduce and cure the symptoms of viral diseases such as hepatitis, denoting its medicinal
properties. In S. odorifera species, although it is not a fruit for mass consumption, it
is precisely the lack of a market for its biowaste that has limited its integral use. The
recovery of nutrients and bioactive molecules from the bio-residues has potential uses in
the industrial sector with high added value as functional food ingredients, which can be
used by the health food industry [2].

The aim of this work was to characterize the composition of the seeds of S. odorifera
in its two varieties (with fruits with black skin and reddish skin), which presents an
opportunity to explore the use of biowaste from their pulp.
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2. Materials and Methods
2.1. Plant Material

The fruits of Sicana odorifera collected in January 2020, from the Cordillera Department,
Juan de Mena city (24°5735.8" S, 56°44'20.0"” W) Paraguay, are of two varieties; anthropur-
purea (black) and reddish, harvested in 2020 in a mature state they did not show visible
damage, and were sent to the laboratory for further analysis. The seeds were manually
separated from the pulp and immediately analyzed to determine their physicochemical
characteristics. For the centesimal composition, they were dried in a vacuum oven for 24 h
at 60 °C.

2.2. Obtaining the Oil

The sample was weighed into a 250 mL Erlenmeyer flask and hexane was added
maintaining the ratio 1:5 (p/v), this was stirred for approximately 3 h. Then, it was filtered
under vacuum and subsequently the solvent was evaporated in a rotary evaporator (60 °C).

2.3. Analysis

The proximal composition analysis was determined by official methodologies [3] mois-
ture (method No. 934.06), ash (method No. 968.08), dietary fiber (method No. 985.29), total
lipids (method No. 948.22), and total nitrogen using the conversion factor 6.25 from nitro-
gen to proteins (method No. 970.39). The content of total carbohydrates and soluble sugars
was determined by the Clegg anthrone method. The results were expressed in g/100 g
on dry samples. The oil characterization parameters were measured by official AOCS
methodologies (2009) [4], where the iodine index was performed by the Cd 1-25 method,
the saponification index by the Cd 3-25 method and the refraction index by method Cc 7-25.
The density corresponds to the magnitude that expresses the relationship between mass
and volume. 1 mL of kurugua seed oil, black and red peel, was weighed, and later the
mass-volume relationship was calculated. Kurugua seeds have been subjected to a cold
extraction with a hydraulic press from dried whole seeds, and the ISO and AOCS standard
methods were used for analytical determinations.

2.4. Statistical Analysis

The data were recorded in an Excel spreadsheet and analyzed in the statistical program
Graphpad prism 5.0 (GraphPad Software Inc., San Diego, CA, USA). Student’s t (p < 0.05)
was used to determine the significant differences.

3. Results
3.1. Proximal Composition

The S. odorifera seeds of the analyzed varieties have similar shapes; they are flat oval
and brown in color. Unlike the seeds of the black variety, which is uniform in color over
the entire surface, the seeds of the red variety have a light brown interior and a darker
brown halo on the edges. These characteristics are distinctive (Figure 1). In dry seeds, the
major components in the centesimal composition of kurugua seeds were lipids (greater
than 34%), dietary fiber (greater than 34%), and proteins (greater than 17%), as observed
in Table 1.
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Figure 1. S. odorifera seeds from (a) black fruits and (b) reddish fruit.

Table 1. Centesimal composition and caloric value of S. odorifera kurugua seeds.

Parameter Black Kurugua Seeds Red Kurugua Seeds
Moisture (g/100 g) 10.63 +£0.23 2 7.70 +0.26 ®
Ash (g/100 g) 248 +0.142 2.64 +0.02°
Total protein (g/100 g) 17.40 £0.81° 18.55 £0.55%
Total lipids 34.50 +0.28 2 36.3+0497
Total carbohydrates (g/100 g) 2.7840.06 * 340+£0.327
Dietary fiber (g/100 g) 34.75+£ 0272 39.94 +0.082
Caloric Value (Kcal/100 g) 391+ 2574 4154 4.67°

The values expressed on dry weight, as the average of three repetitions &= DS. Different lowercase letters in each
row indicate significant difference between the means (Student’s t, p < 0.05).

3.2. Characterization of the Oil and Fatty Acid Profile of the Seeds

The Characterization of the oil from the seeds of S. odorifera are observed in the Table 2.
On the other hand, the profile of the major fatty acids of the seeds oil are presented in
Table 3. Eight different fatty acids were identified in the oil by GC/MS. Unsaturated fatty
acids predominated in the seed oil with an average of 82.2%. The dominant fatty acid was
C18: 3 omega 3 linolenic acid in both varieties (32.8-38.08%), together with C18: 2 omega
6 linoleic acid (28.62-29.52%) and acid oleic C18: 1 omega 9 (12.77-19.09%).

Table 2. Characterization of the oil from the seeds of S. odorifera.

Varie Iodine Value Saponification Index Density Refractive Index
ty (gI>/100 g) (mg KOH/g) (g/mL), 25°C ND, 25°C
Black fruit seeds 13276 £2.292 166.88 £0.30 2 0.87 £0.022 1.479 +£0.33 ¢
Reddish fruit seeds 130.58 £2.00 ® 182.42 +0.00 P 1.09 £0.00° 1.478 +0.00 2

Values are the mean = SD of three determinations on oil seeds. Different lowercase letters in each column indicate significant difference
between the means (Student’s t, p < 0.05).
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Table 3. Fatty acids profile of S. odorifera seeds oil.

Fatty Acids Reddish Fruit Seeds (g/100 g Oil) Black Fruit Seeds (g/100 g Oil)

Polyunsaturated Linolenic (w-3) 32.80+0.132 38.08 + 0.06 P
Linoleic (w-6) 28.62 +0.172 2951 +0.21°
8.11 octadecadienoic Acid. 1.26 £0.032 1.18+0.012
Monounsaturated Oleic (w-9) 19.39 £ 0.112 13.16 £ 0.552
Palmitoleic (w-7) 0.09 +0.012 0.06 +0.012

TOTAL 82.16 81.99
Saturated Miristic (14:00) 0.12+0.022 0.124+0.012
Palmitic (16:00) 1098 £0.17° 10.93 +£0.082
Estearic (18:00) 6.74 +0.07 @ 6.96 +0.172

TOTAL 17.84 18.01

Values are the mean + SD of three determinations on oil seeds.

4. Discussion

At a moisture level below 11%, the total lipid content in S. odorifera seeds observed is
higher than that reported in seeds of fruits of the same family of Cucurbitaceae such as
squash Cucurbita maxima (30.66 g/100 g) [5].

The oils presented iodine, saponification, and refractive indices characteristic of pref-
erentially polyunsaturated oils. The iodine value indicates the degree of unsaturation of
the fatty acids in an oil. According to these results, kurugua seeds would have the presence
of unsaturated fatty acids, and classifies it as a “semi-drying oil”. Our results for black
and red kurugua seeds were similar to Cucurbita moschata Duch “zucchini or long-necked
squash” (132.7 gl, /100 g). However, the saponification index of the analyzed kurugua
seeds (166.88 & 0.30 and 182.42 £ 0.01 mg KOH/g, in black and red Sicana sp. seed oils,
respectively), was higher than that reported for C. moschata (122.90 mg KOH/g) [6].

The fatty acid composition of the seeds depends on their genetic characteristics, but
the latitude and climatic conditions of cultivation also have a strong influence on fatty acid
biosynthesis. The observed values of the content of these fatty acids are lower than those
reported for chia seeds, recognized as a source of essential fatty acids [7]. Although the oil
from kurugua seeds has not been previously characterized in the light of our knowledge,
the seeds of S. odorifera that grow in Paraguay can provide essential fatty acids such as
omega 3 and omega 6. These results demonstrate their nutritional qualities, with potential
for use as a food ingredient in healthy prepared food preparations.

5. Conclusions

S. odorifera seeds have a lipid content with good nutritional characteristics, preferably
polyunsaturated fatty acids, were omega 3 linolenic acid was the mayority. Future stud-
ies on stability and sensory analysis for food applications are suggested, with potential
aplications, on food safety framework.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.
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Abstract: Worldwide, around a third of loss and waste is generated at different stages of the food
transformation chain, generating relevant economic, social, and environmental impacts, and increases
in the water footprint, emission of greenhouse gases, pressure on the use of arable land, production
costs, and decrease in the availability of food for the population. These reasons make imperative the
implementation of strategies that minimize the generation of these losses. The Chilean “Technology
Center for Food Innovation” (Centro Tecnoldgico para la Innovacion Alimentaria—CeTA), aware of this
problem, is contributing to the development of innovative products where materials that are consid-
ered waste or by-products from processes in the food, agriculture, cattle raising, and aquaculture
industry are reused, or raw materials that do not meet commercial standards, taking advantage of
their properties and bioactive compounds, turning them into value propositions that have circular
economy components. Examples of these products developed in CeTA include soups, fruit purees,
snacks, baked products, food ingredients, and breakfast cereals that contain valued raw materials
such as barley bagasse, defatted coconut flour, fruit pomaces, discarded meats, quinoa grown in
lagging areas of Chile, as well as stems, leaves, and fruit and vegetable peels, thus generating an
environmental, economic, and social impact.

Keywords: byproducts; circular economy; food innovation; sustainability; upcycling; wastes

1. Introduction

Food loss and waste are some of the main world problems. According to FAO, 1/3 of
the food produced for human consumption is lost or wasted worldwide, that is, about
MM 1300 tons of food per year [1]. This generates a decrease in the availability of food
for the population, loss of resources used in its generation, increased production and
final costs, causing unnecessary CO, emissions (3.3 million tons CO; and greenhouse gas
emissions 6-10%), wasting water resources (250 km3 blue footprint), increasing pressure
on arable land, among others [2]. In Chile, for fruit and vegetable industries, 52% of the
country’s fruits and vegetables go to processing in 246 industries, which would produce
4.6 million tons of waste per year from this raw material [3]. On the other hand, there is
a high level of undernourishment due to the tons wasted by Latin America (127 million
tons/year) capable of meeting the nutritional requirements of 300 million people [4]. In
Chile, the national strategic program Transforma Alimentos carried out a characterization of
six agri-food chains of importance for the country (olive oil, apples, blueberries, plums,
cherries, and tomatoes) with the aim of investigating their current and potential uses and
proposing improvements to minimize losses and value generated by-products [5]. Recently,
the Government of Chile launched the circular economy roadmap, whose vision is that by
2040, the regenerative circular economy will drive Chile towards a sustainable, fair, and
participatory development that puts people’s well-being at the center. This, through the
care of nature and its living beings, the responsible and efficient management of natural
resources, and a society that uses, consumes, and produces in a sustainable and conscious
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way, promotes the creation of green jobs and opportunities for people and organizations
throughout the country [6].

The Chilean “Technology Centre for Food Innovation” is a public-private, non-profit
corporation whose mission is for Chile to become a global player in the development and
production of sophisticated and sustainable foods, in line with the circular economy global
trend. To accomplish this, it has three innovation centers, located in strategic areas of Chile,
forming and consolidating a national network of pilot plants, an infrastructure that will
allow prototyping, piloting, and scaling food innovations, adding value to raw materials
and agri-food by-products.

2. Results and Discussion

A list of the innovation projects focused on circular economy and quinoa valoriza-
tion that have been developed by Chilean entrepreneurs, start-ups, private companies,
universities, and non-profit organizations in collaboration with CeTA, along with a brief
description of each of them is shown below:

2.1. Development of Healthy Breakfast Cereal Flakes from Quinoa of Aymara Origin
(CORFO InnovaChile, Code 20SN-129433)

This innovation project consists of addressing the problem of the low commercializa-
tion of Chilean quinoa by indigenous communities. This initiative was carried out by Suma
Juira indigenous association, located in the northern Chilean village of Cariquima (lagging
zone from Colchane district, Tarapaca Region), which has 33 founding partners belonging
to nine Aymara indigenous communities. This project’s aim is the development of healthy
quinoa-based flakes breakfast cereal with high nutritional added value: No sugar added,
without warning labels for critical nutrients associated with Chilean law of food labeling
and advertising, impacting this indigenous community in both economic and social terms,
through a value proposition for a valuable ancient seed.

2.2. Valorization of Food Surpluses for the Formulation of Solidary and Healthy Foods in Wholesale
Markets (FIC-RM, Code 40026935-0)

The sale of fruits and vegetables in Lo Valledor wholesale market—located in Santiago,
Chile—generated around 18 thousand tons of organic waste in 2018. As a result of the
recommendations of a study carried out by the Universidad Bernardo O’Higgins (UBO),
the Banco de Alimentos Lo Valledor foundation (FBALV) was founded which has the aim to
recover fruits and vegetables in order to give them free of charge to social organizations that
provide food to vulnerable people. In the search for new solutions for this matter, a circular
economy strategy in the Lo Valledor wholesale market is being implemented by these two
entities (UBO and FBALV) in collaboration with CeTA, funded by the Government of
Chilean Metropolitan Region consisting in valuing surpluses (leaves and stems discarded
from the sale of vegetables and fruits, and fruits and vegetables not used by FBALV) in the
preparation of sustainable and healthy foods: Soups, fruit preserves, concentrates. In this
way, innovation will be promoted for both satisfying the need to expand food upcycling by
means of valorizing food surpluses and the need of the social organizations belonging to
FBALY to diversify their food matrix, making available healthy foods for free focused on
the needs of beneficiaries.

2.3. Valorization of Barley Bagasse in the Development of Breakfast Cereals with Healthy Properties
(CORFO InnovaChile, Code 20SN-151694)

The beer market in Chile has grown robustly in recent years. Barley bagasse is a by-
product that corresponds to about 25% of beer production: This by-product represents an
opportunity to reinsert a renewable input into a production process due to its remarkable
content of dietary fiber and protein, with a positive environmental impact. Making the
most of it, Triunfo brewery is developing a breakfast cereal with the addition of barley
bagasse and healthy properties (high content of dietary fiber, non-sugar added, without
warning labels for critical nutrients associated with Chilean law of food labeling and
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advertising) and a circular economy component. This innovation project is contemplating
the prototyping, productive scale-up, nutritional, and sensory validation of this breakfast
cereal, constituting an important value proposition towards sustainable beer production.

2.4. Reuse of Grape Pomace for the Development of Healthy Extruded Snacks (CORFO
InnovaChile, Code 21SEC-171242)

The wine industry is of great importance in the central region of Chile. Each year, it
generates a lot of waste, such as grape pomace and seeds, with significant potential to be
revalued due to its important content of dietary fiber and polyphenolic compounds. This
innovation project focused on circular economy carried out by B-Japi entrepreneur, attends
to develop a dippable healthy snack by means of the reuse of red grape pomace as a source
of sustainable raw material that allows obtaining foods with healthy properties at lower
costs. Thanks to the use of the microwave vacuum dehydration technology and subsequent
cook extrusion, it is possible to develop a food that preserves nutritional, chemical, and
bioactive properties present in the grape pomace from red wine, which may contribute
to prolonged satiety, good digestive function of the intestinal tract, and protection of the
bacterial flora.

2.5. Keto-Friendly and Protein Pop Dry Snacks: Remanufacturing and Rethinking the Meat
Industry (CORFO InnovaChile, Code 21SEC-171153)

In general terms, the waste from slaughterhouses and other meat processing indus-
tries is used in the production of animal feed or simply discarded, which is associated
with environmental problems that should be avoided. In the framework of the circular
economy, considering its environmental, economic, and social aspects, this innovation
project carried out by Llawken company will give rise to a new value proposal, based on
the use of these by-products from the meat industry, creating snacks low in available carbo-
hydrates (keto-friendly) using an emerging and sustainable technology, such as vacuum
microwave-assisted dehydration (also knowing as “pop drying”), which has the advan-
tages of maximizing the nutritional quality of the product and its sensory characteristics.
The development of a recyclable packaging that has oxygen, light, and moisture barriers
will also be carried out.

2.6. Upcycling in the Fruit and Vegetable Industry: Healthy Snacks Based on Discarded Vegetables
(CORFO InnovaChile, Code 21SN-182583)

“The Imperfect Project” Chilean start-up is an initiative that seeks to generate reuse
(upcycling) of fruits and vegetables that do not meet some commercial quality standards
required to sell it as is and/or its agri-food by-products, in the development of new food
products for massive consumers, such as snacks and cereal bars, maintaining their healthy
properties. This would make it possible to face problems associated with overweight
and obesity in the population caused by processed foods, taking into account that post-
COVID19 data show a growth in world consumption of this kind of products. It is
an innovation project with environmental, social, and commercial impact, focused on
a powerful and growing snack market.

2.7. Healthy and Sustainable Extruded Snacks Based on Local Lequmes, Plants, and Fruits
(CORFO InnovaChile, Code 21SNM-156926)

The robust growth in the snack market category in Chile allows the generation of
opportunities for Verax—a women s entrepreneurship—to develop new food products in
this category with a focus on a healthier diet in comparison to most of the snacks available
in the market, using local raw materials such as fruits, vegetables, legumes, and apple
fiber. The latter is a by-product obtained from the processing of this fruit, constituting an
important proposal for the revaluation of resources with a positive environmental impact.
That is why the final objective of this innovation project is to develop a portfolio of extruded
snacks free of warning labels for critical nutrients associated with Chilean law of food
labeling and advertising, with the addition of pre and probiotics, with healthier properties
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References

for the immune and digestive systems than conventional snacks, and a circular economy
component. The project focuses on prototyping of the products and packaging, scale-up,
as well as nutritional and sensory validation.

2.8. Valorization of Defatted Coconut Flour By-Product to Develop Healthy Breakfast Cereals
(CORFO InnovaChile, Code 21SN-182567)

The increase in awareness in relation to health and integral well-being has generated
more informed consumers who are interested in eating good, nutritional, and healthy
quality foods. Due to this new trend, the sale of products such as coconut fat—used for
both culinary and aesthetic purposes—has increased, generating a great quantity of by-
products associated with its production. This innovation project is carried out by a Chilean
company Nutrisa, under the frame on the need to generate a circular economy-focused
product by using the defatted coconut by-product flour (rich in dietary fiber) in an optimal,
innovative, and beneficial way, giving it added value by incorporating it as an ingredient
with high nutritional properties to develop a healthy breakfast cereal with differentiating
and striking attributes for current consumers such as two products obtained through the
cook extrusion process, one with antioxidant properties and the other with probiotics,
products to which novel flavoring systems will also be applied.

3. Conclusions

The food development and innovation initiatives supported by CeTA contemplate
co-creative work with the entrepreneurs and beneficiaries of the projects from the idea
detection based on a problem or opportunity, diagnosis and review of the state of the art,
creation of the business model, to then execute the development stages of the product(s)
through ideation stages, concept product tests, application and small-scale prototype
execution, scale-up at a pilot plant level, safety, nutritional and sensory issues, in addition
to being profitable value propositions that contemplate environmental impacts with circular
economy components and upcycling of food by-products and waste.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: Author thanks Ia ValSe-Food-CYTED (119RT0567) grant for the invitation to
present this work.
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Abstract: Moringa oleifera is a foliated tree widely cultivated in tropical latitudes, which is highly
adaptable to climatic conditions and dry soils. Every part of the plant has nutritional, therapeutic or
industrial benefits. This is due to its phytochemicals such as glucosinolates, phenolic compounds,
alkaloids, terpenoids and tannins, high values of crude protein, carbohydrates, starch and lipids. In
addition, the use of the leaves has increased considerably by the agro-food and biochemical industries
since they are a valuable source of dietary proteins and essential amino acids. This work aimed to
characterize three types of leaf from Moringa oleifera seeds with different origins (Thai (C1), Ghana
(C2) and India (C3)), grown in the same plot, but with different cultural practices (intended for leaf
production (C1 and C2) or sheath production (C3). For this, water content and optical properties were
determined in the fresh leaves. Later the leaves were dried (50 °C for 8 h) and pulverized, analyzing
their water content, antioxidant capacity, color and amino acid content. No significant differences
were observed in fresh leaves in terms of humidity and color. In dry powder, a higher antioxidant
capacity was registered in moringa type C2, with a% DPPH inhibition of 83.7%, although in all cases,
it exceeded 60%, showing the high persistence of the antioxidants after drying. Serine, glutamic acid
and alanine were the major amino acids with values of 373 £ 78, 301 4 51 and 248 + 9 mg/100 g of
powder, respectively, without influencing the applied field treatment or origin.

Keywords: amino acid content; antioxidant capacity; color; Moringa oleifera

1. Introduction

The opportunity of diversifications offered by the agri-food sector implies the need
to address the development of certain crops due to the new climatic conditions. The
increasing demand for protein around the world means a great challenge to find sustainable
alternative protein sources that have a high biological value [1]. Plants and green leaves
have enormous potential for the production of protein concentrates.

Moringa oleifera is a foliated tree widely cultivated in tropical latitudes, which shows
high adaptability to climatic conditions and dry soils [2]. It is a native species of South
Asia, which grows at the foot of the Himalayas, from the northeast of Pakistan to the north
of Bengal in India, presenting various nutritional, therapeutic or industrial benefits [3,4].
In particular, the leaves have been investigated as a valuable source of dietary protein and
essential amino acids, and their use as an ingredient in livestock and human nutrition has
been promoted [5].
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In many parts of the world, including Africa, the use of M. oleifera as a nutritious food
is on the rise. However, in developed countries, its use as a food ingredient is not well
known. Its cultivation is not widespread in these regions either, despite its easy adaptation
to hot climates (for example, the Mediterranean area). For that reason, this study was
focused on the compositional and physicochemical analysis of different types of moringa
leaves grown in Valencia. In addition, and in view of their possible incorporation into food
matrices, the dry leaves were also characterized.

2. Materials and Methods

Three types of Moringa oleifera with different origins were used as raw material:
Thailand (C1), Ghana (C2) and India (C3). They were grown in an experimental plot of the
Universitat Politecnica de Valencia, and their leaves were collected at the end of September
2020. The C1 and C2 types had cultural practices in the plants intended for leaf production,
while the C3 was prepared to produce pods. Part of the leaves were dehydrated in a tray
dryer with hot air at 50 °C for 8 h. Then, they were pulverized in a grinder (Thermomix,
TM31, Vorwerk, Wupertal, Germany) for 3 min. The powder was sieved with a 0.5 mm
sieve and stored in glass jars wrapped in aluminum foil and stored on dark shelves at room
temperature for further experiments.

Water Content, Antioxidant Capacity, Optical Properties and Amino Acid Content

Water content was obtained by a gravimetric method (AOAC, 20.013, 2000) until
a constant weight of the samples was reached after drying at 60 °C (VACIOTEM-T, ]J.P.
Selecta Spain). An adaptation of the spectrophotometric DPPH method [6] was used to
analyze the antioxidant capacity.

Color of moringa fresh leaves and powder was determined using a spectrocolorime-
ter (Konica Minolta, Inc., model CM-3600d, Tokyo, Japan). The results were expressed
according to the CIE L*a*b* reference system with the D65 Standard Illuminant and 10°
Standard Observer.

An EZ-Faast amino acid kit (Phenomenex, Torrance, CA, USA) was used to carry out
the amino acid analyses [7].

3. Results and Discussion

The water content of fresh moringa leaves was 65 &= 3%, without significant differences
between them. After drying (Figure 1A), the moringa of Thai origin (C1) registered the
highest value of water content, with no significant differences from the other types of
moringa (C2 and C3). In this sense, C1 requires a longer drying time despite having a
vegetative level similar to that of C2, since both are used for the production of leaves, while
moringa C3 is of the arboreal type for the production of pods.
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Figure 1. (A) water content and (B) antioxidant activity expressed as percentage of DPPH inhibition for different dehydrated
moringa leaves (C1, C2 and C3). Equal letters indicate correlations coefficients statistically different (p < 0.01).

In all cases, DPPH inhibition (Figure 1B) was greater than 60%, highlighting moringa
C2 (83 £ 2%), with similar antioxidant capacity reported in the Mexican [8] and fresh
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Indonesian leaves. Therefore, the origin of plants would mainly influence the concentration
of bioactive compounds and their antioxidant capacity.

3.1. Optical Properties

Figure 2 show a* and b* coordinates location in the chromatic plane of the fresh and
dried leaves. As can be seen, regardless of the origin, the moringa powder presented
greater purity of color than the fresh leaves because of the higher value in the coordinate b*.
This behavior shows that the drying stage involves the loss of green tones, enhancing
the yellows, due to the chlorophyll degradation and the formation of pheophytins [9].
In relation to the differences registered between the upper side and the underside of the
leaves, as expected, the upper side presented higher values of a* and lower values of b*,
giving evidence of coloration with a darker greenish intensity than that of the underside.
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Figure 2. a* and b* coordinates location in the chromatic plane of the fresh and dried leaves. Dried
powder: oC1, «C2, - C3; upper side fresh leaves: AC1, AC2, = C3; underside fresh leaves: MC1, FC2,
Cs3.

3.2. Amino Acid Content

These moringa powders contained seven essential amino acids and were very rich
in serine, glutamic acid and alanine without showing significant differences between
the evaluated samples (Figure 3). The amount of glutamic acid content was similar to
the reported value in dried moringa leaves grown in Greece [10] and South Africa [11].
However, the high serine content in these samples contrasted with concentrations found
in other studies, where it was not one of the majority amino acids [10-12]. Furthermore,
moringa intended for pod production (C3) showed the highest concentrations in some of
the minor amino acids (threonine and asparagine). The high concentration of hydrophobic
amino acids (alanine, leucine, isoleucine, phenylalanine and methionine) and acidic amino
acid (glutamic acid) could be related to the high antioxidant power of moringa leaves [13].
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Figure 3. Amino acid content (* essential) of moringa powder: C1 (dark grey), C2 (intermediate grey) and C2 (light gray).
Equal letters for the same amino acid indicate homogenous group in ANOVA (p < 0.01).

4. Conclusions

Fresh moringa leaves studied from seeds of different origins and with different cultural
practices did not show significant differences in optical properties. Once dehydrated, the
powders obtained did not show significant differences in the amino acid profile either, the
most abundant being serine, glutamic acid and alanine. However, the plants destined for
the production of leaves from Ghana (C2) had a higher antioxidant capacity. In addition,
the moringa powder showed greater purity of color than the fresh leaves due to the loss of
chlorophyll, although the greenish coloration persisted.
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Abstract: Andean maize can be safely used in gluten-free bread formulation. Extrusion is a technol-
ogy capable of promoting changes in the techno-functional properties of gluten-free flours, modifying
their breadmaking properties. The objective of this study was to evaluate the effect of extrusion on
the physical and physicochemical properties of Andean maize whole-grain flours (bolita race) and to
determine the relationship between the changes to the textural properties of gluten-free dough and
bread with the addition of extruded flours. The Andean maize whole-grain flours were extruded in a
single-screw extruder. The moisture, temperature and screw speed were varied through an incom-
plete orthogonal design. The expansion degree of extruded products, the total soluble carbohydrates,
and the gelatinization degree of the flours varied mainly with moisture and temperature extrusion.
Flours with high, medium, and low degrees of gelatinization treatments were added at 20 % to native
flours to make gluten-free dough and bread. The dough made with the addition of extruded flours
increased their firmness and adhesiveness in relation to the control made with native flour alone.
Bread made with extruded flours generally increased their hardness, gumminess, chewiness, and
cohesiveness. Springiness only increased under conditions of high and low degrees of gelatinization.
The dough made with extruded flour at the extruded condition of 100 °C-25%H-120 rpm, with
the lowest degree of gelatinization, were the least firm and adhesive, which could lead to better
dough machinability. Additionally, the bread made with this flour presented high cohesiveness and
springiness.

Keywords: Andean maize; bread; extrusion; gluten-free; whole-grain flours

1. Introduction

In the Puna and Quebrada of Humahuaca, there are several varieties of Andean maize
which possess different nutritional and physicochemical properties. Andean maize can
be used in the production of gluten-free foods because of the absence of prolamines, a
gluten-forming protein fraction that affects celiac patients [1]. Generally, gluten-free bread
has defects such as low volume and poor texture because of the gluten absence; gluten acts
as a structural support that allows the dough to expand during proofing [2]. Additionally,
gluten-free bread is usually formulated with refined flours or starches with low nutritional
value, to which technological enhancers such as hydrocolloids are added [3]. Therefore,
gluten substitution continues to be a challenge for food technologists.

Whole-grain flours compared to refined ones have more nutrients and dietary fiber.
The type of fiber present in flours can affect the stability of the dough and make it difficult
to obtain gluten-free bread of good technological quality [4]. Extrusion cooking has been
used to modify the techno-functional properties of starchy and high-fiber raw materials.
This technology has been applied to gluten-free flours to obtain technologically improved
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bread with acceptable results [5]. However, few have studied the effects of extrusion on
the breadmaking properties of Andean whole-grain flours.

The objective of this study was to evaluate the effect of extrusion on the physical
and physicochemical properties of whole-grain flours of Andean maize (bolita race) and to
determine the relationship of these with the changes in textural properties of gluten-free
dough and bread due to the addition of extruded flours.

2. Materials and Methods
2.1. Materials

Andean maize (bolita race) grown in the Ocumazo-Humahuaca province of Jujuy was
used. The grains were milled in a hammer mill to obtain whole-grain flour with grain
size <710 um. The whole-grain flour was extruded in a Brabender single-screw extruder
with a compression ratio of 3:1, 3 mm nozzle, at temperatures of 100, 120, and 140 °C,
moistures of 15, 20, and 25%, and screw speeds of 80, 100, and 120 rpm, using an incomplete
orthogonal design.

2.2. Extruded Material Characterization

The expansion degree (ED) of the extruded products was determined as the ratio
of the diameter of the expanded product and the diameter of the extruder nozzle [6].
Ten replicates of diameters of the expanded products were determined.

The total soluble carbohydrates (TSC) of the extruded flours suspension supernatants
were measured using the phenol-sulfuric method according to Taylor (1995) with modifi-
cations in the preparation of samples [7]. A calibration curve was established using pure
xylose solutions as standards, processed by the same procedures. The measurement was
carried out in triplicate.

The gelatinization degree (GD) of the extruded flours was determined according
to the method of Baks (2007) with modifications in the preparation of samples [8]. The
measurement was carried out in triplicate.

2.3. Bread Preparation

The lactal bread was made with whole-grain native maize flour substituted with 20%
extruded flour; initially, the flours were mixed for 1 min to achieve homogenization of
the samples. For every 100 g of substituted flours, 110 mL of spout water (30 °C), 1 g of
previously activated commercial dry yeast, 1 g of salt (NaCl), 2 g of sugar, 3 g of powdered
milk, and 6 mL of oil were added and mixed at low speed for 5 min. The dough obtained
was put in molds and placed in a fermentation chamber 50 min at 30 °C and 80-90%
relative humidity. The fermented dough was baked at 150 °C for 50 min, and textural
properties were immediately determined. The bread was evaluated 24 h after baking.

2.4. Textural Properties of Gluten-Free Dough and Bread

The gluten-free fermented dough and bread texture profile analysis (TPA) was per-
formed using a texture analyzer (TAXT plus, Stable Micro System, Godalming, UK)
equipped with a 5 kg load cell. A Teflon cylindrical probe with a P/0.5 (12.7 mm) was
used for dough, and 25% deformation and a 20.0 s waiting time were used. The test speed
was set to 5.0 mm/s. An aluminum cylindrical probe with a P/35 (35.0 mm) was used for
bread; samples from the center of the bread (thickness of 10 mm) were compressed to 50%
of their original height. The test speed was 1 mm/s and the waiting time was 5.0 s. The
measurements were made in quadruplicate.

2.5. Statistical Analysis

Data were analyzed using INFOSTAT software. The significant difference between the
means was evaluated by Tukey’s test (p < 0.05) using analysis of variance (ANOVA).
Data on the textural properties of the gluten-free dough and bread formulated with
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the addition of extruded flours (preselected conditions) were summarized in a princi-
pal component analysis.

3. Results and Discussion
3.1. Properties Physical and Physicochemical of the Extruded Material

Figure 1A shows the ED of the maize (bolita race) extrudates; it varied between
1.68 £ 0.24 and 2.74 £ 0.21, with the highest value at 100 °C-15% H-80 rpm. ED showed
a tendency to decrease with the increase in extrusion moisture at different temperatures.
This variation was only significantly different between extruded samples at the same
moisture between 15 and 20% and 100 and 120 °C; the most important effect was the
moisture. A similar trend was found by Byars (2015) in mixtures of degermied corn flour

with chia [6].
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Figure 1. (A) Expansion degree of extruded products. (B) Total soluble carbohydrates of the supernatants and (C) gela-
tinization degree of the extruded flours of Andean maize (Bolita race). B1:100 °C-15%H-80 rpm; B2:100 °C-20%H-100 rpm;
B3:100 °C-25%H-120 rpm; B4: 120 °C-15%H-100 rpm; B5:120 °C-20%H-120 rpm; B6:120 °C-25%H-80 rpm; B7:140 °C-15%H-
120 rpm; B8:140 °C-20%H-80 rpm; B9:140 °C-25%H-100 rpm.

Figure 1B shows the variation of the content of the TSC present in the supernatant
of suspensions of extruded flours in water (3.68 £ 0.18 to 21.95 % 0.68%). The extruded
flour at 100 °C-15% H-80 rpm presented the highest content of TSC. A tendency to decrease
the content of TSC was observed with increasing extrusion moisture, which was more
pronounced at 100 °C. The difference was significant between extruded samples at the
same moisture level at the different temperatures, which suggests a greater influence of the
extrusion temperature on this parameter. The TSC content was not affected by screw speed.

The content of TSC in the supernatant of suspensions of flours extruded in water was
determined due to the increase in the water solubility index of these samples with respect
to the native flour (data not shown). The flour extruded at low extrusion temperatures
(100 °C and 120 °C) had a high DE and a higher content of TSC in the supernatants of the
suspensions. This indicates the degradation of complex carbohydrates during extrusion.
These results agree with those of Sarifudin (2014), who indicated that there is greater
degradation at low extrusion moisture due to shear [9].

The GD of the extruded flours is shown in Figure 1C. This parameter increased at
equal moisture levels at temperatures of 100 and 120 °C. The highest GD was observed
at 120 and 140 °C; the greatest was at 120 °C-20% H-120 rpm. No trend was observed
regarding the variation of this parameter with screw speed.

To carry out the breadmaking tests, the extruded samples that were significantly
different in terms of the parameters studied were selected: B1 (100 °C-15%H-80 rpm) with
an intermediate GD, high TSC content, and high ED; B3 (100 °C-25%H-120 rpm) with
a low GD, low TSC content, and low ED; B5 (120 °C-20%H-120 rpm) with a high GD,
intermediate TSC content, and intermediate ED.

3.2. Textural Characteristics of the Doughs and Bread Gluten Free

Figure 2 shows the principal component analysis of the phys