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Preface

Within this reprint, readers will find a compilation of recent investigations conducted by the
ValSe-Food Group on valuable seeds and other crops such as: amaranth (Amaranthus spp.); quinoa
(Chenopodium quinoa); kaitiwa (Chenopodium pallidicaule); chia (Salvia hispanica L.); peanut (Arachis
hypogaea); Andean maize (Zea mays L.); purple corn morado (Zea mays L.); tarwi (Lupinus mutabilis);
broad beans (Vicia faba L.); bean (Phaseolus vulgaris L.); indian bean (Cynophalla retusa); Mistol
(Sarcomphalus mistol); moringa (Moringa oleifera); kurugua (Sicana odorifera); wild chili (Capsicum
chacoense), white carob tree (Neltuma alba), Paraguayan coconut (Acrocomia aculeata); native potatoes
(Solanum andigenum); mashua negra (Tropaeolum tuberosum). The reprint provides thorough and
current insights into multiple aspects of food science, focusing on production, use, structural
properties, and chemical makeup. It emphasizes carbohydrates, fibers, bioactive compounds,
proteins, and lipids found in seeds and other plant components. The material explores the processes
involved, the range of food products and applications, as well as the nutritional and health impacts

linked to these crops.

Nancy Chasquibol, Norma Sammadn, Pedro Maldonado, Laura Mereles, Ma. Carolina
Zuiiiga-Lépez, and Ritva Repo-Carrasco-Valencia

Volume Editors
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Ritva Repo-Carrasco-Valencia ® and Claudia Ménika Haros 7-*

Ingenieria Industrial, Grupo de Investigacién en Alimentos Funcionales, Instituto de Investigacion Cientifica,
Universidad de Lima, Av. Javier Prado Este 4600, Fundo Monterrico Chico, Surco, Lima 15023, Peru;
nchasquibol@ulima.edu.pe

2 Facultad de Ingenierfa, CIITED-Universidad Nacional de Jujuy-CONICET, San Salvador de Jujuy 4600,
Argentina; normasamman@gmail.com

Department of Food Science and Biotechnology, Escuela Politécnica Nacional, Quito 17-01-2759, Ecuador;
pedro.maldonado@epn.edu.ec

Bioquimica de Alimentos Department, BIOALSA Group, Facultad de Ciencias Quimicas, Universidad
Nacional de Asuncion (FCQ-UNA), San Lorenzo P.O. Box 1055, Paraguay; lauramereles@qui.una.py
Departamento de Quimica Inorganica y Analitica, Facultad de Ciencias Quimicas y Far-Maceuticas,
Universidad de Chile, Santiago 8380492, Chile; mczuniga@ciq.uchile.cl

Centro de Investigacion e Innovacion en Granos Andinos (CIINCA), Universidad Nacional Agraria la Molina,
Lima 012, Peru; ritva@lamolina.edu.pe

Cereal Group, Instituto de Agroquimica y Tecnologia de Alimentos, Spanish Council for Scientific

Research (IATA-CSIC), 46980 Valencia, Spain

*  Correspondence: cmharos@iata.csic.es; Tel.: +34-963900022

1. Introduction

The growing interest in Ibero-American Valuable Seeds has led to intensified research
efforts in recent decades. This book encapsulates the proceedings of the VI International
Ia ValSe-Food Network, titled “Promoting biodiversity, sustainability, and food security
through Ibero-American ancestral crops”, which took place at the Universidad de Lima
from September 23 to 25 in Lima, Peru.

Ibero-American crops are currently underutilized, with cultivation levels remaining
relatively low. Nonetheless, there has been a significant rise in global interest in these crops,
resulting in increased production and market prices. These seeds have gained recognition
from food scientists and producers for their outstanding nutritional benefits. They are rich
in high-quality proteins, fibers, and starches, have distinctive properties, and also have a
wealth of micronutrients including vitamins, minerals, and bioactive compounds.

The network’s focus on studying and promoting Ibero-American crops aims to sup-
port the conservation of genetic diversity. Ibero-American crops, with their unique traits
developed through centuries of natural selection, are essential resources for future breeding
programs and for creating crops that are resilient to climate change. By preserving and
utilizing these crops, we can help maintain biodiversity and safeguard valuable genetic
resources against environmental challenges.

The primary goal of the network is to foster a collaborative environment among the
global scientific community to advance the development of safe, sustainable, and nutri-
tious food from ancient crops. This involves partnerships among researchers, institutions,
industry professionals, and the public. Additionally, the International ValSe-Food Network
seeks to promote the sustainable progress of science and technology through the study and
application of Latin-American crops.

Biol. Life Sci. Forum 2024, 37, 24. https:/ /doi.org/10.3390/blsf2024037024 1 https:/ /www.mdpi.com/journal /blsf
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2. Topics

The conference was structured into different sections to cover various topics related to
agriculture, food technology, nutrition, health promotion, and climate change.

Session I: Agronomy and Crop Diversity in the Face of Climate Change.
Session II: Food Technology and Innovation. Biodiversity and Trends. Sustainable
Management of Food Waste.

e  Session III: Nutritional and Health Promotion. Political and Socioeconomic Perspectives.

Each section featured keynote presentations, research paper presentations, panel
discussions, interactive poster sessions, and concluded with roundtable discussions to fur-
ther facilitate knowledge exchange and collaboration among participants. The conference
covered a wide range of topics, fostering interdisciplinary dialog and promoting holistic
approaches to sustainable agriculture, food technology, nutrition, health promotion, and
climate change.

3. Committees
3.1. Scientific Committee

e Nancy Chasquibol

Ingenieria Industrial, Grupo de Investigacion en Alimentos Funcionales, Instituto de
Investigacion Cientifica, Universidad de Lima, Lima, Peru

e Norma Samman
Facultad de Ingenieria, CIITED-Universidad Nacional de Jujuy-CONICET, Jujuy, Argentina
e  Pedro Maldonado

Department of Food Science and Biotechnology, Escuela Politécnica Nacional, Quito,
Ecuador

e Laura Mereles

Bioquimica de Alimentos Department, BIOALSA Group, Facultad de Ciencias Quimicas,
Universidad Na-cional de Asuncion (FCQ-UNA), San Lorenzo, Paraguay

e Ma. Carolina Zufiiga-Lopez

Departamento de Quimica Inorganica y Analitica, Facultad de Ciencias Quimicas y Farma-
ceuticas, Universidad de Chile, Santiago, Chile

e  Ritva Repo-Carrasco Valencia

Centro de Investigacion e Innovacion en Granos Andinos (CIINCA), Universidad Nacional
Agraria la Molina, Lima, Peru

e  (Claudia Monika Haros

Coordinator of International ValSe-Food Network
Cereal Group, Instituto de Agroquimica y Tecnologia de Alimentos, Spanish Council for
Scientific Research (IATA-CSIC), Valencia, Spain

3.2. Organizer Committee-Completer
e  Nancy Chasquibol

Ingenieria Industrial, Grupo de Investigacion en Alimentos Funcionales, Instituto de
Investigacion Cientifica, Universidad de Lima, Lima, Peru

e  (Claudia Monika Haros

Coordinator of International ValSe-Food Network
Cereal Group, Instituto de Agroquimica y Tecnologia de Alimentos, Spanish Council for
Scientific Research (IATA-CSIC), Valencia, Spain
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In submitting conference proceedings to Biology and Life Sciences Forum, the volume
editors of the proceedings certify to the publisher that all papers published in this volume
have been subjected to peer review administered by the volume editors. Reviews were
conducted by expert referees to the professional and scientific standards expected of a
proceedings journal.
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revised manuscript and feedback from the authors. This decision may lead to acceptance,
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Conflicts of Interest: The author declares no conflicts of interest.

Biol. Life Sci. Forum 2024, 37, 26. https:/ /doi.org/10.3390 /blsf2024037026 4 https:/ /www.mdpi.com/journal /blsf



Biol. Life Sci. Forum 2024, 37, 26

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



biology and life 7
@ sciences foru£ mI\D\Py

Proceeding Paper
Development of Food Hydrogels with Andean Purple Corn
(Zea mays L.) Extracts and Cushuro (Nostoc sphaericum)

Polysaccharide: Rheological Characterization *

Cecilia A. Arenas 1'* and Nancy A. Chasquibol 2

Carrera de Ingenieria Industrial, Universidad de Lima, Av. Javier Prado Este 4600, Surco, Lima 15023, Peru
Ingenieria Industrial, Grupo de Investigacién en Alimentos Funcionales, Instituto de Investigacion Cientifica,
Universidad de Lima, Av. Javier Prado Este 4600, Fundo Monterrico Chico, Surco, Lima 15023, Peru;
nchasquibol@ulima.edu.pe

*  Correspondence: 20182263@aloe.ulima.edu.pe

' Presented at the VI International Congress la ValSe-Food, Lima, Peru, 23-25 September 2024.

Abstract: Andean purple corn (Zea mays L.) is an ancient native Peruvian crop that is currently used
in Peruvian gastronomy. Cushuro is a cyanobacteria from the Andean lakes of Peru. They have
considerable amounts of bioactive compounds that can improve the physicochemical properties of
foods. The objective of this research was to characterize the rheological and functional properties
of food hydrogels developed with purple corn extracts, red prickly pear fruit pulp, and cushuro
polysaccharide (CP). Acid-soluble polysaccharides obtained from the Nostoc sphaericum variety from
Ancash, Peru, as well as Peruvian purple corn extracts, were used. Food hydrogels at concentra-
tions ranging from 0.5% to 3.5% (w/v) were elaborated by dispersing the polysaccharides in a 4:1
extract/pulp (v/v) ratio. Likewise, control samples with Tara (Caesalpinia spinosa) gum (TG) were
made. The effect of hydrocolloid concentration (0.5; 1.5; 2.5; 3.5%) on the rheological properties was
evaluated using a unifactorial design. CP and TG hydrogels exhibited a shear-thinning nature, a
concentration-dependent yield point (0.02-29.91 Pa; 2.01-508.39 Pa), and high antioxidant activity
and phenolic content. Adding CP revealed slow structural regeneration, while TG showed thixotropy
and a symmetric hysteresis loop. CP gels showed a fluid-like structure with viscoelastic properties
(G" > G’) even in the highest concentration evaluated (3.5%), contrary to TG gel that had a more
solid (gel-like) structure (G’ > G) at a low concentration (1.5%). These results showed a suitable
rheological profile and desirable properties of the food hydrogels development for the functional
food industry and processing.

Keywords: bioactive compounds; cushuro; food hydrogels; polysaccharide; purple corn; rheology

1. Introduction

Andean purple corn (Zea mays L.) is an ancient native Peruvian crop that is currently
used in Peruvian gastronomy. The intense purple color on its pericarp and cob and,
consequently, on its extracts is used to prepare drinks like “chicha morada” and desserts
like “mazamorra morada”. According to Salvador-Reyes et al. [1], this variety of corn is
a potential ingredient for the development of new products as it can provide a variety
of colors, flavors, and textures, elevated phenolic content, and high antioxidant activity,
contributing to a reduction in the use of additives in the food industry while providing
health-promoting effects.

Cushuro (Nostoc sphaericum) is a bluish-green type of cyanobacteria found in the Andean
lakes of Peru. Among its beneficial bioactive compounds, such as protein (28.18 & 0.33%),
iron (4.76 £ 0.08 mg/100 g), and calcium (377.80 & 1.43 mg/100 g), it contains a significant
amount of polysaccharides [2] which have thickening and structural properties as well
as potential health benefits (e.g., antitumor, anticoagulant) [3]. Tara (Caesalpinia spinosa)
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gum, also known as Peruvian carob, is a natural hydrocolloid obtained by grinding the
endosperm of the seeds of Caesalpinia spinosa. It has been approved as a food additive
by the Food Chemicals Codex and primarily functions as a thickener and stabilizer [4].
Polysaccharide hydrogels are commonly used in food products due to their ability to
modify the rheology of complex food systems, perform a range of technological functions,
and create innovative products to answer consumer’s needs.

The objective of this investigation was to develop food hydrogels with cushuro (Nostoc
sphaericum) polysaccharides and Andean purple corn (Zea mays L.) extracts to leverage
their multiple properties, gain a clearer understanding, expand their potential applications,
and promote the use of ancestral crops and new hydrocolloid sources in the functional
food industry and food processing. Therefore, this work evaluates and summarizes the
dynamic viscoelastic properties, flow behavior, thixotropy, hysteresis, phenolic content,
and antioxidant activity, among other aspects of the rheological and functional profile.

2. Materials and Methods
2.1. Materials and Sample Preparation

The cushuro was obtained from the Cotaparaco district, province of Recuay, Ancash
region, Peru. It was dried at 60 °C for 18 h and then pulverized. Cushuro polysaccharide
(CP) was extracted following the methodology described by Chasquibol et al. [3] at the
Functional Food Laboratory of the University of Lima, Peru. Tara gum (TG) was provided
by Molinos Asociados SAC (Lima, Peru). Andean purple corn and red prickly pear fruit
were purchased from a local market in Lima, Peru. Purple corn extracts were prepared,
taking into consideration the outlines recently reported by Jing et al. [5]. The crushed and
milled purple corn cob and whole kernels were added to deionized water (10 mL/g; mL
solvent/g sample), treated at 75 °C for 1 h, and then strained to obtain the extract. Red
prickly pear fruit was washed, peeled, blended, and strained to obtain the seedless pulp.

Table 1 shows eight formulations developed with Andean purple corn (Zea mays L.)
extracts, red prickly pear fruit pulp, and two different hydrocolloids: cushuro (Nostoc
sphaericum) polysaccharide and Tara (Caesalpinia spinosa) gum. Food hydrogels at concentra-
tions ranging from 0.5% to 3.5% (w/v) were elaborated by dispersing the hydrocolloids in
Andean purple corn extracts with continuous stirring for 1 h at room temperature (approx.
25 °C). The solutions were then heated in a water bath at 80 °C with continuous stirring un-
til complete dissolution and homogenization. After cooling the solutions to 50 °C, prickly
pear fruit pulp was added. The hydrogels were strained to remove lumps and stored at
4 °C in 50 mL tubes for further analysis. Purple corn extracts and red prickly pear fruit
pulp were combined in a 4:1 (extract/pulp v/v) ratio.

Table 1. Formulations of food hydrogels with Andean purple corn (Zea mays L.) extracts, cushuro
(Nostoc sphaericum) polysaccharide, and Tara (Caesalpinia spinosa) gum.

Ingredient CP0.5 CP1.5 CP2.5 CP3.5 TGO0.5 TG1.5 TG2.5 TG3.5
Cushuro polysaccharide (% w/v) 0.5 1.5 2.5 3.5 - — - —
Tara gum (% w/v) — — — — 0.5 1.5 2.5 3.5
Purple corn extract (% v/v) 80 80 80 80 80 80 80 80
Red prickly pear fruit pulp (% v/v) 20 20 20 20 20 20 20 20

CP: cushuro polysaccharide; TG: Tara gum.

2.2. Rheological Measurements of Food Hydrogels
2.2.1. Steady Shear Properties: Flow Behavior, Thixotropy, and Hysteresis Tests

Rheological measurements were performed 24 h after sample preparation using an-
MCR92 (Anton Paar GmbH, Graz, Austria) rheometer equipped with a parallel plate
geometry (50 mm diameter) and a 1 mm measuring gap. The RheoCompass software
(version 1.13) integrated into the rheometer was used for data collection, basic analysis,
and visualization of the results. For flow behavior tests, the samples were continuously
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sheared at rates ranging from 0.1 to 100 s~ 1. The shear rate-dependent Viscosity Ratio (VR)
was determined by calculating the ratio between the viscosity of a sample at a high (nB)
and at a low (nA) rotational speed (Equation (1)):

VR =nB/nA 1)

If the value of VR =1, the sample shows Newtonian flow behavior. If VR < 1, the
sample shows speed-dependent shear-thinning flow behavior, and if VR > 1, the sample
shows speed-dependent shear-thickening flow behavior [6].

A 3-interval thixotropy test (3ITT) was conducted to simulate the conditions of ap-
plication processes. The shear rate was maintained at 0.25 s~ ! for 90 s (1st interval), at
1000 s~ ! for 60 s (2nd interval), and then gradually decreased from 1000 to 0.25 s~ ! over
100 s (3rd interval).

Hydrogels were also subjected to a hysteresis loop test to evaluate their response to
increase—decline cycles and assess the reversibility of viscosity. The shear rate increased
from 5 to 131 s~ ! over 90 s and gradually declined back to 5 s ! after being held at 131 s~!
for 3 min. All steady-state tests were performed at 25 °C.

2.2.2. Dynamic Viscoelastic Properties: Amplitude and Frequency Sweeps

An oscillatory amplitude sweep test was conducted at an angular frequency of
w =10 rad/s (1.6 Hz) with strain ranging from 1% to 100% to establish the linear viscoelas-
tic (LVE) region. Subsequently, frequency sweeps from 0.1 to 100 Hz (0.63 to 628.3 rad/s)
were performed using an appropriate strain within the LVE region to measure the storage
modulus (G'), loss modulus (G”), and complex viscosity (n*). All dynamic tests were
conducted at 25 °C.

2.3. Physicochemical Characterization
2.3.1. Determination of Antioxidant Activity via Radical 2,2-Diphenyl-1-picrylhydrazyl
(DPPH)

The antioxidant activity of samples was determined by the DPPH method, with some
modifications, at 517 nm with a spectrophotometer (UV-1280 UV-VIS Spectrophotome-
ter Shimadzu, Kyoto, Japan). The results were expressed as mg of Trolox equivalent
(TE)/g sample [3].

2.3.2. Total Phenolic Content (TPC)

The total phenolic content (TPC) of the samples was determined using the Folin—-
Ciocalteu method at 760 nm with a spectrophotometer (UV-1280 UV-VIS Spectrophotometer
Shimadzu, Kyoto, Japan). The results were expressed as mg of gallic acid equivalent
(GAE)/g sample [3].

2.4. Statistical Analysis

Physicochemical analyses were performed in triplicate, and results were expressed
as mean values + standard deviation. A one-way analysis of variance (ANOVA) was
conducted to analyze data at a 95% significance level using Minitab 19.0 Software (Minitab
Inc., State College, Palo Alto, CA, USA).

3. Results and Discussion
3.1. Rheological Evaluation
3.1.1. Flow and Viscosity Behavior

Table 2 and Figure 1 present the steady shear flow behavior of CP and TG food
hydrogels. For each polysaccharide, all tested solutions (0.5%, 1.5%, 2.5%, 3.5%) exhibited
a shear-thinning behavior with a Viscosity Ratio (VR) consistently less than 1 across shear
rates ranging from 0 to 100 s~!. All solutions presented a concentration dependence of
viscosity, which increased with higher hydrocolloid concentrations.
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Table 2. Steady shear properties (Yield point [Pa], Viscosity [mPa-s] at 7.5 s 1 and 100 s~ ! shear
rates and Viscosity Ratio [dimensionless]) of food hydrogels with Andean purple corn (Zea mays L.)
extracts, cushuro (Nostoc sphaericum) polysaccharide, and Tara (Caesalpinia spinosa) gum.

Parameter CPO0.5 CP1.5 CP2.5 CP3.5 TGO0.5 TG1.5 TG2.5 TG3.5
Yield point [Pa] ? 0.026 0.336 6.322 29.914 2.007 91.979 268 508.39
Viscosity [mPa-s] (shear rate 7.5 sfl) 7.52 75.07 883.81 7060.4 303.33 8885.9 41,017 77,550
Viscosity [mPa-s] (shear rate 100 s_l) 6.76 47.93 289.49 1071.9 108.27 1233.7 3880.5 4663.6
Viscosity Ratio b 0.90 0.64 0.33 0.15 0.36 0.14 0.09 0.06

CP: cushuro polysaccharide; TG: Tara gum. ? According to the Bingham mathematical regression model.
b Obtained by dividing viscosity at a shear rate of 100 s~ ! by viscosity at a shear rate of 7.5 s~ 1.
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Figure 1. Flow (A) and viscosity (B) curves of CP3.5 and TG1.5 hydrogels. CP: cushuro polysaccharide;
TG: Tara gum.

3.1.2. Yield Point Determination

Typical analysis procedures based on the Bingham mathematical regression model
were used to determine the yield point, which is the minimum force required to initiate
flow in a sample. The results indicated that CP hydrogels have a relatively low stress
threshold before they start to deform (0.026-29.91 Pa), whereas TG hydrogels exhibit
higher mechanical strength (2.007-508.39 Pa) even at low concentrations. In application
environments (e.g., transport, storage, mixing), CP gels, with their lower yield points, may
be more suitable where softer and more flexible materials are needed due to the nature of
their internal structural forces. In contrast, TG hydrogels, with their higher yield points,
are more appropriate for scenarios requiring greater stress resistance or robust mechanical
properties.

3.1.3. Thixotropy Testing and Hysteresis Loop Test

Figure 2 shows the thixotropic properties and hysteresis curves of food hydrogels.
In food testing, evaluating structural regeneration is crucial for determining whether the
product meets quality standards after processing (e.g., spreading, pouring, or squeezing
out of a container). After being subjected to a shear rate of 1000 s ! for 1 min, TG hydrogels
showed rapid recovery and structural regeneration. These results are consistent with those
reported by Wu et al. [3]. As for TG1.5 gel, the sample achieved complete regeneration of
viscosity (100%)—compared to the structural strength at the end of the first interval—90 s
after the high shear load interval ended. In contrast, CP3.5 gel remained thinner than
its initial state and exhibited considerably slower structural regeneration (32.7%), with
regeneration not yet complete even 90 s after the end of the high shear load interval.



Biol. Life Sci. Forum 2024, 37,1

s

Viscosity n in mPa

100,000

10,000

1000

100

Anton Paar RheoCompass

Anton Paar RheoCompass

110
**%0000000000 A
! Y =0.255" 100
000000000000008
90
\ 1
Y =0.25s
80
o 70
o
£
é’ 60
4
? 50
&
Q
F 1
? 40
@ TG1.5-1stInterval
¥ TG1.5-2nd Interval 30
O TG1.5-3rd Interval yA
" ()TG1.5-Up curve
CP3.5 - 1st Interval 20 V# TG1.5 - Down curve
% [ J
,-Y= p— M + CP3.5-2nd Interval o ’ W CPa.5- Up curve
> CP3.5-3rd Interval ACP5.5- Down curve
¢ } f . t : ' ' + t 0 I !
0 25 50 75 100 125 150 175 200 225 250 275 0 10 20 30 40 50 60 70 80 90 100 110 120 130
Timetins Shear Rate yin 1/s
Anton Paar Anton Paar

Figure 2. Thixotropy curves (A) and hysteresis loop (B) of CP3.5 and TG1.5 hydrogels. CP: cushuro
polysaccharide; TG: Tara gum.

The results of the hysteresis test illustrate the differences in viscosity between the two
types of hydrogels and show how the shear stress varies with increasing and, subsequently,
decreasing shear rates. TG1.5 gel sample exhibited a nearly symmetrical hysteresis loop,
where the upper curve closely overlapped with the downward curve, displaying an area of
39.86 Pa/s between them. In contrast, CP3.5 hydrogel demonstrated significant structural
breakdown, with a hysteresis area of 498.93 Pa/s. For CP hydrogels, their structure does
not fully recover and remains thinner than initially, while TG hydrogels achieve complete
recovery after the defined rest period.

3.1.4. Dynamic Viscoelastic Properties

Frequency sweeps characterize a sample’s time-dependent behavior within the Linear
Viscoelastic (LVE) region, where the sample’s structure is not destroyed. By evaluating the
curve of the storage modulus (G'), the limit of the LVE region for TG1.5 hydrogel was found
to be 8.46% shear strain, beyond which G’ function decreases continuously, indicating a
gradual breakdown of the superstructure. Under the applied measurement conditions,
CP3.5 hydrogel (with G” > G') exhibits a fluid-like structure and can be classified as a
viscoelastic liquid, with no distinct transition to a region where the viscoelastic properties
change significantly (Figure 3).

Figure 4 shows the mechanical spectra of Tara gum solutions at 25 °C. The results of
frequency sweeps for TG and CP food hydrogels indicate a decrease in complex viscosity
with increasing frequency (shear-thinning behavior), consistent with the steady shear
results. For the TG1.5 gel, the loss modulus (G”) was higher than the storage modulus
(G’) at low frequencies, indicating that the viscous component of the viscoelastic behavior
dominates and describes the liquid state of the sample. This trend continues until a
crossover point (sol/gel transition) at 3.53 rad/s, after which G’ becomes predominant
at higher frequencies, demonstrating elastic behavior and strong interaction forces. In
contrast, CP3.5 hydrogel exhibited a higher loss modulus than storage modulus (G” > G’)
throughout the frequency range, indicating a viscoelastic behavior characterized by mostly
unlinked individual molecules with some degree of entanglement [4].
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cushuro polysaccharide; TG: Tara gum.

3.2. Physicochemical Evaluation

The addition of purple corn extracts, prickly pear fruit pulp, and polysaccharides
resulted in significant levels of phenolic compounds and substantial antioxidant capacity.
CP3.5 food hydrogel exhibited slightly higher total phenolic content (2.61 £ 0.17 mg GAE/g
sample) and antioxidant activity (4.28 £ 0.29 mg TE/g sample) compared to TG3.5 food
hydrogel, which had 2.43 4 0.39 mg GAE/g sample and 4.07 &+ 0.22 mg TE/g sample. These
findings are consistent with reports by Madhujith et al. [7] and Salvador-Reyes et al. [1],
suggesting that these ingredients possess excellent antioxidant properties and may offer
health-promoting effects. For the specific analysis of this study, the results of the evaluated
formulations were obtained through the experimental pairs design. From the rheological
point of view, the results obtained for the CP3.5 and TG1.5 samples are very similar and,
consequently, present a better dynamic interpretation of the effects of the studied variable.
From the physicochemical point of view, analogous samples with the same concentration
of CP and TG presented similar results between both hydrocolloids, so it is concluded that

11
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the antioxidant activity and phenolic compounds content are directly related to the amount
of raw materials used, as seen for CP3.5 and TG3.5 food hydrogels” evaluation.

4. Conclusions

The hydrocolloid concentrations significantly influenced the rheological properties of
the formulated food hydrogels. Specifically, this variable led to increased values of viscosity,
pseudoplasticity, and yield point in all food hydrogels. At the highest concentration
evaluated, cushuro polysaccharide gels exhibited a dominant viscous component in the
viscoelastic behavior, while Tara gum gels displayed elastic behavior and strong interaction
forces even at low concentrations. Furthermore, the integration of ancestral crop extracts
with novel polysaccharide sources enhanced the total phenolic content and antioxidant
activity of the hydrogels. These results highlight the potential for these hydrogels to be
effectively used in various applications or to innovate food products leveraging traditional
ingredients and bioactive compounds.
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Abstract: The “chanar” (Geoffroea decorticans) is a tree native to the drylands of South America,
historically valued for its nutritional, medicinal, and energy-providing properties. The significance
of this species lies in its adaptation to conditions of water and salt stress, as well as its tolerance
to wide thermal fluctuations, making it a candidate for utilization in climate change adaptation
strategies. This study aimed to quantify the nutritional and mineral contributions of G. decorticans
fruits from the province of Mendoza, Argentina. Representative specimens were selected, and the
fruits were manually harvested for an analysis. The moisture and energy contents were determined
using official analytical techniques. The evaluation of the nutritional components was conducted
on a dry weight basis, including the total mineral, protein, fat, and total carbohydrate contents.
In the mineral fraction test, nitrogen, phosphorus, potassium, sodium, calcium, and magnesium
were quantified. The results revealed an adequate protein content (5.27 £ 0.06%) and elevated
levels of crude fiber (19.27 4 0.46%) and total carbohydrates (85.53 £ 0.98%). A high fiber content
contributes to satiety, and its consumption could significantly enhance the population’s dietary
reference intake. Although the mineral profile appears satisfactory, further investigation is required
to clarify the factors affecting the bioavailability of each element. Even though there are existing
studies on the variation of nutritional properties across different geographic regions, no local studies
were identified. This research provides valuable data for the revaluation of ancestral species with
nutritional significance, especially considering the growing trend towards the use of native plants in
gastronomy.

Keywords: ancestral fruit; Geoffroea decorticans; mineral composition; native plants in gastronomy;
nutritional profile

1. Introduction

Geoffroea decorticans (Gillies ex Hook. and Arn.) Burkart is a species native to South
America, belonging to the botanical family Fabaceae. It is commonly found in the drylands
of Argentina, northern Chile, Bolivia, southern Peru, the Paraguayan Chaco, and western
Uruguay. In Argentina, it has a broad distribution, ranging from Jujuy to the northern
Patagonia [1].

It inhabits dry environments with low precipitation, at altitudes ranging from 100
to 2600 m a.s.l.,, across different edaphic conditions but generally in fine-textured soils,
which are often prone to flooding or salinity. Within its natural distribution range, isolated
specimens can be observed, or they may form closed groves, supported by its strong
gemmiferous roots, which also enable it to colonize new areas. This behavior characterizes
it as a pioneering species, crucial for biodiversity conservation [2]. Its adaptation to water
and salt stress, as well as large thermal fluctuations, confers productive potential under
climate change scenarios. The availability of this species in nurseries specialized in native
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flora demonstrates its capacity for domestication and cultivation, promoting its propagation
while preventing the degradation of natural habitats.

Commonly known as “chafar”, this tree has been traditionally and extensively utilized
by indigenous peoples and rural inhabitants. Locally, its wood is used in the manufacture
of furniture, household items, tool handles, and as fuel due to its energetic properties. The
leaves and bark (which has dyeing properties) are employed in traditional medicine. Its
fruit contains a sweet and pasty pulp, rich in carbohydrates and fibers, which provides sig-
nificant nutritional potential and has been used ancestrally both for food and as fodder [3].
It can be consumed fresh or used as an ingredient in various recipes, including sweet foods
(“arrope”) and alcoholic ferments (“aloja”).

The use of pre-Hispanic plants in culinary preparations has recently gained inter-
national prominence, highlighting the need for rigorous botanical and nutritional char-
acterization. In this context, the aim of this work was to determine the nutritional and
mineral composition of G. decorticans fruits from the province of Mendoza, Argentina, as a
contribution to the development of local gastronomy.

2. Materials and Methods
2.1. Study Area

Fruit collection was conducted in Montecaseros District, General San Martin Depart-
ment, Mendoza, Argentina, in an area on the boundary between grapevine crops and
natural vegetation [4]. The climate is desertic, with an average annual temperature of 15 °C,
average annual precipitation reaching 200 mm during the spring-summer period, and an
average altitude of 620 m a.s.l. The vegetation in the natural environment corresponds to
the classic Monte Phytogeographic Province, recently classified within the Septentrional
District [5], where evergreen shrub steppes and shrublands predominate, along with small
relics of forests and grasses in open areas with low tree and shrub cover. The soils are poorly
developed Entisols, characterized by a strong moisture deficit for most of the year and
predominance of sandy textures, with frequent fixed and semi-fixed dunes and availability
of groundwater.

2.2. Botanical Description of G. decorticans

G. decorticans is a tree that can reach up to 10 m in height (Figure 1). Its most distinctive
feature is its bark; grayish, it sheds in discontinuous, longitudinal, and irregular plates and
strips, revealing the new bright green tissue underneath, which provides photosynthetic
activity and a unique appearance (Figure 2). The leaves are pinnate, deciduous, and gray-
green, ranging from 1 to 7 cm in length [1]. The flowers are hermaphroditic, measuring 0.8
to 1 cm in length, fragrant, with a striking papilionaceous corolla that is yellow-orange with
red stripes. The fruit is a drupaceous legume, measuring 1.5 to 3.5 x 1.5 to 2.4 cm, being
ovoid to slightly compressed, glabrous, smooth, and reddish. It generally contains a single
seed (exceptionally two), measuring 1.2 to 1.8 cm in length, with a thin reddish testa [2]. In
Argentina, flowering occurs in spring, between September and October, depending on the
latitude. Fruiting is typically complete during January and February.

Figure 1. General appearance of a chafar tree.
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Figure 2. Details of the bark of a chafiar tree.

2.3. Sampling

Fruit collection was carried out in the study area at the end of summer 2024. Eighteen
representative trees were selected randomly, taking into account their satisfactory phy-
tosanitary condition. The fruits were manually harvested and stored in paper bags until
the sample preparation stage, which occurred 24 h later.

2.4. Sample Preparation and Chemical Analysis

The sample preparation began with the separation of the whole fruit (Figure 3) into
two fractions, the endocarp and seed (S) and mesocarp and exocarp, hereafter referred to
as “pulp” (P) (Figure 4). Both fractions were weighed fresh. The mesocarp and exocarp
were dehydrated in a forced-air oven until reaching a constant weight. To carry out the
analysis, the dehydrated mesocarp and exocarp were ground using a knife grinder to
obtain a homogeneous flour (Figure 5). All determinations were performed in triplicate,
following official analytical techniques [6,7].

Figure 4. Chanar fruits separated into the endocarp and seed (AS) and mesocarp and exocarp (AP)
from sample A.

Moisture: Indirect method involving drying in an oven at 70 °C, until a constant
weight is achieved (Method of AOAC 167.03 15th Ed. 1990).

Dry material: Method of AOAC 167.03 15th Ed. 1990.

Total fat: Direct method involving extraction with ethyl ether (crude fat) (AOAC
920.39 C 15th Ed. 1990). A Soxhlet gravimetric method was used.
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Crude protein: Kjeldahl method (AOAC 984.13 16 Ed. 5th revision 1999), determining
nitrogen, using 6.25 as a protein conversion factor.

Ashes: Direct method (AOAC 942.05 15th Ed. 1990) involving incineration in a muffle
furnace (at 500 & 10 °C) until the absence of black spots in the ashes.

Total carbohydrates (including dietary fiber): Determined by difference, using the
following formula (Chapter V Argentine Food Code):

100 — (weight in grams [protein + fat + water + ash]), in 100 g of food

Mineral profile: Determined based on the ashes, involving a chemical analysis. Sodium
(AOAC 974.01 18th Ed. 1997), potassium (AOAC 974.01 18th Ed. 1997), phosphorus (AOAC
986.24 18th Ed. 1997), calcium, and magnesium (AOAC 968.31 15th Ed. 1990).

.

Figure 5. Chanar fruit flour (AF) from sample A.

2.5. Statistical Analysis

All determinations were performed in triplicate (A, B, and C). The results were cal-
culated on both dry and wet bases and are expressed as average values with standard
deviations, using the SPSS® statistical software v29.

3. Results and Discussion
3.1. Centesimal Composition of the “Chafiar” Fruit

The results obtained are presented in Table 1.

Table 1. Average centesimal composition of chafar fruits.

Nutritional Composition (100 g) Values Expressed on a Wet Basis Values Expressed on a Dry Basis
Humidity (g) 15.03 +1.72
Dry matter (g) 8497 £1.72
Ash (g) 6.90 £ 0.21 812+ 0.21
Total protein (g) 448 +£0.10 5.27 £ 0.06
Total fat (g) 0.92 +0.05 1.09 + 0.04
Total carbohydrates (g) 72.67 = 1.64 85.53 £ 0.98

The moisture contents of the fresh fruit ranged from 13.67% to 16.97%. This char-
acteristic is advantageous in areas without access to electric preservation methods. The
values were higher than those reported by Maschio et al. [8] in the Argentine provinces
of Catamarca and Rio Negro, which may be attributed to climatic or phenological con-
ditions at the time of collection. The protein content was 4.48%, similar to that of the
other two regions, while the caloric value was notably lower. Regarding lipids, the values
obtained in Mendoza represented 26% and 15% of those found in Catamarca and Rio Ne-
gro, respectively. The carbohydrate fraction was the most significant in Mendoza samples
(85.53 £ 0.98%), as well as in Catamarca (84.90 £ 7.67%) and Rio Negro (81.60 £ 5.23%),
with very similar absolute and relative values. To make these values comparable, the sum
of the carbohydrates and fibers was considered. The results of the present work are in line
with the work of Maschio et al. [8]. These results are also consistent with those presented
by Orrabalis [9], who notes that “chafiar” is an energy-rich fruit.
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3.2. Mineral Composition of the “Chafiar” Fruit
The mineral profile is presented in Table 2.

Table 2. Average mineral composition of chafar fruits.

Mineral Composition (100 g) Values Expressed on a Wet Basis Values Expressed on a Dry Basis
Sodium (mg) 31.14+45 36.6 5.8
Potassium (mg) 1103.6 = 22.9 12989 £ 0.8
Calcium (mg) 339.6 +7.0 399.7 + 0.3
Magnesium (mg) 2478 £ 5.1 291.6 £0.2
Phosphorus (mg) 100.6 = 2.0 118.4 £ 3.0

Costamagna et al. [10] determined a sodium content of 23 mg Na /100 g, which was
slightly lower than the value found for Mendoza. However, in both cases, the sodium
content is considered low. The mineral contents obtained from chafiar trees in northwestern
Argentina contrast with those reported in our study, representing 239% of the potassium,
33% of the calcium, 38% of the magnesium, and 2% of the phosphorus found in Mendoza.

4. Conclusions

This study quantitatively determined the nutritional and mineral compositions of G.
decorticans fruits in Mendoza, Argentina. This provides local information on an innovative
aspect such as the nutritional contribution of a native forest species. Laboratory analyses
revealed characteristics of the chafar that highlight its significance for the food industry,
such as its low moisture content (which supports preservation at room temperature without
refrigeration until consumption) and adequate levels of proteins, calcium, and magnesium,
given their nutritional importance.

The results indicate the need to further investigate the bioavailability of each chemical
element and the variability in the synthesis of nutritional compounds. This includes
linking these factors with environmental and climatic aspects and promoting this species
to diversify and add value to the local gastronomy industry.
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Abstract: Oil-in-water (O/W) nanoemulsions offer significant potential for protecting and delivering
sensitive ingredients such as chia seed oil, which is rich in w-3 fatty acids (approximately 64%
a-linolenic acid, ALA). This research work aimed to study the in vitro fat digestibility of chia O/W
nanoemulsions (Cas1000) with 10% (w/w) of chia oil and 2% (w/w) of sodium caseinate prepared
by microfluidization (1000 bar, 3 passes) and characterized through their droplet size, superficial
droplet charge, and global stability. In terms of the in vitro fat digestibility, three different matrices
were studied: a water solution of sodium caseinate, a chia O/W nanoemulsion, and a bulk chia
oil. The particle size distribution, mean diameter, and microstructure were evaluated after in vitro
stomach and small intestine simulation according to the INFOGEST method. Free fatty acids (% FFA)
produced during lipolysis were quantified at the end of digestion through their neutralization by
acid-base volumetric assay. The droplet size of the Cas1000 had slight changes during the gastric
phase while a significant variation of this parameter was observed at the end of the intestinal phase.
A higher %FFA was obtained in Cas1000 compared to bulk chia oil with values of 58.26 and 38.13%,
respectively. The ALA content in the lipid phase was quantified at the end of the gastrointestinal
digestion process. The results indicated no significant changes compared to the initial oil, suggesting
no losses of active compounds during digestion.

Keywords: free fatty acids; INFOGEST; lipolysis; microfluidization; omega-3 fatty acids

1. Introduction

The w-3 and w-6 fatty acids are essential for human health, but modern diets often
have an imbalance, with higher omega-6 intake, such as linoleic acid (LA), compared to
w-3 like o-linolenic acid (ALA). This imbalance can lead to negative health effects, making
it important to improve the w-3/w-6 ratio in the diet. Chia (Salvia hispanica L.) is a rich
source of ALA, contributing about 64% of the total fatty acids in its oil, which helps increase
w-3 intake and rebalance this ratio, making it a valuable functional ingredient for better
health outcomes [1,2].

ALA is highly susceptible to oxidation, which comprises its stability during food
storage and processing. Additionally, its bioavailability in the body is limited, as it can
be degraded before being effectively absorbed and utilized. These challenges underscore
the need for efficient delivery systems, such as nanoemulsions, that protect ALA from
oxidation and enhance its absorption in the body, ensuring that consumers can fully benefit
from its health-promoting properties [1].

Emulsions can be tailored with various compositions and techniques to achieve differ-
ent physicochemical and functional properties. Nanoemulsions, with droplet sizes of 20 to
200 nm, provide enhanced stability and bioavailability of lipophilic compounds, reducing
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gravitational separation and droplet aggregation compared to conventional emulsions,
thus extending food shelf life [3].

In vitro digestibility is a key tool for assessing the breakdown and absorption of
essential fatty acids, like ALA, in the gastrointestinal tract. This method simulates nutrient
release and availability under controlled conditions, providing valuable insights into
digestion and utilization efficiency [4].

This study investigated the in vitro digestibility of chia oil-in-water nanoemulsions,
formulated with sodium caseinate as the emulsifier and microfluidization for the emulsifi-
cation process.

2. Materials and Methods
2.1. Materials

Chia oil (CO) was purchased from Solazteca SDA S.A. (Buenos Aires, Argentina).
Sodium caseinate (Cas), pepsin, pancreatin, and bovine bile were obtained from Sigma-
Aldrich (Steinheim, Germany), and ALA and LA methyl ester standards were from Sigma-
Aldrich (St. Louis, MO, USA). All other reagents were analytical grade.

2.2. Emulsion Preparation

O/W nanoemulsions (Cas1000) were prepared with 10% w/w of chia oil and 2% w/w of
sodium caseinate. Pre-emulsions were formed by homogenizing CO and Cas solution with
an Ultraturrax T-25 (Janke and Kunkel GmbH, Staufen, Germany) at 10,000 rpm for 2 min,
then further processed using a microfluidizer (LM10, Microfluidics, Westwood, LA, USA)
at 1000 bar for 3 cycles. Nanoemulsions were treated with 12 ppm nisin and 1000 ppm of
potassium sorbate to inhibit microbial growth.

2.3. Emulsion Characterization
2.3.1. Particle Size and (-Potential

Particle size was measured in triplicate using static light scattering with a Malvern Mas-
tersizer 2000E (Malvern Instruments Ltd., Worcestershire, UK) according to Julio et al. [3].

The (-potential was determined using a Zeta Potential Analyzer (Brookhaven 90 Plus/Bi-
MAS, Holtsville, NY, USA) [3].

2.3.2. Physical Stability

The physical stability of emulsions was assessed with a Vertical Scan Analyzer (Quick
Scan, Coulter Corp., Miami, FL, USA) during 50 d [3].

2.3.3. Microscopic Analysis

The microstructure was analyzed with a Leica DMLB optical microscope (Leica Mi-
croscopy Systems Ltd., Heerbrugg, Switzerland), using 0.2% Nile red fluorescent dye to
stain the oil phase. Micrographs were captured at 63 x magnification at room temperature
(25 £1°Q).

2.4. In Vitro Digestion

In vitro digestion of chia O/W nanoemulsion (Cas1000) was performed using the static
INFOGEST protocol [5], with continuous phase (Cas) and bulk chia oil (CO) as controls.
Simulated gastric fluids included pepsin (2000 U/mL), and intestinal fluids contained
pancreatin (100 U/mL of trypsin) and bovine bile (10 mmol/mL).

2.4.1. Particle Size and Microscopic Analysis

The size and microstructure of the particles in each system subjected to in vitro diges-
tion at the end of the gastric and intestinal phases were evaluated as detailed in Section 2.3.
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2.4.2. Extent of Lipolysis

The degree of lipolysis was determined by measuring the amount of free fatty acids
(FFA) produced in CO and Cas1000 immediately after intestinal digestion according to
Pinheiro et al. [6].

2.4.3. Fatty Acid Composition

The relative percentages of LA and ALA in chia oil and Cas1000 oil before and after
in vitro digestion were determined by gas chromatography using an Agilent Technologies
7890 A gas chromatograph (Santa Clara, CA, USA) with a flame ionization detector and a
DB-23 column. For oil extraction, 25 mL of a 1:3 isopropanol/isooctane mixture was added
to 40 mL of the emulsion or digestate, vortexed, and centrifuged at 3000 rpm for 2 min. The
organic phase was collected, and the solvent was evaporated using a Biichi B-480 rotary
evaporator (Biichi, Switzerland) at 100 bar and 50 °C.

2.5. Statistical Analysis

The results were analyzed using ANOVA (p < 0.05) with Statgraphics Centurion
XV.I software (StatPoint Technologies, Warrenton, VA, USA). Multiple comparisons were
conducted with the Tukey test (p < 0.05) at a 95% confidence level.

3. Results and Discussion
3.1. Emulsion Characterization

The particle size distribution (PSD) of Cas1000 showed a bimodal pattern (Figure 1)
with a narrow peak around 0.134 um and a secondary peak at 0.63 pm. Dy 3 value was
0.15 £ 0.1 um. At pH~6.5, the droplets had a negative surface charge of —41 £ 1 mV.
Cas1000 remained physically stable, maintaining its BS profiles without significant changes
over 50 d. These results indicate that the microfluidization process and emulsifier were
effective in forming chia O/W nanoemulsions.

12
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Figure 1. The particle size of Cas1000 (solid line) and CO (dotted line) at the initial time (—), after
gastric (—), and intestinal (—) stages of the in vitro digestion assay. CO: chia oil; Cas1000: chia
O/W nanoemulsions.

3.2. In Vitro Digestion
3.2.1. Particle Size and Microscopic Analysis

The size of oil droplets can indicate the efficiency and rate of lipolysis [7]. Figure 1
shows the PSD of Cas1000 before digestion and of both CO and Cas1000 at the end of the
gastric and intestinal phases. The PSD of Cas1000 after the gastric phase was similar to
the initial system (Cas1000 Initial). However, after the intestinal stage, the PSD of Cas1000
changed significantly, displaying a broad range of particle sizes and shifting towards larger
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sizes. Regarding CO, it exhibited bi and trimodal PSD after the gastric and intestinal phases,
respectively. By the end of digestion, CO and Cas1000 had similar PSD.

The mean particle size of Cas1000, expressed as Dy 3, remained similar after exposure to
the simulated gastric conditions (p > 0.05), indicating the stability of this system. However,
this diameter significantly increased (p < 0.05) after intestinal digestion. On the other hand,
CO had a significantly larger D43 (p < 0.05) than Cas1000 at the end of the gastric phase.
By the end of the intestinal phase, there were no significant differences (p > 0.05) between
the two systems for this parameter (Figure 1).

Confocal microscopy images of the CO and Cas1000 after both gastric and intestinal
digestion stages are shown in Figure 2. While no significant changes in particle size were
observed between the initial Cas1000 and after gastric digestion using the light scattering
method, the microscopy images revealed some degree of flocculation and early signs of
coalescence (Figure 2). In the gastric phase, the high ionic strength and acidification of
the medium (pH 3.0), passing through the isoelectric point of the proteins (~4.6), may be
responsible for these changes [8]. Under these conditions, the protein layer loses sufficient
repulsive forces, leading to droplet aggregation. Furthermore, confocal microscopy showed
that most lipids were digested by the end of the intestinal phase since few droplets remained
after this stage. Consistent with the particle size results, aggregates of various sizes
observed at the intestinal stage suggest the presence of micelles, liposomes, insoluble
calcium soaps, and protein complexes.

Gastric phase Intestinal phase

- ..

Figure 2. Confocal images (63x) of CO and Cas1000 after in vitro digestion. CO: chia oil; Cas1000:
chia O/W nanoemulsions.

3.2.2. Extent of Lipolysis and Fatty Acid Composition

Lipid digestion begins in the gastric phase, and lipolysis in the intestinal phase occurs
due to enzymatic action. The extent of lipolysis was assessed by measuring free fatty
acids (FFA) produced during intestinal digestion. Significant differences were observed
(p < 0.05), with a mean of 38.13% for CO and 58.26% for CAS1000. The higher FFA from
Cas1000 suggests that emulsifying the oil droplets with protein enhances their resistance to
enzymatic and acidic degradation in the gastric phase. This allows more oil to reach the
intestinal phase, where lipolysis results in increased production of low molecular weight
fatty acids. This behavior is consistent with that reported by Timilsena et al. [7].

Regarding fatty acid composition, CO and Cas1000 showed significant differences
(p < 0.05) from the initial chia oil in terms of LA after the intestinal phase (Table 1). For
ALA, Cas1000 did not differ significantly (p > 0.05) from CO, but both systems exhibited
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significant differences compared to the initial chia oil. These findings suggest that the
digestion process impacts the fatty acid profile of the oil, likely due to changes in the
emulsion stability and the extent of lipolysis.

Table 1. Fatty acid composition of initial chia oil and post-digestion OC and Cas1000.

Intestinal Phase

Fatty Acid Initial Chia Oil
CcO Cas1000
Linoleic acid (%) 18.30 + 0.50 @ 20.88 & 0.08 21.67 + 0.01 ¢
oa-linolenic acid (%) 67.00 +1.30° 58.28 + 0.09 2 58.48 + 0.30 2

Average values £ standard deviations (n = 2). Different letters in the same row indicate significant differences
(p < 0.05) between systems according to the Tukey test. CO: chia oil; Cas1000: chia O/W nanoemulsions.

4. Conclusions

Cas1000 nanoemulsions maintained high stability and consistent particle size dis-
tribution over 50 days. During digestion, Cas1000 was stable in the gastric phase but
showed increased particle sizes in the intestinal phase, while CO displayed more signif-
icant changes. Cas1000 also had higher lipolysis than CO, indicating better resistance
to gastric degradation and improved availability for intestinal digestion. Both systems
showed changes in fatty acid composition from the initial chia oil, highlighting the impact
of digestion on oil stability and bioavailability. These results underscore Cas1000’s potential
to enhance oil stability and bioavailability, supporting its use as a functional ingredient.
Given these characteristics, Cas1000 nanoemulsions could be effectively applied in devel-
oping nutraceuticals, functional foods, and supplements where improved delivery and
bioavailability of omega-3 fatty acids are crucial. Additionally, they may be valuable in
formulating specialized dietary products aimed at optimizing lipid intake and digestion.
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Abstract: The production of functional foods has aroused growing interest due to its proven health
benefits and potential to improve quality of life. One of the products that have gained importance
due to its practicality is enriched beverages. Kefir, a fermented beverage traditionally produced from
cow’s milk, is cultivated using kefir grains containing a symbiotic culture of bacteria and yeast, which
has great nutritional power and benefits the microbiota. In this research, an enriched powdered
milk beverage with a high protein content is prepared due to the incorporation of lupine (Lupinus
mutabilis), kiwicha (Amaranthus caudatus), and quinoa (Chenopodium quinoa). The beverage prepared
shows a 48% increase in protein content compared to commercialized kefir. After the beverage was
obtained, it was freeze-dried to preserve its nutritional and functional properties. The resulting
beverage, kefir milk powder, enriched with native Andean grains such as lupin, kiwicha, and quinoa,
presents a sustainable and nutrient-rich option that contributes to dietary diversification.

Keywords: fermentation; kefir; kiwicha; probiotic bacteria; proteins; quinoa; lupin

1. Introduction

The development of novel functional and probiotic beverages is a growing trend in
the food industry, driven by the increasing demand for healthier products [1]. One of the
most widely consumed foods globally is dairy products, which are beneficial for health
owing to their calcium content; kefir, a fermented dairy drink, is particularly beneficial for
gut health [2]. Its nutritional profile can be further enhanced by adding Andean grains
such as lupin, kiwicha, and quinoa, which are well-known for their high protein content [3].
Previous research has employed lupin to enhance the nutritional value of fresh cow’s
milk, improving its protein content by 31.03% [4]. Mendoza [5] prepared a functional
beverage based on quinoa and pineapple, rich in minerals and proteins, which exhibited
a 6.4-fold increase in protein content compared to a conventional pineapple beverage.
Quinoa (Chenopodium quinoa), kiwicha (Amaranthus caudatus), and lupin (Lupinus mutabilis)
are known for their high nutritional value, including lipids, proteins, dietary fiber, and a
wide range of minerals. Therefore, the combination of kefir and these legumes can result
in a highly nutritious product. This research focuses on the production of a functional
probiotic beverage based on kefir, a promising source of proteins and nutrients, using
quinoa, kiwicha, and lupin.

2. Materials and Methods
2.1. Preparation and Fermentation of Kefir

One liter of whole cow’s milk was preheated to 25 °C and transferred to a glass
container. Twenty grams of kefir grains, a consortium of acetic and lactic acid bacteria
(LAB) and yeasts encompassing 20 different strains, were added. The flask was covered
with sterile muslin cloth and incubated at 25 °C in the dark. After 24 h, the liquid was
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separated from the kefir grains using a sterile plastic sieve. Kefir grains that passed through
the sieve were washed with sterile water and returned to fresh whole milk. All ingredients
were purchased from a local market in Lima, Peru.

2.2. Enrichment with Lupin, Kiwicha and Quinoa

Lupin grains were soaked for 12 h to remove bitterness. Subsequently, 150 g of lupin
grains, 30 g of kiwicha flour, and 70 g of quinoa flour were added to 700 mL of kefir
milk. The mixture was blended and pasteurized at 90 °C for 15 min. All ingredients were
purchased from a market in Lima, Peru.

2.3. Freeze-Drying of the Final Product

The sample was subjected to a vacuum sublimation process at —50 °C for 24 hin a
freeze-dryer (Martin Christ Alpha 1-2, Zirbus VaCo 5) to obtain the enriched kefir drink
powder. The powder obtained (EKM) was stored in sealed polyethylene bags under
vacuum conditions for quality analysis.

2.4. Proximal Composition

Proximate composition was determined according to official methods. Moisture
content was determined at 110 °C to constant weight. Ash content was determined by
incineration at 550 °C for 72 h in a muffle furnace. Total protein content was determined
using a Kjeldahl analyzer (UDK 139, VELP, Usmate Velate, Monza, Italy). Fat content was
determined using n-hexane extraction for nine hours. All measurements were performed
in triplicate [6].

2.5. Determination of Mineral Content

The concentrations of Ca, Cu, Fe, K, Mg, Na, P, and Zn in the powdered beverage
were determined by atomic absorption spectrophotometry (Nexion 350 x, Perkin Elmer,
MA, USA) [6].

2.6. Physical-Chemical Properties

Apparent and compacted densities, Hausner ratio, and solubility were determined
according to the methodologies outlined by Chasquibol et al. [6]. Hygroscopicity was
determined according to the methodology described by Nowshina et al. [7]. A Brookfield
rotational rheometer (model DV-II Pro LV; Brookfield Engineering Laboratories, Middle-
boro, MA, USA) was used for viscosity analysis. The data obtained were processed using
the Rheocalc application software (V3.2 Build 47-0; Brookfield Engineering Laboratories,
Middleboro, MA, USA) according to the methodology described by Kok-Tas et al. [8].

2.7. Color Measurements

Color measurements were performed using a Color Tec-PCM colorimeter (Model
D25-PC2, Cole Palmer, Vernon Hills, Chicago, IL, USA) according to the methodology
described by Nowshina et al. [7].

2.8. Amino Acid Determination

The amino acid profile was quantified by HPLC (ARC, Waters, Milford, CT, USA)
following the methodology outlined by Chasquibol et al. [6]. All measurements were
performed in triplicate.

2.9. Sensory Analysis

Fifteen semi-trained panelists evaluated the sensory analysis (color, flavor, aroma,
texture, and overall acceptability) of the powder following the methodology presented by
Nowshina et al. [7].
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2.10. Statistical Analysis

Results were expressed as mean + standard deviation. All measurements were
performed in duplicate or triplicate. Analysis of variance (ANOVA) was used for the
mixture design employed in this study and for response optimization of the protein variable.
Data were analyzed at a 95% significance level using Minitab 19.0 statistical software
(Minitab Inc., State College, Palo Alto, PA, USA).

3. Results and Discussion
3.1. Statistical Analysis

A simplex centroid mixture design was used to optimize the protein content in a
formulation composed of kefir milk enriched with lupin, kiwicha, and quinoa, as depicted
in Table 1. The design consisted of five experimental runs, varying the levels of kefir
milk (700-800 mL) and lupin (50-150 g). The results indicated that the maximum protein
content was achieved with a mixture containing 700 mL of kefir milk and 150 g of lupin, as
depicted in Figure 1. The quantities of kiwicha and quinoa were held constant throughout
the experiment.

Table 1. Statistical Analysis.

RunOrder PtType Blocks Kefir Milk Lupin Proteins Content
1 -1 1 0.725 0.125 32.27
2 1 1 0.700 0.150 37.92
3 -1 1 0.775 0.075 19.29
4 0 1 0.750 0.100 23.86
5 1 1 0.800 0.50 14.70
Optimal [ ]Leche [ :Tarwi
o 1.000 High 0.0 0150
2o Cur [0.70] [0.150]
Low (1 ] 0050

Proteina
“Aaxinmumm
y = 383434
d = 1.0000

Figure 1. Predicted responses plot.

3.2. Proximal Composition and Mineral Content, Recommended Dietary Intake (RDI), and Upper
Tolerance Limit (UTL)

The Andean grains proved to be highly effective in augmenting the protein content of
the product, as evidenced by the data presented in Table 2.

27



Biol. Life Sci. Forum 2024, 37, 4

Table 2. Proximal composition, mineral content, recommended dietary intake (RDI), and upper

tolerance limit (UTL).

Proximal Composition (%) EKM (g/100 g) Minerals EKM (mg/kg) RDI * (mg/day) UTL (mg/day)

Moisture 0.34 £ 0.002 Calcium 2505.50 + 4.02 1000 2500

Ash 3.59 £ 0.02 Copper 4.20 £ 0.02 0.9 8

Protein 37.92 +0.02 Iron 42.30 +0.10 W18, M 8 45

Fat 18.82 + 0.02 Potassium 5877.11 +£7.04 W 2600, M 3400 3400
Magnesium 1375.96 £ 3.07 W 315, M 410 350
Sodium 1644.69 + 2.01 2000 2300
Phosphorus 4799.81 £ 3.02 700 4000
Zinc 31.53 £0.07 Ws§,M11 40

Values are mean + SD; n = 3. * For women (W) and men (M), aged 19 to 50 years.

The protein content increased from 14.70 g to 37.92 g. Furthermore, the moisture
content was measured to be 0.34 4= 0.002 g per 100 g. The freeze-drying method can
eliminate all the liquid content of the sample and the storage of the product has to be in
sealed polyethylene bags under vacuum conditions to prevent an increase in moisture,
bacterial activity, and the degradation of the product. The determination of the ash content
of the EKM showed a 3.59 + 0.02 g/100 g product.

EKM contains a wide range of minerals, as indicated in Table 2; if it is compared with
the commended daily intake for each mineral (National Institute of Health, 2023) [6], the
consumption of only 20 g daily of EKM would cover 5.01% of the daily requirement of
calcium, 12.29% of iron, 4.52% of potassium, 8.73% of magnesium, and 13.71% of phospho-
rus. Therefore, EKM offers a nutritious option full of various minerals that contribute to a
balanced diet.

3.3. Physical-Chemical Analyses

Table 3 shows physical-chemical analyses of the product (EMK). The solubility value
of EKM obtained was 26.96% = 0.02 due to the higher fiber content of lupin, kiwicha, and
quinoa. The value for hygroscopicity was 0.03 = 0.02, indicating that the EKM sample has
a lower capacity to absorb moisture from the environment, implying reduced absorption
of vapor or liquid. This low moisture content in powdered milk inhibits the growth and
reproduction of microorganisms. Since hygroscopic ingredients are sensitive to moisture,
and in powdered milk, it can lead to deterioration, such as softening, color changes, and
disintegration [2]. Therefore, the water activity in EKM was e 0.86 £ 0.01, which agrees
with the aforementioned findings. By maintaining low moisture content, the proliferation
of bacteria, molds, and yeasts is effectively controlled. The EKM exhibited an apparent
density of 6.9 £ 0.01 g/mL and a compacted density of 4.2 + 0.03 g/mL, with a Hausner
ratio 0.6. It also possessed a viscosity of 20.06 mPa-s, indicating optimal fluidity. These
values suggest that the powdered beverage has good flowability.

Table 3. Physical-chemical properties of the product (EMK).

Analysis EKM
Solubility % 26.96% =+ 0.002
Hygroscopicity (g) 0.03 £ 0.002
Water activity 0.86 & 0.001
Bulk density (g/cm3) 6.9 4+ 0.001
Tapped density (g/cm?) 4.2 +0.003

L* 781+12

a* —1.59 +0.02
b* 4.89 4 0.02

Values are mean + SD; n = 3.
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For the color analysis of EKM, the L*, a* and b* values of the samples were analyzed
after preparation according to the formula. The EKM shows a higher value of luminosity
(L *); this is because it is made from cow’s milk, and it retains a color close to chalk white,
which is quite similar to quinoa and kiwicha flour; the lupin gives it a yellowish cream
appearance; that gives color to EKM a color is obtained in the range of white, lead and
cream, a color close to ivory, which matched to milk measurements. The a* represents
the redness or greenness of the products; in EKM, a negative value was shown, which
represents the greenness. The b* value represents yellowness values or a blue indicator;
in EKM, a positive value is shown, which represents yellowness in the sample. The low
values of greenness and yellowness are due to the original color of the lupin in EKM [7].

3.4. Amino Acids in the Product

Table 4 presents the results of the amino acid profile of the product, a sample of kefir
milk powder enriched with lupin, kiwicha, and quinoa (EKM). The protein properties
of lupin, kiwicha, and quinoa have benefited the EKM by allowing them to retain better
concentrations of essential amino acids. Essential amino acids cannot be synthesized within
the body and, therefore, must be provided through the diet [9]. The predominant amino
acids in EKM are glutamic acid (85.5 &+ 0.26 mg/g of protein), arginine (46.14 + 0.14 mg/g
of protein), and leucine (39.63 £ 0.22 mg/g of protein), which is, according to informed
by Akal [9], aspartic acid (37.61 + 0.04 mg/g protein), NH 2 (27.93 £+ 0.30 mg/g pro-
tein), and proline (25.24 £ 0.43 mg/g protein); the limiting amino acids are methionine
7.62 + 0.22 mg/g protein and tryptophan 4.05 &+ 0.55 mg/g protein. The amino acid compo-
sition of EKM showed a balanced profile in accordance with FAO/WHO recommendations
and demonstrated that dairy drinks formulated with lupin, kiwicha, and quinoa are rich in
amino acids, except for tryptophan [7].

Table 4. Amino acid profile of the product (mg/g protein).

Aminoacid EKM
Aspartic Acid 37.61 £ 0.04
Glutamic Acid 85.80 4+ 0.26
Serine 21.55 4+ 0.08
Histidine 8.31 £0.22
Glycine 18.61 £+ 0.43
Threonine 16.09 + 0.47
Arginine 46.14 £ 0.14
Alanine 13.93 + 0.06
Proline 25.24 +0.43
Tyrosine 14.02 £+ 0.35
NHj; 27.93 + 0.30
Valine 21.55 +0.35
Methionine 7.62 +0.22
Cystine 1.58 + 0.01
Isoleucine 17.28 +0.45
Leucine 39.63 +0.22
Phenylalanine 19.09 £ 0.12
Lysine 21.10 = 0.36
Tryptophan 4.05 £+ 0.55

Values are mean + SD; n = 3.

3.5. Sensory Evaluation

Table 5 shows the results of 15 panelist’s evaluation of the organoleptic characteristics
for EKM.

EKM obtained a score of 7.1 for color, indicating a similar color to commercial milk.
This is in contrast to the color indicator reported by Nowshina et al. [7], which ranged from
5.3 to 6.7 due to the addition of maltodextrin and sunflower oil, causing a color change
from yellow to brown, and was not well-accepted by their panelists. Regarding flavor,
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EKM scored 6.7, as it maintained a neutral taste (similar to almond milk, according to four
panelists). EKM received a score of 7.9 for aroma, characterized by a unique flavor profile
typical of kefir milk, with a predominant aroma of quinoa and kiwicha, which were highly
appreciated by the panelists. The texture was rated 7.3, as it was described as a fluid and
easy-to-drink beverage. EKM achieved an overall acceptability score of 7.2 (on a 1-9-point
rating scale), aligning with the panelists’ perceptions of color, flavor, aroma, and texture.

Table 5. Average score of overall acceptability of the product (EKM).

Formulation EKM

Color 7.1+0.02
Flavor 6.7 +0.02
Arome 7.9 £ 0.02
Texture 7.3 +£0.02
Overall Acceptability 7.2 4+0.03

4. Conclusions

The formulation developed of kefir milk powder enriched with lupin, kiwicha, and
quinoa enabled obtaining a beverage with high protein content. The addition of these
Andean grains enhanced the product’s mineral content, particularly calcium, which is
essential in dairy beverages. Moreover, it provided a significant amount of essential amino
acids. The powder exhibited acceptable solubility with low hygroscopicity, moisture
content, and water activity, thereby preventing microbial growth and improving product
quality and shelf life. Sensory evaluation revealed acceptable characteristics in terms of
color, flavor, texture, and aroma, indicating a generally positive consumer acceptance.
In conclusion, kefir milk powder enriched with lupin, kiwicha, and quinoa represents
a nutritious option, providing a significant source of protein and probiotic benefits to
improve gut health and overall nutrition.
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Abstract: Capsaicin has multiple applications such as analgesic for muscle pain, anti-inflammatory,
anticancer, antidepressant, and others. It is a lipophilic compound that produces irritation, therefore,
for its application, it is necessary to encapsulate it in emulsions or biopolymers. The objective of
this work was to prepare a direct O/W emulsion containing capsaicin extracted from Charapita
chili (Capsicum frutescens) with Sacha Inchi (Plukenetia volubilis) oil as the oil phase and encapsulated
in calcium alginate beads, intending to increase the useful life of the capsaicin. Capsaicin was
extracted from Charapita chili powder using ethanol, then the extract was dried for 40 min at 55 °C.
To obtain the emulsion, the dry extract was dissolved in 100 mL of Sacha Inchi oil and mixed with
sodium alginate by stirring at 14,000 rpm. Then, the emulsion was combined with sodium alginate
by stirring at 14,000 rpm. This mixture was dripped onto 200 mL of a 0.2 M solution of calcium
chloride, obtaining beads of a spherical shape. The experimental kinetic data are described with the
Korsmeyer-Peppas model, where the maximum release was reached at 180 min, the value of the
constant n was 0.7857, and the rate constant K was 2.95. As the constant n < 0.85, the release process
was due to the diffusion and swelling of the beads. The emulsion obtained could be used to develop
pharmaceutical products; moreover, the encapsulated emulsion in calcium alginate could be used in
the formulation of functional foods to take advantage of the capsaicin from Charapita chili and the
functional properties of the Sacha Inchi oil.

Keywords: capsaicin; Charapita chili; encapsulation; emulsion; kinetic

1. Introduction

There is a great variety of chili peppers in Peru, which have been cultivated by our
ancestral cultures and have made Peruvian cuisine famous [1]. However, the scientific
study of our chili peppers is still incipient. Among these chili peppers is the Charapita chili
(Capsicum frutescens), which is characterized as a small yellow fruit that is very aromatic and
spicy. It is grown in the Peruvian Amazon, in the areas of Loreto, San Martin, and Ucayali.

Currently, the extraction of capsaicin from chili fruits is carried out using Soxhlet
extraction equipment, in which methanol, ethanol, acetone, etc., are used as solvents [2].
In addition, to carry out the extraction, ultrasound, microwave, and supercritical fluid
techniques are used. Capsaicin molecules (8-methyl-N-vanillyl-trans-6-nanenamide) are
hydrophobic vanilloide compounds that give spicy foods their pungent quality. It is a
secondary metabolite found in the composition of different varieties of chili peppers with
high therapeutic and nutritional potential because they contain a wide range of bioactive
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compounds, such as capsaicinoids, carotenoids, polyphenols, flavonoids, vitamins, and
minerals [3].

Regarding therapeutic applications, Muwen et al. [4] carried out a review on capsaicin
as an analgesic in chronic pain caused by osteoarthritis and rheumatoid arthritis. Capsaicin
has anti-inflammatory characteristics, which are widely used in gels, creams, and ointments.
As an anticancer compound, Willian et al. [5] highlighted that capsaicin exhibits potent
anticancer effect on several types of human cancer, including gastric cancer, breast cancer,
lung cancer, prostate cancer, etc.

The direct oral administration of capsaicin causes adverse effects in our body be-
cause it produces irritation in the oral cavity and stomach, which leads to the emergence
of stomatitis and gastric ulcers [6]. In addition, capsaicin has low solubility in water,
a short half-life, and cytotoxicity at high concentrations. Due to these disadvantages,
administration systems are being developed that are based on different encapsulation
techniques, such as emulsions, liposomes, micelles, nanoparticles, etc. The encapsulation
of active ingredients in micro- and nanoemulsions are widely used to improve the oral
availability of hydrophobic ingredients and are prepared by using high speed and pressure
homogenizers [7].

The objective of this research was to study the encapsulation of capsaicin emulsion
obtained from the Charapita chili.

2. Materials and Methods
2.1. Collection and Processing

The Charapita chili was purchased at the market of the fishing terminal Villa Maria
del Triunfo in Lima, Peru. One kilogram of the fruit was cut into halves and placed in trays
of a food dryer (IKE, Foshan City, Guangdong, China) for 4 h at 50 °C. The dried sample
was then ground with a stainless-steel blade mill to obtain the chili powder.

2.2. Capsaicin Extraction Process

The method proposed by Hoyos [2] was carried out with some modifications. First,
6 g of the powdered material was placed in a filter paper bag, which was then introduced
into the Soxhlet apparatus. For the extraction of capsaicin, 100 mL of absolute ethanol was
used. The extraction of capsaicin was carried out for 6 h, maintaining the temperature
of the heating blanket at 50 °C. The extract was dried in a Rotavapor equipment (D-Lab,
Beijing, China) for 40 min at 55 °C. All extractions were performed in triplicate.

2.3. Emulsion Preparation Process

The emulsion preparation was performed according to the method proposed by
Chan [8]. First, 0.1 g of dry extract was dissolved in 100 mL of Sacha Inchi oil, which
had been bought from a local market in Lima city, Peru, by constant stirring at 500 rpm.
Then, 10 mL of capsaicin solution was mixed with 40 mL of sodium alginate solution (1.6%)
and the mixture was placed in homogenization equipment (VELP, Usmate Velate, Italy) at
14,000 rpm for 3 min to obtain a stable microemulsion.

2.4. Emulsion Encapsulation Process

The microemulsion was combined with 40 mL of sodium alginate by stirring at
14,000 rpm, and then this mixture, with the help of a peristaltic pump, was dripped onto a
200 mL solution of calcium chloride (0.2 M) with constant stirring at 250 rpm for 30 min
to obtain beads of a spherical shape. To remove excess calcium chlorine, the beads were
washed with distilled water and then dried in a food dryer (IKE, Guangdong, China) at
40 °C for 30 min, as shown in Figure 1.
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Figure 1. Calcium alginate loaded with capsaicin.

2.5. Capsaicin Release Kinetics

The process began with 5 g of beads in 300 mL of absolute ethanol, and the mixture was
kept under constant agitation at 300 rpm throughout the course of the kinetics. To follow the
kinetics of the capsaicin release process, 5 mL aliquots were taken at different time intervals.
To determine the concentration of capsaicin in each aliquot, the spectrophotometric method
(Thermo Fisher Scientific, Waltham, MA, USA) was used, measuring the absorbance at the
wavelength A = 281 nm. The release kinetics of capsaicin corresponded to concentration
versus time and was obtained based on the calibration curve, as shown in Figure 2.
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Figure 2. Capsaicin release kinetics. Concentration versus time.

3. Results and Discussion

A stable direct O/W emulsion of capsaicin was obtained, in which the emulsifying
agent was the biopolymer sodium alginate. When the concentration of the biopolymer
is in excess, the emulsion can be directly encapsulated through a cross-linking reaction
with calcium ions, Ca?*, resulting in homogeneous and resistant spherical beads. Figure 2
shows the concentration of capsaicin released as a function of time. From this result, it can
be deduced that the maximum capsaicin is reached after 180 min.

Emulsions are used to transport substances with nutritive and active principles [4,5]. Chan [8]
used palm oil to obtain a direct O/W emulsion and employed calcium alginate beads in its
encapsulation. In this research, a stable direct O/W emulsion carrying capsaicin was obtained,
and a sodium alginate biopolymer was used as an emulsifying agent instead of calcium alginate.
In addition, the same method was used but with Sacha Inchi (Plukenetia volubilis) oil and
capsaicin. The encapsulated emulsion increased the slow release of capsaicin with the objective
of increasing its stability for future application in the food and pharmaceutical industry.

The release kinetics are described by the Korsmeyer—Peppas model [9], whose linear
form is expressed through Equation (1), where the constant n indicates the release mecha-
nism, K is the velocity constant, and the relation C;/Cj,¢ represents the fraction of capsaicin
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released. The results of the analysis of the experimental data based on Equation (1) using
the least squares statistical method is as shown in Figure 3.

ln( Ct)zan+n~lnt 1)
Cinf

Modelo Korsmeyer-Peppas

5.000

4.500
— 4.000 y = 0.7892x + 1.0805

3.500 R?2=10.9954 ...-.'.
3.000 Y. 2
2.500 .
2.000 | gt
1.500 PR
1.000
0.500
0.000

0.000 1.000 2.000 3.000 4.000 5.000

Lnt

Ln(Ct/Co0*100

Figure 3. Korsmeyer—Peppas linear Equation (1).

According to the value obtained for the mean square deviation R* = 0.9954, it is
deduced that the kinetic data are adequately described by the Korsmeyer—Peppas model.
Furthermore, the value of n = 0.7892 (n < 0.85) indicates that the release mechanism of
capsaicin from the internal part of the beads corresponds to the diffusion and swelling of
the beads.

4. Conclusions

Capsaicin was extracted from Charapita chili using absolute ethanol as the solvent.
A direct O/W microemulsion containing capsaicin was prepared using sodium alginate
as an emulsifier agent. The emulsion was encapsulated in alginate beads due to excess
sodium alginate. The release kinetics of capsaicin from the calcium alginate beads in the
ethyl alcohol medium determined that the maximum release was reached at 180 min. The
kinetic data were adequately described with the Korsmeyer-Peppas model, and the value
of the constant n = 0.7857 indicated that the release mechanism of capsaicin from the beads
corresponded to the mechanisms of diffusion and swelling of the beads. It is necessary to
continue the applications of capsaicin emulsions in the pharmaceutical and food industry.
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Abstract: In the hostile and challenging environment of the Paraguayan Chaco, the wild carob pods
(Neltuma spp.) are a valuable vegetable resource that provides nutrition and significant economic
opportunities for the local populations by means of carob flour production. However, the microbio-
logical quality of the carob flour is limited due to the manual gathering. The main objective of this
investigation is to find an efficient disinfectant and its minimum application level to obtain microbial
stability in carob flour. The microbial load (total mesophilic aerobes, moulds, and yeasts, Escherichia
coli, Staphylococcus aureus, and Salmonella spp.) of the flour obtained by disinfection with citric acid
(1 and 3%) and sodium hypochlorite (1 and 3%) was compared. Drying tests were carried out at
time intervals of 2, 4, 6, and 7 h on whole carob pods to obtain flour in a hot air circulating tray type
dryer, and humidity was used as a response variable in a thermobalance (desirable humidity < 5%).
A combined process of disinfection with 3% citric acid and hot air circulating tray-type drying for 7 h
at 60 °C is proposed to obtain an innocuous carob flour of high microbiological quality.

Keywords: carob; disinfection; drying: moisture; biodiversity; Neltuma spp.; Prosopis spp.; food safety

1. Introduction

The fruits of the various species of carob tree in the Paraguayan Chaco are very
important for the food and subsistence of different indigenous communities; it occupies a
prominent place in the local culture and is appreciated for its significant nutritional value,
especially for flour production by milling in artisanal “palo santo” mortars [1]. However,
previous studies have shown that quantified levels of yeasts and mesophilic aerobes require
attention to ensure the safety of carob pods that are collected from the soil manually before
drying for flour production [2], which can be exposed to a variety of harmful bacteria,
such as Salmonella spp. and pathogenic Escherichia coli (E. coli) [3], to fungal contamination
Aspergillus section Flavi and aflatoxins and should be treated to ensure safety prior to
commercialisation, as is required for other traditional crops [4].

The main objective of this work was to find an efficient disinfectant and its minimum
application level to obtain microbial stability in carob flour.

2. Materials and Methods
2.1. Experiment Development

The samples of carobs collected in the Pykasu community in the Mariscal Estigarribia
district, Boquerén Department of the Western Region, Paraguayan Chaco, were used. They
were transported under appropriate conditions at room temperature to the Industrial
Microbiology Laboratory of the Research Department of the Faculty of Chemical Sciences
of the UNA. First, the washing of whole carob pods was studied under six conditions:
citric acid 1% and 3%, sodium hypochlorite 0.1% and 0.3%, rinse with water, and without
rinsing (control).
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Each solution had a contact time of 30 min with the carob pods and a draining time
of 30 min. Subsequently, all groups were treated with the same method of drying. A
dryer was used in trays with forced air circulation at a constant temperature of 60 °C
until reaching 5% humidity in accordance with current regulations for carob flour [5]. The
dyer equipment was designed and built in the Department of Industrial Applications of
the Faculty of Chemical Sciences, equipped with (a) a helical fan, (b) a table contactor,
(c) an internal resistance type heater, and (d) a drying chamber with perforated plates,
which consists of fans for the supply of fresh air and an electric resistance heater. The
surface air velocity was measured with an anemometer (HoldPeak® model HP 866B,
wind speed accuracy £ 5%, Zhuhai, China), digital thermometer (Extech Instruments,
model 421305, Waltham, Massachusetts, USA), air humidity is controlled with a digital
thermohygrometer (BOE 330), and drying time with a digital stopwatch (Huawei Band
6-7E5). During all hot air-drying experiments, the airflow direction was parallel to the
samples. The microbiological analysis was performed on all flours obtained by milling the
dry pods and then sieving them to a particle size of 100 um.

2.2. Analysis

Moisture, total solids in flour, mesophilic aerobic count, mould and yeast count, E. coli
counts, and S. aureus were determined by AOAC official methods [6]. Salmonella spp. was
determined by ISO 6579-1:2017 [7] by counting on a plate. Microbiological parameters such
as mesophilic aerobic count, yeast and mould, count Escherichia coli count, Staphylococcus
aureus count, and the absence of Salmonella spp. were confirmed; each of the determinations
was made in triplicate. The result of the counts was expressed in CFU (colony-forming
units)/g. In the case of Salmonella spp., the result was expressed as absence/25 g.

3. Results and Discussion
Method of Disinfection and Microbiological Counting of Carob Flours

In Table 1, the microbiological results of the samples of carob pod flour subjected to
rinsing with different disinfectants obtained by drying in trays with forced circulation
air at 60 °C for 7 h are presented. According to the Peruvian Technical Standard NTP
209.602 Carob Flour: Definitions and Requirements [5], the maximum value of mesophilic
aerobic count, mould and yeast count, E. coli counts, and S. aureus counts is 1 x 102 CFU/ g,
and for Salmonella, absence is required. The counts of mesophilic aerobic count applying
disinfection of 3% citric acid and 0.3% hypochlorite are within the parameter established
by the standard used, but not for the parameter of counting mould and yeast count and
Staphylococcus aureus count, which applying the disinfection of 0.3% hypochlorite is not
within the parameter established by the standard. The microbiological parameters for
carob flours for mesophilic aerobic count, mould and yeast counts, E. coli count, S. aureus
count, and Salmonella spp. [5] were in the acceptable range with treatment in a 3% citric
acid solution.

Table 2 shows the results obtained for the determination of moisture in the flours
obtained in all treatments. Drying maintained for 7 h achieved a humidity of less than 5%
in all the samples analysed, with no significant differences in the means (ANOVA, Tuckey
post-test p < 0.05).

This research proposes an effective method of disinfection to obtain carob flour (Nel-
tuma sp.) with microbiological quality under local conditions, which must be adjusted for
different species of carob trees that present morphological differences that may influence
the drying process. This tradition of taking advantage of the various fruits from the Chaco
mountain has deep roots in ancestral history. The carob flour can be an excellent alternative
for gluten-free muffins and baked goods, where, in general, the technological quality is
not affected in the resulting products (except for a smaller volume in the dough), but they
improve in the extension of shelf life by reducing the retrogradation of starch as a result
of the modification of the gluten protein matrix exerted by the dietary fibre and globular
proteins of carob flour [8]. Thus, the carob fruits of the Paraguayan Chaco have a great
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potential for use at a nutritional and industrial level within the framework of Food and
Nutritional Security and are necessary conservation programs and management plans for
the sustainability of this food resource.

Table 1. Results of the determination of mesophilic aerobes, Escherichia coli, Staphylococcus aureus,
Salmonella spp., moulds, and yeasts in samples of carob pod meal.

Variables Mesophilic Aerobes Moulds and Yeasts E. coli Staphylococcus aureus  Salmonella spp.
(CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g)
Citric Acid 3% 2 x 10 <10 <10 1x10 Absence/25 g
Citric Acid 1% 1 x 10% <10 <10 1 x 102 Absence/25 g
Sodium Sg};"cmome 5% 10 2.5 x 102 <10 1% 103 Absence/25 g
Sodium gﬁgocmome 1x103 3 x 102 <10 2 x 102 Absence/25 g
Rinse with Water 4 % 10° 1 x 10* <10 3 x10% Absence/25 g
No rinse/Undried 1x 103 1 x 10° <10 1 x 10* Absence/25 g
Max. value 5 5 5 5

Reference (CFU/g) 1 x 10 1 x 10 1x10 1 x 10 Absence/25 g

Reference: Peruvian Technical Standard NTP [5]. CFU: Colony-Forming Units.

Table 2. Moisture at different drying times by trays with forced air circulation.

Time Moisture
2h 7.03 & 0.02
4h 6.32 &= 0.03
6h 5.48 + 002
7h 4.80 4+ 0.03

The results are expressed as an average and their corresponding standard deviations (X & DS).

4. Conclusions

Washing the whole pods with 3% citric acid was optimal for the count of microorgan-
isms analysed: Mesophilic aerobes, fungi, and yeasts; Escherichia coli, Staphylococcus aureus,
and Salmonella spp. It was observed that the combined process of disinfection and drying in
trays with forced air circulation for 7 h at 60 °C has a positive effect on the microbiological
quality of the flours obtained and complies with the humidity standards necessary for their
marketing and consumption. This reinforces the position of carob as a viable raw material
for the production of safe food.
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Abstract: In Peru’s Andean region, a diversity of seeds and tubers with high nutritional value and
health benefits are grown. Nevertheless, chronic malnutrition and obesity emphasize the need to take
advantage of our agricultural wealth to improve public health and ensure sustainable development.
The aim of this study was to develop an instant puree with native potatoes (Solanum andigenum)
and black mashua (Tropaeolum tuberosum) fortified with black quinoa (Chenopodium quinoa). This
study employed a simplex centroid mixture design. The proximal compositions of the three formula-
tions developed were as follows: moisture content of 9.37 + 0.13% to 9.45 % 0.06%, ash content of
3.34 4 0.02% to 3.79 £ 0.17%, protein content of 9.48 £ 0.25% to 11.16 + 0.38% and total carbohydrate
content of 72.81 + 0.35% to 74.98 £ 0.22%. The samples showed significantly higher antioxidant
(7280 £ 113.5 pg trolox/g powder to 12914 + 604 ug trolox/g powder) and phenolic (3444 + 241 g
gallic acid equivalent (GAE) /g powder to 7044 + 322 ug GAE/g powder) content than the con-
trol sample. Also, the results of the techno-functional properties of the samples were as follows:
water absorption capacity 3.56 + 0.92 g H,O/g to 3.95 + 0.07 g H,O/g, solubility 14.45 + 0.07%
to 17.88 £ 0.15% and in vitro protein digestibility 70.27 + 0.05% to 71.61 £ 0.8%. The samples
demonstrated an adequate balance of amino acids compared with the control sample. The sensory
characteristics of rehydrated powders were determined. Therefore, in a fast-paced world where
convenience food options are part of a continuously expanding market, a nutritionally improved
instant puree from ancestral crops is not only more nutritious and tastier but also contributes to
sustainability and promotes culinary diversity.

Keywords: Andean potato; black mashua; black quinoa; instant puree

1. Introduction

Peru is the leading potato producer in Latin America, with the more than 4.5 million
tons per year produced being the livelihood of more than 700,000 Peruvian families,
growing over 4000 varieties of native potatoes (Solanum andigenumy). These varieties are
grown in different regions of the country, especially in the Andes, where climatic and
geographical diversity has encouraged the development of a wide range of potatoes with
different colors, shapes, textures and flavors. Purple and red potato varieties are abundant
in anthocyanins and flavonoids. Here, this tuber has an excellent culinary quality, and it
has long been part of the basic diet of the Andean Peruvian population [1].

Mashua (Tropaeolum tuberosum) is a tuber originally from the Peruvian Andes that
grows between 3500 and 4100 m above sea level, and it extends to countries such as Bolivia,
Colombia and Ecuador. Among Andean tubers, it boasts one of the highest yields, with
productivity reaching up to 70 tons per hectare, and it is one of the simplest to cultivate. For
centuries, this tuber has been utilized in traditional medicine for various ethnic groups in
the Andean regions of South America and it is considered a valuable source for developing
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functional foods due to its impressive nutritional and health-promoting properties. It
possesses a significant diversity in shapes and colors, varying from yellowish-white to dark
reddish-purple. This last variety has eight to ten times higher antioxidant activity than
yellow-colored varieties [2].

Quinoa (Chenopodium quinoa) is an Andean seed that is considered an excellent source
of macro- and micronutrients. This gluten-free crop possesses an excellent amino acid
composition and bioactive compounds, which have been recognized for their significant
health benefits, including their roles as antioxidants, hypolipidemic agents, antidiabetic
agents, anti-inflammatory agents, and anticancer agents. Darker quinoa seeds contain
higher levels of phenolic compounds and have greater antioxidant properties [3].

Over recent years, plant-based convenience foods have become increasingly important
in modern diets because of the need to consume easy-to-prepare and time-saving healthy
meals. Instant puree products are part of a continuously expanding market of convenience
food options. This research centers on the development and characterization of an instant
puree from native potatoes (Solanum andigenum) and black mashua (Tropaeolum tuberosuim)
fortified with black quinoa (Chenopodium quinoa).

2. Materials and Methods
2.1. Raw Material

The Andean potato Azul (Solanum andigenum) and mashua (Tropaeolum tuberosuim)
were acquired from Condorcocha Huamanga, Ayacucho, and quinoa (Chenopodium quinoa)
was purchased from a local market in Lima, Peru. The control sample was a commercial
instant puree that was obtained from a local market in Lima, Peru.

2.2. Design of Experiment (DOE)

The design of the experiment was a simplex centroid mixture design using Minitab 19
software (Stat-Ease, Inc., Minneapolis, MN, USA). Two independent variables were used:
X1—mashua (10—-40%) content and X2—potato (40-70%) content. The protein (%) content,
polyphenol (ug GAE/g powder) content and antioxidant activity (ug Trolox/g powder)
were determined as the response variables, as shown in Table 1.

Table 1. Design of experiment (DOE).

. Std Run Andean . TPC (ug GAE/ DPPH (ug Trolox/
Formulations Order Order PtType Blocks Potato Mashua Protein (%) Pow derg) & Powder) & &
F1 5 1 -1 1 0.7 0.1 9.48 £0.25 3445 £ 241 12,915 + 604
F2 1 2 1 1 0.4 0.4 11.16 £ 0.38 7044 + 322 7281 + 113
F3 2 3 1 1 0.625 0.175 991 +0.37 4651 £ 223 11,877 £ 659
F4 4 4 -1 1 0.55 0.25 10.25 £ 0.28 5543 + 253 10,755 £ 259
F5 3 5 0 1 0.475 0.325 10.70 £0.35 6231 + 271 8842 + 193

F1: formulation 1; F2: formulation 2; F3: formulation 3; F4: formulation 4; F5: formulation 5; TPC: total
phenolic content.

2.3. Sample Preparation

Formulations of dehydrated purees were developed with different amounts of na-
tive potato (Solanum andigenum) and mashua (Tropaeolum tuberosum), keeping the quinoa
(Chenopodium quinoa) content constant. The tubers (potato and mashua) were washed, cut
into thin slices and cooked at 80 °C for 9 min. The quinoa, previously washed, was cooked
at 80 °C for 8 min. All three samples were dehydrated by an infrared dryer (IRC D18,
Irconfort, Seville, Spain) at 40 °C for 16 h, 24 h and 12 h, respectively. Then, the samples
were ground in a food shredder (Grindomix GM200, Restch, Haan, Germany) and sieved
(300 um) to obtain a fine powder to finally be mixed in proportions according to Table 1
and stored in polyethylene bags at room temperature for subsequent analysis.
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2.4. Characterization
2.4.1. Proximal Composition

This analysis was performed using official methods. The moisture content was de-
termined at 110 °C to a constant weight, the ash content was determined by the ignition
method (550 °C for 72 h), and the fat content was determined with hexane for 9 h. The
total protein (% nitrogen x 6.25) was analyzed by a Kjeldahl analyzer (UDK 139, VELP,
Usmate Velate, Italy).

2.4.2. Determination of Mineral Content

The mineral content (Ca, Cu, Fe, K, Mg, Na, P, Zn) was determined by atomic absorp-
tion spectrophotometry (Nexion 350x, Perkin Elmer, Waltham, MA, USA) [4].

2.4.3. Determination of Amino Acid Profile

The amino acid profile was quantified by HPLC (ARC, Waters, Milford, CT, USA) [5],
with a 150 mm x 3.9 mm inner diameter C18 reverse-phase column. All measures were
performed in duplicate.

2.4.4. Antioxidant Activity

The antioxidant activity was determined by spectrometry with the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method at 517 nm, and with the 2,2’-Azino-bis (3-ethylbenzthiazoline-
6-sulfonic acid) (ABTS) method at 734 nm (UV 1280 Vis Spectrophotometer Shimadzu,
Kyoto, Japan) [6]. The results were expressed as ug Trolox/g powder and were performed
in triplicate.

2.4.5. Total Phenolic Content (TPC)

The TPC was determined by the Folin—Ciocalteau method [6] at 760 nm (UV 1280 Vis
Spectrophotometer Shimadzu, Kyoto, Japan). The results were performed in triplicate and
were expressed as the ug of gallic acid equivalent (GAE)/g powder.

2.4.6. In Vitro Protein Digestibility

This was determined by the method of Tapia et al. [6] with slight modification. Analy-
ses were performed in duplicate, and the results are expressed as:

IVPD (Digestibility (%) = 65.66 + 18.10 x (pH 0 min — pH 10 min))

2.4.7. Solubility

The solubility was determined by dissolving 0.5 g of powder in 20 mL of distilled
water in a volumetric flask, followed by vortexing for 5 min and centrifuging at 3000 rpm
for 5 min. In total, 20 mL of the supernatant was taken and heated to 105 °C for 2 h.
Solubility (%) was calculated by weight difference [4].

2.4.8. Water Holding Capacity (WAI)

This was determined by dissolving 1 g of sample in 50 mL of distilled water in a cen-
trifuge tube and leaving to stand for 30 min at room temperature followed by centrifuging
(HettichZentrifugen-Mikro, Miinchen, Germany) for 15 min at 4000 rpm. The WAI was
determined as the weight of the gel obtained after removal of the supernatant per unit
weight of original dry solids [4].

2.4.9. Sensory Analysis

A panel of 30 university students between 18 and 26 years old evaluated the appear-
ance, flavor, texture and overall acceptability. The test was based on a 9-point hedonic scale
(1 = dislike extremely and 9 = like extremely).
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2.5. Statistical Analysis

Analysis of variance (ANOVA) was analyzed at a 95% significance level with Minitab
19.0 Software (Minitab Inc., State College, Palo Alto, CA, USA).

3. Results and Discussion

According to Table 1, F2 presented the highest protein content (11.16 £ 0.38%) and
the highest amount of TPC (7044 + 322 ug GAE/g powder), while F1 presented the
highest antioxidant activity by DPPH (12,915 £ 604 pg Trolox/g dm), followed by F3 with
11,877 4 659 ug Trolox/g dm, which also presented a high protein content (9.91 4 0.37%).
For these reasons, F1, F2 and F3 were chosen for the subsequent analysis.

The proximate composition is presented in Table 2. All three formulations showed
higher protein content than the control sample, as well as in comparison with the other com-
mercial brands in Peru and abroad (7.14% to 8.4% protein content). Formulation 2 presented
higher protein (11.06 £ 0.38%) content than the dehydrated puree (9.92%) from native
potato (Solanum andigenum) and oca (Oxalis tuberosa) fortified with quinoa (Chenopodium
quinoa), which had 40%, 30% and 30% content, respectively, as reported by Inca [7]. Also,
this last puree presented less fat content than the formulations (2.46%). The control sample
showed more carbohydrate (77.89 £ 0.33%) content and less fat (0.95 £ 0.06%) content than
the formulations. The moisture content had 9.5% accordance with the Peruvian regulation
NTP 011.808.

Table 2. Proximal composition of instant purees from native potatoes (Solanum andigenum) and black
mashua (Tropaeolum tuberosum) fortified with black quinoa (Chenopodium quinoa).

Sample Moisture (%) Ash (%) Protein (%) Fat (%) Carbohydrates (%)
CS 940 +£0.124 3.76 +0.36 A 81+04C€ 0.95 + 0.06 P 77.9 +£ 034
F1 945 + 0.06 A 3344+ 0.02B 9.48 + (.25 BC 2.75+0.01€ 75.0 + 0.2 B
F2 9.33 £0.074 3.76 +0.04 B 11.16 +£ 0.38 4 294 +0.044 728 £ 03D
F3 937 +£0.134 379 +£0.17 4 991 +0.378 2.84 +0.02 B 741 +03€

Results are expressed as means + SD (n = 3). A, B, C and D values in the same column with different letters differ
significantly when p < 0.05.

The results of TPC, DPPH, in vitro protein digestibility, solubility and water hold-
ing capacity are shown in Table 3. All formulations presented a higher amount of TPC
(3445 + 241 ng GAE/g powder to 7044 + 322 ug GAE/g powder) than the control sam-
ple (1071 £ 113 ug GAE/g powder), increasing according to the amount of mashua
(17,387 + 356 ug GAE/g powder) in the sample. The antioxidant activity according to
DPPH (7281 + 113 pg Trolox/g powder to 12,915 4 604 pg Trolox/g powder) was higher
than the control sample (5654 £ 188 pg Trolox/g powder), increasing according to the
amount of native potato (15,469 + 307.7 ug Trolox/g powder) in the sample. All three
formulations showed higher in vitro protein digestibility (70.27 £ 0.38% to 71.61 £ 0.8%)
and solubility (14.45 + 0.34% to 17.88 &+ 0.15%) than the control sample (7.64 £ 0.13%)
However, all three formulations presented a lower water holding capacity (3.56 = 0.09 g/g
to 3.95 £ 0.07 g/g) than the control sample (7.5 + 0.16 g/g).

The composition of the amino acid profiles is summarized in Table 4. Compared to
the control sample, the predominant amino acids were threonine (34.3 &= 1.6 to 46.6 & 1.0),
valine (42.5 £ 0.3 to 55.9 £ 1.0) and phenylalanine (30.3 £ 1.4 to 44.4 £ 0.9). The three for-
mulations showed a balanced profile of essential amino acids according to the FAO/WHO
recommendations. These formulations showed higher contents of specific amino acids:
leucine (70.3 & 1.7 t0 91.9 % 0.6), lysine (36.8 £ 1.6 to 56.1 & 1.5) and tryptophan (14.9 £ 0.2
to 21.39 + 0.84). Quinoa (Chenopodium quinoa) provided amino acids, especially leucine
and lysine, to the purees. This last amino acid supports human growth and boosts immune
function, making it a crucial nutrient for children [3]. The puree formulations contained
high concentrations of tryptophan, more than double and triple the recommended amount
according to the FAO/WHO.
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Table 3. TPC, DPPH, in vitro digestibility, solubility and water holding capacity of instant purees
made from native potatoes (Solanum andigenum) and black mashua (Tropaeolum tuberosum) fortified
with black quinoa (Chenopodium quinoa).

TPC (ug GAE/g DPPH (ug Trolox/g In Vitro Protein e o Water Holding
Sample Powder) Powder) Digestibility (%) Solubility (%) Capacity (g/g)
CS 1071 + 1135P 5654 + 188,3 € 6821 +0.74B 7.64 +0.13P 75+ 0.164
F1 3445 4+ 2415€ 12,915 + 604 A 71.61 +0.84 1445 +0.34C€ 3.56 + 0.09 €
F2 7044 + 322.6 A 7281 + 11358 70.27 +0.38 & 17.88 +0.154 3.95+0.07B
F3 4651 +223.4 B 11,877 + 659 P 70.93 + 0.75 4 16.21 +£0.22 B 3.73+0.06 €

TPC: total phenolic content, DPPH: 2,2-diphenyl-1-picrylhydrazyl. Results are expressed as means & SD (n = 3).
A, B, C and D values in the same column with different letters differ significantly when p < 0.05.

Table 4. Profiles of essential amino acids in instant purees made from native potatoes (Solanumandi-

genumy) and black mashua (Tropaeolum tuberosum) fortified with black quinoa (Chenopodium quinoa).

CS F1 F2 F3 FAO%

Amino Acids
(mg Amino Acid/g Protein)

Aspartic acid 1241 +1.178 139.9 £ 054 1044 +17P 117.74+19€
Glutamic acid 843 +1.67P 1715+ 1.84 12494+14C€ 145+28 +168
Serine 21.1+1.83€ 4578 £ 0.1 4 382 +148 431+1.64
Histidine 1.58 +0.44 € 204 +134 161+ 148 182 + 1.6 4B 15
Glycine 228+18P 475+1.04 323+17¢ 36.4+198
Threonine 215+ 160 46.6 +1.04 343+1.6€ 386+188 23
Arginine 4624094 21.1+1.68 19.8 £ 048 21.8+028
Alanine 191+19P 59.1+ 094 36.8+1.6C€ 415+1.88
Proline 253+15P 642+ 184 484+12°€ 546+148
Tyrosine 182+1.1P 371+124 2584+ 05€ 2914068 38
Ammonia 326+12€ 432 +1.74 290+14€ 327+16€
Valine 267 +15P 5592 +1.04 425+ 03€ 480+ 0.328 39
Methionine 634 +02€ 119+ 118 141+114 13.1+ 03 4B 22
Cysteine 1.9402¢€ 3.8 +£0.094 2964038 3440448
Isoleucine 179 +1.4P 387 +1.014 2794 +£1.0€ 315+1.18 30
Leucine 497 +1.6P 919+ 0.6 4 70.30 £ 1.7 € 793 +198 59
Phenylalanine 255+ 18P 44354094  3032+140C€ 359+ 1.68
Lysine 2794 +164P 5608+ 154 3675+1.63¢  448+18° 45
Tryptophan 593+0570  14.88+023C 213940844 193+0.1°P 6

Results are expressed as means + SD (n = 3). A, B, C and D values in the same column with different letters differ
significantly when p < 0.05.

Total minerals are presented in Table 5. Formulation 2 presented a higher quantity

of minerals than the control: calcium (1271 £ 101.2 mg/kg), iron (35.41 + 2.83 mg/kg),
potassium (11,092 + 887 mg/kg), magnesium (1462 £+ 116.9 mg/kg), phosphorus
(3353.82 4 260.3 mg/kg) and zinc (21.02 £ 1.68 mg/kg). According to the daily require-
ments for children between 1 and 3 years old given by the National Institute of Health [8],
instant puree (F2) would cover about 15.17% of the daily requirement of iron. Therefore,
the puree developed could contribute to reductions in malnutrition and childhood anemia
in our country.

In the sensory evaluation, on a scale of 1 to 9, the characteristics of appearance, color,
smell, texture and taste had average values of 7.3, 7.0, 8.0, 6.0 and 6.0, respectively. These
results show that the puree was liked by the panelists.
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Table 5. Total minerals of instant purees made from native potatoes (Solanum andigenum) and black
mashua (Tropaeolum tuberosum) fortified with black quinoa (Chenopodium quinoa).

Minerals (mg/kg) CS (mg/kg) F2 (mg/kg)
Calcium 282+ 22b 1271 £ 1012
Copper 1.62 +0.08 P 31240202
Tron 9.89 + 0.62° 3544282
Potassium 11,489 + 896 2 11,092 + 887
Magnesium 678 + 51P 1462 + 116 2
Sodium 361.0 +28.82 168.2 +13.4°
Phosphorus 1517 £ 121° 3354 + 2602
Zinc 6.95 +0.55P 210+ 1.6°

Results are expressed as means £ SD (n = 3). a, b, c and d values in the same column with different letters differ
significantly when p < 0.05.

4. Conclusions

The use of native Andean tubers instead of commercial tubers such as white and
yellow potatoes showed significantly higher antioxidant activity and total phenolic content.
Formulation 2 presented the highest amount of TPC 7044.2 4 322 (ug GAE/g powder),
being seven times higher than that of the control sample and presented the highest protein
(11.2 & 0.3%) content. Formulation 1 presented the highest antioxidant activity according
to DPPH (12,915 + 604 ug Trolox/g powder). The addition of quinoa not only increased
the protein content but also provided a balanced profile of essential amino acids. The
puree was accepted by the individuals, and in comparison to commercial instant purees,
the formulations were more nutritious. Therefore, in a continuously expanding market of
convenience food options, the instant puree developed is an alternative for the modern diet.
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Abstract: In Peru, 5 of every 10 children suffer from malnutrition, which increases the risk of
developing non-communicable diseases (NCDs) at the early stages of their life. Sacha inchi (Plukenetia
huayllabamana) cake is the by-product of the oil extraction process of the Amazon Peruvian seed
and has high protein (56%) and fiber (5.9%) content. Tarwi (Lupinus mutabilis Sweet) is a Peruvian
legume characterized by its high protein content (>50%) and high levels of tyrosine and tryptophan
amino acids. Thus, the purpose of this research was to develop high-protein cookies enriched with
defatted sacha inchi cake (DSIC) and defatted tarwi (DT) as an alternative snack to combat child
malnutrition. Five types of cookies were developed, along with one control sample, containing
corn flour (50% w/w), rice flour (20% w/w), and varying the content of quinoa flour, DSIC flour
and DT flour (0, 10%, 30% w/w). The addition of DSIC and DT increased the content in protein
from 12.13% to 20.30%, fat from 6.76% to 10.42%, and ash from 1.51% to 1.89% compared to the
control sample. In contrast, the moisture content decreased from 10.21% to 10.78% and carbohydrates
from 59.73% to 67.48%. Moreover, all cookies had high in vitro digestibility (70.91% to 74.17%)
and relatively high antioxidant activity (346 to 469 ug GAE/g cookie) and phenolic content (1286
to 1755 ug trolox/g cookie). Sensory analysis showed that cookies enriched with DT were more
appealing to the panelists than those enriched with DSIC and the control sample. Hence, these
cookies could serve as a gluten-free nutritional food alternative to combat child malnutrition.

Keywords: cookies; tarwi; sacha inchi; protein; nutritional value

1. Introduction

Peru is renowned worldwide for its natural biodiversity and rich culinary tradition.
Nevertheless, 5 out of every 10 children suffer from malnutrition, defined as insufficient or
excessive nutrient intake or an imbalance of essential nutrients, which can increase the risk
of developing non-communicable diseases (NCDs), such as anemia, heart disease, diabetes,
and others, at early stages of their lives [1]. Sacha inchi (Plukenetia huayllabamana), known
as the “Giant Inca Peanut”, is an Amazonian seed grown in the Amazonas region of Peru.
It has an oil yield of 30.3% to 41.2% and a high omega-3 content (55.62% to 60.42%) [2].
However, a significant amount of by-product is generated after the oil extraction process,
known as “cake”, which accounts for around 40% to 50% of the total weight. This by-
product contains approximately 56% protein, 5.19% fiber, 24.36% carbohydrates, and high
amounts of tryptophan (44 mg/g protein) and phenylalanine (3 mg/g protein) [3]. Tarwi
or “chocho” (Lupinus mutabilis Sweet) is a Peruvian legume domesticated and cultivated at
altitudes between 1500 and 3850 m above sea level. It is characterized by its high protein
content (>50%), fat content (~24%), low carbohydrate content (<10%), and high levels of
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tyrosine and tryptophan compared to other legumes [4]. Cookies are highly consumed
by children and young adults due to their unique flavor, small compact size, texture,
low cost, high-energy value, and practicality [5,6]. However, the primary ingredient of
traditional cookies is wheat, which contains high amounts of gluten and can lead to adverse
health effects in people that suffer wheat allergies, celiac disease, and non-celiac gluten
sensitivities [6]. Hence, the purpose of this research was to develop high-protein cookies
enriched with defatted sacha inchi cake (DSIC) and defatted tarwi (DT) as an alternative
gluten-free snack to combat child malnutrition.

2. Materials and Methods
2.1. Raw Material

Sacha inchi (Plukenetia huayllabambana) seeds were collected in the province of Ro-
driguez de Mendoza, Department of Amazonas, Peru, and cold-pressed at the Laboratorio
de Alimentos Funcionales at Universidad de Lima. Afterward, the cake was separated,
grounded in a food shredder (Grindomix GM200, Retsch, Haan, Germany), and stored in
aluminized bags. Meanwhile, tarwi (Lupinus mutabilis Sweet) flour was bought from a local
market in Lima. Both flours were defatted using petroleum ether in a ratio of 1:6 (w/v)
for 24 h. Afterward, they were left to dry at room temperature and stored in aluminum
bags until further use. Corn flour, rice flour, quinoa flour, baking powder, butter, sugar, salt,
eggs, and vanilla essence were bought from a local market in Lima, Peru.

2.2. Cookie Preparation

Five types of cookies (PC1-PC5) were developed with different amounts of DSIC and
DT, plus one control, as shown in Table 1.

Table 1. Formulation of high-protein cookies (PC) enriched with defatted sacha inchi cake (DSIC)
and defatted tarwi (DT).

Quinoa Flour DSIC Flour

Samples Corn Flour (%) Rice Flour (%) o o DT Flour (%)
(%) (%)
Control 50 20 30 0 0
PC1 50 20 20 10 0
PC2 50 20 0 30 0
PC3 50 20 20 0 10
PC4 50 20 0 0 30
PC5 50 20 10 10 10

All cookies had the following ingredients: 200 g of flour mix (proportional to Table 1),
2.8 g of baking powder, 16 g of butter, 20 g of sugar, 2 g of salt, 3 egg whites, and 1 tablespoon
of vanilla essence. For preparation, the method of Alexa et al. [7] was used with slight
modifications. Consequently, the flour mix was homogenized using a planetary mixer
(FPSTSMPL1-053, Oster, Guangdong, China), and the rest of the ingredients were added
afterward and mixed again. Once a homogenous dough was obtained, it was placed in an
aluminum bowl and cooled at 4 °C for 30 min. Subsequently, the dough was rolled out
to a thickness of 8 cm, cut with a cookie cutter, and baked in a convection oven (HEB60R,
Imaco, Guandong, China) at 180 °C for 15 min. After baking, the cookies were cooled and
kept in aluminized bags.

2.3. Physical Properties

The water activity (WA) was determined at 25 °C using food water activity meter
(VTS-160A, VISYIQI, Shushan, China) and was performed in triplicate. For all cookies, the
average weight (g) was determined, while the diameter (mm) and thickness (mm) were
measured using a vernier caliper. All measurements were taken 12 times per batch of
cookies [5].
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2.4. Proximate Composition

The total protein content of the cookie was calculated as % nitrogen x 6.25 using
a Kjeldahl analyzer (UDK 139, VELP, Usmate Velate, Italy) following official methods.
The moisture content was assessed at 110 °C at a constant weight; the ash content was
measured using the ignition method (550 °C for 72 h); the lipid content was determined
with petroleum ether extraction for 6 h [8]. The energy values were obtained based on Koh
et al. [6] and expressed in kcal.

2.5. Determination of Amino Acid Profile

The amino acid profile was estimated according to Chasquibol et al. [9] with slight
modifications. The analysis was conducted using HPLC (ARC, Waters, Milford, CT, USA)
with a 150 mm x 9 mm inner diameter C18 reverse-phase column. Tryptophan quantifica-
tion was performed via HPLC following basic hydrolysis. All analyses were conducted in
triplicate.

2.6. Determination of Total Phenolic Content (TPC)

TPC was determined by the Folin-Ciocalteu method [2] at 760 nm using a spectropho-
tometer (UV 1280 Vis Spectrophotometer Shimadzu, Kyoto, Japan). The results were
expressed as pg of gallic acid equivalent (GAE)/g cookie. All analyses were performed in
triplicate.

2.7. Antioxidant Activity

Antioxidant activity was determined by the DPPH method [2] with some modifications
at 517 nm by spectrometry (UV 1280 Vis Spectrophotometer Shimadzu, Kyoto, Japan) and
expressed as pg Trolox/g cookie. All analyses were performed in triplicate.

2.8. In Vitro Protein Digestibility (IPVD)

In vitro protein digestibility was measured by the method of Tinus et al. [8] with light
modifications. The results were expressed as follows:

IVPD (%) = 65.66 + 18.10 x (pH 0 min — pH 10 min)

2.9. Oxidative Stability

The oxidative stability was determined using an 892 Professional Rancimat© (Metrohm,
Herisau, Switzerland) [2]. To calculate the shelf life at 25 °C, induction periods at 80, 120,
and 150 °C were determined. Additionally, the acid index (NTP 206.013) was determined
to evaluate the oxidation state of the samples at room temperature. The determinations
were performed in duplicate.

2.10. Sensory Analysis

Forty panelists, between the ages of 18 and 35, assessed the sensory attributes of
appearance, color, flavor, texture, aroma, and overall acceptability of the cookies. A 9-point
hedonic scale was employed, with 1 being “dislike extremely” and 9 being “like extremely.”
The panelists were given 6 random samples in plastic cups, each marked with a distinct
3-digit code [8].

2.11. Statistical Analysis

The results were expressed as mean + standard deviation, all measurements were
conducted in triplicate, except for the measurement of oxidative stability and the IVPD,
which were performed in duplicate. Analysis of variance (ANOVA) was used to analyze
the acquired data at a 95% significance level (Minitab Inc., State College, PA, USA).
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3. Results and Discussion
3.1. Physical Characteristics

All high-protein cookies showed a lower water activity (WA), ranging from 0.65 & 0.24
to 0.68 % 0.28, than the control sample (0.69 + 0.16). Moreover, this WA is much higher
than cookies reported by Stawiriska et al. [5], 0.404 to 0.482, due to a higher amount of
moisture in the high-protein cookies with DSIC and DT. Furthermore, all cookies had an
approximate weight between 5.86 + 0.14 g and 6.12 4- 0.13 g, with a diameter of 40.32 &+ 0.09
to 40.45 = 0.07 mm and thickness of 8.12 &= 0.12 mm to 8.44 £ 0.13 mm.

3.2. Proximate Composition

Analysis of the results in Table 2 indicates that the cookies containing DSIC and DT
had higher contents of protein, lipids, and ash compared to the control sample. However,
the control sample had higher moisture and carbohydrate content. Among the cookies,
PC4 exhibited the highest protein content at 20.30 & 0.13%, surpassing cookies made with
Agaricus bisporus powder (6.67% to 7.20%), Pleurotus ostreatus powder (6.45% to 6.78%),
lupin sprout flour (6.7% to 5.8%), and lupin green flour (7.5% to 11.3%) [5,7]. This trend was
also observed for lipids and ash content. PC2 had the highest lipid content at 10.42 £ 0.28%,
followed by PC4 at 8.33 & 0.26%, whereas the control sample had the lowest lipid content at
5.25 £ 0.35%. Regarding ash content, PC2 had the highest value at 1.89 = 0.04%, compared
to 1.51 & 0.06% in the control sample. In contrast, moisture and carbohydrate contents
were lower in the samples containing DSIC and DT, primarily due to the higher protein and
lipid contents in these flours. PC4 had the lowest moisture content at 10.21 4 0.13% and
the lowest carbohydrate content at 59.73 &= 0.54% among all cookies. The enriched cookies
had energy values ranging from 390 + 24 kcal (PC5) to 403 4 21 kcal (PC2). Although
these values are higher than the control sample (377 % 40 kcal), the enriched cookies also
have higher protein and ash contents and lower carbohydrate levels, making them more
beneficial for daily nutrition. Additionally, PC5 provided a balanced profile, with a good
amount of protein, lipids, carbohydrates, ash, and energy, indicating a favorable synergy
between quinoa, DSIC, and DT flour.

Table 2. Proximate composition of high-protein cookies (PC) enriched with defatted sacha inchi cake
(DSIC) and defatted tarwi (DT).

Samples  Protein (%)  Moisture (%)  Lipids (%) ‘?/Sl)‘ C"“b‘:f,z’)d“tes F;Ej:%y
Control  1026+026 10824016  525+035 151+006 72174083 37740
PC1 12134029 1067015 803024 1.69+003  6748+071 391+ 26
PC2 15314022 10424010 10424028 189+004  61.96+064 403 +21
PC3 14154011 1078011 676022 160+£00l  6681+045 385+ 18
PC4 20304013 10214013 8334026 154+002 5973054 395+ 19
PC5 1551 £0.15 1055+£008  7.65+£032 164+005  6465+060 390+ 24

Results are expressed as means + SD (n = 3).

3.3. Amino Acid Profile

Table 3 shows the amino acid profile of high-protein cookies.

All cookies met 9 out of 10 of the essential amino acid daily requirements. The control
sample had higher levels of isoleucine (36.46 + 1.35 mg/g protein), leucine (96.12 =+
3.63 mg/g protein), methionine + cysteine (26.36 &= 0.87 mg/g protein), phenylalanine +
tyrosine (83.59 & 4.42 mg/g protein), and valine (44.86 £ 1.71 mg/g protein) compared to
the samples with DSIC and DT. However, these cookies had significantly higher amounts of
tryptophan (ranging from 9.45 &+ 0.45 mg/g protein to 17.79 mg/g protein) and threonine
(ranging from 40.89 4 1.51 mg/g protein to 45.11 £ 1.96 mg/g protein, except for sample
PC4). Additionally, PC5 demonstrated a more balanced proportion of essential amino
acids due to the blend of quinoa, DSIC, and DT, suggesting a beneficial synergy and
complementarity among the three ingredients. Nonetheless, lysine was deficient across all
samples (ranging from 30.34 £ 1.09 mg/g protein to 34.48 & 0.64 mg/g protein).
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Table 3. Amino acid profile (AAP) (mg/g protein) of high-protein cookies (PC) enriched with defatted
sacha inchi cake (DSIC) and defatted tarwi (DT).

AAP Control PC1 PC2 PC3 PC4 PC5 FAO ?
Histidine 21.08 £+ 0.35 19.04 £1.42 18.61 £+ 0.48 21.28 +1.20 20.81 £ 1.37 21.50 £ 2.05 18
Isoleucine 36.46 + 1.35 34.41 £+ 0.96 34.09 £ 1.54 31.83 £ 0.91 31.21 £ 0.96 35.18 £1.42 30
Leucine 96.12 + 3.63 92.63 + 4.27 88.05 + 3.58 87.39 + 3.14 78.76 +2.40 92.44 +1.28 59
Lysine 33.76 £ 2.79 31.60 = 0.45 30.34 £ 1.09 31.94 £ 0.75 34.48 + 0.64 31.45+0.17 45
Methionine + Cysteine 26.36 + 0.87 2419 £ 3.17 2345+ 1.15 17.75 &+ 2.14 16.43 £ 1.22 2231 £ 1.86 22
Phenylalanine + Tyrosine 83.59 1+ 4.42 78.15 £ 2.34 74.15 £ 2.98 79.63 £ 1.66 76.60 £ 2.86 7722 £2.70 38
Threonine 37.39 £ 0.60 41.05 £ 1.15 45.11 £1.96 38.46 + 1.13 35.99 £ 1.57 40.89 £1.51 23
Tryptophan 8.75+0.10 13.58 4+ 0.77 17.79 £ 1.63 9.45 + 0.45 13.15 £ 0.19 12.50 £ 1.17 6
Valine 44.86 +=1.71 42.79 +1.37 41.95 +1.82 38.01 + 0.96 34.88 +1.32 41.14 +1.43 39

Results are expressed as means & SD (n = 3). @ Food and Agriculture Organization of the United Nations.

3.4. TPC, Antioxidant Activity, In Vitro Protein Digestibility (IVPD), and Oxidative Stability

The results for antioxidant activity, in vitro protein digestibility, and oxidative stability
are presented in Table 4.

Table 4. Total phenolic content (TPC), antioxidant activity by DPPH, in vitro digestibility, and acid
index of high-protein cookies (PC) enriched with defatted sacha inchi cake (DSIC) and defatted
tarwi (DT).

TPC (ug GAE/ DPPH (ug trolox/ In Vitro .
Samples Coogkie) s Cooiie) s Digestibility (%) Acid Index
Control 415 + 21 1505 -+ 64 73.81 + 0.69 0.23 +0.03
PC1 368 + 23 1399 + 35 71.63 £ 0.58 0.48 + 0.03
PC2 346 + 15 1286 + 62 70.91 + 0.45 0.66 + 0.03
PC3 435 + 15 1637 + 41 72.15 + 0.55 0.28 4 0.01
PC4 469 + 27 1755 + 77 7417 + 0.49 0.22 4 0.01
PC5 428 + 24 1573 + 73 72.99 + 0.53 0.49 + 0.01

Results are expressed as means + SD (n = 3).

The cookies enriched with DSIC exhibited a higher total phenolic content (TPC),
ranging from 435 £ 15 to 469 £ 27 ug GAE/g cookie, compared to the control sample
and DT. Similarly, antioxidant activity measured using DPPH ranged from 1637 & 41 to
1755 & 77, which was also higher than in the control sample and DT. Furthermore, all cook-
ies demonstrated a high in vitro protein digestibility (IPVD), ranging from 70.91 £ 0.45%
to 74.17 £ 0.49%, though cookies containing DSIC had a lower IPVD due to their higher
fiber content as suggested by Ruttarattanamongkol et al. [3]. The shelf life by the Rancimat®
method determined that all cookies were safe for consumption for a period of around
278 h at 25 °C. Additionally, all cookies had a low acid index, ranging from 0.22 £ 0.01% to
0.66 £ 0.03% lactic acid, meeting the requirements of the Peruvian Standard NTP-206.001.

3.5. Sensory Analysis

The results of the sensory analysis are shown in Figure 1.

Overall, appearance (6.58 £ 0.28 to 6.85 £ 0.33), color (6.55 &£ 0.35 to 6.98 £ 0.25),
and smell (5.98 £ 0.37 to 6.57 &= 0.31) were the least variable parameters across all cookies.
Although all cookies had similar moisture content, the texture of the control sample was
the least favored (4.38 £ 0.28). In contrast, PC4 had a better texture (5.68 & 0.36) and was
described as having more “crunchiness” by the panelists. Flavor exhibited the greatest
variance among all parameters, with PC2 scoring 3.93 & 0.15 and PC3 scoring 6.10 & 0.19.
In general, the cookies had an overall acceptability rate of 72.3%, considering values equal
to or greater than five [6,7]. The most acceptable cookie was PC3, with a score of 6.23 £ 0.35.
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Figure 1. Sensory analysis of high-protein cookies enriched with defatted sacha inchi cake (DSIC)
and defatted tarwi (DT).

4. Conclusions

In conclusion, the development of high-protein cookies enriched with defatted sacha
inchi cake (DSIC) and tarwi (DT) offered a promising solution to combat child malnutrition
in Peru. These enriched cookies demonstrated significantly higher protein, lipid, and
antioxidant contents, providing essential nutrients that enhanced their health benefits.
Sensory analysis revealed that cookies enriched with DT were particularly favored for
their flavor and texture, making them more appealing to children. The notable sensory
and nutritional qualities of these cookies emphasized their potential as a functional food
product that could inform and support nutritional programs and policies in Peru addressing
child malnutrition. By incorporating these cookies into children’s diets, there will be a
significant chance to improve their nutritional intake and reduce the risks associated with
non-communicable diseases.
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Abstract: The objective of this work was to characterize the morphology and physicochemical
properties of 15 genotypes of native beans from the province of Jujuy, Argentina, 10 of which are fiu7ias.
The morphological descriptors used were length, width, thickness, and color. Hydration capacity
(HC), popping yield (PY), proximal composition, and 100-seed weight (100 W) were also determined.
The 7iufias presented rounded shapes and, in general, were smaller than beans since lower values
of length and 100 W were observed (9-12 mm and 31.4-48.8 g, respectively, versus 13-15 mm and
40-55 g for beans). No differences were observed between both groups in width (8-7.5 mm), while
thickness was more variable in 7iufias (5.8-7.3 mm versus 5.8-6.7 mm for beans). The 7iufias ranged in
colors, including whitish, brown, purple, and reddish examples, with a mottled, rhomboid bicolor,
and tricolor patterns. The beans ranged from light brown to dark purple, either single-colored or with
wide bicolored stripes. Darker colors might indicate the presence of polyphenols and anthocyanin.
The physicochemical properties depended on the genotype; the 7iufias presented higher HC (50-67%)
and PY (20-36%). The protein content—a key characteristic of legumes—varied between 18 and 25%
for all the varieties studied, while lipids ranged from 0.23 to 1.29%. In conclusion, these different
characteristics of each genotype could exhibit varying behaviors in response to treatments applied
for industrialization. In the canning industry, high values of HC are preferred, while PY describes the
ability of 7iufias to expand when exposed to heat.

Keywords: beans; hydration properties; morphological descriptors; fiufias; roasting

1. Introduction

The common bean, native to Central and South America, is found in northern Ar-
gentina, Bolivia, Peru, and Central America. Less well-known are 7iufias, which existed
before the Incas [1]. Andean legumes, such as beans, 7iufias, and faba, are being reintro-
duced in Jujuy, Argentina, by the Institute of Research and Technological Development for
Family Agriculture in the NOA Region (INTA-IPAF NOA) to reinforce their presence in
local cuisine. There is limited knowledge about the physical characteristics of these seeds,
which are important as they determine their suitability for industrial processing [1].

Andean beans have various colors [2], and determining their nutritional contribution
and technological aptitudes would promote their consumption. Their proteins have high
lysine and minerals [3]. Flours from commercial beans grown in northern Argentina are an
important source of dietary fiber, proteins, phytosterols, and y-tocopherol. Additionally,
flours obtained from pigmented beans contain phenolic compounds and higher antiox-
idant activities [3] than those from non-pigmented ones. The aim was to characterize
the morphology and physicochemical properties of 15 genotypes of native beans from
Jujuy, 10 of which are 7iufias. Revaluing their properties would represent an alternative for
commercialization, primarily due to their potential use in the production of healthy and
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gluten-free foods and would also contribute to the conservation of the biodiversity of these
crops, giving rise to different uses and adding value to local cuisine.

2. Materials and Methods

The seeds were provided by INTA-IPAF NOA. Its production was carried out in its
experimental field (2190 masl), Maimard, Jujuy, for two consecutive years (2023 and 2024).
They were numbered from 1 to 15. Samples 2, 3,4,5,7, 8,9, 12, 13, and 15 are 7iufias, and the
rest are beans (see Figure 1).

10.@ 6@).@“"8?\
000 660000
3‘.@ 800913...
4..‘ 9@‘614&5.@

000 000008

Figure 1. Andean beans from Jujuy, Argentina, 10 of which are fiufias (num. 2, 3,4, 5,7, 8,9, 12,
13). Images of native beans and beans after thermal treatment and hydration. N: native; R: roasted;
H: hydrated.

Morphological characterization was conducted according to descriptors for the com-
mon bean (Phaseolus vulgaris L.) proposed by the International Board of Plant Genetic
Resources (IBPGR, 1982; now, IPGRI) [4], detailed in Table 1.

Fresh beans (20 g) were roasted using an electric oven (Ken Brown, Ciudad, Pais) at
250 °C for 10 min. Time of first popping (T) was recorded. Popped beans were counted,
and the volume of five expanded beans (VE) was recorded via displacement of ethanol.
Popping yield (PY) was determined according to Equation (1):

PY (%) = W % 100, 1)

where Wpg denotes fully popped grains weight, Wspg denotes semi-popped grains weight,
and W denotes grains before popping total weight.

Hydration capacity (HC) and swelling capacity (SC) were expressed as the amount
of water that seeds absorbed after overnight soaking in excess of water. HC and SC are
expressed as percentages in weight and volume, respectively (Equations (2) and (3)):

2 —-W1
C (%) = % % 100, )
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where W is the weight of seeds before soaking, and W, is weight of seeds after soaking;

SC (%) = % x 100, (3)

where V1 is volume of seeds before soaking and V2 is volume of seeds after soaking.

Table 1. Bean descriptors used in the present work *.

Shape

1: Round; 2: Oval; 3: Cuboid; 4: Kidney Shape; 5: Truncate
Fastigate

Seed coat pattern

0: absent; 1: constant mottled; 2: striped; 3: rhomboid spotted;
4: speckled; 5: circular mottling; 6: marginal color pattern;
7: broad stripped; 8: bicolor; 9: spotted bicolor; 10: pattern around
hilum; 11: other (tricolor)

® 056
59 0 00

Ground color

1: black; 2: dark brown; 3: brown; 4: grey, brownish to greenish;
5: pure white; 6: whitish; 7: dark pink; 8: dark purple; 9: cream;
10: dark reddish brown

Brilliance

1: matt; 2: medium; 3: shiny

Secondary and Tertiary
ground color

See ground color codes

Seed dimensions

Average of 10 seeds (mm): length (measured parallel to the
hilum), width, and height (measured from hilum to opposite side)

Seed weight

Weight of 100 seeds (g)

* Adapted from IBPGR: International Board Plant Genetic Resources, 1982.

Whole beans were finely ground, and proximate chemical composition was deter-
mined according to AOAC official methods [5]. All measurements and treatments were
conducted in triplicate. Data were analyzed using XLSTAT software (V2008.1.50162).

3. Results and Discussion

3.1. Evaluation of Morphological and Technological Quality

The results show that fiufias (9.73-12.51 mm) are shorter compared to beans
(11.06-15.27 mm), and there were no significant differences in width between beans
(7.84-8.95 mm) and 7iufias (7.53-8.93 mm). The variability of thickness was greater among

fiufias than beans (Table 2).
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Andean beans are categorized as medium and large according to the 100-seed weight [6],
while 7iufias, on average, are smaller. Nevertheless, according to the IBPGR [4], based on
seed length, Andean beans are classified as medium (1-2 cm length, approx.) and 7iusias as
small (<1 cm length, approx.). Cruz Balarezo et al. [1] reported similar findings for native
fiufias from Peru and Bolivia. From a technological standpoint, these characteristics impact
grinding performance, cooking time, nutritional value, and appearance.

Nugias are typically round, though one sample (N° 2) was classified as oval. Beans
were described as round, oval, and kidney-shaped (Table 2). The brilliance was generally
medium for both. The most distinctive feature of Andean beans is their pattern diversity
color, overshadowing their nutritional potential. Nufias exhibited a broad range of primary
colors (black, brown, grey, dark pink, dark purple, cream, and dark reddish brown). Some
fiufias are single-colored (samples N°. 2, 5, 12), while bicolor ones combine lighter colors
(whitish, cream) or darker hues such as brown (Table 1). Only fiufia N° 8 showed three
colors. Among the beans, three were bicolor, featuring dark broad stripes (black and
brown). Other observed color patterns in fiufias included constant mottled, rhomboid
spotted, speckled, and bicolor. These color variations in the seed coat may be associated to
the presence of phenolic compounds [6].

3.2. Chemical Composition

Significant differences were observed between beans and fiufias (p < 0.05) for all macro
components analyzed (Table 2). The moisture content was higher in 7iufias than beans.
In all cases, the lipid content was less than 1.63%. Both beans and fiufias exhibited high
protein and carbohydrate content. Similar studies on beans [2,3] suggest high fiber content.
This makes them a significant source of nutrients with functional potential. The results
align with those reported by Nagai et al. [3], and also with native varieties from Peru and
Bolivia [2].

3.3. Hydration Capacity

Figure 1 shows that all grains increased in size after soaking. HC and SC of fiufias
were significantly higher than those of beans (Figure 2). Water retention is associated with
chemical composition as it depends on the retention of water molecules by the hydrophilic
components of bean macromolecules [7]. Kajiwara et al. [7] suggest the formation of
complexes between carbohydrates, polyphenols, and proteins during maceration, which
enhances the physical retention of water but increases cooking time. This phenomenon
could explain the high SC observed in 7iufia N°4 (dark brown color).

140
HC mSC
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Figure 2. Hydration properties (HC: hydration capacity; SC: swelling capacity) of Andean beans.
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3.4. Roasted Grain Quality

Figure 1 indicates that only 7iufias demonstrated expansion capacity during roasting,
as evidenced by the separation of the seed coat at the center of the bean. PY, VE, and
T (Table 3) showed significant differences among the analyzed 7iufias. Genotype N°12
exhibited the highest PY, sample N° 3 had the greatest VE, and sample N°9 required the
shortest time to initiate popping (3.34 s). The popping capacity is a significant quality in
fiufia-type beans, which is influenced by genetic variability as well as non-genetic factors
such as seed shape, its inelastic coat, and the quantity and quality of stored starch [1].

Table 3. Roasting and popping properties of 7iufias.

N°© Popping Yield Vol. 5 Popped Beans  Time First Popping
(%) (mL) (s)
2 205+ 1.2 3.87 + (.17 be 6.46 +0.04
3 159 +0.1P 4104+0.14¢ 483 +0.16¢
4 248 +0.04¢ 270 +1.13b 444 +0.04°
5 183 +1.24°¢ 3.50 4+ 0.70 be 37 +0.162
7 213+0.014 300+ 0P 478 +0.594
8 36.0+1.35f 325+ 0350 522 4+ 0.384
9 149 +£1.40° 250+ 0.70 b 334 +0492
12 252 +155¢ 2.25 4+ 0.352 418 + 0912
13 23.6 + 2.96 de 4,00 +0be 52240314
15 79 +1.222 1.05 4+ 0352 5.26 +0.30 4

Letters a—f indicate significant differences.

4. Conclusions

The native legumes studied demonstrate significant potential as sources of proteins,
minerals, and possibly functional compounds. The native genotypes were classified as
medium or large based on the weight of 100 grains, or as small or medium based on their
length. The presence of dark colors in the seed coat of some genotypes is likely associated
with antioxidant compounds. The hydration properties are particularly significant, espe-
cially in certain 7iufia genotypes. The 7iufias are proposed as popping beans due to their
ability to expand when exposed to heat and could produce a snack-type food with high
protein content following a short thermal treatment (3—7 min). Revaluing Andean bean
properties would represent an alternative for commercialization and would contribute to
the conservation of the biodiversity of these crops, fostering different uses and adding
value to local cuisine.
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Abstract: Food reformulation has become a critical concern for the food industry due to society’s
growing interest in improving nutritional profiles. In this context, Moringa oleifera, a plant native to
India with high nutritional value, offers an alternative for enriching food products. Its abundant
antioxidants, proteins and fibers make it an attractive choice. This study aimed to assess the impact
of substituting wheat flour with dried moringa leaf powder in snack crackers. These were prepared
using 53% (w/w) wheat flour and substituting part of it with different replacement percentages (1,
2.5,5,7.5 and 10% (w/w)) of dried moringa leaf powder. The baked snacks were characterized in
terms of moisture, aw, optical properties, mechanical properties, antioxidant capacity, total phenol
content, protein content and energy value. In addition, a sensory analysis was carried out to evaluate
the acceptability of the crackers. The results indicated that cracker thickness and volume remained
constant across all formulations. As moringa incorporation increased, weight loss decreased. The
high water-holding capacity of moringa leaf powder and its protein content contributed to keep the
same moisture content and reduce water activity in the crackers, resulting in decreased firmness. The
snacks exhibited a greener color with brownish tones as moringa replacement levels rose. Antioxidant
capacity (up to 251 + 13 mg Trolox E/100 g snack) and total phenol content (up to 1172 + 288 mg
Galic acid /100 g snack) were higher with greater moringa inclusion, remaining stable after baking.
The protein content increased, allowing all crackers to be labeled as a “protein source” since the
energy value due to protein was higher than 12%. However, judges found the color, aroma and flavor
attributes of the highest moringa content (10%) crackers too intense. In conclusion, replacing up to
5% of wheat flour with dried moringa leaf powder in snack crackers could enhance their nutritional
profile while maintaining consumer acceptance.

Keywords: crackers; formulation; moringa; sensory; snacks; texture

1. Introduction

Spain is one of the main snack-consuming countries in Europe; 8 out of 10 Spaniards
consume snacks on a regular basis, either weekly or daily, with an expenditure that reaches
EUR 57 per capita per year, only behind the United Kingdom and the Netherlands [1]. In
2022, the snacking sector had a turnover of EUR 2316 million, experiencing 10% growth
in value. Snack crackers are the most widely consumed snack. However, the sector faces
the difficulty of combining the tasty with the nutritious, as well as the priority use of
natural ingredients. Thus, the inclusion of components obtained from fruits and vegetables,
plants or seeds is becoming more and more common. In this context, Moringa oleifera,
a plant native to India (although it has adapted to other tropical and subtropical areas
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around the world), little known in Europe, but widely cultivated in Africa and Central
and South America, is a crop that has low water requirements and can withstand high
temperatures and long periods of drought [2]. Moreover, moringa has a high nutritional
value; its nutritional composition in vitamins, amino acids and micronutrients is atypical
for a plant. Its leaves stand out for their high protein content (30%); it contains 18 of the
20 essential amino acids; it also has a vitamin C content seven times higher than that of
oranges and a vitamin A content four times higher than that of carrots and a calcium
content four times higher than milk; it also has a high content of antioxidants and fiber [3].
For all these reasons, leaves of moringa offer an attractive alternative as an ingredient for
food reformulation and enriching food products.

For all of that, the objective of this study is to evaluate the effect of substituting wheat
flour with dried moringa leaf powder in snack crackers at different proportions. For this
purpose, its physicochemical properties (moisture, a,,, color, texture), antioxidant capacity,
total phenol content, protein content and energy value have been calculated, and, finally, a
sensory analysis has been carried out.

2. Materials and Methods
2.1. Moringa Powder Production

Moringa powder was obtained from moringa leaves collected from trees in the exper-
imental plot at the Universitat Politecnica de Valéncia (Spain). The leaves were dried at
50 °C for 8 h in a convective tray oven (CLK 750 TOP+, POL-EKO, Wodzistaw, Poland).
Subsequently, the leaves were crushed at 10,200 rpm using a food processer (Thermomix
TM31 Vorwerk, Wupertal, Germany). The powder was sieved with a sieve with a mesh
size of 0:100 mm and stored in airtight glass jars in the dark at room temperature.

2.2. Snack Crackers Preparation and Formulation

The snacks were prepared using 53% (w/w) flour and substituting part of it with
different replacement percentages (1, 2.5, 5, 7.5 and 10% (w/w)) of dried moringa leaf
powder (Table 1). First, flour was mixed with moringa powder, sugar, salt, baking powder
and melted butter in a food processer (Thermomix, TM31 Vorwerk, Wupertal, Germany)
for 4 s at the speed 13,000 rpm. Then, milk was added and programmed for 6 s at the speed
4600 rpm. The dough was then left to rest at room temperature for one hour before being
rolled out with a rolling pin to obtain a flat dough 2 mm thick. The dough was then cut
with a pastry cutter into squares of 46 mm on each side. Finally, the cookies were baked
for 15 min at 180 °C with ventilation in a multifunction oven (Model Bejublad, 403.009.02,
Electrolux, Stockholm, Sweden). The samples were allowed to temper for at least two
hours and stored in airtight containers until analysis.

Table 1. Percentage of ingredients for each snack cracker formulation.

Formulation ‘;’11;‘:: 1\1;[(:):\:25: Salt Sugar 1]3(?‘,1;1(;13 Butter Milk
S0 53.1 0 2 0.9 1 8 35
S1 52.6 0.5 2 0.9 1 8 35
52.5 51.7 1.4 2 0.9 1 8 35
S5 50.4 27 2 0.9 1 8 35
57.5 491 4.0 2 0.9 1 8 35
S10 47.8 5.3 2 0.9 1 8 35

2.3. Analytical Determinations

The moisture of the snacks was analyzed in triplicate according to the gravimetric
method (AOAC, 2000), by drying in an oven (J.P SELECTA, model conterm type poupinel
2000201, Barcelona, Spain) at 60 °C until a constant weight was reached. Water activity anal-
ysis was performed using a dew point hygrometer (AquaLab, Decagon Devices, Inc., model
4TE, Pullman, Washington, DC, USA) at 25 °C, in triplicate for each snack formulation.
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A cutting test was performed using a cutting probe that completely fragmented the
snack with a feed rate of 0.5 mm/s using a universal press (TA.XT. plus texture analyzer,
Microsystems stable, Godalming, UK). The peak force value and the area under the curve
were recorded. The test was performed for 12 samples of each formulation.

Color measurements were analyzed using a spectrocolorimeter (Konica Minolta, Inc.,
model CM-3600d, Tokyo, Japan), using the CIE L*a*b* reference system with the D65 illu-
minant and 10° observer. The L* luminosity and a* and b* coordinates were recorded. In
addition, color differences from the control snacks (S0) were calculated using Equation (1):

AE* = [(AL*)? + (Aa*)? + (Ab*)?]!/2 1)

The color of the upper side of 12 samples of each formulation was measured.

The antioxidant capacity of the cookies was performed by the 2,2-diphenyl-1-picrylhydrazyl
free radical scavenging method. A total of 0.5 g of sample was taken from each formulation
(S0, 51,525, S5, 57.5 and S10) and diluted in 5 mL of 80:20 methanol (methanol-water). They
were then shaken for 1 h at 300 rpm and centrifuged for 10 min at 10,000 rpm. The absorbance
was measured at a wavelength of 515 nm in a spectrophotometer (Thermo Fisher Scientific,
Inc. Helios Zeta UV-VIS, Waltham, MA, USA). All formulations were measured in triplicate.
Results were expressed as mg Trolox equivalent/100 g snack.

The phenol total content was measured by the Folin—Ciocalteu method. For this,
0.5 g of sample was taken from each formulation and diluted in 5 mL of 80:20 methanol
(methanol-water) and shaken for one hour at 300 rpm. Subsequently, they were centrifuged
for 10 min at 10,000 rpm. The absorbance was measured with a spectrophotometer (Thermo
Fisher Scientific, Inc. Helios Zeta UV-VIS, Waltham, MA, USA) at a wavelength of 760 nm.
The results were expressed as mg gallic acid equivalent/100 g of snack.

The protein content in the snacks was determined by digestion and distillation using
the Kjeldahl method. The measurements were made in triplicate. The total protein content
in the sample was obtained by considering the total nitrogen content obtained multiplied
by the conversion factor (6.25), which is recommended for vegetable products. The results
were expressed as grams of protein/100 g of snack.

2.4. Energy Value

The energy value was calculated for each of the snack formulations, expressing the
result in kilocalories per unit weight. The energy value contributed by each ingredient
was obtained from the databases of the U.S. Department of Agriculture (U.S. Department
of Agriculture, 2024) [4] except for the caloric value of the dry powder of Moringa oleifera
leaves that was obtained according to Alvarez [5]. In addition, the energy value provided
by the proteins in each snack formulation was calculated. This value was calculated by
multiplying by 4 the protein content of each formulation, thus applying the proportionality
principle where 1 g of protein is equal to 4 kcal and considering the water content of each
cracker after baking.

2.5. Sensory Analysis

The potential sensory acceptability of 4 snack formulations (50, S2.5, S5 and S10)
was studied using a panel composed of 31 tasters aged between 18 and 65 years. The
questionnaire was conducted using the Forms platform of Office 365. Appearance, color,
aroma, texture, crunchiness and taste were evaluated using a nine-point hedonic scale [6,7],
considering 1 “I dislike it very much” to 9 “I like it very much”. In addition, a penalty
analysis was performed to know whether an attribute located above or below the “Just
about right” had penalized in the overall acceptance score.

3. Results and Discussion

After baking, no significant differences were observed in thickness (6.8 = 1.1 mm)
and the final volume of the snacks (11 4- 2 cm?). Therefore, replacing wheat flour and,
consequently, gluten with moringa powder did not decrease the dough’s expansion capacity
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during baking. However, as the moringa powder content increased, the weight loss after
baking decreased (Figure 1), which is likely related to some possible chemical reactions
between moringa powder and other components of the recipe. The moisture content was
similar for all cases (30 & 3 g water/100 g crackers), and the water activity ranged between
0.68 and 0.52, with lower values observed when the replacement was higher than 5%. This
phenomenon could be related to moringa leaf powder’s high water retention capacity and
its protein content, establishing a direct interaction between these molecules and water.

SO S1 S2.5 S5 S7.5 S10
0 o !
5L ‘:’:::/f.
~_ d
£ -10 \
—
2-15 ! ¢
=20
=11] C
ko)
=25
ab
30 F a
_35 L

Formulation

Figure 1. Weight loss of snack crackers after baking. Equal letters indicate homogeneous groups in
the ANOVA (95% significance level).

The shear test results (Figure 2) showed a significant decrease in maximum strength and
area under the curve from a moringa replacement level of 5%, indicating a lower hardness of
the cracker formulations as the level of flour replacement with moringa leaf powder increases.
These results are contrary to those reported by other authors incorporating moringa leaf
powder in sweet doughs [8]. According to Alam et al. [9], the texture of cookies depends
mainly on the speed of dough development and the proportion of sugar used. Therefore, the
lower hardness of these cookies could also be related to the low sugar content.
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Figure 2. Maximum force (bars) and area under the curve (line) of the snack crackers shear test. Equal
letters indicate homogeneous groups in the ANOVA (95% significance level), being lower case letters

for maximum force and upper case letters for area.
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Table 2 shows the optical properties analyzed on the surface of the different formu-
lations, luminosity, a* and b* coordinates and color difference (AE) to the control snack.
The replacement of wheat flour with moringa decreased the values of the a* coordinate,
showing the greenish shades characteristic of this powder. In addition, significant changes
were also observed in the b* coordinate related to the brownish tones. Thus, the control
cracker and those with higher moringa powder content presented lower b* values. This fact
would be related to the Maillard reactions that occur due to the content of both reducing
sugars and amino acids provided by the ingredients used in the formulations. Furthermore,
the replacement of flour with moringa powder resulted in a significant drop in brightness.
Consistent with the previous results, the color difference increased with the level of replace-
ment, exceeding in all cases the threshold of 3, and thus color differences were perceptible
by the human eye.

Table 2. Luminosity (L*), chromatic coordinates (a* and b*) and color difference (AE) on the surface
of the different snack cracker formulations.

Formulation L* a* b* DE
S0 69+ 3f 100+ 1.64 324+12¢ 30+1.72
S1 63.2+09¢ 144102 374+09¢ 11.7 +0.6P
82,5 624+094d 15+1.02 378+07¢ 12.7 +0.8¢
S5 494408¢ 25+08b 34,7 +0.74 213 +0.74
S7.5 46.7 +0.8" 374+08¢ 313 +1.2°P 235+0.7¢
510 447 4052 35+08¢ 29.6 +0.72 255+05f

Equal letters in the same column indicate homogeneous groups (95% significance level).

Table 3 shows the antioxidant capacity and total phenol content of the studied for-
mulations. As can be observed, in both cases, they increase as the percentage of moringa
incorporated into the cracker increases. These results may be related to the content of phy-
tochemical compounds in moringa leaves. Specifically, moringa leaves are characterized
by their high content of vitamin C, iron, carotenoids and phenolic compounds such as
gallic acid, kaempferol, quercetin and astragalin [10], evidencing the relationship between
antioxidant capacity and phenolic compounds found in moringa leaves which also persist
after baking [11]. In addition, as the level of flour replacement with moringa leaf powder
increased, the protein content increased (Table 3). These results highlight one of the main
characteristics of moringa leaves, their high protein content, being approximately 30% in
dry powder [8,12], while in wheat flour this value is approximately 10%. Considering
the proportion of the different ingredients in each of the formulations and the final mois-
ture content of the snacks and taking as a reference their caloric values from the USDA
database [4], Table 3 calculates the calories per 100 g of each of the crackers, as well as
the percentage of this caloric contribution due to protein. As expected, this percentage
increased as the moringa leaf powder content increased. Moreover, it should be noted
that the substitution of part of the wheat flour with this powder decreases the caloric
contribution of the crackers, which may be interesting from a nutritional point of view.
These results would allow labeling all the crackers evaluated in this study as a “source of
protein”, according to Regulation No. 1924/2006 [13] since the caloric content provided by
protein is higher than 12%. However, they could not be classified as “rich in protein” since
this value does not exceed 20%.
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Table 3. Antioxidant capacity, total phenol content, protein content, energy value and percentage of
calories contributed by protein for each snack cracker formulation.

Total Phenol
Formulation Antioxidant Capacity Content Protein Content Energy Value % Energy Value
(mg Trolox E/100 g Snack) (mg Galic (g Prot/100 g Snack)  (kcal/100 g Snack)  Due to Protein
Acid/100 g Snack)

S0 33.0+£09° 268 +31°2 87+£067 317 14.2

S1 80.5+£0.5% 337 +£57°2 924012 295 14.4

S2.5 87 +32 363 £ 76 9.36 £ 0.04° 289 14.7

S5 149 £ 9P 596 4+ 102 P 9.88+£0.12°¢ 287 15.3

57.5 254 £23°¢ 1131 +91°¢ 10.34 £0.19¢ 282 15.8

S10 251 £13°¢ 1172 4288 ¢ 11.05 + 0.30 4 274 16.4

Equal letters in the same column indicate homogeneous groups (95% significance level).

Figure 3 shows the results of the sensory analysis obtained from the survey of the
attributes analyzed on a hedonic scale (1-9) for the control cracker (S0) and crackers with
three different levels of flour replacement with moringa leaf powder (S2.5, S5 and S10).
Significant differences between samples were observed for the attributes of appearance,
color, aroma and crispness, while for the attribute of texture similar scores were achieved
between samples.

APPEARANCE**

CRUNCHINESS* N\, COLOR**
¥/
/
TEXTURE ~AROMA* 525
S5

Figure 3. The results of the sensory analysis with the hedonic scale of the snack formulations
studied, according to the data obtained from the ANOVA analysis; * 95% significance level and **
99% significance level.

The penalties graph (Figure 4) relates the overall acceptance to the percentage of tasters
who considered the intensity of each attribute too low or too high. Thus, S10 was penalized
with a level higher than 1 and a percentage of judges higher than 20% for aroma, flavor and
color because these attributes were too intense. In addition, flavor was penalized in the S5
cracker for being too intense. These results are coherent, considering that the panelists are
not accustomed to the intense green color of the moringa content in the crackers, as well
as their flavor and aroma. In this line, in other works, the incorporation of 10% moringa
leaf powder in bakery products, specifically bread, biscuits, muffins and cookies, also had
a low sensory acceptance due to the dark green color and an herbal flavor [9,14]. On the
other hand, it should be noted that no parameter related to the mechanical properties of
the snacks was penalized, so the differences found in the mechanical properties did not
imply a rejection by the tasters.
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Figure 4. A graph of the penalties of the snacks evaluated in the analysis, being circle S0, triangle S2.5,
rhombus S5 and square S10. Black color for too-high intensity and gray color for too-low intensity for
the analyzed attributes (C: color, A: aroma, TX: texture, CR: crunchiness, T: taste).

4. Conclusions

As a general conclusion of this work, a substitution of up to 5% of wheat flour with
moringa oleifera dry leaf powder in snack crackers could improve the nutritional profile
of these products traditionally made only with wheat flour, with good acceptance by
consumers. In addition, these crackers could be labeled, according to European legislation,
as “high in protein”.
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Abstract: This research aimed to evaluate the changes that occur in the composition of macronutrients
and soluble compounds of quinoa grains at different germination times. The seeds were soaked in
water, drained, and then germinated in monolayers inside closed containers for 12, 24, 48, and 72 h
and the germination was stopped by drying. Proteins, amino acids, fatty acids and antioxidant activity
in flours were measured. A gradual reduction of carbohydrates is verified during the germination
time with a concomitant increase in protein and lipid contents, while total minerals did not show
modifications. The concentration effect due to metabolized carbohydrates seems responsible for the
33% rise in protein content 72 h after sprouting, but it is not enough to explain the almost 100% lipid
increase for the same period. In general, amino acids and unsaturated fatty acids increase during
germination, constituting a good resource for food and food ingredients intended for the general
public, celiac patients, children, athletes, and elderly people.
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1. Introduction

Quinoa (Chenopodium quinoa Willd.) is a native plant of the Andean region of South America,
which has similar chemical characteristics and uses to cereals but does not belong to the
same botanical family, so it is commonly referred to as a pseudo-cereal. It was part of
the basic food of the pre-Hispanic people of South America, though, after the Spanish
conquest, the crop was marginalized in isolated areas and was mostly replaced by wheat
and barley. It has an outstanding nutritional quality, mainly represented by the content and
biological value of its proteins, the starch structure, the fat content (rich in unsaturated fatty
acids), and the significant number of bioactive compounds such as fiber, minerals, vitamins,
phytosterols, polyphenols, among others [1]. People with celiac disease can consume both
the grain and its derived products. During germination an increase in soluble compounds
such as amino acids, fatty acids, sugars, vitamins, and minerals takes place, favoring the
bioavailability of these nutrients [2]. This process is stopped by heat or drying, ending
the so-called malting. In recent years, several investigations have been carried out into
gluten-free malted cereals and pseudo-cereals especially aimed at the celiac population.
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In this work the changes in the macronutrients during the germination of quinoa grains
are evaluated, improving the bioavailability of nutrients for celiac patients, but also for
children, athletes, elderly people, and the general public.

2. Materials and Methods
2.1. Plant Material

The quinoa seeds (Chenopodium quinoa Willd.) were purchased from a quinoa producer
from northwest Argentina. The seeds were cleaned and stored at 4 °C in sealed polyethylene
bags until use.

2.2. Malted Quinoa Flours

Quinoa seeds were washed and moisturized in distilled water (1:10 ratio) for 2 h at
20 °C and then drained. Some of these seeds were dried in a fluidized bed dryer at 50 °C
until moisture content was 11 & 1% and then ground in a 0.25 mm hammer mill to obtain
whole quinoa flour (QF0). The remaining seeds were arranged in a single layer on a plastic
tray inside a closed container, away from direct sunlight. Germination was carried out
at 25 °C and 50% relative humidity. The different stages of the process were monitored
(Figure 1), stopping it at 12, 24, 48, and 72 h by drying and grinding following the same
methodology described for QF0. Germination tests were carried out in triplicate, with the
selection criteria being more than 90% sprouted grains [3].

48 h of germination 72 h of germination

Figure 1. Monitoring of the different stages of the germination process.
2.3. Physicochemical Characterization of the Flours
2.3.1. Proximate Analysis

Proximate analysis was performed in triplicate using AOAC techniques [4]. Car-
bohydrates (C) were calculated by difference. All determinations were expressed on a
dry basis.

2.3.2. Total Amino Acids Profile

Flours were subjected to acid hydrolysis with 6M HCI under reflux for 24 h, following
AOAC 994.12 methodology [4]. Amino acids identification and quantification were carried
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out using a high-performance liquid chromatography (HPLC) equipment with UV-detector,
while data acquisition and processing was done using a Total Chrom Workstation software
(version 6.3), following the methodology described in Mufari et al. [5].

2.3.3. In Vitro Protein Digestibility

In vitro protein digestibility (PD) of samples was determined according to the tech-
nique of Dierick et al. [6]. PD results were expressed as a percentage on a dry basis.

2.3.4. Total Fatty Acids Profile

Quinoa flours were soaked in n-hexane at a 1:10 ratio for 24 h at 3 °C in darkness to
extract lipids. Following extraction, the mixture was filtered, the solvent was evaporated,
and the fatty acids were trans-methylated. Identification and quantification of the fatty acids
in the extracted oils were performed using gas chromatography with a mass spectrometry
detector (GC-MS) on a Clarus 600 Perkin Elmer instrument, following the procedure
outlined by Mufari et al. [5].

2.3.5. Evaluation of Antioxidant Properties

The extraction of antioxidant compounds was carried out according to [7]. Total phenolic
content (TPC) was determined using the Folin-Ciocalteu method [8], adapted to microplate de-
terminations. The absorbance of samples was measured in a spectrophotometer at 760 nm (BMG
Labtech GmbH, Germany), and results were expressed as mg gallic acid equivalents (GAE)/100
g flour. Total flavonoid content (TFC) was determined according to the AICl3 method [8] adapted
to a microplate reading absorbance at 367 nm, and the results were expressed in mg Quercetin
equivalents (QE)/100 g flour. The antioxidant activity of the extracts was determined using
2,2-dyphenil-1-picryl hydrazyl (DPPHe) [8], absorbance was measured at 517 nm, and radical
scavenging capacity (RSC) was calculated by means of the following equation: %RSC= [1 —
(Absorbance (DPPHe) — Absorbance sample))/Absorbance (DPPHe)] x100.

2.4. Statistical Analysis

Results were expressed as mean + standard deviation of the replicates. Data anal-
ysis was carried out using InfoStat® professional (version 20201). Significant differences
between measurements were estimated by variance analysis (ANOVA). When statistically
significant differences were observed (x = 0.05) a DGC multiple comparisons test was
subsequently used.

3. Results and Discussion
Physico-Chemical Characterization of the Flours

Table 1 shows the results of the proximal analysis of the flours. Although moisture
was adjusted to 11% prior to milling, the flours showed different degrees of hydration;
hence, wet content was between 9.59 and 16.86%.

Table 1. Proximal composition and digestibility of the different quinoa flours.

Germination Time

Components
QF0 QF12 QF24 QF48 QF72
Moisture 9592 + 0.23 16.49 9 +0.01 13.24b 4+ 0.01 14.33 ¢ +0.01 16.86 ¢ + 0.14
Ash 1.972 4+ 0.02 1.682 4+ 0.10 2293 +0.13 2.052 +0.11 1.892 4+ 0.26
Lipids 7.872 4+ 0.22 7.652 +0.52 9.56° + 0.03 11.07 € + 0.57 15.634 +0.26
Proteins 13.56 2 £ 0.30 17.19% +0.10 17.38° +0.25 18.34 ¢ + 0.10 18.03¢ + 0.16
Carbohydrates 76.60 73.48 70.77 68.54 64.45
% PD 710 42 720 £ 1 81¢+1 82¢+1 623 £2

The results are expressed in g/100 g of sample on a dry basis (except wet moisture content), means with standard
deviations are reported (n = 3). Different letters in the same row denote statistically significant differences
(p <0.05). QF: quinoa flour, the number indicates the germination hours of the grains (0, 12, 24, 48, and 72 h);
PD: protein digestibility.
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The effect of sprouting on the nutritional composition of quinoa flour can be observed
by the significant decrease of the total carbohydrate content (4 to 16% compared to QF0)
with germination, a consequence of the metabolic activity of the seeds that takes place
during germination. These results resemble the values reported for different varieties of
sprouted rice, sorghum, millet, buckwheat, and amaranth, with decreases in carbohydrate
content from 5 to 51% [9].

On the other hand, quinoa flours germinated for 48 and 72 h (QF48 and QF72) showed
the highest protein values (Table 1). The synthesis of enzymes and non-protein nitrogenous
substances (such as nucleic acids) can contribute to this increase. Diverse variations of
protein contents are reported in sprouted cereals and pseudocereals, from reductions
between 2 and 21% to increases between 5 and 100%. These differences depend on the
plant material and on soaking, sprouting, and drying conditions [9]. In this investigation,
an increase of 35% in protein content, between 0 and 72 h of germination, was observed,
which implies an improvement in the nutritional profile. The same tendencies were found
by Maldonado-Alvarado et al. [10] under similar conditions. A protein increase with
carbohydrate reduction is good news for celiac patients commonly facing gluten-free foods
that are highly energetic but poor in proteins.

Lipid contents were also increased with germination time, being almost double in
QF72 compared to QFO0 (Table 1).

In quinoa, lipids and protein are found mainly in the embryo while starch is in the
perisperm. Amylases free glucose and maltose from perisperm starch, being the main
energy source for germination; on the other hand, all the available nitrogen is endogenous
as malting excludes any external source. So, the total nitrogen (as proteins) per 100 g
existing at the beginning in QF0 should remain in the final stage 72 h later, then:

1356  18.03
(76.6 —x)  64.45

x =282¢g @D

where x is the fraction of carbohydrates consumed by seed metabolism after 72 h of
germination, nearly 37% of initial starch, showing the importance of carbohydrates for
sprouting through providing the needed energy. The increase in lipids is greater than
expected due to the concentration effect. Although some works show an opposite tendency
for quinoa, Pachari Vera et al. [11] found the same behavior in four Peruvian quinoa
varieties, in some cases with increases near 50%. The total mineral content did not show
significant differences between germination stages (Table 1).

In vitro digestibility for proteins is presented in Table 1. The first 12 h of sprouting
shows no significant changes, staying at 71-72%, but in the next 2448 h it rises up to
81-82% and then drops to 62% after 72 h of germination (Table 1). A similar behavior was
found by Prasad & Sahu [12] with values going from 72% to 87.5% after 48 h of sprouting,
but these authors did not continue germination beyond.

Table 2 summarizes the results of the total amino acid composition of the different
flours. As can be seen in Table 2, lysine contents in quinoa flour (QF0) are almost double
those of wheat, corn, and rice while sulfur amino acids are in a similar proportion to those
in the above cereals, but with quinoa protein content being higher its total contribution of
amino acids is clearly superior. Some amino acids may diminish during germination as
pointed out by Moongngarm and Saetung [13].
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Table 2. Amino acid profile (g/100 g of flour) of integral quinoa flour (control) and germinated flours

at different times.

Amino Acids

QFo

QF12

QF24

QF48

QF72

Aspartic ac.
Glutamic ac.

0.442 2 4+ 0.028
1.4872 £0.013

0.973 b +0.094
1.601 € & 0.022

0.954b +0.076
1.580 P + 0.061

1.067 b + 0.008
1.500 @ 4 0.055

1.090 € 4 0.013
1.553 b 4+ 0.037

Serine 0.0252 + 0.003 0.354 " + 0.004 0.348° +0.025 0.379 € + 0.004 0.502 4 +0.105
Histidine 0.033 2 + 0.004 0.761 4 + 0.022 0.596 ® -+ 0.000 0.660 € + 0.003 0.769 4 +0.171
Glycine 0.438 2 + 0.004 0.638 € + 0.003 0.570® + 0.009 0.550 b + 0.002 0.559 % +0.071
Threonine 0.071 2 £ 0.003 0.508 € + 0.018 0.430° +0.010 0.485 € + 0.008 0.560 4 £ 0.009
Arginine 0.758 @ + 0.005 1.2814 + 0.029 1.075 € + 0.032 1.128 € + 0.020 0.877° + 0.056
Alanine 0.654 4 + 0.001 0.550 € 4 0.010 0.512° + 0.003 0.498 @ + 0.003 0.554 € + 0.017
Proline 0.048 2 + 0.015 0.188 b 4+ 0.046 nd nd nd
Tyrosine 0.1302 + 0.015 0.601 9 + 0.014 0.463° +0.042 0.513 € + 0.099 0.580 ¢ + 0.076
Valine 0.571 ¢ + 0.020 0.144 € + 0.005 0.107 ® + 0.008 0.086 @ + 0.061 0.553 9 + 0.004

Methionine + Cysteine

5.360 2 +0.019

5.994 b +0.106

6.936 < £0.171

6.816 © £ 0.227

6.091P +1.026

Isoleucine 0.404 2 £+ 0.002 0.616 9 + 0.006 0.583 < £+ 0.016 0.518 > + 0.007 0.687 9 +0.103
Leucine 0.561 2 £ 0.002 0.872¢ £ 0.016 0.796 ® + 0.023 0.776 ® + 0.002 1.056 9 +0.146
Phenylalanine 0.253 2 £ 0.002 0.800 € £ 0.006 0.640 € £ 0.011 0.573° + 0.034 0.7334 £+ 0.110
Lysine 0.480 2 £ 0.004 0.4712 4 0.003 0.530° + 0.010 0.602 € £ 0.005 0.7744 £+ 0.126

% of Recovery

92.44

95.10

92.72

86.74

93.82

QF: quinoa flour, the number indicates the germination hours of the grains (0, 12, 24, 48, and 72 h). Means with
standard deviations are reported (SD, n = 6), expressed in g/100 g of sample on a dry basis. nd: below the limit of
quantification (0.012). Different letters in the same row denote statistically significant differences (p < 0.05).

Table 3 shows the changes in the fatty acid profile of quinoa flour depending on the
germination time, with palmitic (16:0), oleic (18:1w9), and linoleic (18:2w6) acids being the
majority. Guardianelli et al. [14] found similar trends in germinated amaranth seeds, with
increases in palmitic, linoleic, and linolenic acids and a decrease in stearic and oleic acids.
The w6/ w3 ratio, which is 9.6 for QFO, is reduced to 5.3 in QF72. This result is close to the
recommended 5:1 [14].

Antioxidant compounds significantly increased with germination time, until 2448 h
of germination, and then at 72 h a decrease occurs, a similar trend to several of the parame-
ters previously determined in this work. The TPC of quinoa flour was 54 &+ 2 mg GAE 100
g~ ! flour, a value that is within the range reported by other authors (25.0-71.7 mg GAE 100
g~ ! flour) [7,15]. Total phenols increased by 63% after a 24-h germination.

On the other hand, the TFC of quinoa flour was higher than the reported by Carciochi
& Dimitrov [7] (24 4+ 1 mg QC 100 g~ ! flour and 11 mg QC 100 g~! flour, respectively).
These differences can be partially explained by the differences in the extraction methods,
the variety of the grains and the growing conditions. Total flavonoids increased by 125%
after germination for 24 h, in comparison to raw quinoa. These increases in the compounds
with antioxidant capacity, are related to enzymes activated during germination that lead to
the release of compounds bound to cell structure of the matrix or by de novo synthesis [7].
Although other authors reported a constant increase with the germination time, in this
study, antioxidant compounds decrease after 48 h of germination, probably due to the
fixation in the new matrix of the growing seedling that makes their extraction difficult.

Antioxidant activity of germinated quinoa seeds extracts assessed by DPPHe method,
indicated that the germination process significantly increased the antioxidant activity,
compared to the control sample. Maximum radical scavenging activities were obtained
in the lipid (89%) and ethanolic fraction (77%). Similar results were reported for different
cereals and pseudo cereals, but with different optimal times of germination to obtain a
maximum amount of soluble or bioavailable nutrients [9]. In the case of quinoa under the
established malting conditions, germination time should be between 24 and 48 h.
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Table 3. Fatty acid profile (g/100 g of flour) of integral quinoa flour (control) and germinated flours
at different times.

Fatty Acids QF0 QF12 QF24 QF48 QF72
Miristic 14:0 nd 0.202 4 0.01 0.232 + 0.03 0.242 4+ 0.01 0.222 £ 0.03
Pentadecylic 15:0 nd 0.142 +0.01 0.122 +0.02 0.142 +0.02 0.132 +0.01
Palmitic 16:0 923403 12.1¢+02 12.5¢ + 0.4 125¢+0.2 11.3P + 04
Palmitoleic 16:1 nd 0.412 +0.02 0.422 +0.03 0.383 +0.03 0.422 +0.02
Margaric 17:0 nd nd 0.102 4+ 0.03 0.112 4+ 0.03 0.102 £+ 0.03
17:1 nd nd 0.122 +0.03 0.122 4+ 0.03 0.132 £ 0.03
Stearic 18:0 1.03 ¢ 4+ 0.03 0.90b +0.02 0.812 + 0.02 0.792 4+ 0.01 0.91° +0.03
Oleic (w9) 18:1 276+ 0.4 27.4¢ 405 24.6° 4+ 0.2 23223405 26.8¢+02
Linoleic (w6) 18:2 549¢ 4 0.2 4492 +04 4432 £02 454° +03 458b 4+ 0.2

Linolenic (w3) 18:3 5734 0.4 82b +04 9.8¢+04 10.2°¢ £+ 0.4 89b +04
Arachidonic 20:0 0.332 +0.02 0.60° +0.03 0.78 € 4 0.02 0.81°¢+0.02 058P +0.04
Gondolic 20:1 1.192 +0.01 2.49°¢ 4 0.02 2.50 € + 0.02 1.72b 4+ 0.03 2684 +0.03
20:2 nd 0.182 +0.02 0212 +0.01 0.202 4 0.01 0.222 £ 0.03
Behenic 22:0 nd 0.98° +0.02 1.10° +0.03 1.11° +0.03 0.892 +0.02
Erucic 22:1 nd 1.91° +0.05 2.45¢ +0.02 2714 +0.02 1.582 4+ 0.03
Tricosylic 23:0 nd 0.102 4+ 0.02 0.12+0.01 0.112 4+ 0.02 nd

Lignoceric 24:0 nd 0.4223 4+ 0.02 0.58° 4 0.02 0.60° 4+ 0.03 0.412 £+ 0.01
24:1 nd 0.182 +0.04 0202 +0.03 0.212 4 0.04 0.192 £ 0.02

Saturated (S) 10.56 15.44 16.33 16.41 14.54

Monounsaturated (MI) 28.79 32.39 30.30 28.34 31.80

Poliunsaturated (P) 60.6 53.28 54.31 55.80 54.92

w6/ w3 9.63 5.47 452 445 5.15

PU/MU 2.10 1.64 1.79 1.97 1.73

QF: quinoa flour, the number indicates the germination hours of the grains (0, 12, 24, 48, and 72 h). Means with
standard deviations are reported (SD, n = 6), expressed in g/100 g of sample on a dry basis. nd = below the limit
of quantification (0.012). Different letters in the same row denote statistically significant differences (p < 0.05).

4. Conclusions

It has been shown that it is feasible to increase the nutritional quality of quinoa grains
by germinating them for a period between 24 and 48 h. Flours obtained from sprouted
grains demonstrated a greater bioavailability of nutrients. The preliminary results obtained
in this work confirm that germination is an adequate process for improving the nutritional
profile of quinoa flours, and for further production of healthy foods intended for vulnerable
age groups such as children or the elderly.
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Abstract: Making bread from tarwi represents a scientific and technical challenge due to its poor
breadmaking properties; however, strategies like partial substitution with other flours as well as the
use of improvers could maximize these properties. This work aimed to evaluate a functional bread
made with wheat flour (Triticum spp.), tarwi flour (Lupinus mutabilis Sweet) and Hydroxypropyl
Methyl Cellulose (HPMC). The partial substitution levels evaluated were 0, 5, 10, 15, 20 and 25% with
and without the addition of HPMC as a bread improver. The bread’s volume, weight, height and
specific volume were determined. Sensory tests of the bread were carried out to determine bakery
aptitude and acceptability. The specific volumes of the bread were 3.90; 3.46; 3.27; 3.23; 2.98 and
2.62 cm3/g in samples without HPMC and 4.60; 4.28; 4.27; 3.26; 2.96 and 2.62 cm3/g in samples
with HPMC, respectively. These values had reciprocity with the heights of the breads, which were
between 8.90 and 6.00 cm in samples without HPMC and between 10.55 and 6.50 cm in samples with
HPMC. The specific volume of bread decreased from 15% substitution. The sample with 0, 5 and 10%
substitution with tarwi flour had both acceptability and bakery aptitude.

Keywords: bread; tarwi; wheat; HPMC; sensory properties

1. Introduction

The marginalization of Andean crops has occurred due to different problems:=, in-
cluding a low social prestige of endemic crops, a preference for the use of other imported
crops (e.g., wheat), and a lack of public food sovereignty policies in southern countries,
among others [1]. In addition, the valorization of Andean crops has not been easy because
of the overproduction of crops, which can be understood as the non-use of a certain part
of the food production, as well as poor valorization of endemic foods, related to the low
valorization of raw materials in finished products [2]. However, it is well known that
Andean crops, e.g., quinoa, amaranth, cassava, banana and lupin, have higher nutritional
and functional properties, and can provide important benefits to human health [1].

In the Andes region, few studies related to research and development of new foods
from the local matrix with functional properties such as tarwi, but also with maximized
structural and sensory characteristics, have been reported. This is due to the difficulty of
combining all these properties in synergy to obtain a finished product and, crucially, a
gluten-free food [3]. The expanding number of gluten-free goods, like bread and extruded
foods, use food matrices that are different from those that contain gluten, using products
like pseudocereals, tubers and pulses to mimic the viscoelastic characteristics of this protein.
Improvers like hydrocolloids, enzymes and modified starch can be added to achieve the
desired expanded gluten-free network, which represents a technological challenge. On
the other hand, achieving improved sensory characteristics with a gluten-free matrix is
even more complex. Many of the gluten-free products that are on the market have a poor
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sensory perception and, on the other hand, people are accustomed to the taste of products
that contain wheat, such as bread [4].

The aim of this contribution was to evaluate a functional bread made with wheat
flour (Triticum spp.), tarwi flour (Lupinus mutabilis Sweet) and Hydroxypropyl Methyl
Cellulose (HPMC).

2. Materials and Method
2.1. Materials

Dry seeds of tarwi (Lupinus mutabilis Sweet) from Latacunga, Ecuador, were used. The
seeds were soaked in water for a period of 1 day, cooked at a temperature of 87 °C for 1 h
and debittered in water for 7 days, with 3 water changes being carried out daily. A manual
selection was carried out and the non-hydrated grains were discarded; the selected grains
were dried in a Selecta model oven (Barcelona, Spain) at 45 °C for 48 h. The grinding was
carried out in an Alpine model mill (Augsburg, Germany) for a time of 10 s and was sieved
through a No. 11 mesh. YA brand (Quito, Ecuador) fortified wheat flour for baking was
acquired from a local market. The additive used to improve the bread was Methocel ESLV,
Hydroxypropylmethylcellulose (The Dow Chemical Company, Midland, MI, USA).

To make the bread, fortified wheat flour for baking, fresh yeast, multipurpose vegetable
margarine, white sugar and iodized salt were used.

2.2. Breadmaking Test

Following the INEN 530-2013 Standard [5] (Ecuador), a baking test was carried out
using the two-fermentation method and bread samples with different substitutions (substi-
tutions of lupine flour with 0, 5, 10, 15, 20 and 25% of wheat flour were performed) with the
addition or not of HPMC 2% (based on flour content). The amount of water that was added
to the flour to form a dough of suitable consistency was based on the percentage of water
absorption obtained from the Mixolab analysis and was replicated for all samples. The salt,
sugar and yeast were dissolved in water at 30 & 2 °C. The flour, HPMC (if established in
the recipe) and margarine were placed in a deep container, and the water, salt and yeast
solution were added. They were homogenized in a KENWOOD mixer (Tokyo, Japan), at a
low speed (60 rpm) for 3 min, the dough was placed on baking trays and left to rest in a
UNOX brand fermentation chamber, model XLT 135 (Rome, Italy), for 15 min. at 30 °C and
a relative humidity of 80%. The dough was then kneaded and divided into 135 g portions,
before being laminated, rolled and placed in the previously greased molds. Fermentation
was carried out for a second time with the same characteristics but for a period of 45 min;
the samples were cooked in a UNOX model XFT 115 forced convection oven (Rome, Italy)
with the following conditions: 180 °C for 5 min with 80% humidity; 220 °C for 5 min
without humidity; and 150 °C for 20 min without humidity and cooled until reaching an
internal temperature of 30 °C. The weights, heights and volumes of the obtained breads
were determined with a scale, a ruler and a pycnometer using birdseed. Specific volume
was calculated as the ratio between the bread volume and the bread weight (mL/g).

2.3. Sensory Analysis
2.3.1. Baking Aptitude

A panel of 20 semi-trained judges was established, who evaluated the baking aptitude
of the samples with the following parameters: crust color (15), appearance and symmetry
of the bread (15), flavor (10), crumb color (10), crumb texture (30) and crumb grain (20)
(maximum scores are indicated in parentheses). For analysis, 1 cm wide slices of bread
from each substitution level were selected and placed in white containers with a 3-digit
random code for each sample. The INEN standard 530-2013 was taken as a reference.

2.3.2. Acceptability

To understand the panel’s preference for bread samples with different levels of sub-
stitution, 20 semi-trained judges evaluated the bread samples with a hedonic scale with
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values between 0 and 5, in which 0 meant “Very Bad”, 1 “Bad”, 2 “Fair”, 3 “Acceptable”,
4 “Good” and 5 “Very Good”. The parameters evaluated were color, aroma, crumb texture,
crust texture, flavor and symmetry. The sample preparation was carried out in the same
way as in the baking aptitude evaluation [5].

2.4. Statistical Analysis

Results were expressed as mean =+ standard deviation, and all measurements were
conducted in triplicate. The results obtained were evaluated with an analysis of variance
(ANOVA) followed by an LSD test with a confidence level of 95% in the STATGRAPHICS ®
CENTURION XVI software.

3. Results and Discussion
3.1. Breadmaking Properties

Table 1 shows the results obtained for the different samples made with 0, 5, 10, 15,
20 and 25% of partial substitution of wheat flour with tarwi flour. In treatments without
adding HPMC, no significant differences were found between the specific volume values
of the 5, 10 and 15% replacement samples. For the different levels, the specific volume
decreased by 11.3; 16.2; 17.2; 23.6 and 32.8%, respectively, compared to the value of bread
with 0% substitution. On the other hand, a decrease in bread height was observed as the
level of substitution increased because the CO, produced in fermentation is not retained,
although there were significantly no differences between the different levels.

Table 1. Physical characteristics of bread with 0, 5, 10, 15, 20 and 25% partial replacement of wheat
flour with tarwi flour.

Partial Substitution of

Wheat Flour by Tarwi W?%th V((Zl;?;e SpeC(lcflI;;//O)]ume H(iiﬁ;h

Flour 8 g

0% 109.87 2 + 1.56 429 + 298 3904 +0.05 8.90° 4 0.05
0% * 105.43 @ + 1.56 485°¢ + 2.98 4.60° +0.05 10.55 ¢ + 0.05
5% 110.152 + 1.02 3814 +3.98 3.46°+0.23 7.90 +0.84
5% * 109.80 b +1.02 4694 4+ 3.98 42844023 10.00 b¢ + 0.84
10% 116.08 € + 1.83 37959 +3.87 3.27 ¢+ 0.03 7.75% +1.03
10% * 109.33P + 1.83 4679 +3.87 42749 +0.03 990" +1.03
15% 114.12° + 1.63 369 ¢ + 1.35 323+ 0.07 7352 + 147
15% * 11347 ¢ + 1.63 371¢+1.35 3.26 ¢+ 0.07 81020 +1.47
20% 113.62° +1.17 3390 +572 298P 4 0.09 7.052 £ 2.09
20% * 115.37¢ + 1.17 342 £ 572 296 4+ 0.09 730 +2.09
25% 112.42° + 231 2943 + 3,67 2622 +0.03 6.002 +£2.73
25% * 115.52°¢ +2.31 2992 + 3,67 2622 +0.03 6.502 +2.73

X £ o (n = 4). Different letters within the column indicate significant differences at p < 0.05 (LSD). * Samples with
the addition of 2% HPMC based on flour content.

In treatments with the addition of HPMC, a significant increase in the specific volume

was observed in the samples with 0, 5 and 10% replacement with lupine flour. The
percentage increases were, respectively, 17.95; 23.21 and 30.58%. However, for the 15, 20
and 25% samples, no changes were observed in the specific volume, and the samples’
original values were maintained.

Alasino et al. (2011) [6] showed that the average specific volume of bread made from
wheat flour ranges around 3.98 cm?/g and that lower values occur in flours considered
weak. According to Mongi et al. [7] in their study of making breads with soy flour, as
the substitution percentage increases, the specific volume of the bread decreases. With a
substitution level of 20%, a specific volume of 3 cm® /g is obtained, this is because there
is no adequate protein source, and it does not allow for the appropriate retention of CO,
to increase the volume of the bread. Rosell et al. [8] reported a specific volume of about
3 cm?/g for partial substitutions of wheat flour with 0 and 12.5% of tarwi flour, but the
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specific volume of bread decreased to 2, 1.2 and 1 cm?/g for 25, 50 and 100% of substitution
with tarwi.

3.2. Sensory Analysis

Table 2 shows the results obtained for the different samples made with 0, 5, 10,
15, 20 and 25% of partial substitution of wheat flour with tarwi flour. In treatments
without the addition pf HPMC, it was determined that samples with up to 10% substitution
obtained scores greater than 80. Samples with a higher percentage of substitution obtained
scores less than 70. The evaluated parameters did not present statistically significant
differences between the samples with 5, 10, 15, 20 and 25% of substitution. The results of the
evaluated parameters showed a relationship directly proportional to the percentage of bread
substitution. However, in the flavor parameter, the values decreased drastically, due mainly
to the fact that the bread took on a strange flavor as the substitution percentage increased.

Table 2. Baking ability for breads made with 0, 5, 10, 15, 20 and 25% partial replacement of wheat
flour with lupine flour.

Partial
Substitution of

Sensory Parameters for Baking Aptitude

Appearance and Flavor

Wheat .Flour by Crust Color (/15) Symmetry Crumb Color (/10) Crumb Texture (/30) Crumb Grain (/20) Sum (/100)
Tarwi Flour (/15) (110)

0% 1450 + 141 1420° £ 145 8.70€ + 155 9.40P +1.78 27500 +3.69 18403 +2.73 9270 + 865
0%* 14209 + 1.41 14500 + 145 8300 + 155 9500 +1.78 28500 +3.69 18302 +£2.73 93300 + 865
5% 14302 + 1.58 14.002b + 253 8.10P¢ + 240 9100 +2.11 26300 +272 17202 +2.11 89.003b +9.12
5%* 14102 + 1.58 1410P + 253 8100 + 240 9200 + 211 27300 + 272 17.102 +2.11 89.903b +9.12
10% 13.90@ +3.79 13.802b + 278 7.903b + 273 7.603b +2.10 25500 +296 16,402 +1.26 851020 +11.71
10%* 13802 +3.79 13700 + 278 790P +273 8.603P 4210 26500 +296 16202 +1.26 86.703b + 11.71
15% 10702 + 456 10903 + 338 3503b +2.85 7.20b 4 145 20.403b + 3,69 16102 +3.41 68.803 +13.33
15%* 1050 + 456 10403b + 338 3302 +£285 7102 + 145 19.402 +3.69 1590 + 3.41 66.603 +13.33
20% 10302 + 6.34 970 +3.53 3102 +£203 6302 +0.98 20109 + 6.46 1590 +5.76 65403 +15.15
20% * 10109 + 6.34 9603 +3.53 3102 +£203 6102 +0.98 19102 + 6.46 15702 +5.76 63703 +15.15
25% 9.80 + 6.45 8609 +3.62 3002 +3.11 6002 +2.06 1890 + 4.08 14809 + 6.36 61102 +17.16
25% * 950 + 6.45 8509 +3.62 3002 +3.11 6002 +2.06 1890 + 4.08 1450 + 6.36 60403 +17.16

X £ o (n = 4). Different letters within the column indicate significant differences at p < 0.05 (LSD). * Samples with
the addition of 2% HPMC based on flour content.

According to Zuleta et al. [9], breads with a partial substitution of soy flour obtained
similar results; it was observed that the breads with 0, 5 and 10% of substitution had the
best baking aptitude.

In treatments with the addition of HPMC, it was determined that samples with up
to 10% substitution obtained scores greater than 80. The evaluated parameters did not
present a statistically significant difference between the samples with 5, 10, 15 and 20%
of substitution. The results of the evaluated parameters indicated that the breads with
the best characteristics were those with 0, 5 and 10% substitution with lupine flour. The
addition of HPMC improved the evaluated parameters since it provided the breads with
superior sensory characteristics [10].

4. Conclusions

Andean farinaceous like tarwi can be used to obtain new functional foods, e.g., bread
with maximized breadmaking and sensory properties. The addition of HPMC 2% to the
doughs with partial substitution of wheat with tarwi can increase the specific volume of
the bread for up to 15% of substitution.
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Abstract: The squash, C. moschata, is a type of pumpkin that grows easily in milpas—small, poly-
culture fields in Guatemala. Excavations carried out in pre-Columbian mounds in Uaxactun, Petén,
indicate that squash has been cultivated and consumed for more than 5000 years. Today, both the
pulp and the seed are still used as food; seeds are processed by hand and sold as toasted seed, or as
toasted and ground seed with added salt, which is called pepita. The seed is used as a flavoring and
thickening ingredient in sauces and pepita is used as an accompaniment to fresh fruit. This work
aimed to provide updated information on the nutritional compositions of squash seeds and pepita in
popular markets in the north, center, west, and southeast of Guatemala. The moisture content was
determined in a convection oven at 60 °C, the ash by combustion in furnace at 450 °C, the protein
by Kjeldahl method, fat by solvent extraction in the goldfish apparatus, and minerals by atomic
absorption spectroscopy; and a UV /VIS colorimeter. The moisture content in seeds and pepita were
5.67% and 4.65%; ash 4% and 6.24%; protein 32.9% and 29.21%; lipids 32.07% and 30.22%, respec-
tively. There was a higher content of macrominerals in pepita than in seeds, due to the salt addition.
Comparing the nutritional results of the dry seed with those reported in the Food Composition Table
for Central America, differences in protein and fat content are greater than 10%.

Keywords: Curcubita moschata; macronutrients; minerals; nutrition; seeds

1. Introduction

Ayote is a type of squash that grows as a creeping plant in corn fields in Guatemala. It
belongs to the Cucurbitaceae family, and its scientific name is Cucurbita moschata Duchesne.
Guatemala is the point of origin of Cucurbita moschata D [1]; there are archaeological records
that mention C. moschata as a plant cultivated and consumed in Guatemala for more than
5000 years [2]; in excavations carried out in pre-Columbian mounds, in Uaxactun, Petén,
researchers found carbonized peduncles of C. moschata [2].

The cultivation of squash is part of the Mesoamerican food system known as milpa,
which includes the cultivation of corn, beans, and squash in the same physical space and in
biological harmony, which allows the spontaneous growth of a variety of herbs with edible
leaves and stems that, together, are called quiletes [3].

Both the flowers and the tender stems of the ayote, the immature fruits, the mature
fruits, and its seeds are edible. Squash seeds are abundant, extracted from the ripe fruit
and easily dried in the sun or at room temperature. The seeds are usually toasted and
consumed as a snack, but they can also be ground and added as a thickening agent to
sauces. The sauce known as “iguashte” in Spanish, or Ch’ereb’an in Kaqchiquel, is prepared
from these seeds; it is a thick sauce obtained from squash seeds blended in the water used
to boil meats or vegetables, seasoned with salt and chili. Approximately one ounce of
toasted squash seeds is used per serving of vegetables or meat [3].

Another popular way in which squash seeds are consumed is as “pepita”. Pepita is
prepared using artisanal methods: people toast them on a clay or metal pan, grind them in
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a disc mill, and then add salt. The most frequent use of the pepita is to accompany pieces of
fresh fruit, which are sold on the street. Normally, a teaspoon of pepita is added per 250 g
portion of fruit.

Due to the importance of seeds in the diet, the frequent use of squash seeds in the
Guatemalan diet and the lack of information on pepita’s nutritional composition, we present
this study to provide more data on the nutritional composition of the squash seed and the
pepita sold in popular markets in five regions of Guatemala.

2. Materials and Methods
2.1. Sample Collection

The squash seeds and pepita were obtained in bulk from five markets of Guatemala:
Flores and Santa Cruz del Quiché (northern region), Jutiapa (southern region), Jacaltenango
(western region), and Santiago Atitlan, (central region).

2.2. Macronutrient and Minerals Quantification

The proximal composition was determined by official techniques. The analysis matrix
was dried and pulverized squash seed, and dried and pulverized pepita, both with a particle
size of 0.5 mm. The humidity was determined in a convection oven at 60 °C until it was a
constant weight; the ash by mulffle at 450 °C, the raw protein by the Kjeldhal method using
Kjeltec Auto 1030 Analyzer equipment; the lipids by petroleum benzene extraction using
Goldfish equipment. The minerals were determined by atomic absorption spectroscopy,
using Perkin Elmer AAnalyst 100 equipment, except phosphorus, which was determined
using a UV /VIS Lambda 11 colorimeter. The analyses were conducted in triplicate.

2.3. Statistical Analysis

Macronutrient and mineral content results were expressed as mean +/— standard
deviation. The results were analyzed using descriptive statistics and analysis of vari-
ance -ANOVA + post hoc to determine statistically significant differences, through the
Statgraphics Centurion19.

3. Results and Discussion
3.1. Macronutrients and Minerals in Cucurbita Moschata Seeds

Table 1 shows the macronutrients and mineral content of C. moschata seeds from
different regions. Squash seeds had high protein and lipid and low water content. This is
characteristic of all seeds, since they must accumulate reserve nutrients for germination
purposes [4].

The protein content was in the range of 30 to 35%. Squash seeds from Flores, Petén
had the lowest value. This amount of protein is similar to that reported in code 10015 of
the Central American Food Composition Table, and in code 12014 of the USDA database,
for dried squash seeds and raw pumpkin seeds, respectively [5,6].

The average lipid content was 31.44% and the range was between 29.31% and 32.78%.
The lowest content was found in squash seeds from Jacaltenango. In general, the amount
of lipids in squash seeds was high, but it was observed that there was 10 to 15% lower lipid
content compared to data from the food composition tables and databases [5,6]. Alfawaz [7]
and Manda Devi, Prassad and Palmei [8] analyzed the nutritional composition of whole
pumpkin seeds and kernels and found 28-32% of lipids in whole seeds and 32-44% in
kernels. Petkova and Antova [9] studied the protein and lipid content in C. moschata seeds
at 30, 60, and 90 days of post-flowering growth, and found that the concentration of both
nutrients is directly related to the post-flowering time. This could explain the difference
found in this study, given that the seeds analyzed were whole seeds, and probably the
maturity level of the fruit from which the seeds were extracted was around 45 days post-
flowering growth.
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Table 1. Macronutrients (g/100 g) and minerals (mg/100 g) in C. moschata seeds.

Jutiapa Flores, Petén Sagziic(lzlre}lz, Jacaltenango SZE?IZ‘EO Media
Water 3.61+£0.092 4.79 £0.03° 534+0.19°¢ 6.47 & 0.09 4 6.56 +0.10 4 535+1.1
Ash 4.76 4+ 0.08 4 3.90 +0.02° 412 +£0.07 ¢ 3.50+£0.042 3.40 +£0.072 39£05
Lipids 30.59 + 0.04 ° 32.78 £ 0.02 4 3223 +£0.05¢ 29.31 +0.052 32.31 +0.06 € 31.44 £09
Protein 35.39 £ 0.05¢€ 30.08 £0.32 33.64 +0.06 € 35.68 + 0.05 4 33.35 4 0.05P 33.63+1.9
Calcium 80+£0? 100£0°€ 8002 90+0Pb 80+£02 86 £ 0
Phosphorus 73 £5.7b 73 +£57P 63 £572 110+0°€ 63 +5.72 76.6 £19.3
Sodium 20+£0° 21+0° 22+02 234+0° 244+0° 22£0
Potassium 630 +£0°¢ 690 =04 690 +04 480 +34.6° 440 £0° 586 + 118
Magnesium 380+ 04 330 +0° 350 +0°¢ 310402 323 +11.5P 338.6 & 27.24
Iron 80+0°¢ 7.6 +£0.28¢ 58+0.282 65+0P 6.6 +0.28" 6.09 £ 0.88
Coper 01+0°% 0.36 +0.23b 01+0°% 01+02 05+0Pb 0.23 £0.18
Zinc 60£0°¢ 72+£028¢ 52+0.28% 5540P 65+09 6.1 £0.79
Manganese 483 +057°¢ 1.16 +0.28 2 2.83+0.28P 254+0° 3.04+0P 2.8 +1.31
Different letters in the superscripts, between columns, indicate significant differences (p < 0.05).
High variability was observed in the copper, manganese, and phosphorus concentra-
tions based on where the seeds were purchased. When compared with food composition
tables and databases [5,6], there was a lower concentration of phosphorus, potassium, and
magnesium in the seeds from Guatemala.
3.2. Macronutrients and Minerals in Pepita
Table 2 shows the macronutrient and mineral content of pepita from different places.
Table 2. Macronutrients (g/100 g) and minerals (mg/100 g) in pepita.
Jutiapa Flores, Petén SaSLaiCChr:z, Jacaltenango 822:112%10 Media
Water 445+01P 2.53 +£0.082 469 £0.14" 5.61 +0.28°¢ 597 £0.94¢ 4.65 +1.39
Ash 9.43 + 0.07 4 42140.03b 9.35 +0.07 4 3.72+0.032 452 +0.06 € 6.25 + 2.88
Lipids 31.38 +0.06 € 32.65 £ 0.04 4 35.51+0.04 ¢ 28.32 +£0.10" 2326 £0.11% 30.22 £+ 4.67
Protein 21.06 £0.022 32.61 +0.04 4 28.73 £ 0.04 " 33.46 +0.03 € 30.21 £ 0.03 € 29.21 £4.92
Calcium 100+0P 90+0? 120£0°€ 123 +5.7°¢ 250 £ 09 136 + 64.8
Phosphorus 80+0P 73+5.7b 103 £ 5.7 ¢ 63 £572 103 £5.7 ¢ 84.6 + 18.0
Sodium 2130 £0° 20+£0° 1320+ 04 60 +0P 880 £0°¢ 882 + 889
Potassium 920 + 34.64 ¢ 690 +0° 810+ 04 650+ 0P 530+0° 720 + 150
Magnesium 350£0°€ 380£0d 430 £0°¢ 280 0P 16002 320 £+ 104.6
Iron 50+0°¢ 6.66 +0.28 4 433 +028° 20+0° 45+0°b 45+17
Coper 01+0°% 0.23+0.232 01+0°% 01+02 01404 0.12 £ 0.05
Zinc 35+0°¢ 55+0¢ 1.5+0¢2 30+£0Pb 524 0.29 4 3.73 £1.64
Manganese 1.04+0P 30+0° 05+0% 35+049 30+0° 22+13

Different letters in the superscripts, between columns, indicate significant differences (p < 0.05).

It was observed that the pepita from Jutiapa and Santa Cruz del Quiché had twice the
ash as those from other origins; it was also observed that the pepita from Flores, Petén, did
not show variation in sodium content when compared to the other seeds, which can be
interpreted as meaning that no salt was added. This is related to observations about the
pepita’s sodium content and other minerals, which increase from 50 to 100 times. Except for
iron and copper, it was observed that all minerals had higher concentrations in the pepita
than in the seed.

The bioavailability of minerals and protein in the pumpkin seed is expected to improve
when the seed is ground into coarse flour, since the physical structure of the seed is broken
and the external protective layers are disintegrated, which allows a greater surface area of
contact between the tissues and digestive enzymes.
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When comparing the average content of macronutrients and minerals in pumpkin seed
and pepita (Table 3), the main differences were found in minerals, because the preparation
of the pepita includes the addition of salt. Although the differences in macronutrient and
mineral contents were not significant, the mathematical differences in sodium content were
notable; since the sodium concentration was in the range of 20 to 2130 mg/100 g, this
means a range of 1 to 166 mg of sodium per teaspoon of pumpkin seed.

Table 3. Media of macronutrients and minerals in C. moschata seeds and pepita.

Seeds Pepita
Water 535+ 1.1 4.65 +1.39
Ash 39+05 6.25 £+ 2.88
Fat 31.44+0.9 30.22 £ 4.67
Protein 33.63 £1.9 29.21 +£4.92
Calcium 86+ 0 136 £ 64.8
Phosphorus 76.6 £19.3 84.6 +18.0
Sodium 22+0 882 + 889
Potassium 586 + 118 720 + 150
Magnesium 338.6 £ 27.24 320 + 104.6
Iron 6.09 £ 0.88 45+17
Coper 0.23 £0.18 0.12 £ 0.05
Zinc 6.1£0.79 3.73 £ 1.64
Manganese 2.8 £1.31 22+£13

4. Conclusions

Pumpkin seeds and pepita have nutritional characteristics that have been valued for
thousands of years. Today, pumpkin seeds are consumed as an ingredient in sauces or an
accompaniment to fruit. This study found differences in the macronutrient and mineral
content of pumpkin seeds and pepita, depending on their origin. Its high protein, fat, and
sodium content were also found, particularly in the pepita, due to its artisanal production.
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Abstract: Chicha de giiifiapo (ChG) is an ancestral beverage from the culture and gastronomy of
Arequipa, Peru. This traditional drink is made from purple corn (Zea mays L.), cultivated across
various Peruvian regions. Purple corn is renowned for its nutritional content and high bioac-
tive compound value, such as antioxidants (20.5 £ 2.0 umol TE/g), total phenolic compounds
(2.5 £ 0.3 mg GAE/g), and anthocyanins (1.8 + 0.2 mg/g). This research aimed to explore the
technological development of an instant powder product derived from chicha de giiifiapo (ChG)
utilizing spray-drying technology. The purple corn (Zea mays L.) used in this study was from Peru; it
was first processed by boiling the giiifiapo at 100 °C 1 h, followed by cooling and fermenting under
controlled conditions for 5-7 days until achieving the desired characteristics referenced from previous
studies, such as pH, alcohol content (v/v), and degrees Brix. Upon attaining the desired fermenta-
tion characteristics, the ChG was centrifuged, filtered, and dehydrated by spray-drying technology
with the following parameters: air inlet temperature (165 °C), airflow (0.89 mL/min), feed flow
(1.67 mL/min), and outlet temperature (93 °C). These optimal parameters were determined using
the response surface methodology after 15 runs. Then, a fine purple powder was produced with
6.61% moisture, pH 4.83, and 1.5 °Brix. The results of proximal analysis before and after spray-drying
were for carbohydrates (1.77% to 82.67%), ash (0.02% to 4.91%), protein (0.10% to 5.81%), and alcohol
(3.17% to 0.64%). This study highlights the biodiversity, sustainability, and food security of ancestral
crops to contribute to cultural heritage valorization.

Keywords: Andean beverages; chicha de gliifapo; fermentation; purple corn; spray-drying; traditional
food preservation

1. Introduction

Chicha de giiifiapo (ChG) is an ancestral drink deeply rooted in the culture and
gastronomy of Arequipa, Peru. Made from purple corn (Zea mays L.) grown in several
Peruvian regions, this traditional drink is recognized for its high nutritional content and
bioactive properties [1].

The main raw material to make ChG is purple corn (Zea mays L.), which is partially
germinated and then ground to produce giiifiapo, a key ingredient in the traditional
preparation of ChG. Purple corn is grown in several regions of Peru, with approximately
5000-6000 hectares dedicated to its production. This crop, originally from the Andean
region, grows in environments up to 3000 m.a.s.l. and is known for its high content of
anthocyanins, such as cyanidin-3-glucoside, characteristic of its purple color [2]. The use
of gtiinapo in ChG, particularly in the Arequipa region, is attributed to tradition, making
it unique compared to chicha from other regions of Peru [1]. Arequipa, located at an
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average altitude of 2335 m, is known for its unique blend of Andean and Spanish culinary
traditions, with ChG being singled out for its use of partially germinated purple corn, a
practice preserved since the pre-Incan period [1].

Spray-drying, a technique that turns liquid food products into powder, helps preserve
nutritional and bioactive properties, ensuring product stability and quality [3,4].

This research aimed to convert ChG into powder using spray-drying technology.

2. Materials and Methods
2.1. Raw Materials and Preparation of Chicha de Giiifiapo

The raw material used was purple corn (Zea mays L.), which is traditionally cultivated
in various regions of Peru, particularly in the Andean highlands, and it was purchased at
the San Camilo market located in the city of Arequipa. This corn is partially germinated
and then milled to produce germinated giiinapo. The purple corn (Zea mays L.), originating
from the rich agricultural traditions of several Peruvian regions, used in this study was
processed by boiling the giiifiapo at 100 °C for one hour, followed by cooling and fermen-
tation under controlled conditions for 5-7 days until reaching the desired characteristics
referenced in previous studies, such as pH, alcohol content (v/v), and degrees Brix [1]. The
fermentation process is critical in developing the distinctive taste and bioactive properties
of the ChG. After reaching the desired fermentation characteristics, the ChG is centrifuged
and filtered to remove solid residues, preparing it for the subsequent spray-drying process.
Fermentation occurs naturally, based on the native microorganisms present in the environ-
ment and in the raw materials. No external inoculum is added, which allows the process to
conserve the traditional methods and flavors of the region of Arequipa [4].

2.2. Spray-Drying Process

The spray-drying process was employed to convert ChG into a fine powder, optimizing
key parameters to maintain the beverage’s nutritional and functional qualities. The ChG
was first prepared as described previously, then dried via spray-drying (Biichi B-290, Biichi
Labortechnik AG, Flawil, Switzerland). The optimal conditions were determined through
the response surface methodology with 15 runs in Minitab 19 software (Stat-Ease, Inc.,
Minneapolis, MN, USA) [3]. Three independent variables were used: X1—temperature
(135-165 °C); X2—air flow (0.85-0.95 mL /min); and X3—feed flow (0.1-0.2 mL/min). Water
activity was measured using a water-in-food activity meter, (WA-60A, Guangzhou Landtek
Instruments Co., Guangzhou, China), and the result was expressed for each run. The yield
was calculated with the weight of the solution before entering the spray-drying process
divided by the weight of the resulting solution after the drying process and expressed as a
percentage. Alcohol was measured in terms of variables of response (Table 1).

Table 1. Response surface methodology with 15 runs.

Feed Water

StdOrder RunOrder PtType Blocks Tem(}zecr)al ture ;\u]‘jlqw) Flow Mo(l;t)ure Activity Al(co;) l)ml Y(l;l)d
ML (mL/min) ° (WA-60A) ’ °
6 1 2 1 165 0.9 0.1 6.1 +1.02 0.44 +1.10 05+1.1 0.96 + 1.10
15 2 0 1 150 0.9 0.15 8.54 £+ 0.98 0.52 £0.75 0.5+1.20 0.57 £ 1.05
13 3 0 1 150 0.9 0.15 8.17 £ 0.76 0.51 +0.70 05+ 1.5 0.55 + 1.05
4 4 2 1 165 0.95 0.15 7.71 £0.43 0.56 + 0.80 2+0.95 0.58 +1.15
5 5 2 1 135 0.9 0.1 6.68 +0.78 0.52 +0.79 1.5+09 0.57 +1.20
1 6 2 1 135 0.85 0.15 6.23 +0.97 0.46 +1.10 1+0.85 0.89 + 1.05
3 7 2 1 135 0.95 0.15 6.75 + 0.90 0.45 +1.20 1.5+ 1.15 0.84 +£1.10
2 8 2 1 165 0.85 0.15 10.53 £+ 0.70 0.53 +1.15 25+1.25 0.70 + 1.15
9 9 2 1 150 0.85 0.1 6.96 £ 1.01 0.53 £0.70 3.5+0.85 0.49 £+ 0.90
7 10 2 1 135 0.9 0.2 11.61 £ 0.900 0.47 +1.25 0.5+ 0.95 0.42 +0.85
8 11 2 1 165 0.9 0.2 6.61+ 0.80 0.52 +1.05 0.5+ 1.10 0.30 + 1.15
14 12 0 1 150 0.9 0.15 9.6 £1.10 0.87 +£1.05 1.5+ 1.15 0.26 + 0.95
12 13 2 1 150 0.95 0.2 8.07 +£1.20 0.87 £+ 0.80 2+1.0 0.23 +1.15
11 14 2 1 150 0.85 0.2 11.63+ 1.3 0.73 £ 0.90 2+0.85 0.13 £ 0.95
10 15 2 1 150 0.95 0.1 10.85 + 1.0 0.62 +1.30 0.5+ 1.01 0.36 + 0.80
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2.3. Proximal Analysis

The proximal composition analysis was carried out according to official methods [4].
The moisture content was determined at 110 °C until constant weight using a halogen
moisture analyzer (Sartorius MA-30, Sartorius AG, Gottingen, Germany). The total protein
content was determined as % nitrogen x 6.25 using a Kjeldahl analyzer (UDK 139, VELP,
Usmate Velate, Italy). The ash content was determined by incineration at 550 °C for 72 h
in a muffle furnace. The fat content was determined by extraction with hexane for 4 h, as
described in [4].

2.4. Total Phenolic Content

The total phenolic content (TPC) was determined by the Folin—Ciocalteau method [4]
at 760 nm using a spectrophotometer (UV 1280 Vis Spectrophotometer Shimadzu, Ky-
oto, Japan). The results were expressed as pg of gallic acid equivalent (GAE)/g powder.
Analyses were performed in triplicate and are presented as mean values.

2.5. Antioxidant Activity

The antioxidant activity was determined by the DPPH method [4] with some modi-
fications at 517 nm by spectrometry (UV 1280 Vis Spectrophotometer Shimadzu, Kyoto,
Japan). The results were expressed as ug Trolox/g sample. Analyzes were performed in
triplicate and presented as mean values.

2.6. Analysis of pH, °Brix, and Alcohol Content

The pH of the samples was measured using a digital pH meter (Metrohm 827 pH Lab,
Metrohm AG, Herisau, Switzerland). The soluble solid content (°Brix) was measured with a
portable digital refractometer (Atago PAL-1, Atago Co., Tokyo, Japan). The alcohol content
was initially measured using a portable digital refractometer (Atago PAL-34S, Atago Co.,
Tokyo, Japan) with a measurement range of 0 to 45 g/100 g, and the results were then
converted to percentage volume/volume (v/v) based on the density of the solution. These
measurements were conducted to monitor the fermentation parameters of ChG.

2.7. Statistical Analysis

Results were expressed as mean + standard deviation. All measurements were
determined in duplicate or triplicate. Analysis of variance (ANOVA) followed by a post
hoc test was used to determine the statistical significance of differences between sample
means. It was used to analyze the data acquired at a 95% significance level with Minitab
19.0 Software (Minitab Inc., State College, Palo Alto, CA, USA).

3. Results and Discussion
3.1. Spray-Drying

The optimum conditions for the ChG powder drying process were predicted using
the response surface methodology with a Box-Behnken design (Table 1). The p-value
of the coefficients related to the variables were as follows: Temperature (°C), Air flow
(mL/min), and Feed flow mL/min. All terms resulted in a p-value less than or equal to
o = 0.05, so there was an association between the response variable and the terms pre-
sented. Regression statistics, such as coefficient of determination R? (94.01%), adjusted
coefficient of determination Rzadj (83.24%), and predicted coefficient of determination
Rzpred (78.42%), would indicate an acceptable degree of evaluation between the model and
the response variable.

The optimization of the ChG drying process through the second-order quadratic
model is presented in Figure 1. The optimal conditions of the Box-Behnken design were
Temperature (165 °C), Air flow (0.89 mL/min), and Feed flow (1.67 mL/min) with 6.61%
moisture, 0.52 water activity, 0.50% alcohol, and 0.30% yield.
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Figure 1. Optimization of the Box-Behnken design obtained using Minitab 19 software.
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The shapes of the contour curves can be seen in Figure 2. The shapes of the curves
indicate the importance of the interactions between the variables studied (temperature, air
flow, and feed flow) with the response variables.
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Figure 2. Surface plot of the optimized ChG drying process. (a) Surface graph of the efficiency
(%) of the optimized ChG drying process as a function of temperature (°C) and air flow (mL/min).
(b) Surface graph of the water value of the optimized ChG drying process as a function of tempera-
ture (°C) and air flow (mL/min).

3.2. Characterization

Table 2 shows the results of pH, °Brix, and % of alcohol of ChG development. Under
optimal conditions, the pH (5.08 £ 0.13) of the ChG development was higher than that of
the commercial ChG (3.22 + 0.11). The °Brix (1.97 = 0.50) and % of alcohol (2.5 + 1.00%) of
ChG development were lower than the those of the commercial ChG (7.27 4= 0.50 °Brix and

90



Biol. Life Sci. Forum 2024, 37, 14

13 =+ 3.60% alcohol). This is because in the commercial ChG, sugars such as sucrose are
added to increase the °Brix and % of alcohol [4].

Table 2. Parameters physicochemicals obtained after the fermentation of chicha de giiifiapo (ChG).

Parameter Commercial ChG Development ChG
pH 32240.11° 508 +0.132
°Brix 7.27 0502 1.97 +0.50
Alcohol (%) 13 +3.602 254+ 1.00P

Results are expressed as means + SD (1 = 3). a, b values in the same row with different letters differ significantly
when p < 0.05.

The proximal analysis of purple Corn, giiifiapo flour, commercial ChG, and powdered
ChG is shown in Table 3.

Table 3. Proximal analysis of purple corn, giiifapo flour, commercial ChG, and powdered ChG.

Component (%)  Purple Corn (Zea mays) Giiifiapo Flour =~ Commercial ChG  Development ChG Powder ChG

Moisture 8.03 +£1.054 14.31 +£0.23 ¢ 89.82 4+ 0.32 P 98.11 +0.352 829 +2.034
Carbohydrates 76.56 + 1+ 68.94 + 1# 10.12 £ 1#° 177 £ 1+ 11.62 + 0.3 *b
Protein 2.59 + 0.51 *¢ 11.72 £ 023 # 0.05 + 0.03 #4 0.1 £ 0.05 *d 5.81 + 0.33 *P
Ash 10.38 + 0.02 2 2.64 +0.08¢ 0.01 +0.014 0.02 +£0.02¢ 491 +0.03b

* (g/100g). # (g/100mL). Results are expressed as means & SD (n = 3). a, b, ¢, d values in the same column with
different letters differ significantly when p < 0.05.

The total phenolic and antioxidant content (DPPH) of giiifiapo flour, commercial ChG,
and development ChG are shown in Table 4. The spray-dried powdered ChG showed a
higher antioxidant capacity (7743.454 4 48.767 mg Trolox/100 g d.m) and a high phenolic
content (0.700 £ 0.194 mg GAE/100 g d.m). The giiifiapo flour presented lower antioxidant
(9502.90 + 14.66 mg Trolox/100 g d.m) and phenolic content (0.085 £ 0.070 mg GAE/
100 g d.m).

Table 4. Total phenolic content and antioxidant activity (DPPH) in giiifiapo flour, commercial ChG,
and development ChG.

Type of Analysis DPPH (mg Trolox/100 g dm) SPC (mg GAE/100 g dm)
Powdered ChG 7743.454 + 48.767 P 0.700 + 0.194 b
Giiifiapo flour 9502.90 + 14.66 @ 0.085 £+ 0.070 @
Commercial ChG 0.185 £ 0.001 © 0.00 £ 0.00 2
Development ChG 0.198 £ 0.004 © 0.00£0.0?

Results are expressed as means £ SD (n = 3). a, b, ¢ values in the same column with different letters differ
significantly when p < 0.05.

The commercial ChG showed a higher antioxidant capacity (0.185 £ 0.001 mg
Trolox/100 g d.m) and a high phenolic content (0.00 = 0.00 mgGAE/100 g d.m) com-
pared to the development ChG antioxidant capacity (0.198 & 0.004 mg Trolox/100 g d.m)
and phelonic content (0.00 £ 0.00 mg GAE/100 g d.m).

These results suggest that the spray-drying process, under optimized conditions,
effectively preserves the bioactive compounds in the final powder product.

4. Conclusions

This research demonstrates the potential of using spray-drying technology to develop
a stable, nutritionally rich, and culturally significant instant powder product from giiifiapo
ChG. The optimized spray-drying parameters ensured high retention of essential nutrients
and bioactive compounds; the process not only preserved the traditional qualities of
gtiifiapo ChG but also enhanced its potential for broader consumption, contributing to the
valorization of cultural heritage and the promotion of ancestral crops.
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Abstract: Cynophalla retusa, known as “Indian bean”, is an important traditional food for the ethnic
groups of the Gran Chaco. However, its contribution of minerals to the diet is unknown and the
toxic nature of its raw pods has been reported. The aim of this investigation was to evaluate the
composition of minerals, oxalic acid and phytate contents in whole raw and cooked pods, with
successive changes of boiling water every 1 h for 4 h in total, as well as the alkaloid content in the
cooking water. Bivalent mineral composition determinations (Ca, Fe, Cu and Mg) were made, as well
as measurements of the phosphorus and antinutrient contents, such as phytate and oxalic acid, to
determine the mineral contribution. The raw pods (C. retusa) contained 6.67% ash, with high contents
of Ca, Fe, Cu, Mg and P. Loss of minerals occurred with successive boiling and significant decreases
in antinutrients, with significant changes after each boiling period (1, 2, 3, 4 h). The boiling improved
the bioavailability of Ca by removing oxalic acid from the sample cooked in the fourth boiling period.
However, the phytate contents were not reduced to the same extent (only up to 40%). The results
show that C. retusa pods can be a source of minerals (Ca, Fe, Cu and Mg) under controlled conditions
of cooking and decreases in antinutrients like oxalic acid. From this perspective, this food source can
be a viable alternative to increase food safety and nutrition, using one of many Paraguayan species
that are little-known. Therefore, domestication and conservation studies are necessary.

Keywords: antinutrients; Cynophalla retusa; oxalic acid; phytate; neglected and underutilized
species; minerals

1. Introduction

Regional food resources have great value within the framework of food security, and
there are many indigenous foods that have been underutilized until now. However, they
constitute means of subsistence in indigenous populations of the Central Chaco, as is
the case with the “Indian bean”, “sacha bean” and “guaicuru bean” (Cynophalla retusa
(Griseb.) X. Cornejo and H.H. Iltis. This name was recently accepted name for the flora
of the Southern Cone, and it is synonymous with Capparis retusa Griseb., Capparis retusa
Griseb. var. velutina, Capparis cynophallophora L. var. cuneata, Capparis cynophallophora
L. var. retusa). The genus Cynophalla (DC.) ]. Presl (Capparaceae) comprises 16 woody
species, was established to group a series of species previously found in the genus Capparis
L. [1]. One of the main limitations for its integral use is the lack of knowledge about its real
nutritional value and its wild appearance, so studies on its nutritional potential in ancestral
consumption conditions and its adaptation to standardized cultivation systems can be a
way to improve the nutrition of the population and generate market opportunities in the
productive sector of non-traditional crops.
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Cynophalla retusa it is a shrub typical of the Gran Chaco ecosystem, 2-7 m high, and
with a silicuiform, incurved capsular fruit, with notable strangulations, whose ripening
season occurs from December to March. The plant is considered toxic and its fruit, although
edible, is cooked in a particular way known by the local communities of the indigenous
peoples of the Gran Chaco, such as the Lengua-Maskoy, Tobas, Wichis, Qom, Qomle’ec and
Pilaga. Ethnobotanical studies report that, in human food, the boiled fruits of Cynophalla
retusa are consumed with successive changes of water, in order to extract their “bitter
beginning” [2,3]. It has been observed that C. retusa raw grains contain antinutrients,
such as oxalic acid (87.8-121.0 mg/100 g) and phytate (463.6-535.7 mg/100 g), which can
interfere with the bioavailability of minerals [4].

Although plant foods can be important sources of minerals in the diet, they can
have the presence of oxalic acid and phytates (11yo0-inositol hexakisphosphate; InsPg), two
important components that can affect the bioavailability of bivalent minerals, because
they potentially form complexes with dietary minerals and proteins, such as phytates, or
by forming salts with oxalic acid, and decrease their bioavailability. These compounds
can be reduced by boiling and solubilization in cooking water, or by treatments such as
pre-soaking, germination or fermentation [5]. The choice of method for the reduction in
these undesirable compounds depends largely on the type of food and the form of the final
product in which that food is consumed. The aim of this investigation was to evaluate
the composition of mineral, oxalic acid and phytate contents in whole raw and cooked
Cynophalla retusa pods, with successive changes to the water in which the C. retusa is boiled.

2. Materials and Methods
2.1. Raw Material

The samples used for the study were the closed mature capsules of Cynophalla retusa
from Philadelphia, Chaco, Paraguay, collected in 2021. Once in the Food Biochemistry de-
partment laboratory (FCQ-UNA), they were preserved at —20 °C until the time of analysis.

2.2. Experimental Design

A triplicate experiment was performed at a laboratory scale, according to the cooking
process reported in the literature [3] for the raw mature whole capsules of Cynophalla retusa,
with successive changes of water every 1 h; here, the capsules were boiled for 4 h in total
(Figure 1). Bivalent mineral composition determinations (Ca, Fe, Cu and Mg) were made,
as well as measurements of phosphorus and antinutrient contents, such as phytate and
oxalic acid, to determine the mineral contribution in the cooking samples. The presence of
alkaloids was also determined in the cooking water. The mineral, oxalic acid and phytate
contents in whole raw and cooked C. retusa pods were evaluated.

Figure 1. Cont.
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Figure 1. Process of sample cooking: (a) Cynophalla retusa fresh whole pods. (b) Pods boiled with
water. (c) Samples drained after the first boiling period (1 h). (d) Appearance of the cooking broth
after water changesat1h,2h,3hand 4 h.

2.3. Analysis

Minerals (Ca, Fe, Mg, Cu) were determined by official AOAC 968.08 method [6] by
atomic absorption spectrophotometry (AAS) in a SHIMADZU model AA 6300 equipment
(Kyoto, Japan). Results were expressed in mg/100 g. The phosphorus content was analyzed
by the AOAC 970.39 method, measuring the percentage of transmittance, at a wavelength
of 400 nm UV, on a SHIMADZU device, model UV-1800 (Kyoto, Japan). Results were
expressed in mg/100 g. The phytate content was determined by the method previously
described by Garcia et al. (1982), by complexometric titration of the excess Fe (IlI) with
EDTA as the titrating chelating agent and 5-sulfosalicylic acid as an indicator. Results
were expressed in phytic acid equivalents (PAE/100 g). The determination of oxalic
acid was performed according to the method described by Dona and Vercheret [7], by
spectrophotometry at 305 nm, due to dissociation of the zirconia (IV)—chloranilate complex.

3. Results and Discussion
Mineral Composition

The raw pods (C. retusa) contained 6.67% ash, with high contents of Ca, Fe, Cu, Mg and P.
According to the contents of the bivalent minerals (Ca, Fe, Cu and Mg), a significant decrease
could be observed after 1 h of cooking (Table 1). Variable values were observed in each
cooking hour in water. However, at the end of the experiment, all the mineral concentrations
were significantly lower in the cooked samples. Data on the mineral composition of this food
are limited in the literature; to our knowledge, this is the first work on the effect of cooking
on the mineral content of Cynophalla retusa capsules. Taking into account that the species
Cynophalla retusa is considered synonymous with Capparis retusa, comparisons were made
with other species of the Capparis genus. Thus, in the raw samples of C. retusa, the Ca content
was comparable to that of Capparis spinosa “capers” (21.8-154 mg/100 g), and much higher
compared to what has been reported in fruits of Capparis decidua (14.1-35.1 mg/100 g). The Fe
contents reported for other Capparis fruits, such as C. ovata (5.2-43.9 mg/100 g), C. spinosa
(6.9-25.4 mg/100 g) and C. decidua (12.3-81.8 mg/100 g) are higher than those observed in
this work (1.57 £ 0.25 mg /100 g) [8].
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Table 1. Contents of minerals, phytic acid and oxalic acid and presence of alkaloids in the raw and

cooked samples.

Cooking Time in Water at 100 °C (h)

Compound
0 (raw) 1 2 3 i
Ca (mg/100 g) 87.1+6.8%2 33.7 £53° 381+61° 50.8 £2.3¢ 39.1 +£6.3P¢
Fe (mg/100 g) 1.57 +£0.252 0.55+0.19° 0.370 + 0.050 b¢ 0.34 4 0.09 be 1.06 + 0.64 b¢
Cu (mg/100 g) 0.73 + 0.06 2 0.600 £ 0.028 0.51 +0.04°¢ 0.64 + 0.01 b4 0.71 +0.032
Mg (mg/100 g) 483 +492 5.90 + 0.78 b 8.78 + 1.01 b¢ 11.9+0.7¢ 7.26 4+ 1.13 b¢
P (mg/100 g) 98.1 + 422 243+094b 19.4 + 0.7 bc 171+0.7¢ 144409¢
PA (PAE/100 g). 1950 4+ 316 2P 1183 + 365 989 + 126 P 908 +25b 790 + 180 P
OA (mg/100 g). 191.1 + 142 34.16 + 6.83P 256+ 1.5b¢ 21.1+51 Not detectable
Alkaloids +++ - - - -

Note: The results are expressed as average + SD. Different letters in the same row demonstrate statistically
significant differences between means (single-factor ANOVA, post-Tukey test; p < 0.05). PAE: phytic acid (PA)
equivalent, OA: oxalic acid. (+++) abundant presence, (-) absence/not detected.

However, previous data reported [4] indicate that in general, the grains of C. retusa
have a potential contribution of magnesium (160-165 mg/100 g), iron (3.70-4.40 mg/100 g)
and phosphorus (294-305 mg /100 g), with concentrations higher than those observed in the
whole pods in this work. The P content in the raw samples (98.1 + 4.2 mg/100 g) (Table 1)
also decreased significantly in the first 1 h cooking period, with values much lower than
those of the fruits of species such as C. ovata and C. decidua (290-3073 and 701-808 mg/
100 g, respectively) [8]. The concentration of phytate decreased after 1 h of cooking, but
then remained stable (Table 1). All the phytate values were higher than those reported
in the grains of C. retusa 463.6-535.7 mg/100 g [4], which could indicate that the phytate
content is higher in the pod that surrounds the grains in the fruit capsule. The oxalic acid
content in the crude samples (191.1 & 1.4 mg/100 g) was also higher than that reported
for grains of C. retusa (87.8-121.0 mg /100 g) [4], and decreased from its initial value in the
raw samples to levels not detectable after 4 h of cooking, with successive water changes.
These results show that oxalic acid is lost in the cooking broth. However, phytates are
more stable in the matrix and remain even with a boiling treatment of 4 h. The content of P
found in the form of phytate was calculated to determine the amount of bioavailable free
phosphorus in the samples, and the percentage of phosphorus as phytic acid is shown in
Table 2. It is known that the limit value for the molar ratio of AF/Ca = 0.2, and that values
above this would mean that PA compromises the good absorption of Ca [9]. On the other
hand, a PA/Fe molar ratio > 0.4 also compromises the good absorption of Fe [10]. The
results obtained allow us to understand that the bioavailability of Ca and Fe in both raw
and cooked samples can be affected by phytate content (Table 2).

Table 2. Phytic acid and molar ratio between the antinutrients and minerals Ca and Fe.

Boiling Time (h)

Relation
0 (raw) 1 2 3 4
% P as PA 561+0942  13.74+44Pb 144 +22b 1494 4,0bc 15.6 +4.5¢
PA/Ca 130 +£ 0232 12040352 1.234+0.15% 1.00+0292 0.75+0.09P
PA/Fe 116 +152b 206 +28°¢ 257 +38¢°d 396 + 298 ad 79 £ 262
OA/Ca 0.84+004° 023+005> 021+001> 0.15+0.02° -

Note: The results are expressed as average + standard deviation. Different letters in the same row demonstrate
statistically significant differences between means (single-factor ANOVA, post-Tukey test; p < 0.05). % P as PA
indicates the percentage of phosphorus as phytic acid. PA/Ca: phytic acid /Ca molar ratio. PA /Fe: phytic acid/Fe
molar ratio. OA/Ca: oxalic acid/Ca molar ratio. (-) absence/not detected.

This can be explained in part by the fact that phytates are thermostable, and therefore

a significant reduction in their content cannot be expected during the cooking process.
A Phytate has traditionally been considered an antinutrient in animal feed and human
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diets, due to its potent chelating capacity. However, more recently, phytate has been
recognized as a natural antioxidant and as a nutraceutical, and classified by the Food
and Drug Administration (FDA) as Generally Recognized As Safe (GRAS), it has potent
antioxidation and anti-inflammatory actions and it has been shown to be effective in
treating or preventing certain diseases. Recommending a diet high in phytate can exert
multiple health benefits, with no harm [9].

On the other hand, the ability of oxalic acid to interact with Ca, being a dicarboxylic
acid that forms insoluble salts with calcium, produces a decrease in the bioavailability
of this metal if the AO/Ca ratio > 1. It is considered that 2.5 g of oxalic acid precipitates
with 1 g of calcium. Therefore, the bioavailability of calcium is determined by the oxalic
acid/calcium molar ratio, and when this ratio is greater than 2.25, the consumption of
the food can be decalcifying, since the calcium of the observed food not only complexes
but, concomitantly, binds to calcium from other foods in the digestive tract, as well as
precipitating Ca ions present in the intestinal lumen [9]. The calculation of the AO/Ca ratio
made it possible to demonstrate that the water cooking treatment and the successive water
changes were efficient for the removal of oxalic acid from the crude sample and improved
the bioavailability of the calcium (Table 2). From this perspective, more studies on the
optimization of cooking treatments are necessary to achieve the nutritionally efficient use of
the minerals present in this native food resource, such as with the previous use of phytase
enzymes, without ruling out that this food source can be a viable alternative to increase
food security and nutrition, in local communities in situations of scarcity, following the
traditional procedures validated here. It is necessary to design conservation programs and
use plans to improve the sustainability of food systems in which cooking methods are used
in an ancestral way.

4. Conclusions

In the sample of the raw whole fruit, a high content of Ca, Fe, Cu, Mg and P was
observed. During the cooking process for 4 h with successive water changes, it was
observed that all these minerals presented significant differences in their concentrations
throughout the experiment in the cooked sample. However, although this process decreases
the mineral content in the feed, it improves the bioavailability of Ca due to the reduction in
antinutrients such as oxalic acid. The oxalic acid content was removed up to undetectable
values after the 4 h cooking treatment. However, the phytate was only 40% removed. The
results show that C. retusa pods can be a source of minerals (Ca, Fe, Cu and Mg) under
controlled cooking conditions and decreases in antinutrients such as oxalic acid.
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Abstract: Corn, Zea mays, is an ancestral food, culturally included in different forms in the Guatemalan
diet. The most common form is in tortillas and tamales, which makes them suitable for incorporating
other ingredients that increase their nutrient content. A sensory study was conducted with the aim of
determining whether the appearance and texture of the tortilla and tamale remain acceptable when
adding germinated chia seed flour (Salvia hispanica L). Germination was carried out for one day at
20 °C; it was prepared as flour and mixed with nixtamalized corn flour in a ratio of 10:90 and enough
water to mold the tortillas; for the tamale, the same proportion of corn flour and germinated chia
flour was used, and water and 8.6 percent oil were added. The tortillas and tamales were prepared
and cooked in a traditional way by experts. For the acceptability test, 52 consumers were recruited,
who signed the informed consent and subsequently evaluated the appearance and texture using a
five-point hedonic scale (1 = I like it very much, 5 = I dislike it very much). The results indicate that
the average acceptability of the appearance of the tortilla is 1.2 and the texture is 1.8. The average
acceptability of the appearance of the tamale is 1.9 and the texture is 1.19. When comparing the
acceptability of the appearance and texture of both preparations, a significant difference was found
(p < 0.05), with the appearance and texture of the tamale being more acceptable.

Keywords: acceptability; corn; tamale; chia; tortilla

1. Introduction

The corn grain is one of the oldest known, approximately 7000 years old, and it
originated from Central America and was an important food in the Mayan civilization. It
has a role in religious beliefs and festivities [1].

This cereal is a pillar in the food security of Guatemalan families, especially those
living in rural areas [2]. The seed can be consumed in the diet in the form of tortillas and
tamales; however, corn contains a low protein content, approximately 8% [1]. On the other
hand, the chia seed is consumed in the form of a whole seed as an ingredient in other
preparations enriching the sensory characteristics of foods. Current research proposes
that germination improves nutritional values in this seed, increasing the bioavailability of
proteins by the action of proteases [3]. For this reason, it is intended to take advantage of
the fact that corn tortillas and tamales are culturally consumed in Guatemala to incorporate
germinated chia seeds and thus take advantage of their nutritional benefits; however, the
sensory impact that these have on tortillas and tamales is unknown. The objective of this
research was to determine if the appearance and texture of the corn tortilla and tamale
remain acceptable when adding germinated chia seed flour.

2. Materials and Methods
2.1. Seeds and Corn Flour

Chia seeds (Salvia hispanica L.) and nixtamalized corn flour were used, obtained in
local markets in Guatemala City.
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2.2. Germination

Germination conditions were established as analyzed by Salgado et al. [4]. 450 g of
seeds were used, which were disinfected with 96% ethanol; the mucilage was hydrated
with 250 mL of distilled water. The seeds were then placed in aluminum trays where they
were allowed to germinate for two days at 21 °C, with a light period of 12 h and a dark
period of 12 h.

2.3. Preparation of Germinated Chia Flour

The trays with the sprouts were dried at 40 °C for 24 h in convection ovens (BOV V70F
Biobase, Haan, Germany). The material was ground after drying in an ultracentrifugal
mill (Mill ZM 200, Retsch®, Wolfenbiittel, Germany) at 600 rpm. The flour was stored in
hermetic conditions in properly labeled ziploc bags.

2.4. Preparation of Germinated Chia Flour
2.4.1. Tortillas

They were prepared by experts in a traditional way; each tortilla was made with 90 g
of nixtamalized flour and 10 g of germinated chia flour. The ingredients were mixed with
enough water to obtain dough, which was molded into a circular and flat shape by hand.
The tortillas were cooked at high temperatures (170-212 °C) for three minutes (one and a
half minutes per side) on an iron griddle, special for tortillas, and bathed with a layer of
water and calcium hydroxide solution.

2.4.2. Tamales

Prepared with the same proportion of corn flour and germinated chia flour used in
tortillas, however, in addition to water, 8.6% sunflower oil and 1% NaCl were added to
the formulation. The ingredients were mixed until a dough was obtained, wrapped in
corn leaves, previously washed and dried. Each tamale was cooked in an aluminum pot,
submerged in water, for 30 min at a temperature of approximately 100 °C.

2.5. Selection of Judges for Sensory Analysis

Using a non-probabilistic sampling, 52 consumers of corn tortillas and tamales, over
18 years of age, were chosen, a criterion chosen based on knowledge in perceiving variabil-
ity in aspects of texture and appearance of tamales and nixtamalized corn tortillas. The
voluntary participation of the panelists was recorded by informed consent.

2.6. Sensory Analysis

The test was carried out in a single session. Each panelist was given a tortilla and a
tamale with germinated chia flour on a transparent plate. Each judge was told to remain
silent during the exercise and to taste the preparations once. They were then evaluated
using a data collection form and a 5-category hedonic scale with ordinal responses. Accord-
ing to Ruiz Vasquez and Soriano Colchado [4], hedonic scales with different numbers of
categories, from “I like it a lot”, “I neither like it nor dislike it”, to “I dislike it a lot”, are
ideal for evaluating acceptability.

2.7. Statistical Analysis

The data were tabulated and processed in STATGRAPHICS Centurion XVIIL. The
descriptive categories on the hedonic scale were transformed into numerical scores such
that 1 represents “I like it very much”, 2 “I like it”, 3 “I neither like it nor dislike it”,
4 “I dislike it”, and 5 “I dislike it very much”. The numerical scores for each attribute
were analyzed using an analysis of variance (ANOVA) and its respective Fisher’s least
significant difference (LSD) test. The criterion for the interpretation of means for texture
and appearance was 0.0-2.0 acceptance, 2.1-2.9 interference, and 3.0-5.0 rejection.
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3. Results

Table 1 shows the analysis of variance with its corresponding Fisher LSD test, indi-
cating that the acceptability in appearance and texture of the tortilla with a formulation
of 90 g of flour and 10 g of germinated flour, measured by hedonic scale, is acceptable,
presenting a mean of 1.92 (0.82 SD) for appearance and 1.79 (0.68 SD) for texture. As for
the tamale made with the same proportion of corn flour and chia sprout flour, its accept-
ability in appearance and texture was also considered acceptable, presenting means of
1.58 (0.60 SD) and 1.19 (0.16 SD), respectively. Rejection was not present for either prepara-
tion; however, the tortilla was the one that obtained the lowest score in acceptability for
both attributes.

Table 1. Hedonic scale acceptability analysis for appearance and texture of tortillas and tamales with
incorporated chia flour according to analysis of variance and their respective Fisher’s LSD test.

Appearance Attribute
Product Tortilla Tamale
Formulation 90:10 90:10
Mean + SD 1.92+0.822 1.58 + 0.60 P
Sum of squares 3.11
Gl 1
Mean square 3.12
F-ratio 8.88
P 0.0044
Texture Attribute
Product Tortilla Tamale
Formulation 90:10 90:10
Mean (SD) 1.79 £ 0.682 1.19 £ 0.16°
Sum of squares 9.24038
Gl 1
Mean square 9.24
F-ratio 30.88
P 1.00 x 10~

Note: The formulation being 90:10 it would be 90% nixtamalized corn flour, 10% germinated chia flour. SD:
standard deviation, Gl: degrees of freedom. Fisher’s significant difference (LSD) test indicates that there is a
significant difference between the appearance and texture of the tamale and tortilla, p < 0.05. *® The data with
different literals indicate that there is a significant difference between them according to Fisher’s LSD test. Criteria:
0.0-2.0 acceptance, 2.1-2.9 interference and 3.0-5.0 rejection.

The test determined that there was a significant difference (p < 0.05) between the
evaluated appearance of the tortilla and the evaluated appearance of the tamale, with
a degree of freedom of 1 and p = 0.0044, with the appearance of the latter being more
acceptable. It was also determined, with 1 degree of freedom and p = 1.00 x 1079, that for
the tortilla and tamale pair, there was a significant difference in texture, with the tamale
being more acceptable in this aspect than the tortilla.

Figure 1 shows in general terms the scores of the hedonic scale of acceptability for ap-
pearance, noting that the highest score in the two attributes was obtained by the tamale with
10 g of chia flour, according to the Tukey test. The same behavior is observed in Figure 2,
where the highest score on the hedonic scale for the texture attribute was for the tamale.
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Figure 1. Hedonic scale acceptability analysis of tamales and tortillas with chia seed aggregate for
the attribute appearance, according to Tukey test.
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Figure 2. Hedonic scale acceptability analysis of tamales and tortillas with added chia seeds for the
texture attribute, according to the Tukey test.

4. Discussion

Salgado et al. [5] state that the scientific field still does not have extensive knowledge
about the incorporation of sprouted chia in food products and that it has only been senso-
rially evaluated by Argtielles-Lopez et al. [6] in two functional beverages, the first using
a mixture of 70% extruded amaranth flour and 30% sprouted chia flour and the second
with 70% sprouted amaranth flour and 30% sprouted chia flour. They obtained as a result
a high acceptability (average of 83-85), corresponding to I like it a lot for both beverages.
With this, it could be said then that sprouted chia seed improves in general terms the
acceptability of products.

On the other hand, if we talk only about chia flour, the literature reports its use to
improve the sensory properties of cereals such as wheat bread, cookies, and other flours [7].
In a study carried out by Rendon-Villalobos et al. [8], where they sensorially evaluated
aspects of general acceptability, flavor, color, and aroma intensity of corn tortillas made
with oil and supplemented with 5%, 10%, 15%, and 20% chia seed flour, they found that
this did not alter the sensory properties of the tortillas.
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Other authors found higher scores in general acceptability when tortillas made with
sprouted whole wheat flour were made, concluding that these provide a better appearance
and greater acceptability by the consumer [9]. The conclusions of these investigations can
explain why tortillas and tamales with sprouted chia flour were acceptable in the general
appearance of the product, as indicated in Table 1.

As for the acceptable result in texture of the tortillas and tamales made with sprouted
chia seeds in the study, it can be compared with that obtained by Ghafoor et al. [10] since
they obtained a high acceptability score, in the texture attribute, when 2.0% and 3.5% of
chia flour are used in bread formulations with 75.0 or 80.5% quinoa flour.

The good score for texture is also demonstrated by other authors, where they mention
that replacing rice and soy flours with 2.5% whole grain chia flour does not show significant
differences in acceptability of texture and appearance compared to its control, that is, it
does not alter the texture of the standard product [11].

The reason why the tamale with chia seed sprout flour is more preferred in appear-
ance and texture than the tortilla with the same formulation is due to the use of oil; this
is explained by Valenzuela et al. [12]. These authors mention that fat and oils, from a
technological point of view, provide palatability and flavor to foods, to the point of giving
a feeling of fullness. Rodriguez-Huezo et al. [3] conclude that hydrogenated vegetable
shortening improves the textural and viscoelastic properties of tamales.

5. Conclusions

It is concluded that the tortilla and tamale made from nixtamalized corn with chia
sprout flour were accepted in the attributes of appearance and texture, with the tamale
being preferred over the tortilla in the sensory characteristics evaluated.
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Abstract: Moringa oleifera oil is characterized by its high content of oleic acid (w9), very similar to olive
oil. Moreover, it is rich in linolenic acid (w3) and behenic acid, among other fatty acids. Furthermore,
this plant has lower agronomic requirements, and it resists high temperatures. Given the current
geopolitical and climatic situation, several commonly consumed oils have suffered a price increase,
making them less affordable to the population. Therefore, the aim of this work was to compare the
properties of French fries obtained with moringa oil or olive oil after several frying cycles, in addition
to assessing their sensorial acceptance. Fried potatoes were characterized in terms of mass variation,
moisture, water activity (aw), and optical and mechanical properties. The results showed that the
potatoes fried with moringa oil lost less weight during frying, which was linked to the evaporation
of water during the frying stage combined with the gain of oil. However, in all cases, the a,, was
similar. The color was not affected by the type of oil used, but luminosity was lower after the third
frying cycle in the case of potatoes fried with moringa oil. Mechanical properties were not affected by
the type of oil applied. Finally, at the sensory level, the judges evaluated all samples above 5 points,
penalizing the attributes of the first-cycle moringa oil fries for being too low.

Keywords: frying; Moringa oleifera; oil; potatoes; quality; sensory

1. Introduction

Moringa oleifera is a plant that has demonstrated remarkable adaptability to adverse
climatic conditions, making it a viable option for sustainable agriculture in the context of
climate change. Originally from northern India, moringa has spread to various tropical
and subtropical regions of the world, including Africa, Asia, and Latin America. Its ability
to grow in poor soils and withstand long periods of drought positions it as a resilient
plant of great value to communities vulnerable to the effects of climate change [1]. In this
context, its introduction in the Mediterranean basin, where there is a notable increase in
temperatures along with a precipitation deficit, could be an alternative to traditional crops.

Moringa seeds are especially valued for their high oil content, which represents
approximately 40% of their gross weight. This oil is rich in unsaturated fatty acids, mainly
oleic acid (omega 9), which gives it outstanding nutritional and medicinal properties [2].
In addition to its use in food, moringa oil is used in the cosmetic and pharmaceutical
industries due to its antioxidant, anti-inflammatory, and emollient properties. Recent
studies have shown that moringa oil can help protect the liver, improve cardiovascular
health, and combat bacterial and fungal infections [3].

The global consumption of potatoes is significant, with over a billion people regu-
larly including them in their diet, making potatoes the third most important food crop
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worldwide [4]. Among the various forms of potato consumption, fried potatoes, such
as French fries and potato chips, are particularly popular. However, the frying process
can significantly impact the quality of the oil used. Frying at high temperatures leads to
the degradation of oil, resulting in the formation of harmful compounds and a decrease
in nutritional quality [5]. Studies have shown that the type of oil used and the frying
conditions can influence the extent of these changes, affecting both the sensory properties
of the fried product and its health implications. For instance, oils with higher stability, such
as those rich in monounsaturated fats, are less prone to oxidation and can maintain better
quality during frying [6].

Therefore, this work aimed to compare the physicochemical properties of French fries
obtained with moringa oil and olive oil after several frying cycles, in addition to assessing
their sensory acceptance.

2. Materials and Methods
2.1. Raw Materials

Potatoes (Alegria variety, origin Spain, 50/80 mm CAT I caliber) and extra virgin
olive oil (Hojiblanca variety) purchased in a local supermarket were used. Moringa oil
was extracted from moringa pod seeds grown in an experimental plot at the Universi-
tat Politecnica de Valencia (UPV) with a screw press at 100 °C (GBT26883-2011) at the
University Institute of Food Engineering-FoodUPV.

2.2. Frying of the Potatoes

The potatoes were fried with a potato-oil ratio of 1:1.5, introducing them into the pan
(16 cm diameter) when the oils reached a temperature of 160 °C and frying them for 4 min.
The oil was stored in glass containers in the dark for use in the following cycles. This
process was carried out in the same way for the three frying cycles analyzed.

2.3. Analytical Determinations

All analytical determinations on the potatoes and the oils were carried out before and
after the frying process, at least in triplicate. The potatoes were weighed on an analytical
balance before and after frying, and the change in mass was expressed as a function of the
initial mass. The water content of the raw and fried potatoes was obtained by the AOAC
gravimetric method (930.15.) in a vacuum oven (Selecta Vaciotem, 4001489). The water
activity (aw) of raw and fried potatoes was analyzed by a dew point hygrometer (Decagon
Devices Inc of AquaLab TDL). For the analysis of the color of French fries, a colorimeter
(Minolta, model CM-3600d) was used to obtain the CIELab coordinates by sextuplicate,
taking as reference the observer 10° and illuminator D65. In addition, the color differences
(AE) to fresh potatoes were calculated using Equation (1):

AE* = \/ (Aa*)? + (Ab*)? + (AL*)? 1)

A cutting test was carried out on the potatoes with a probe (A/BS cutting blade
according to AIB method) at a feed rate of 0.5 mm /s using a universal press (Texturometer
TA-XTplus Texture Analyse Aname, Godalming, UK) and analyzing the force up to the
breaking point and the area under the curve. The measurements were carried out in
sextuplicate.

2.4. Sensory Analysis

An organoleptic analysis of 4 French fries was carried out according to the oil used
(M: moringa and O: olive) and considering one (C1) or three (C3) frying cycles. Thus,
the samples chosen for this analysis were MC1, OC1, MC3, and OC3, which were coded
with three-digit random numbers. The tasting was carried out by presenting the freshly
fried potatoes to 14 judges. The questionnaire was carried out using the SensesBit plat-
form, which included hedonic scale questions (9-point) [7,8] related to appearance, color,
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aroma, texture, taste, and overall acceptability. In addition, a penalty analysis was per-
formed to find out whether an attribute above or below the JAR penalized the overall
acceptability score.

2.5. Statistical Analysis

Statgraphics CenturionXIX.64 was used for statistical analysis of the results. An
ANOVA analysis of variance was performed using the LSD (Least Significant Difference)
test at a significance level of 95% (p-value < 0.05) to determined statistical significant differences.

3. Results and Discussion
3.1. Physicochemical Properties

Figure 1 shows the weight variation suffered by the potatoes in each of the frying cycles,
where it is observed that potatoes fried in olive oil lose significantly more weight than those
fried with moringa oil for all cycles. This weight loss is linked to water evaporation during
the frying stage combined with oil gain [9].

Therefore, in Figure 2, both the moisture and water activity of the potatoes after frying
are shown.
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Figure 1. Potato mass variation using olive or moringa oils from different frying cycles. C1,2,3: differ-

ent frying cycles. Equal letters indicate homogeneous ANOVA groups with a 95% significance level.
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Figure 2. Variation of moisture and water activity in raw and fried potato as a function of oil and
frying cycle. Equal letters indicate homogeneous ANOVA groups with a 95% significance level.
C1,2,3: different frying cycles.
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When moringa oil was used, no significant differences in water content were observed
with respect to fresh potato in any of the frying cycles, which would indicate that weight
loss would be related only to oil gain. However, in the potato fried with olive oil, there was
a significant decrease in water content when oil from a second or third frying cycle was
used. Therefore, and relating weight loss to the final water content of the product, frying
with moringa oil would favor obtaining less fatty products.

3.2. Optical Properties

Figure 3A shows the lightness L* of the potatoes studied with respect to the raw potato
as a function of the cycles.
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Figure 3. (A) Lightness (L*). (B) color difference (AE) of French fries as a function of frying cycle and

oil type. (C) Variation of the a* and b* coordinates of the potatoes as a function of the frying cycle.

Equal letters indicate homogeneous ANOVA groups with a 95% significance level, with lowercase

letters for the a* coordinate and upper-case letters for the b* coordinate. C1,2,3: different frying cycles;

OC1, OC2 y OC3: olive oil, frying cycle 1,2,3; MC1, MC2 y MC3: moringa oil, frying cycles 1,2,3.
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As can be seen, the lightness values were similar between the potatoes fried with both
oils, decreasing significantly throughout the frying cycles. As regards color variation (AE),
in Figure 3B, the color difference is represented. Potatoes fried with both oils presented
significant differences with respect to the raw potato, although these differences remained
constant with frying cycles in potatoes fried with olive oil, while they increased significantly
in potatoes fried in moringa oil.

On the other hand, Figure 3C shows the representation in the chromatic diagram of
the a* and b* coordinates and their variation throughout the frying cycles. All values were
in the first quadrant (green-yellow zone). There were no significant differences between
the frying cycles of potatoes fried in olive oil, although when fried in moringa oil, the a*
coordinate increased significantly with the frying cycle. The increase in the a* coordinate
during frying is due to non-enzymatic browning reactions (Maillard reactions) that occur
due to the presence of reducing sugars [10]. This result is in agreement with that obtained
by Lalas et al. [11], who also observed an increase in the a* coordinate during several potato
frying cycles.

3.3. Mechanical Properties

Table 1 shows both the maximum force applied to cut the potato and the area under
the curve up to the same point.

Table 1. Maximum force and Area under the curve to the potato cut-off point.

Sample Maximum Force (Newtons) Area Under the Curve (N-s)
Olive C1 574+1.9P 27 +£10°
Olive C2 334052 1224232
Olive C3 48+192 27490
Moringa C1 3.8+ 122 14.6 + 6.6 2
Moringa C2 6124+ 15P 30+ 8P
Moringa C3 59+17P 29 +11b

Equal letters in the same column indicate homogeneous ANOVA groups with a 95% significance level. C1,2,3:
frying cycles. OC1, OC2, OC3: olive oil, frying cycle 1,2,3; MC1, MC2, MC3: Moringa oil, frying cycles 1,2,3.

In potatoes fried with moringa oil, there was an increase in the mechanical parameters
evaluated with the frying cycle, whereas non a clear tendency was observed in samples
with olive oil. However, the changes recorded were very slight, so the type of oil does
not seem to condition the mechanical properties of the final product. Pedreschi et al. [9]
obtained similar maximum force values for French fries. According to Segnini et al. [12],
the maximum breaking force is proportional to moisture content. Thus, the maximum force
tends to decrease when moisture increases. Moreover, in the texture of French fries, there
is great variability due to the changes in moisture and the heterogeneous distribution of
starch and other compounds that affect the structure of French fries after frying [10].

3.4. Sensory Analysis

Figure 4 shows the results of the sensory analysis obtained from the survey of the
attributes analyzed on a hedonic scale, both for the olive oil and moringa chips, specifically
for the first and third cycles of each oil.

As can be seen, all attributes were rated higher than 5 points. On the other hand,
texture was the only attribute that showed significant differences, with the potato fried
with moringa oil of first frying (MC1) being the worst rated. Figure 5 shows the penalty
graph of the olive oil and moringa potato chips in which the overall acceptance is related to
the percentage of tasters who considered that the intensity of any of the attributes was too
high or too low. In coherence with the previous results, the low intensity of all attributes
was penalized for MC1 potato. In the case of MC3, only the low intensity of color and
flavor was penalized. Potato fries with olive oil did not register penalties when obtained
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with the first frying cycle while increasing the cycles penalized flavor and texture for being
too low.

APPEARANCE
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Figure 4. Results of the sensory analysis with the hedonic scale of French fries with olive oil and
moringa. According to data obtained from ANOVA analysis * 95% significance level. OC1 and OC3
olive oil, frying cycle 1 and 3; MC1 and MC3: moringa oil: cycle 1 and 3.
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Figure 5. Graph of penalties of the fries with olive oil and moringa (Circle: OC2, Square: MC1,
Rhombus: OC3 and Triangle: MC3) in the sensory analysis in the function of the analyzed attributes
(T: Texture, C: Color, S: Flavor and A: Aroma). OC1 and OC3 olive oil, frying cycle 1 and 3, MC1 y
MC3: moringa oil: cycle 1 and 3. Black color indicates that the intensity of the attribute is too high
and the gray color is too low.

4. Conclusions

In this study, the properties of moringa oil French fries were evaluated in comparison
to those fried in olive oil. During the frying process, moringa oil French fries lost less
weight and water compared to olive oil-fried chips. This suggests a reduced oil uptake and,
consequently, lower caloric content. Moringa oil French fries were well-received in terms
of flavor and texture. Tasters highlighted their pleasant taste and crispiness, indicating
that the incorporation of moringa oil did not negatively impact the sensory experience.
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As frying cycles increased, moringa oil French fries developed a more intense flavor. This
effect could be beneficial for products requiring a pronounced flavor profile. However,
it is important to note that, compared to olive oil-fried potatoes, moringa-fried potatoes
exhibited a less intense taste and aroma. This could influence consumer preference and
should be considered in product design. In summary, moringa oil French fries offer a
promising alternative from both a nutritional and sensory standpoint. Their lower caloric
content and positive acceptance could make them an attractive option for health-conscious
consumers. Nevertheless, further research is needed to fully understand their impact on
final product quality.
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Abstract: Capsicum chacoense (wild red pepper) and Acrocomia aculeata almond (Paraguayan coconut) are
fruits native to Paraguay which are little-used and can be sources of important bioactive compounds.
The aim of this work was to evaluate the use of Paraguayan coconut kernel oil as a green solvent for
the extraction of carotenoids and capsaicinoids from wild red pepper. Ultrasound-assisted extraction
was performed (solvent ratio; 0.7 g/mL, amplitude 80%, for 17 min). The freeze-dried red pepper fruit,
coconut oil, and coconut+red pepper oil were characterized by total carotenoids, total capsaicinoids,
total phenolic compounds (TPCs), total antioxidant capacity (TAC), fatty acid (FA) profile, and color.
It was possible to extract 46.7% of the carotenoids and 42.5% of the capsaicinoids present in the red
pepper. However, only about 7% of TCP and TAC were maintained in the coconut+red pepper oil
obtained. In the FA profile of red pepper oil, oleic acid and palmitic acid were observed as the main
FAs. Conversely, in coconut oil, lauric acid and oleic acid were observed as the main components. In
coconut+red pepper oil, the same main FAs were found, but in a lower percentage of lauric acid and
higher percentage of oleic acid. Based on the results, coconut oil is a green solvent for the extraction
of lipophilic secondary metabolites such as carotenoids and capsaicinoids. These can provide sensory
characteristics such as color and flavor to coconut oil from Capsicum chacoense. In the oil obtained
(coconut+red pepper), a significant difference in the FA profile was also seen, where the majority FA
was oleic acid.

Keywords: Acrocomia aculeata almond oil; capsaicinoids; Capsicum chacoense; green solvent; Paraguayan Chaco

1. Introduction

The Capsicum chacoense, or “aji del monte”, is a native chili pepper that grows wild,
mainly in the Chaco region, Paraguay. It is commonly used as a condiment or vegetable by
indigenous peoples. However, its demonstrated content of secondary metabolites such as
carotenoids and capsaicinoids makes it attractive for use in products useful for industry [1].
On the other hand, Acrocomia aculeata, coco mbokaja, is widely distributed throughout the
national territory. Its distribution is so extensive that a large proportion of coconut almonds
are currently wasted [2], highlighting the need for studies that demonstrate their utility in
different fields, for example, as a green solvent.

In a world increasingly seeking healthy and sustainable food, ecological solvents
with biological and renewable bases are being used for the extraction, purification, and
formulation of natural and food products [3]. One alternative is vegetable oils, such as
those from the Paraguayan coconut almond or mbokaja. The objective of this work was
to evaluate the use of coconut almond oil as a green solvent for the extraction of total
carotenoids and total capsaicinoids from Capsicum chacoense fruit.
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2. Materials and Methods
2.1. Plant Material and Use of the Green Solvent

Raw Acromia aculeata almond oil was provided by a private company, then degummed,
neutralized, and bleached. Capsicum chacoense fruits were manually collected from wild
plants in Filadelfia, Boquerdn, then lyophilized to a moisture content of less than 10%.

Refined coconut oil was used as a green solvent for extracting carotenoids and capsai-
cinoids from whole C. chacoense fruits. For this, an ultrasonic probe Model Q55 sonicator,
(QSonica, Newtown, CT, USA) was used. The probe tip was immersed halfway into the
depth level of the refined coconut almond oil mixed with ground chili in the center of the
Falcon tube. The solvent ratio was 0.7 g/mL, with an amplitude of 80%, for 17 min at
40 °C. The resulting product was the extract of chili fruits with refined coconut almond
oil (CO+PE).

2.2. Analytical Methods

The antioxidant potential was determined in the CO, CO+PE, and the lyophilized
whole chili fruits. First, an extract was made with methanol (60:40) and acetone (70:30)
for the lyophilized fruits, while for the oils, 1 g of oil was dissolved in 3 mL of 80%
methanol, then sonicated and centrifuged. This procedure was repeated three times and
finally brought to a volume of 10 mL. The total phenolic compounds were analyzed
using the Folin-Ciocalteu reagent [4], and total antioxidant capacity by ABTS radical
inhibition [5]. Additionally, the concentration of total carotenoids was determined by
UV-Vis spectrophotometry [6].

The total capsaicinoids in the lyophilized whole fruit were determined as described
Coronel et al. [7]. For the extraction of total capsaicinoids in the oil, 1 g of oil was first
dissolved in 3 mL of 80% methanol, then sonicated and centrifuged. This procedure was
repeated three times and then brought to a final volume of 10 mL. The obtained extract
was injected into the HPLC, maintaining the chromatographic conditions mentioned in [7].

The fatty acid profile of CO, CO+PE, and the oil of the whole C. chacoense fruit (PO)
extracted cold with hexane in a 3:1 ratio was analyzed. First, fatty acid esterification was
performed according to the official AOCS Ce 2-66 method [8] and analyzed in a GC-FID
according to the official AOCS Ce 1j-07 method [8].

2.3. Statistical Analysis

The results were expressed as means + standard deviation (SD) from three indepen-
dent replicates. To compare the samples, ANOVA and Tukey’s post-test were used. Values
with p < 0.05 were considered as statistically significant with the assistance of Graph Pad
Prism 5.0 software (GraphPad Software, Inc., San Diego, CA, USA) for the calculations.

3. Results and Discussion

Table 1 shows the results of TPCs, antioxidant capacity by ABTS radical inhibition,
total carotenoids, and total capsaicinoids in CO, CO+PE, and the whole chili fruit. Table 2
shows the fatty acid profile in CO, whole fruit oil, and CO+PE, where it was found that the
major fatty acid in the three samples analyzed was oleic acid.

To determine the efficiency of coconut almond oil as a green solvent, the concentration
of total carotenoids and total capsaicinoids in CO, whole fruit, and CO+PE was determined.
Significant differences were found in the total carotenoid content in the three samples
(ANOVA, Tukey’s post-test, p > 0.05), with the highest value in the lyophilized fruit. It
was found that the green solvent extracted 46.7% of the total carotenoids present in the
fruit. Higher values of carotenoids have been reported in other hexane extracts of Capsicum
annuum paprika [9]. However, a study conducted on crushed aji del monte from the
Paraguayan Chaco reported a content of up to 239 mg/kg of total carotenoids [7], less than
half of that found in the lyophilized fruits of this study (515.17 = 62.07 mg/kg) and values
similar to those found in CO+PE (237.51 % 6.07 mg/kg). The same study reported values
of up to 211 mg/100 g of capsaicinoids, lower than those found in this study.
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Table 1. Antioxidant potential and total capsaicinoids of CO, whole fruit of C. chacoense, and CO+PE.

Parameter co CO+PE Freeze-Pried Extraction
Fruits Percentage
TPCs (mg GAE/100 g) ND 45.84 £0.932 643.40 £ 18.59 P 7.1
ABTS (mM TEAC/g) 0.234+0.067 3.03+£021° 39.09 £2.01°¢ 7.8
Total carotenoids (mg/kg) 6.88+1.55% 237.51 + 6.07 P 515.17 £ 62.07 © 46.7
Total capsaicinoids (mg/100 g) ND 51.99 +£291% 122.42 4+ 11.16® 42.5

ND: not detectable. CO: refined coconut almond oil; CO+PE: chili pepper fruit extract with refined coconut almond
oil. TPCs: total phenolic compounds. Results are expressed as mean + SD. GAE: gallic acid equivalents; mM
TEAC: millimole equivalents of TROLOX. Different letters in each row indicate significant differences (ANOVA,
with Tuckey’s post hoc test, p > 0.05).

Table 2. Fatty acid profile of CO, whole fruit, and CO+PE.

Fatty Acids CcO Whole Fruit CO+PE
Hexanoic (6:00) 0.24 +0.072 ND 0.21 +0.06 2
Octanoic (8:00) 3.74+0432 ND 521+1.712
Decanoic (10:00) 347 +0.19°2 ND 2.78 +£0.942
Saturated Lauric (12:00) 3454 +1.052 ND 28.24 + 3.67 P
Myristic (14:00) 7.87 +0.032 0.37 £0.01° 6.78 £ 0.55
Palmitic (C16:00) 744 +£0.182 1747 +£0.21° 784 +£0562
Stearic (18:00) 2.52 +0.032 224 4+0.132 2.04 £0.332
Total 59.82 20.08 53.13
M. turated Palmitoleic (w-7) 1.91 £ 0.06 ND ND
onounsaturate Oleic (w-9) 35.52 +1.372 68.07 + 0.93 P 40.10 + 8532
Total 37.43 68.07 40.10
Polvunsaturated Linoleic (w-3) 4.69 +0.152 5.98 +0.232 6.28 +0.56 2
y Arachidonic (w-6) ND 3.10 +0.35 ND
Total 4.69 9.08 6.28

ND: not detectable. CO: refined coconut almond oil; CO+PE: chili pepper fruit extract with refined coconut
almond oil. Different letters in each row indicate significant differences (ANOVA, with Tuckey’s post hoc test,
p>0.05).

Coconut oil was able to extract 42.5% of the capsaicinoids present in the whole fruit.
It was found that TPCs are poorly extracted by coconut oil, which is expected due to the
hydrophilic nature of these compounds.

Furthermore, the fatty acid profile of CO, whole fruit oil, and CO+PE was analyzed.
Significant differences were found between the three samples (ANOVA, Tukey’s post-test,
p < 0.05) in the myristic acid content, with the highest value for CO (7.87 £ 0.03%). Overall,
it was observed that CO+PE maintains the fatty acid ratio of CO, being the major oil, with
a slight decrease in lauric acid and an increase in oleic acid, matching the fatty acid ratio
found in the oil of C. chacoense fruits. In another study conducted on Acrocomia aculeata
almond oil cultivated in Brazil, lauric acid (45.25%) and oleic acid (23.96%) were found
to be the major fatty acids [10], different from the findings of this study (34% lauric acid
and 35% oleic acid). Regarding the oil profile of the red pepper fruit, it was found that
the major fatty acid, at 68%, was oleic acid. However, other studies have found that the
Capsicum genus generally has linolenic acid as the major fatty acid [9,10].

4. Conclusions

This study demonstrates that coconut almond oil is an effective green solvent for
extracting bioactive compounds from Capsicum chacoense. The oil extracted 46.7% of total
carotenoids and 42.5% of total capsaicinoids from the fruit, showing its potential for
industrial applications in producing natural antioxidant-rich products. Although less
efficient in extracting phenolic content, coconut almond oil maintained the fatty acid profile
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of the original samples. These findings highlight the viability of using coconut almond oil
as a sustainable and eco-friendly solvent.
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Abstract: The application of alkaline extrusion in whole corn flour not only produces partial gelatiniza-
tion of starch but also favors interactions between its components and releases natural hydrocolloids,
modifying the rheological properties and suitability for application in gluten-free pastas or bakery
products. The intensity of these modifications and therefore their rheological quality depend on
the extrusion conditions. This work aimed to study the effect of alkaline extrusion temperature
(70, 80 and 90 °C) at 40% feed humidity on the rheological properties of Cuzco corn flour and its
dough. The increase in extrusion temperature had a significant effect (p < 0.05) on the degree of
gelatinization of the flours (increase from 31.74 to 71.64%), which impacted their viscous properties.
The degree of gelatinization, the formation of amylose-lipid—protein complexes and the soluble
fiber content modified the rheological properties of the dough, decreasing the elastic modulus with
increasing extrusion temperature. The most cohesive and elastic doughs were obtained at a lower
temperature (70 °C), which presented greater resistance to kneading. This study will expand the use
of whole Andean corn flour in gluten-free dough to obtain pastas and/or bakery products, reducing
the use of food additivess.

Keywords: alkaline extrusion; andean corn; dough; dietary fiber; gluten free; hydrocolloid

1. Introduction

Nixtamalization is a widely used technology in Central America in the processing of
corn to produce “tortillas” [1]. Alkaline extrusion has emerged as a sustainable alternative
to traditional nixtamalization, as an ecological hydrothermal treatment that allows for the
utilization of whole grains [2]. The combination of mechanical stress with heat treatment
and an alkaline agent produces changes and promotes the interaction between flour com-
ponents, modifying its functional properties to be incorporated in gluten-free foods [3]. The
presence of the alkaline agent solubilizes components of the pericarp, generating natural
hydrocolloids that influence the rheological properties of the doughs [4]. The degree of
starch gelatinization and the amylose-lipid and calcium-starch interactions are susceptible
to small changes in processing conditions (moisture content and temperature); therefore,
maintaining optimal extrusion conditions is important [3].

The study of the rheological properties of the dough allows for the determination of
its functional characteristics. Viscoelastic parameters such as the elastic (G) and viscous
(G”) modulus are fundamental in the determination of the quality of corn doughs [3] and
depend on the intensity of mechanical stress that affects the cohesive and elastic properties
of the doughs [2,4,5].

Hydrothermal treatments applied to gluten-free flours, such as corn flour, are essential
to adjust their functional properties according to culinary and processing needs. Although
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these treatments have been investigated to improve the technological aptitude of gluten-free
flours to develop many products [1,2,4,5], there are few studies that apply alkaline extrusion
to produce fresh, laminated and easy-to-cut doughs. Therefore, the present work aimed to
study the effect of alkaline extrusion temperature on the rheological properties of Andean
corn flour, Cuzco race and its doughs.

2. Materials and Methods
2.1. Raw Materials

White Andean corn of the Cuzco variety was used, supplied by the CAUQUEVA
cooperative (Maimard, Jujuy Province, Argentina) and the INTA-IPAF NOA (Maimara).
Whole-grain milling took place in a hammer mill (Polymix PX-MFC-90 D Kinematica)

until a flour with a particle size < 450 um was obtained, which was sieved through mesh
No. 40 (ASTM-E-11-61).

2.2. Alkaline Extrusion of Corn Flours

A total of 12 h before the process, 0.25 g of Ca (OH),/100 g of flour was added to
each whole-meal flour sample, and then they were conditioned at 40% moisture. Each
sample was mixed for 3 min and stored in a polyethylene bag in the refrigerator at 5
°C. To obtain alkaline-extruded corn flour (HMEA), a Brabender extruder (KE 19/25D,
Germany) with a single screw of a 2:1 nominal compression ratio was used. The feed and
extrusion rates were set at 20 rpm and 60 rpm, respectively. The extrusion was conducted
at 70, 80 and 90 °C. The extrudates were formed through a nozzle with a diameter of 3 mm
and were collected on a tray for subsequent drying.

2.3. Composition of Macronutrients in Processed Flours

For the determination of macronutrients, the AOAC [6] analytical methods were
employed: proteins (AOAC International, 2005b) and lipids (AOAC International, 2005c).
The total dietary fiber (TDF) and insoluble dietary fiber (IDF) contents were determined
according to AACC 32-05 (2000), using the enzymatic-gravimetric method. The soluble
dietary fiber (SDF) content was obtained by the difference between the TDF and IDF. The
experiment was carried out in triplicate.

2.4. Physicochemical Properties of Processed Flours
2.4.1. Degree of Gelatinization (DG)

The colorimetric method developed by Birch and Priestley (1973) was used, based on
the formation of an amylose—iodine complex.

2.4.2. Viscous Properties of Processed Flours

The viscous properties were determined using a Rapid Visco Analyser (RVA) (RVA series
4500, Perten instruments) following the methodology of Method 76.21.01, AACC, 2000 [7].

2.4.3. Subjective Water Absorption Water (SWAC)
SWAC was determinated according to Gaitan-Martinez et al. [8].

2.5. Rheological Properties of Doughs

The loss modulus (G”) and storage modulus (G) of the rehydrated masses were deter-
mined using the SWAC methodology. The moduli were measured using a rheometer (TA
Instrumen 5 AR 1000), in accordance with the methodology reported by Platt-Lucero et al. [4].

Textural Properties

A Texture Profile Analysis (TPA) was conducted on dough discs (3 cm in diameter and
1 cm in height) which were subjected to a double-compression cycle using 40% deformation
of the original height with an SMSP /50 probe and a 25 kg load cell. The test speed was
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0.5 mm/s. Six discs were tested for each formulation, from which the parameters of
elasticity and cohesiveness were obtained.

2.6. Statistical Analysis

The data obtained were statistically treated by analysis of variance, while the means were
compared by using the LSD Fisher’s test at a significance level of 0.05 using the statistical software
INFOSTAT—Version 2017p (Facultad de Ciencias Agropecuarias, UNC, Cordoba Argentina). All
experiments were performed in triplicate, and mean values =+ standard deviation were reported.

3. Results and Discussion
3.1. Macronutrient Composition of Processed Flours

Table 1 presents the macronutrient content in native and treated Cuzco corn flours. The
free lipid content was found to be between 2.14 and 2.39% in all treated flours, significantly
lower than the lipid content in the native flour (4.08%). No significant differences were
observed between processing temperatures. The decrease in lipids during extrusion can be
attributed to lipid saponification with the alkaline agent and the complexes’ (amylose-lipid
and ternary complexes such as starch—protein-lipid) formation from gelatinization [7].
These complexes could participate in the formation of structures that improve the extensible
and cohesive properties of gluten-free doughs.

Table 1. Macronutrient composition and degree of gelatinization of processed flours.

Protein TDF IDF SDF DG
Muestras Free Lipids (%) (%) (%) (%) (%) (%)
HCEA 70-40 2394+ 0.14b 11.11 £0.142  11.23 £0.012 6.12 +0.032 511+ 0.014 31.74 + 0.642
HCEA 80-40 214 +0.162 11.27 + 0.14 be 11.01 £ 0502 7.70 +0.14 P 3.31+036¢ 36.47 &+ 0.03P
HCEA 90-40 2.14 +0.352 11.10 & 0.04 @ 11.85 + 0.07 9.82 +0.02¢ 2.03+0.05P 71.64 + 0.03 ¢
HC nativa 408 £0.11°¢ 11.09 + 0.19 2P 11.55 + 0.25b 105+ 0.104 1.05+0.142 ND

Different letters in the same column indicate significant differences. (p < 0.05). FDT: total fiber dietary; FDI:
insoluble fiber dietary; SDF: soluble fiber dietary; DG: degree of gelatinization; ND: no determinate.

The total dietary fiber (TDF) of the processed flours did not present significant differ-
ences (p < 0.05) compared to the native flour. However, an increase in soluble dietary fiber
(SDF) and a decrease in insoluble dietary fiber (IDF) were observed, suggesting a conver-
sion between them due to the alkaline agent that induces the hydrolysis of hemicellulose
and forms soluble gums that improve the texture of the doughs [2]. In addition, the SDF
content increased significantly (p < 0.05) with decreasing extrusion temperature, evidencing
arange from 1.05 to 5.11, which is consistent with that reported by Tabligbohmany et al. [8],
who indicated that fiber solubilization is more linked to mechanical stress than to thermal
energy because the greater frictional force causes the breakdown of the chemical bonds of
the macromolecules of insoluble fiber.

3.2. Physicochemical Properties of Alkaline-Extruded Flours
3.2.1. Degree of Gelatinization

The degree of gelatinization (DG) (Table 1) increased significantly (p < 0.05) with the
processing temperature and its values ranged from 31.74 to 71.64%. Topete-Betancour et al. [9]
mentioned a value of approximately 30% as adequate to obtain easy-to-laminate doughs.

3.2.2. Viscous Properties

Significant differences (p < 0.05) were observed in the parameters of the profile between
processed and native flours (Figure 1); the last one presented higher values of VP, BD, SB,
MYV and FV, but lower PT values. This could be due to the fact that most of its starch
granules were intact. It is observed that VP decreases (p < 0.05) with extrusion temperature.
The lower processing temperature provides flours with a lower degree of gelatinization;
therefore, they have more starch available to develop higher viscosities. The FVs were
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also influenced by the extrusion temperature, observing that flour HCEA 70-40 developed
higher FVs than HCEA 90-40. This behavior would indicate that flours with a higher degree
of gelatinization would produce very soft doughs that could fall apart.

——— HCnativa

2000 HCEA 90-40
S 1500 ——HCEA 70-40
%“ 1000 ——HCEA 80-40
2

> 500

0 T .
0 500 1000

Time(seg)
Figure 1. Viscosity profile of alkaline-extruded flours under different conditions.

3.3. Rheological Properties

In all samples, G’ > G” was observed throughout the frequency range studied (Figure 2).
This reveals that the system has a viscoelastic solid behavior, with strains that are essentially
elastic and recoverable [9]. Although the dough is gluten-free, this behavior demonstrates
the presence of a network with interactions that stabilize the system at the stresses utilized.
The alkaline treatment causes ionization of some hydroxyl groups in the starch, allowing for
the formation of Ca—starch or Ca—protein cross-linking, resulting in a stronger gel network

with a higher G’ and G” modulus. These results are in agreement with those reported by
Rolandelli et al. [10].
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Figure 2. Rheological properties of alkaline-extruded flour mixtures obtained under different
temperature conditions.

The variation in extrusion temperature changes the values of the modulus, but not

the general shape. HCEA 70-40 had the highest elastic modulus possibly due to the higher
soluble dietary fiber (SDF) content, improving the elasticity of the dough.
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Textural Properties

Table 2 shows that SWAC values decreased with the increasing processing temperature.
This behavior may be responsible for the lower elasticity and cohesiveness observed in
dough elaborated with flour extruded under 90-40 conditions. The 70-40 and 80-40 flours
did not present significant differences in terms of elasticity, but the second flour presented
higher cohesiveness. This could be related to the higher soluble fiber content, which
provides greater elasticity. The results indicate that HCEA 70-40 and HCEA 80-40 flours
form more cohesive doughs. The elasticity determined in HCEA 70-40 and 80-40 (0.29 mm)
was within the ranges obtained by Topete-Betancourt et al. [9].

Table 2. Subjective water absorption capacity and textural properties of processed flour doughs.

Muestras SWAC (%) Elasticity (mm) Cohesive
HCEA 70-40 0.79 £+ 0.00 b 0.29 +0.00b 033 +£0.02b
HCEA 80-40 0.80 + 0.00 ¢ 0.29 +0.02° 0.38 £0.04¢
HCEA 90-40 0.67 + 0.012 0.26 +0.012 0.28 +0.022

Different letters in the same column indicate significant differences (p < 0.05).

4. Conclusions

The extrusion conditions of 70 and 80 °C with 40% moisture provided flours with
properties suitable for the formation of laminate and resistant doughs. These conditions
favored the hydrolysis of pericarp components, generating compounds that act as hydro-
colloids that interact with water, contributing to a more cohesive and elastic dough. These
findings underline the relevance of carefully determining the effects of processing on the
physicochemical properties of flours to ensure the quality of the final products.
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Abstract: The giant squid (Dosidicus gigas) is a marine product from the Pacific Ocean. Its by-products can be
used to obtain bioactive products such as collagen, proteins, and others. This work aimed to develop cookies
enriched with Quinoa (Chenopodium quinoa) and native collagen from pota nape high in protein content,
minerals, and antioxidants. Four formulations (4, 8, 12 and 16% collagen) were developed and compared
with the control sample. The results showed higher protein (11.7 # 0.3-20.8 = 0.4%) content, lower moisture
(4.7 £ 0.1-5.6 £ 0.2%), higher ash (3.0 £ 0.1-3.83 =+ 0.09%), lower fat (15.29 & 0.05-15.8 £ 0.1), and lower
carbohydrate (53.89 £ 1.05-65.39 + 0.82%) content than the control sample. Also, the cookies showed a
significant content of polyphenols (618 + 24-934 + 23 ug gallic acid equivalent (GAE)/g), antioxidant
activity (8182 + 59-8369 + 73 ug trolox/g) and in vitro digestibility (70.8 & 0.1-73.6 = 0.5%) than the
control sample. The cookies also had a high mineral content: calcium (3893 + 19 mg/kg), potassium
(3222 £ 16 mg/kg), and magnesium (2108 £ 11 mg/kg). In addition, the cookies presented an adequate
balance of amino acids, principally of aspartic acid, glutamic acid, serine, glycine, threonine, arginine,
alanine, proline, valine, phenylalanine, and leucine. The cookies complied with the Peruvian legislation
of the Healthy Law about the promotion of healthy eating for children and adolescents and with the
microbiological requirements. Finally, the cookies showed a sensory acceptance of 77.8% and a shelf life of
184 days determined by the Rancimat method. The native collagen from pota nape could be used with
quinoa flour to develop functional foods to help reduce child malnutrition.

Keywords: by-products; cookies; collagen; functional foods; pota

1. Introduction

Cookies are considered snacks and are popular among consumers because of their size,
shape, high digestibility, high energy value, relatively low production costs, and extended
shelf life [1]. At present, wheat flour is being replaced by Andean pseudocereals because of
its higher protein content, improving the nutritional quality of processed products [2].

The giant squid fishery is one of the most important in Peru, with a significant increase
of 46.1%. However, only 50-60% of this marine resource is harvested; its by-products could
be used to obtain high-value-added bioactive products such as gelatin, collagen, chitin,
protein concentrates, and essential fatty acids, among others [3]. Collagen is a protein
source with functional peptides with biological activity and important health benefits such
as the recovery of cartilage tissues, tendons, ligaments, and reduction in joint pain. It is
also used for its techno-functional properties in food development due to its high-water
absorption capacity, ability to texturize, thicken and form gels [3].

Quinoa (Chenopodium quinoa) is a grain native to South America, with more than
250 species whose world production is led by Peru, Bolivia and Ecuador [2]. Seven-seed
flour is a mixture of oat (Avena sativa L.), corn (Zea mays), fava bean (Vicia faba), pea (Pisum
sativum), cocoa (Theobroma cacao), quinoa (Chenopodium quinoa), and maca (Lepidium meyenii)
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flours, which is high in protein, amino acid and essential fatty acid, vitamin and mineral
content [4]. Sacha inchi oil (Plukenetia huayllabambana) contains polyunsaturated fatty acids
(58%) with a high content of linolenic acid (55%). Its consumption is of great importance
for health to prevent cardiovascular diseases, reduce low-density lipoproteins (LDL) or
cholesterol and triglycerides [5].

The objective of this research was to develop cookies with native collagen from pota
nape to evaluate the effect of collagen on the proximal composition, total polyphenols,
antioxidant activity (DPPH), amino acid analysis, in vitro digestibility, sensory evaluation,
microbiological analysis, health law, shelf life, and mineral content.

2. Materials and Methods
2.1. Raw Materials

Native collagen from pota (Dosidicus gigas) nape was extracted with NaOH 0.15 N
for 30 h, then dried by infrared (IRC D18, Irconfort, Seville, Spain) at 60 °C, ground
(Grindomix GM200, Restch, Haan, Germany) and stored in aluminized bags until further
use [6]. The ingredients used were native collagen from pota nap, flour from seven seeds
(oats, corn, beans, broad beans, peas, cacao, quinoa, and maca Lepidium meyenii), quinoa
flour, cornstarch, panela, baking powder, salt, egg, vanilla essence, sacha inchi (Plukenetia
huayllabambana) oil, and corn oil. All ingredients were purchased at the market in Lima,
Peru. The sacha inchi seeds were collected in the province of Rodriguez de Mendoza,
Amazon region, Peru. Sacha inchi oil was cold-pressed at the Functional Food Laboratory
of the University of Lima, Peru, and stored at 4 °C in a dark flask.

2.2. Amino Acid Profile

The amino acid profile was estimated according to Chasquibol et al. [7]. Amino acids
were determined in the acid hydrolysate by high-performance liquid chromatography
(Acquity Arc, Waters, Milford, MA, USA) using D, L-a-aminobutyric acid as internal
standard and a 300 mm x 3.9 mm reversed-phase column (Nova Pack C18 4 um; Waters,
Milford, MA, USA), and the resultant peaks were analyzed with Empower 3 software
(Waters, Santa Clara, CA, USA). The calibration curves for each amino acid were developed
using a mix of the amino acid standards at the same hydrolysis conditions of the samples
(Merck, Madrid, Spain). Furthermore, tryptophan content was assessed according to the
method described by Yust et al. [8]. Analyzes were performed in triplicate and presented
as mean values.

2.3. Cookies Formulations

The cookies were formulated according to the essential amino acid composition of
seven seeds (oats, corn, beans, lima beans, peas, cocoa, quinoa, and maca), seed flour,
quinoa flour, and squid nape collagen (Table 1). The powdered ingredients, including colla-
gen, were mixed with the egg and vanilla essence for 10 min in the blender (FPSTSMPL1-
053, Oster, Guandong, China). Then, corn and sacha inchi (Plukenetia huayllabambana) oil
were added and mixed for 5 min. The cookie dough was divided into portions of 12.0 &
0.5 g and shaped into circular cookies approximately 6 mm thick and 5 cm in diameter. The
samples were baked for 13 min at 155 °C in a convection oven (HEB60R, Imaco, Guandong,
China), cooled and stored in glass jars until further use.

2.4. Cookie Characterization
2.4.1. Proximal Composition

The proximal composition was carried out according to Chasquibol et al. [7]. The
moisture content was determined at 110 °C to constant weight. The total protein content
was determined as % nitrogen X 6.25 using a Kjeldahl analyzer (UDK 139, VELP, Usmate
Velate, Italy). The ash content was determined by incineration at 550 °C for 72 h, in a muffle
furnace. The fat content was determined with hexane for 4 h. Analyzes were performed in
triplicate and presented as mean values.
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Table 1. Cookies formulations with native collagen protein from pota (Dosidicus gigas) nape.

Ingredients C F1 F2 F3 F4
Seven-seed flour (g) 4 4 4 4 4
Quinoa flour (g) 17.6 15.6 13.6 11.6 9.6
Cornstarch (g) 6.5 6.5 6.5 6.5 6.5
Panela (g) 8 8 8 8 8
Baking Powder (g) 0.4 0.4 0.4 0.4 0.4
Salt (g) 0.4 0.4 0.4 0.4 0.4
Eggs (g) 6.5 6.5 6.5 6.5 6.5
Vainilla Essence (g) 0.6 0.6 0.6 0.6 0.6
Corn Oil (g) 32 3.2 3.2 3.2 3.2
Sacha Inchi oil (g) 2.8 2.8 2.8 2.8 2.8
Native collagen from pota nape (g) 0 2 4 6 8

C: Control, F1: Formulation 1, F2: Formulation 2, F3: Formulation 3, F4: Formulation 4.

2.4.2. Total Phenolic Content

The total phenolic content (TPC) was determined by Folin-Ciocalteau method [7] at
760 nm using a spectrophotometer (1280 UV-Vis Spectrophotometer Shimadzu, Kyoto,
Japan). The results were expressed as pug of gallic acid equivalent (GAE)/g cookie. A
calibration curve of 0.8-18 mg GAE/L was carried out. Analyzes were performed in
triplicate and presented as mean values.

2.4.3. Antioxidant Activity

The antioxidant activity was determined by the DPPH method [7] with some modi-
fications at 517 nm by spectrometry (1280 UV-Vis Spectrophotometer Shimadzu, Kyoto,
Japan). The results were expressed as pug Trolox/g cookie. A calibration curve of 1.5-100 mg
Trolox/L was carried out. Analyzes were performed in triplicate and presented as mean
values.

2.4.4. Amino Acid Profile

The amino acid profile was determined according to Item 2.2.

2.4.5. In Vitro Digestibility (IVPD)

In vitro protein digestibility was measured according to Tapia et al. [9].

2.4.6. Microbiological Analysis

The cookies were analyzed microbiologically to stablish the microbiological criteria of
sanitary quality and safety for food and beverages for human consumption [7].

2.4.7. Determination of Na, Total Sugar, Saturated Fat, and Trans-Fat

The concentrations of Na, total sugar, saturated fat, and trans fat were determined by
official methods. Analyzes were performed in triplicate and presented as mean values.

2.4.8. Determination of Mineral Content

The concentrations of Ca, Cu, Fe, K, Mg, Na, P, Zn were determined by atomic absorp-
tion spectrophotometry (Nexion 350x, Perkin Elmer, MA, USA) according to Chasquibol
et al. [7]. The results were expressed in mg/kg. Analyzes were performed in triplicate and
presented as mean values.

2.4.9. Lifetime Analysis
The Rancimat method was determined at temperatures of 100, 110, and 120 °C [5].
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2.4.10. Sensory Evaluation

The sensory evaluation test was performed with 30 panelists using a 9-point hedonic
scale from 1 (I dislike it very much) to 9 (I like it very much) with a mean value of 5 (I
neither like it nor dislike it) [7].

2.4.11. Statistical Analysis

Results were expressed as mean =+ standard deviation. All measurements were
determined in duplicate or triplicate. Analysis of variance (ANOVA) was used to analyze
data acquired at a 95% significance level with Minitab 19.0 Software (Minitab Inc., State
College, Palo Alto, CA, USA).

3. Results and Discussion

Table 2 shows the proximal composition of the cookies. The moisture (4.7 £ 0.1-5.6 £ 0.2%)
and ash content (3.0 £ 0.1-3.83 £ 0.09%) of the four formulations did not present statisti-
cally significant differences to the control sample (4.43 £ 0.08%), (296 + 0.01%). The fat
(15.29 +£ 0.05-15.8 & 0.1%) content did not present statistically significant differences to the con-
trol sample (14.60 £ 0.02%) besides the contribution of sacha inchi (Plukenetia huayllabambana)
oil [5].

Table 2. Proximal composition, total polyphenol, antioxidant activity, and in vitro digestibility of
cookies with native collagen protein from pota (Dosidicus gigas) nape.

Proximal Composition C F1 F2 F3 F4
Moisture (%) 443 4+0.084 470 4+0.14¢ 490 4+ 0.13 b¢ 5.05 4+ 0.06 ° 5.63 4+ 0.152
Ash (%) 2.96 +0.01°¢ 296 +0.14°¢ 3.09 +0.00 3.30 £ 0.05° 3.83 +0.09 @
Fat (%) 14.60 + 0.02 © 15.29 + 0.05° 15.38 + 0.08 P 15.78 4 0.03 @ 15.83 £ 0.10
Protein (%) 8.33 +0.00° 11.66 + 0.25 4 15.77 £ 0.14 ¢ 18.57 + 0.44 20.82 4+ 0.40 2
Carbohydrates (%) 69.69 = 0.66 65.39 & 0.82° 60.86 + 0.49 © 57.30 & 0.82 4 53.89 = 1.05 ©
Total polyphenol 1174.21 + 53.78 2 934.52 + 23" 956.18 + 48.23 b 873.11 4+ 78.08® 618.61 + 24.06 ©
(g GAE/ g)
Antioxidant Activity
DPPH 8525.97 £ 207.98 @ 8181.79 £ 59.49 @ 8323.34 + 109.55 2 8420.88 +200.112  8368.92 £ 73.0272
(ug trolox/g)
In vitro ?;%es“b‘hty 72.54 & 0.51 % 70.82 + 0.13P 74.62 £ 0.90 2 72.99 £ 0.13 73.62 4 0512

Results are expressed as means + SD (n = 3). abcde yalues in the same row with different letters differing
significantly when p < 0.05.

The protein (11.7 4= 0.3-20.8 = 0.4%) content in the cookie formulations was statistically
higher than the control sample (8.3 + 0.0%) due to the contribution of native collagen
protein from the pota (Dosidicus gigas) nape. Formulation F4 was selected because of its
high protein (20.82 & 0.40%) content, and according to Codex Alimentarius CAC/GL
23-1997 it could be declared as a protein-rich food for children under 5 years of age.

The total polyphenol content of formulations with collagen, (618 & 24 ug GAE/g to
956 + 48 ug GAE/g) was statistically lower than the control sample (1174 4 53 ug GAE/g).
This is due to high content of quinoa in the control sample, which contains a high amount
of polyphenols (1089-1399 ug GAE/g) [2].

The antioxidant activity of formulations (8181 =+ 59 pg trolox/g—8421 4 200 pg trolox/g),
did not present statistically significant differences with the control sample (8525 + 207 pg
trolox/g). The antioxidant contribution is due from quinoa (7000-15,000 ug trolox/g) [2].

In vitro digestibility (%) of formulations (70.8 £ 0.1% to 74.6 = 0.9%), did not present
statistically significant differences to control sample (72.54 & 0.51%). This high digestibility
is due to the high er digestibility (83.530 4 0.007%) of quinoa protein.

The amino acid composition of cookies showed a balanced profile according to the FAO/WHO
recommendations (Table 3). The essential amino acids found were histidine (21 &+ 6-25 £ 1 mg/g
protein), threonine (34 & 241 & 4 mg/g protein), tyrosine (14 4= 4-20.40 £ 0.07 mg/g protein),
phenylalanine (40 & 2-62 + 1 mg/g protein), valine (30 4= 3-46 4 0.2 mg/g protein), isoleucine
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(25 £ 5-38.2 £ 0.9 mg/g protein), and tryptophan (3.8 & 0.6-8.1 & 0.6 mg/g protein). The cookie
formulations with collagen showed a high hydroxyproline content (21 &+ 1-48 &+ 1 mg/g protein).
According to Paul et al. [3], the daily intake of collagen is 2.5-15 g per day, and a 50 g package of

Formulations F1 to F4 is within this range.

Table 3. Amino acid profile of cookies with native collagen protein from pota (Dosidicus gigas) nape.

mg Amino Acid/g Protein

Amino Acid
C F1 F2 F3 F4 FAO
Aspartic Acid 84.03 +0.832 83.33 + 15.28 @ 83.27 4+ 35.132 7141+ 2542 81.37 +3.042
Glutamic Acid 142.62 + 5.38 2 131.73 4+ 18.352 136.40 + 55.34 2 109.75 4 4.84 2 120.75 4+ 5.16 2
Serine 46.07 £3.75b 56.88 + 1.42 2P 68.35 + 25.19 2P 64.90 + 4.56 2P 80.28 +1.17°2
Histidine 2598 +1.152 2593 4 0.882 24.39 4+ 6.752 2149 + 6.872 23.75 +£0.122 15
Glycine 57.39 + 4.12b 115.97 + 18.31 2 125.54 + 56.86 2P 126.21 + 1.97 2 158.45 +9.03 2
Threonine 40.74 + 1.67° 41.26 + 3.61° 4115+ 18.122 34.60 + 1.872 395+1.392 23
Arginine 62.11+3.72 7213 £ 4.642 76.36 £ 26.65 2 63.65 + 6.54 2 76.94 + 4972
Alanine 4933 + 1552 57.88 4+ 8232 59.30 4 28.05 2 52.06 + 1.78 2 60.85 4+ 3.152
Proline 71.97 + 41972 108.67 + 106.99 2 138.91 + 3.06 2 113.93 + 4.252 130.39 4 70.83 2
Tyrosine 204 +0.072 17.95 +1.252 18.00 + 5.88 2 13.83 +3.612 15.39 + 0452 38*
Valine 46.04 +0.15° 4131 + 4612 39.23 +15.252 30.11 +2.562 33.04 + 0.96 2 39
Methionine 093 +0.19" 2.79 + 1.38 b 593 +1.312 4.02 +£2.352 3.03 +1.572b 20 #*
Cysteine 6.340.072 438+ 02220 381 +1.61° 212 +1.15b¢ 1.01 +0.03 ¢
Isoleucine 38.2 +0.932 33.68 +3.142 31.70 4+ 12.452 2521 + 54242 27.24 40932 30
Phenylalanine 62.42 +1.282 55.08 4+ 5.322 50.34 4 19.48 2 40.05 4+ 2.152 43.98 + 1.46°
Leucine 5049 + 1.1 42.03 + 3.582 41.56 + 16.67 @ 31.90 + 3.412 32.66 4+ 2.282 59
Lysine 43.56 +0.812 35.77 + 2.87 34.93 4 12.22 2 24.16 4+ 2.14P 239 +0.55P 45
Tryptophan 8.05 £ 0.632 5.55 + 0.99 2 4.63+1.06° 414+151° 3.76 + 0.61° 6
Hydroxyproline Nd 21.57 + 1344 31.90 +2.21°¢ 40.68 +1.72P 4832 +1.247°

* Tyrosine + Phenylalanine, ** Methionine +Cysteine, Nd: Not determined. Results are expressed as means + SD
(n = 3). #Pd values in the same column with different letters differ significantly when p < 0.05.

Figure 1 shows the radial graph of the sensory evaluation (color, taste, texture, smell)

of the developed cookie formulations, with a positive sensory appreciation equivalent to
77.78% positivity.

Texture

Taste

Overall
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7
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Figure 1. Radial plot of sensory evaluation of cookies with native collagen protein from pota (Dosidicus
gigas) nape.
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The results of microbiological analysis for Formulation F4 (Table 4) were evaluated
with the maximum values allowed according to Ministerial Resolution 591-2008-MINSA-
Peru [7] and complied with the established requirement.

Table 4. Microbiological analysis, sodium, total sugar, saturated fat, and trans-fat content of formula-
tion F4 with native collagen protein from pota (Dosidicus gigas) nape.

Maximum According to

Analysis Result Standard
*Bacillus cereus Numbering (CFU/g) <100 102 *
E. coli Numbering (MPN/g) <3 20*
Fungi: Molds Numbering (CFU/g) <10 103 *
Salmonella Detection Absence Absence *
Staphylococcus aureus Numbering 2%
(CFU/g) <10 10
Total sugars (g/100g) 18.67 + 1.49 10 **
Sodium (mg/100 g) 343.98 £2.75 400 **
Saturated fats (g/100 g) 213 +£0.17 4%
Trans fats (g/100 g) <0.01 + 0.001 5 **
Life time (days) 184 60 ***

Results are expressed as mean = SD (n = 3). * Ministerial Resolution 591-2008-MINSA-Peru. Sanitary standard
that establishes the microbiological criteria of sanitary quality and safety for food and beverages for human
consumption. CFU: Colony Forming Units. MPN: Most Probable Number. ** Law No. 30021 Law on the
Promotion of Healthy Eating for Children and Adolescents, regulated in Supreme Decree No. 017-2017-SA-Peru.
*** De Magalhaes et al. [1].

The sodium (343 + 3 mg/100 g) content, saturated fat (2.1 + 0.1 g/100 g), and trans
fat (<0.01 £ 0.001 g/100 g fat) content for Formulation F4 (Table 4) are within the limits
established by Peruvian legislation; however, the total sugar (18 £ 1 g/100 g) content is
higher due to the high sugar (3-8 g/100 g) content present in quinoa [2].

The developed cookies (F4) presented a shelf life of 184 days by the Rancimat method [5].
According to De Magalhaes et al. [1], the cookies lose their physicochemical properties after
60 days of storage due to moisture absorption and decrease in organoleptic quality in the
developed product.

Formulation F4 showed important quantity of minerals (Table 5): calcium (3892 & 194 mg/kg),
potassium (3222 + 161 mg/kg), magnesium (2108 & 105 mg/kg), zinc (45 & 2 mg/kg), copper
(3.3 £ 0.2mg/kg), and iron (39 £ 2 mg/kg). According to the daily requirements for children
under 5 years of National Institute of Health [10], Formulation F4 covers about 19.46% of daily
calcium requirement, 81.08% of magnesium, 7.01% of potassium, and 19.41% of iron.

Table 5. Mineral analysis of Formulation F4 with native collagen protein from pota (Dosidicus gigas)

nape.
Mineral/Metal Result
Calcium (mg/kg) 3892.75 £ 194.64
Potassium (mg/kg) 3222.35 +161.12
Magnesium (mg/kg) 2108.15 4+ 105.41
Zinc (mg/kg) 45.32 £2.27
Iron (mg/kg) 38.81 +£1.94
Cupper (mg/kg) 3.31 £0.17
Phosphorus (mg/kg) <20

Results are expressed as means + SD (n = 3).

The developed cookies had better nutritional characteristics than commercial cookies.
So, the cookie developed could contribute to the reduction in malnutrition in our country.
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4. Conclusions

The native collagen from the nape of the squid (Dosidicus gigas) can be used to de-
velop functional foods such as cookies. Formulation F4 presented high protein, in vitro
digestibility, total polyphenol, and antioxidant activity. Also, Formulation F4 contains high
hydroxyproline content and a balanced amino acid profile according to FAO. Formulation
F4 had high sensory acceptance and complied with microbiological and health law require-
ments according to Peruvian legislation. In addition, Formulation F4 had a long shelf life
with significant content of calcium, potassium, and magnesium.
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Abstract: In recent years, consumers have been increasingly concerned about their health. Therefore,
the snack market is rapidly developing more innovative and functional products such as cereal
bars. Quinoa (Chenopodium quinoa) and kiwicha (Amaranthus caudatus) are Andean pseudocereals
with protein (10.90-11.35%) content and other functional components that reduce the risk of cardio-
vascular diseases and inflammatory illnesses. Peru is the world’s second largest exporter of Pota
(Dosidicus gigas), with 476.5 million metric tons in 2023; however, only between 50% and 70% of it
has been taken advantage of. Pota by-products such as skins, viscera, and necks have significant
protein content (70%) and are discarded. In this investigation, cereal bar formulations with Pota
by-products and Andean pseudocereals were optimized and characterized using a five-run simplex
centroid mixture design. The effects of two independent variables were examined, namely colla-
gen (2-8%) and binders (22-28%), on the sugar (%), protein (%), and antioxidant (ug Trolox/g dry
weight, dw) content as response variables. The optimized cereal bar (M6) showed high protein
(21.27 £ 1.51%) content, moisture (10.37 £ 0.04%), ash (2.57 £ 0.03%), fat (15.12 £ 0.15%), carbohy-
drates (53.67 £ 1.70%), total polyphenol (1570 + 267 ug Gallic acid equivalent/g dw) content, antiox-
idant activity (1656 & 77 ug Trolox/g dw), essential amino acid-leucine (15.65 + 1.83 mg/g protein)
content, and higher in vitro digestibility (78.78 £ 1.40%) than the control sample. The cereal bar had
a positive sensory acceptability (88.89%) and complied with Peruvian standards. The functional bar
emerges as a nutritious alternative in the food industry and proposes a sustainable solution using
Pota by-products, fostering a circular economy.

Keywords: circular economy; functional bars; native collagen; non-communicable diseases; Pota
by-products; pseudocereals

1. Introduction

The reuse of fishery waste and by-products could be valuable for developing products
with high nutritional content, offering various potential applications across industries and
contributing to economic growth. These by-products are rich in proteins, with collagen
being the most prevalent, constituting about 30% of the total protein content in animals
and found in tissues such as skin, tendons, bones, cartilage, and ligaments [1,2].

Consumer habits are evolving, with more people opting for healthier snacks like
nutrient-rich bars that offer real health benefits. Cereal bars have become a popular choice
worldwide because they are not only nutritious and low in calories but also help satisfy
hunger quickly and support better overall health [3].
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This study focuses on the optimization and characterization of the first Andean pseudo-
cereal bar formulated with quinoa (Chenopodium quinoa) and kiwicha (Amaranthus caudatus),
enriched with collagen extracted from by-products of Pota (Dosidicus gigas).

2. Materials and Methods
2.1. Raw Material

Flakes of Andean pseudocereals, quinoa (Chenopodium pallidicaule Aellen) and kiwicha
(Amaranthus caudatus linnaeus), along with raisins and pecans, were obtained from a local
market in Lima, Peru. Tarwi legume (Lupinus mutabilis) was washed and dehydrated in
an infrared dryer (IRC D18, Irconfort, Sevilla, Spain) at 60 °C for 12 h in the Functional
Foods Laboratory at the Universidad de Lima, Peru. The dehydrated tarwi was then
grounded using a food shredder (Grindomix GM200, Restch, Haan, Germany) to obtain
tarwi flour. By-products of Pota (Dosidicus gigas) were collected from the Piura Department,
Peru. The process for extracting collagen from these by-products was determined following
the method described by [4] with 5 N NaOH for 30 h, followed by washing, dehydration,
grinding in the food shredder, and sieving to 212 um. The binder was obtained by extracting
pineapple juice and mixing it in a 1:20 ratio with flaxseed at 40 °C for 2 h. All samples were
stored in aluminized bags at room temperature for subsequent analysis.

2.2. Formulation Optimization

A simplex-centroid mixture design (SCMD) based on response surface methodology
(RSM) was implemented. The design included 5 treatments and 2 central point replicates
with two components, which were collagen (2%, 3.5%, 5%, 6.5%, 8%) and the pineapple
binder (28%, 26.5%, 25%, 23.5%, 22%). This design was based on a cereal bar formulation
to evaluate the impact of native collagen derived from Pota by-products. The dependent
variables assessed were protein content (%), antioxidant activity (%), and sugar content (%).
The highest compound desirability was used as a statistical indicator to validate the product
design. The analysis used Minitab 19.0 statistical software (Minitab Inc., State College,
Palo Alto, PA, USA).

2.3. Sample Preparation

Five samples were prepared with different amounts of Pota nape collagen (2-8%)
and binder (22-28%) while maintaining proportions of quinoa (17%), kiwicha (17%), tarwi
flour (20%), raisins (7%), pecans (7%), and pineapple fiber (1%). All the dry ingredients were
mixed, including the flakes roasted at 60 °C for 10 min and the crushed nuts. The binder
was incorporated into the mixture at room temperature and mixed until homogeneous.
The mixture was poured into a mold and refrigerated for 15 min. Afterwards, it was
wrapped in butter paper and baked at 180 °C for 12 min, obtaining sticks of 20 to 25 g and
stored in aluminized bags for later use.

2.4. Physicochemical Characterization
2.4.1. Proximal Composition

The moisture content of the cereal bars was determined at 110 °C at a constant weight.
The ash content was determined by an ignition method (550 °C for 72 h). The fat content
was determined with hexane for 9 h, and the total protein content was determined as % nitro-
gen X 6.25 using a Kjeldahl analyzer (UDK 139, VELP, Usmate Velate, Italy) by official methods.
Each analysis was conducted in triplicate, and the results were presented as mean values.

2.4.2. Total Phenolic Content (TPC)

The total phenolic content (TPC) of the Andean pseudocereal bars was measured
using the Folin—Ciocalteau method [5]. A total of 15 mg of the sample was dissolved in
4.5 mL of methanol and 2.5 mL of Folin—Ciocalteau reagent 2 N, and the mixture was
stirred using a vortex for 1 min. After 5 min, 2.5 mL of sodium carbonate solution (20%)
was added, and the mixture was left at 40 °C for 30 min. The absorbance was measured
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at 760 nm with a spectrophotometer (UV 1280 Vis Spectrophotometer Shimadzu, Kyoto,
Japan). The results were expressed as ng of Gallic acid equivalents (GAEs) per gram of dry
sample. Each analysis was conducted in duplicate as mean values.

2.4.3. Antioxidant Activity

The antioxidant activity of the samples was evaluated using the DPPH method [5]
with certain modifications; a total of 15 mg of the samples was resuspended in 4.5 mL of
methanol/acetic acid/water (50:8:42, v/v/v), stirred using a vortex for 1 min, and left in
a water bath for 20 min at 80 °C. Then, 3.9 mL of 25 ppm 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) radical solution (2.5 mg DPPH in 100 mL MeOH) was added, and the samples
were left in the dark at 25 °C. The mixture was stirred using a vortex for 1 min and the
absorbance was measured at 517 nm by spectrometry (UV 1280 Vis Spectrophotometer
Shimadzu, Kyoto, Japan). The results were reported as pg Trolox/g of the dry sample.
Each analysis was performed in triplicate and presented as mean values.

2.4.4. In Vitro Protein Digestibility (IVPD)

In vitro protein digestibility was assessed using the method of Tinus et al. (2012) [6]
with slight modifications. The results are reported as

IVPD (Digestibility (%) = 65.66 + 18.10 x (pH 0 min — pH 10 min))

2.5. Determination of Amino Acid Profile

The amino acid profile was determined following the method described by Chasqui-
bol et al. [4]. Acid hydrolysis was conducted for all amino acids except tryptophan, which
underwent basic hydrolysis. Protein samples (4 mg) were incubated in 4 mL of 6 N HCl at
110 °C for 24 h in nitrogen-sealed tubes. The hydrolyzed samples were then reconstituted
in 1 M sodium borate with 0.02% sodium azide at pH 9.0. The samples were then quantified
using HPLC (ARC, Waters, Milford, CT, USA) equipped with a C18 reverse phase column
with an internal diameter of 150 mm x 3.9 mm. The calibration curves for each amino acid
were developed using a mix of the amino acid standards at the same hydrolysis conditions
of the samples. Each analysis was performed in triplicate and presented as mean values.

2.6. Sensory Analysis

A panel of 30 individuals (aged 20 to 51) evaluated the sensory attributes of appearance,
color, aroma, taste, flavor, texture, and overall acceptability. The evaluation was conducted
using a 9-point hedonic scale (1 = extreme dislike, 9 = extreme liking) [7].

3. Results and Discussion
3.1. Formulation Optimization

The results obtained for all samples are presented in Table 1. With a composite desir-
ability of 66.78%, the optimal formulation of the cereal bar features a collagen concentration
of 6% and a pineapple binder concentration of 24%. According to the response variables
estimated using Minitab 0.19 software, the enriched cereal bar displays a theorical protein
content of 21.77%, a theorical antioxidant activity of 1800.10 pg Trolox/g dw, and a theorical
sugar content of 5.95%.

Table 1. Results of the response variables for the optimal formulation.

Sample Protein (%) Sugar (%) (ug Tzf:xl;lg dw)

M1 (2% CPBP) 18.10 £ 0.68 8.03 +£0.72 1420.84 4 712.78
M2 (3.5% CPBP) 19.88 +1.48 5.88 +0.28 1557.24 4 488.51
M3 (5% CPBP) 20.73 +1.46 6.10+0.76 1713.52 & 520.54
M4 (6.5% CPBP) 24.28 £+ 0.04 7.16 £0.57 1744.08 £ 482.09
M5 (8% CPBP) 24.31 £1.28 5.52 + 0.49 1870.80 4= 449.99

Results are expressed as means + SD (n = 3).
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3.2. Physicochemical Characterization

Table 2 presents the physicochemical characterization of the optimal bar (M6), control
sample bar (C), and commercial cereal bars (CCB). The M6 bar exhibited a high protein
content (21 & 2%), significantly exceeding the 10% threshold required to be classified as a
high-protein food according to the FAO and the 8.5% minimum standard for cereal-based
products according to NTP-PNAEQW [8]. Regarding sugar content, M6 recorded a value
of 3.94 £ 0.03%, which is lower than the control value of 9.5% and complies with the
maximum allowable level of 10% established by Law No. 30021 [9]. Additionally, the
carbohydrate content (53 £ 2%), ash content (2.57 £ 0.03%), and fat content (15.1 £ 0.2%)
in M6 were all superior to those of C and CCB [10].

Table 2. Proximate composition of the optimized Andean pseudocereal bar.

Sample  Moisture (%) Fat (%) Protein (%) Ash (%) Carb‘(’%drate
0o
M6 1037 £004 15124015 2127 +£151 2574003  53.67 +1.70
C 7 165 7.5 15 68
CCB 7.9 421 13.1+38 55413 11403 66.0 + 7

Results are expressed as means + SD (n = 3). Data available from Oliveira-Carrion et al. [10].

3.2.1. Total Phenolic Content (TPC) and Antioxidant Activity

The phenolic content found in M6 was 1569 + 268 ug GAE/g dw. Additionally, the
antioxidant activity measured by DPPH was 1656 + 77 pg Trolox/g dw. These results were
lower than the commercial bars because our primary antioxidant activity is believed to come
from the action of serine protease derived from collagen, used in waste valorization processes
and the extraction of naphthol esters, acetates, and triacylglycerols. Unlike commercial cereal
bars that rely on various sources of antioxidants, these phenolic compounds are particularly
noteworthy for their potent antioxidant properties and anti-inflammatory effects [11].

3.2.2. In Vitro Protein Digestibility (IVPD)

The cereal bar presented high in vitro digestibility IVPD (78.78 + 1.40%), which was
higher than the IVPD extruded snack (74.40 £ 0.51%) [7]. These results indicate that the
cereal bar could be an important source of protein and polyphenols for consumers.

3.3. Determination of Amino Acid Profile

The amino acid profile composition showed histidine (25.1 + 0.9 mg/g protein),
isoleucine (35 £ 1 mg/g protein), phenylalanine + tyrosine (56.78 & 2.6 mg/g protein), thre-
onine (42 &+ 2 mg/g protein), tryptophan (10.8 & 2 mg/g protein), and valine (41 £+ 3 mg/g
protein). However, leucine (57.60 £ 0.52 mg/g protein), lysine (31.6 &= 0.3 mg/g protein),
and methionine + cysteine (18.0 &= 0.5 mg/g protein) are limited components. According to
the FAO/WHO recommendations for healthy nutrition, the amino acid composition of the
M6 bar displays a well-balanced profile.

3.4. Sensory Analysis

It is concluded that both the optimized bar (M6) and the control sample (C) were well
received by the panelists. The M6 bar achieved scores above six in all evaluated attributes,
with appearance and color standing out with a rating of eight and an overall acceptability
of 88.89%.

4. Conclusions

The incorporation of pseudocereals, such as quinoa and kiwicha, and collagen ex-
tracted from Pota by-products, significantly enhanced the physical properties of the (M6)
cereal bar, including increased protein and antioxidant content and lower sugar and carbo-
hydrate levels, compared to the control sample (C) and commercial cereal bars (CCB). This

133



Biol. Life Sci. Forum 2024, 37, 21

development, positively evaluated by a sensory panel and compliant with NTP-PNAEQW
(2022) and Law No. 30021 (2013), represents an innovative and sustainable approach that
enhances market acceptance.
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Abstract: Plant-based milk alternatives are a rapidly growing niche in functional beverages, driven
by demand from vegans and lactose-intolerant consumers. However, commercial options often have
low protein content (<1.5%) and contain additives. Tarwi, native to the Andes, is rich in protein
(45%), oils, and essential nutrients, while blueberries offer flavor and health benefits. Cushuro (Nostoc
sphaericum), is an Andean microalga and contains high protein content and polysaccharides (42%).
The objective of this research was to develop a plant-based beverage (PBB) with tarwi (Lupinus
mutabilis), polysaccharides from cushuro (PC) and blueberry extract (Vaccinium corymbosum)(BE),
compared with a control sample with carboxymethyl cellulose (CMC), a commercial thickening
agent. The beverage was optimized and characterized using a design of rotatable central composite
of surface methodology with nine formulations and four replicates in the center point. The effects
of three independent variables were examined: tarwi milk (45% to 55%) and polysaccharides from
cushuro (0.05% to 0.2%). The variable blueberry extract content was used as the differential factor
between these two conditions. The response variables were protein (%) content and viscosity
coefficient (mPa-s). The optimized beverage showed high protein (2.72%) content, viscosity coefficient
(23.05 mPa-s), °Brix (2.5), pH (4.49), and acceptable sensory attributes using a 1-to-9-point hedonic
scale with 67% positive acceptance. This powdered beverage complied with the Peruvian normative
NTP 203.111.2021. Thereby, the plant-based beverage could be a nutritious alternative to functional
plant-based beverages.

Keywords: blueberry; polysaccharides; microalgae; tarwi milk; plant-based beverage; protein

1. Introduction

The global PBB market is estimated to be worth USD 12.1 to USD 18.5 billion by
2022, and it is projected to reach over USD 24 billion by 2025. Consumers are increasingly
adopting a healthy plant-based diet, which is the reason why the food industry is orienting
its production towards plant-based products as an alternative to an animal-based diet.
Despite the high nutritional value of animal-based foods, the intake of fatty meats can
increase the risk of non-communicable diseases (NCDs) [1]. Most vegetable drinks (almond,
oat, cashew, etc.) contain less than 1.5% protein and have a low concentration of essential
amino acids (35.1% = 0.2%) [2]. Tarwi (Lupinus mutabilis) is a legume cultivated in the
Andes of Peru, Bolivia, and Ecuador. It contains protein between 32% and 51.6%, a high oil
(13-24%) content, and minerals such as iron, magnesium, and phosphorus [3]. Blueberries
(Vaccinium corymbosum) are high in anthocyanins, which act as protective antioxidants
against oxidative stress and inflammation. Cushuro (Nostoc sphaericum) is an Andean
microalga that grows at more than 3000 and 4000 m.a.s.l. It is consumed for its high content
of fiber, proteins, vitamins, minerals, and polysaccharide compounds [4] that can be used
as stabilizers and thickening properties in the beverage and food industry.
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The objective of this research was to optimize, characterize and evaluate the PBB
with polysaccharide from cushuro (Nostoc sphaericum), tarwi milk (Lupinus mutabilis) and
blueberry extract (Vaccinium corymbosum) with the commercial additive CMC.

2. Materials and Methods
2.1. Raw Material

Tarwi (Lupinus mutabilis) was obtained from the Collahuasi district (3310 m.a.s.l.),
Recuay province, Ancash region, Peru. The tarwi seeds were placed in a container filled
with water (1:2 w/v). It was soaked for 24 h, changing the water approximately every 6 h.
The hydrated tarwi seeds were boiled in water for 2 to 3 h to remove the bitter alkaloids
present in the seeds. Blueberry (Vaccinium corymbosum) was obtained in the local market of
Lima City, Peru.

The polysaccharide from cushuro (Nostoc sphaericum) was obtained at Laboratorio
de Alimentos Funcionales of the Universidad de Lima, according to Chasquibol et al. [5].
The cushuro flour was mixed with water, heated to 80 °C, and stirred for 30 min. The
supernatants were filtered under vacuum using a muslin cloth. The final filtrate was con-
centrated with a rotary evaporator (Buchi B-100, Flawil, Switzerland) and then precipitated
using isopropanol (70%). The precipitate was dried at 50 °C and stored in aluminized bags
at room temperature until use.

2.2. Experimental Design

To optimize protein content (%) and to obtain a viscosity coefficient greater than
22 mPa-s, the experimental design employed a response surface methodology (RSM) with
a rotating central composite design (CCD) using Minitab 19 software (USA). Two inde-
pendent variables were used: X1—tarwi milk (TM) (%), and X2— polysaccharides from
cushuro (PC) (%). The blueberry extract content variable was determined by the differential
between the two previous factors (Table 1). The TM concentration was optimized in the
range between 45% and 55% to maintain the purple color of the blueberry and avoid the
white color of the tarwi milk. Additionally, the blueberry extract concentration variable
was determined by the differential between the above factors (Table 1).

Table 1. Experimental design to development of plant-based beverages formulations with tarwi milk
(TM), blueberry extract (BE), and polysaccharides from cushuro (PC).

Formulation StdOrder RunOrder PtType Blocks TM (%) PC (%) BE (%)
F1 1 1 1 1 45.00 0.05 54.95
F2 2 2 1 1 55.00 0.05 44.95
F3 3 3 1 1 45.00 0.20 54.80
F4 4 4 1 1 55.00 0.20 44.80
F5 5 5 -1 1 4293 0.13 56.94
F6 6 6 -1 1 57.07 0.13 42.80
F7 7 7 -1 1 50.00 0.02 49.98
E8 8 8 -1 1 50.00 0.23 49.77

Fo? 9 9 0 1 50.00 0.13 49.87
F10 10 10 0 1 50.00 0.13 49.87
F11 11 11 0 1 50.00 0.13 49.87
F12 12 12 0 1 50.00 0.13 49.87
F13 13 13 0 1 50.00 0.13 49.87

2 F9, central point worked with four repetitions. Variable blueberry extract are the difference between tarwi milk
(TM) and polysaccharides from cushuro (PC).

2.3. Development of the Beverages

For the development of the plant-based beverages (PBBs), fresh tarwi was liquefied in
a solid-to-water ratio 1:3 (w/v). Blueberries were heated in a beaker with water (1:3 w/v) at
80 °C for 15 min to retard all biochemical reactions produced by the polyphenol oxidase
enzyme during processing. The blueberry extract was vacuum filtered and mixed with
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the tarwi milk and polysaccharide from cushuro. Complete homogenization was carried
out in a blender at a speed of 2900 rpm for 1.5 min and the PBB was pasteurized at 80 °C
for 10 min and cooled in a water bath at 20 °C. The control sample was prepared with
carboxymethylcellulose (CMC) in substitution of polysaccharide from cushuro.

2.4. Proximal Composition

The ash content was measured using the ignition method at 500 °C for 22 h. The total
protein content was calculated as nitrogen percentage multiplied by 6.25 using a Kjeldahl
analyzer (UDK 139, VELP, Usmate Velate, Italy) according to official methods [4].

2.5. Viscosity Coefficient

The oscillatory rheological tests were determined by the methodology described
by Jeong et al. [6], with some modifications to suit the experimental conditions. The
measurements were obtained using a Rheometer (MCR 92 Viscometer, Anton Paar, Graz,
Austria) equipped with a plate-plate geometry setup (35 mm diameter and 1 mm gap). The
viscosity was determined at 25 &= 0.1 °C and applying a constant shear stress of 20 Pa.

2.6. Antioxidant Activity

The antioxidant activity of the samples was assessed using the DPPH method of
Chasquibol et al. [5], described with some modifications, at 517 nm using a UV-Vis spec-
trophotometer (UV-1280, Shimadzu, Kyoto, Japan). The results were expressed in pg of
Trolox per gram of beverage. Each analysis was performed in triplicate, and the values are
reported as means.

2.7. Determination of Amino Acid Profile

The amino acid profile was determined following the method of Alaiz et al. [7] with
slight modifications. The analysis was performed using HPLC (ARC, Waters, Milford, CT,
USA) equipped with a C18 reverse phase column (150 mm x 9 mm internal diameter).
Tryptophan was quantified separately by HPLC after undergoing basic hydrolysis. All
measurements were conducted in triplicate.

2.8. Sensory Analysis

A sensory evaluation panel composed of 40 individuals, specifically university stu-
dents aged from 18 to 25, assessed the attributes of appearance, flavor, texture, and overall
acceptability. This evaluation employed a 9-point hedonic scale ranging from 1 (extreme
dislike) to 9 (extreme like). Panelists were provided with randomly assigned samples.
The overall acceptability of the plant-based beverage was determined by calculating the
average scores of all sensory attributes.

2.9. Statistical Analysis

The results were presented as mean =+ standard deviation, with most measurements
performed in triplicate. However, the antioxidant activity measurement was conducted in
duplicate. Data were analyzed using analysis of variance (ANOVA) followed by a post hoc
Tukey test to identify significant differences (p < 0.05) between the two variables, utilizing
Minitab® statistical 19 software (State College, PA, USA).

3. Results and Discussion
3.1. Design of Experiment

To optimize protein (%) content was employed the response surface experimental
design (RSM) with a rotating central composite (CCD). Table 2 shows thirteen formulations
with four replicates at the central point, resulting in protein (%) content and viscosity
(mPa-s) coefficients. All the results showed an interaction between tarwi milk (TM),
polysaccharides from cushuro (PC), and blueberry extract (BE). The protein content ranged
from 1.43% to 2.80%, while the viscosity coefficient varied between 20.52 mPa-s and 41.67

137



Biol. Life Sci. Forum 2024, 37, 22

mPa-s, respectively. The highest protein content was obtained for formulation F6 (2.80% =+
0.03) and the highest viscosity coefficient was observed for formulation F8 (41.67 & 0.04
mPa-s.).

Table 2. Results of experimental design of the plant-based beverage formulations according to tarwi
milk (TM), blueberry extract (BE), and polysaccharides from cushuro (PC).

Formulation TM (%) PC (%) BE (%) Protein (%) VC (mPa-s)
F1 45.00 0.05 54.95 1.43 +£0.04 23.32 + 0.07
F2 55.00 0.05 4495 2.57 +£0.02 23.44 + 0.09
F3 45.00 0.20 54.80 1.46 £+ 0.03 37.58 +0.12
F4 55.00 0.20 44.80 2.49 4+ 0.01 39.56 + 0.06
F5 4293 0.13 56.94 1.59 £+ 0.02 29.05 + 0.03
F6 57.07 0.13 42.80 2.80 4+ 0.03 31.31 + 0.05
F7 50.00 0.02 49.98 2.09 4 0.02 20.52 + 0.08
F8 50.00 0.23 49.77 2.08 £+ 0.02 41.67 = 0.04
F9 50.00 0.13 49.87 2.05 4+ 0.01 32.56 + 0.02
F10 50.00 0.13 49.87 2.10 £+ 0.03 32.33 +0.01
F11 50.00 0.13 49.87 2.14 £+ 0.02 31.42 +0.12
F12 50.00 0.13 49.87 2.16 4+ 0.04 32.43 + 0.07
F13 50.00 0.13 49.87 2.17 +0.02 35.30 + 0.05

Results are expressed as means & SD (n = 3).

Table 3 shows the regression models and adjustments of the central composite design
(CCD) for the independent variables: (TM) and (PC) based on the dependent variables
(protein content and viscosity coefficient). After obtaining the results of the output variables,
Minitab was used to optimize the plant-based beverage formulation. The parameters were
set according to the results of TM (45-55%) content and PC (0.05-0.2%) content in order not
to increase the tarwi milk content more than 55%, which could interfere with the purple
color of the blueberry extract. The protein content was set a maximum value of 2.8%, while
the viscosity coefficient was established a maximum value of 25 mPa-s.

Table 3. Regression models of the central composite design (CCD) for independent and dependent
variables evaluated in the formulations of plant-based beverages.

Variable Equation
y=—3.60 +11.7 TM + 612 PC — 1.1 TM x TM — 102444 PC x PC — 733 TM x PC
Protein content RZ = 95.85%

p-value = 0.000

Viscosity coefficient

y =—103.7 + 490 TM + 7294 PC — 7294 PC — 492 TM x TM — 1375447 PC x PC + 12382 TM x PC
R? = 98.85%

p-value = 0.000

Figure 1 shows that protein content increase in relation to the percentage of TM
content. The region of greatest interest for the protein content of more than 2% was upper
than 50%. The viscosity coefficient increased in direct relation to the concentration of
the polysaccharide from cushuro, in the region of major interest superior to 0.01%, for a
viscosity coefficient above 20 mPa-s.

Figure 2 shows the optimization of the independent variables that affect to protein
content and viscosity capacity. The optimal formulation was: tarwi milk (56.98%), polysac-
charide from cushuro (0.07%) and blueberry extract (42.95%), with protein content of 2.8%
and viscosity coefficient of 25 mPa-s.
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Figure 1. Contour plot of the central composite design for protein content and viscosity coefficient.

3.2. Physicochemical Characterization

Table 4 shows the physicochemical characterization of the PBBs. The PBB with PC
showed a higher protein (2.72% =+ 0.12) content than the PBB with CMC (2.36 + 0.15).
Lopes et al. [8] showed protein content between 1.8% and 2.4% (w/v) in the tarwi-based
beverage. On the other hand, seed-based beverages are characterized by their variable
lipid (ca. 1-7%) and protein (ca. 1-5%) content [9].

The viscosity coefficient in the PBB with PC was much higher (23.05 £ 0.09 mPa-s)
than the PBB with CMC (21.04 + 0.13 mPa-s) (Table 4). PC is a branched hydrocolloid that
can form many hydrogen bonds and greatly increase the viscosity. In addition, a significant
interaction effect of PC concentration on the °Brix was observed.
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Figure 2. Optimization of the Box-Behnken design obtained from the Minitab 19 software.

Table 4. Physicochemical characterization of plant-based beverage with polysaccharide from cushuro
(PBB+PC) and plant-based beverage with carboxymethyl cellulose (PBB+CMC).

. Viscosity DPPH
Sample ProtemoContent Coefficient pH °Brix AOSh (ug Trolox/g
(%) (%)
(mPa-s) Beverage)
PBB + PC 272 +£0.122 23.05+0.09° 449 +022 25+024° 0.03£0.012 1098.98 + 63.48 2
PBB + CMC 2.36 +0.15° 21.04 +£0.13° 43+013? 23+0312 0.02£0.022 746.44 + 32.98 P

Results are expressed as means = SD (n = 3). a and b values in the same column with different letters differ
significantly when p < 0.05. PBB + PC: plant-based beverage with polysacharides from cushuro; PBB + CMC:
plant-based beverage with carboxymethylcellulose.

The addition of hydrocolloids (PC and CMC) (0.07% w/v) and BE (42.95% w/v) also
influenced pH. The pH (4.49 =+ 0.2) of PBB + PC was higher than the pH (4.3 £ 0.13) of
PBB + CMC. The addition of commercial CMC (0.1, 0.3 and 0.5%) to snake fruit syrup did
not affect pH. However, the addition of pectin (0.2 and 0.3%) and xanthan gum (0.1 and
0.2%) to orange juice with pulp showed a significant influence on pH [10].

The DPPH results are shown in Table 4. The PBB with PC had a significantly higher
DPPH (1098.98 ng GAE/g =+ 63.48) value than the PBB with CMC (746.44 ug GAE/g + 32.98).
The observed difference in DPPH values was due to the contribution of antioxidants from
the cushuro polysaccharide and blueberry extract.

3.3. Amino Acid Profile

According to Table 5, the relevant amino acids in the PBB with PC were lysine
(58.08 £ 12.71 mg/g protein), threonine (56.15 £ 35.89 mg/g protein) and tyrosine
(45.43 £ 14.59 mg/g protein). According to the protein of reference established by FAO/
WHO [4], the composition of amino acids in the plant-based beverage presented a balanced
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profile. Walther et al. [2] reported that plant-based beverages made from oats, coconut,
cashew, spelt and other ingredients had an average value of the sum of amino acids (AA)
ranging from 8.1 mg AA /g protein to 11.5 mg AA /g protein. The PBB with PC had a high
percentage of tryptophan, above the recommendations of the FAO (6 mg/g protein).

Table 5. Amino acid profile of plant-based beverages with polysaccharide from cushuro (PBB+PC)
and plant-based beverages with carboxymethyl cellulose (PBB+CMC).

Amino Acids PBB + PC PBB + CMC FAO/WHO
(mg AA/g Protein) (mg AA/g Protein) (mg AA/g Protein)
Aspartic acid 2419 £1.51° 2236 £1.792
Glutamic acid 35.14 £15.00 2 33.63+£1.10°
Serine 4423 +1.23% 4452 +3.79¢
Histidine 22.114+2.00° 33.45 +4.37P 15
Glycine 20.00 +£10.222 18.15+£290?
Threonine 56.15 +35.89 2 55.65 +4.042 23
Arginine 16.99 +7.04 2 13.97 £1.77%
Alanine 1451 +£1.82% 16.04 £4.36%
Proline 33.76 £21.18° 32.85+£235%
Tyrosine 4543 £14.59° 4561 £13.432 38
NH3 34.30 +4.59 2 34.56 +1.54°
Valine 32.22 +£14.27° 3297 £12.73% 39
Methionine 3217 £13.13% 32.16+13.247 22
Cysteine 25.78 £17.01 % 26.71 £4.70°
Isoleucine 1714 +1.232 4480 +4.24° 30
Leucine 42.33 +4.69° 2837 +2.77P 59
Phenylalanine 45.09 £11.182 35.05 + 4.61°
Lysine 58.08 £12.71% 56.42 £5.90° 45
Tryptophan 15.03 £3.572 13.26 £ 6472 6

Results are expressed as means = SD (n = 3). a and b values in the same row with different letters differ
significantly when p < 0.05. Note: According to the FAO Database on Protein Quality Evaluation [4].

3.4. Sensory Analysis

A comparative analysis was performed between the sample (PBB + PC) and the con-
trol sample (PBB + CMC). Both beverage displayed a light purple coloration. (PBB + PC)
attained an average consumer acceptance rate of 67%, whereas (PBB + CMC) received an
average approval rating of 62%. Regarding specific sensory attributes, including appear-
ance, colour, flavour, texture, and taste, (PBB + PC) was rated at 8.7, 7.8, 6.5, 6.7, and 7,
respectively. (PBB + CMC) obtained scores of 8.5 for appearance, 7.2 for colour, 6.6 for
flavour, 5.9 for texture, and 6.8 for taste.

4. Conclusions

The PBB with PC was optimized using a central composite rotational design and vali-
dated experimentally. The formulation optimized was: tarwi milk (56.98%), polysaccharide
from cushuro (0.07%), and blueberry extracts (42.95%). The synergy between tarwi milk,
polysaccharide from cushuro and blueberry extract provided a unique nutritional profile
with high protein content, high viscosity, °Brix, antioxidant capacity and amino acid profile
than control sample with CMC. The favorable sensory acceptance suggests strong potential
for market success, positioning this beverage as an innovative alternative in the plant-based
and functional food sector.
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Abstract: Sacha Inchi seeds (Plukenetia huayllabambana) are highly regarded for their nutritional
richness, specifically their high omega-3 content. Chia seed (Salvia hispanica L.) mucilage is recognized
for its emulsion abilities. There is growing demand for innovative mayonnaise formulations using
healthier, plant-based alternatives. This study developed a plant-based mayonnaise (PBM) by
replacing egg yolks with chia seed mucilage (CSM) and using Sacha Inchi seed oil (SIO), achieving
sensory qualities similar to traditional mayonnaise. Five formulations of PBM were evaluated, with
variations in CSM content (1% to 3%) and water content (43% to 45%) and using salt (0.5%), oil
(48%), pepper (0.5%) and lemon juice (5%). PBM was evaluated based on omega-3 (%) content, total
fat (%) content, stability of emulsion (%), rheology and physicochemical properties. Formulation
with 3% of CSM was the optimal option due to its emulsion stability (98.56%) and rheology, very
similar to those of traditional mayonnaise (99.13%). PBM formulation with 3% CSM showed the
highest omega-3 fatty acid content of 55.36% for 100 g fat, compared with the 0.27% found in
traditional mayonnaise. The PBM formulation with 3% CSM also showed important characteristics
such as phenolic content (310.814 ug GAE/g ms), antioxidant activity (1991.79 ug Trolox/g ms), Ph
(4.24), a peroxide index (11.92 meq-O, /Kg oil), an acidity index (3.59 mg KOH/g), a shelf life study
and proximal composition. This study underscores the potential of CSM and SIO in mayonnaise
formulations, addressing concerns with traditional options.

Keywords: chia; emulsion; mayonnaise; mucilage; sacha inchi; omega-3

1. Introduction

Today’s research is aimed at identifying alternative emulsifying agents, particularly
plant-based proteins, to meet the demand for egg-free mayonnaise [1]. The quest for
healthier and more nutritious mayonnaise formulations has led to the exploration of
innovative ingredients such as chia mucilage and Sacha Inchi oil. Chia (Salvia hispanica L.)
seed mucilage, a complex polysaccharide, holds technological promise regarding its ability
to thicken and emulsify, making it a valuable ingredient in food formulations [2]. Similarly,
Sacha Inchi (Plukenetia huayllabambana.) has garnered attention for its high oil content and
superior omega-3 fatty acid composition compared to other varieties [3]. The exploration
of Chia mucilage and Sacha Inchi oil as potential ingredients in mayonnaise formulations
represents a key step in meeting objectives and catering to evolving consumer preferences
for healthier, sustainable food choices.

2. Materials and Methods
2.1. Raw Materials

The materials used for this study included Chia seeds (Salvia hispanica L.), Sacha Inchi
oil (Plukenetia huayllabambana L.), lemons, black pepper, salt, and water. Sacha Inchi seeds
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were sourced from Rodriguez de Mendoza, Region of Amazonas-Peru, while the other
ingredients were purchased locally.

2.2. Extraction of Chia Mucilage and Sacha Inchi Oil

Chia seed mucilage (CSM) extraction was obtained according to the methodology of
Fernandes and Salas-Mellado et al. [1], albeit with some modifications. CSM was exuded
from whole seeds using distilled water (40:1 water/seed ratio) overnight at 25 °C. The seeds
were blended for 30 s, then centrifuged at 2500 rpm for 5 min to separate the mucilage,
which was air-dried at 50 °C, ground, and stored at 4 °C. The yield was 9.28% (g mucilage/g
chia seed). Sacha Inchi oil was cold-pressed in the Laboratorio de Alimentos Funcionales,
Universidad de Lima, and stored at 4 °C in a dark environment until used.

Sample Formulation

Five PBM samples were created with different amounts of CSM and water (Table 1).
The control sample used egg yolk as an emulsifier and vegetable oil, following the Peruvian
Technic Standard for mayonnaise (NTP 209.033) [4], with 76% oil, 5% lemon juice and 6%
egg yolk. CSM levels in PBM formulations ranged from 1% to 3%, while Sacha Inchi oil
was constant at 48%.

Table 1. PBM ? composition.

Materials Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
(CSM® 1%) (CSM P 1.5%) CSM b 2%) (CSM P 2.5%) (CSM® 3%)
% SIO 48 48 48 48 48
% CSM 1 15 2 2.5 3
% Salt 0.5 0.5 0.5 0.5 0.5
% Pepper 0.5 0.5 0.5 0.5 0.5
% Water 45 445 44 435 43
% Lemon 5 5 5 5 5

2 Plant-based mayonnaise. ® Chia seed mucilage.

2.3. Development of a Functional Vegan Mayonnaise

PBM formulations followed Cornelia et al. [5] with modifications. CSM was hydrated
with water and lemon juice, then mixed with a manual blender. SIO was added in small
amounts during mixing. After adding all the oil, salt and pepper were included. To
ensure homogeneity, the mixture was processed in the Silverson Mixer L5M-A. ((Silverson
Machines, East Longmeadow, MA, USA)).

2.4. Steady Flow Behavior

The steady flow behavior of the mayonnaise was assessed over a shear rate range of
0-100 s~! using a parallel plate configuration with a 1 mm gap between the rheometer
probe and the sample plate. To analyze the flow characteristics, the data were used to
model the Herschel-Bulkley equation:

t=k(@") +o

where “t” is the shear stress (Pa), “y” is the shear rate (1/s), “k” is the consistency index
(Pa's), “n” is the flow behavior index, and o is the yield stress (Pa) [6].

2.5. Emulsion Stability

Emulsion stability was assessed using the methodology outlined by Fernandes and
Salas-Mellado et al. [1], albeit with modifications. The samples were stored in 15 mL tubes
at 50 °C for two days, then centrifuged at 2500 rpm. The mass of the precipitated fraction
was measured, and stability was calculated using the following equation:

ES (%) = F1/F0 x 100
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where “F1” represents the mass of the precipitated fraction, and “F0” represents the total
mass of the sample.

2.6. Proximal Composition

Moisture content was measured at 110 °C until a constant weight. Ash content
was determined at 550 °C for 72 h by the ignition method. pH values were recorded at
25 °C with a pH meter (SevenCompact pH meter 5220, Mettler Toledo, Singapore). Fat
content was assessed with hexane for 9 h, and total protein content was calculated as %
nitrogen x 6.25 using a Kjeldahl analyzer (UDK 139, VELP, Usmate Velate, Italy) following
official methods.

2.7. Determination of Functional Fatty Acids

Fatty acid profile was obtained as follows: “ISO 12966-1:2014 Animal and Vegetable
fats and oils—Gas chromatography of fatty acid methyl esters—Part 2: Preparation of
methyl esters of fatty acids”

Phenolic Analysis

The total phenolic content (TPC) of the mayonnaise was determined by the Folin—
Ciocalteau method [3] at 760 nm using a UV 1280 Vis Spectrophotometer from Shimadzu,
Kyoto, Japan. The results were expressed as pg of gallic acid equivalent (GAE) /g mayonnaise.

2.8. Antioxidants Analysis

The antioxidant activity of samples was assessed using the DPPH method [3], with
some modifications, at 517 nm by spectrometry (UV 1280 Vis Spectrophotometer Shimadzu,
Kyoto, Japan). The results were expressed as ug Trolox/g mayonnaise.

2.9. Oxidative Stability

Oxidative stability was evaluated using an 892 Professional Rancimat© (Metrohm,
Herisau, Switzerland) following Chasquibol et al.’s method [3]. Shelf life at 25 °C was
estimated by determining induction periods at 80, 90, and 100 °C, with all measurements
performed in triplicate. Additionally, acid and peroxide indices were assessed according to
Chasquibol et al. [3].

2.10. Sensory Evaluation

A sensory evaluation was conducted with 45 university students (aged 18-26) to
assess appearance, flavor, texture, and overall acceptability using a 9-point hedonic scale
(1 = “dislike extremely”, 9 = “like extremely”). Panelists received randomized samples in
coded plastic cups labeled M1 [3].

2.11. Statistical Analysis

A 2k design with two replications and a central point was conducted, using quantity
of chia and water as variables. The viscosity and emulsion stability results were presented
as means with standard deviations, with all analyses being performed in triplicate. Data
were analyzed using ANOVA at a 95% confidence level (Minitab Inc., State College, Palo
Alto, CA, USA).

3. Results

According to the experimental design, it is concluded that Chia, water, and their
interaction are significant, yielding an R? of 99.89%, R? (adj) of 99.80%, and R? (pred) of
99.55%, as shown in Figure 1. Viscosity optimization, targeting a viscosity of 2100, resulted
in a formulation with 2.93% chia and 43% water (Figure 1).
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Optimal chia agua
' High 2.0 45.0
D=RLOCOS G [2.9328] (43.0)
Loww 1.0 43.0
wiscosid
Targ: 2100.0
v = 2099,9880 4
d = 1.0000 Fd

Figure 1. The optimization of the design obtained from Minitab 19.0 Software.

All variables increased with higher proportions of CSM in PBM, with the highest
values being observed at 3% CSM: “c” (53.47 4= 24.12 to 122.05 £ 51.65), “k” (70.31 & 24.96

to 129.88 4+ 51.92), and “n” (0.64 + 0.01 to 0.37 4+ 0.01%). Flow behavior curves are shown
in Figure 2.
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Figure 2. Flow Behavior of the mayonnaise samples.
Emulsion stability in Table 2 shows a direct correlation with increasing CSM, with
lower phase separation at higher mucilage concentrations; similar results were found

in Caldeira Soares et al. [7]. PBM with 3% CSM best mimicked traditional mayonnaise
properties, and subsequent analyses focused on this sample.

Table 2. Steady flow behavior and emulsion stability of PBM @.

Result Control Samgle 1 Sample 2 Sample 3 Sample 4 Sample 5
(CSM ® 1%) (CSM ® 1.5%) (CSM ® 2%) (CSM ® 2.5%) (CSM ® 3%)
Viscosity 2189.75 + 55.70 156.38 + 10.83 463.43 £+ 27.71 740.92 + 51.48 1298.85 + 206.99 2467.871 + 285.08
ES 99.13 £ 0.08 63.08 + 5.04 81.22 £2.02 92.60 £ 0.97 97.85 £ 1.08 98.57 £ 0.14

2 Plant-based mayonnaise. ® Chia seed mucilage. The results are expressed as means + SD (n = 3).
PBM showed a lower lipid (75.64 &= 0.40% to 48.54 &£ 1.61%) content, protein (1.21 & 0.22%

to 1.19 £ 0.15%), and ash (1.8 & 0.33% to 1.64 £ 0.37%) than the control sample, while
carbohydrates (2.58 £ 0.16% to 3.15 £1.12%) and moisture (18.77 £ 0.20% to 45.49 = 0.49%)
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content were higher than the control sample. PBM showed a higher TPC (256.62 + 45.44 g
GAE/g to 253.962 £ 29.83 ug GAE/g) content, DPPH antioxidant activity (1991.79 £ 258.48 pg
Trolox/g), and pH (4.42 to 3.26) than the control sample. PBM had a lower acid (5.49 £ 0%
to 3.59 £ 0%) index and peroxide (7.25 & 3.70 meq O2/kg to 11.92 £ 5.76 meq O2/kg).
PBM was rich in omega-3 fatty acids (55.36%), followed by omega-6 (29.32%) and omega-9
(8.08%), due to sacha inchi (Plukenetia huayllabambana) oil; while the control sample had
more omega-6 (50.91%) and omega-9 (36.12%), with a small amount of omega-3 (0.27%).
The estimated shelf life for Rancimat® at 25 °C was 715 to 732 h, shorter than that control
sample of 3221 to 3433 h, because the PBM does not contain commercial additives. PBM had
a slight beige color and no characteristic odor. In sensory evaluation, consumer acceptability
scored above 5 on a nine-point hedonic scale, leading to an overall acceptability rate of
71%. Average scores for appearance, flavor, texture, and overall acceptability were 5.24,
6.78,5.29, and 6.06, respectively.

4. Conclusions

The study shows that 3% chia seed mucilage effectively replicates traditional may-
onnaise. Replacing vegetable oils with Sacha Inchi oil enhances nutritional value, with
the vegan mayo showing higher phenolic concentration, antioxidant activity, and omega-3
content. It also has less total fat and is well accepted by evaluators, offering a healthier
alternative that aligns with current market trends.
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Abstract: In Peru, overweight and obesity affect 20-38% of adults, increasing the risk of NCDs
(type 2 diabetes, heart diseases, and others) that emphasize the need for healthy foods. Chia (Salvia
hispanica L.) seeds contain high amounts of polyunsaturated fatty acid essentials (omega-3) (17-23%),
antioxidants, proteins, and minerals that prevent NCDs. Chia grows in the regions of Arequipa and
Puno-Peru, with 4098 tn of production in 2023. Chia mucilage is a soluble fiber with a high water-
holding capacity that possesses the techno-functional properties that would improve the properties
of gelification and emulsification of foods: jams, ice cream, yogurt, and others. Peru holds the N°1 po-
sition in the ranking of blueberry (Vaccinium corymbosum) exporters. This berry contains antioxidants
and flavonoids. Cushuro (Nostoc sphaericum) is a gelatinous spherical blue-green alga; it grows over
3000 masl on the Peruvian highland, and it contains good protein and polysaccharide contents. The
work aimed to develop a hydrogel-type jam with chia mucilage (0.05-1.00%), blueberries (36-40%),
and fresh cushuro (54-60%), compared with a control sample containing pectin and sugar. The
characterization of the hydrogel-type jam was moisture (79.53 & 1.51%), ash (0.20 £ 0.01%), protein
(1.02 £ 0.28%), total carbohydrates (19.05 £ 1.76%), fat (0.21 # 0.03%), antioxidants (318.56 + 61.5 pm
Trolox/g), and phenolic content (2.43 £ 0.93 mg GAE/g). Then, after 30 days of storage, the °Brix
(9.9 £ 0.3), viscosity (3921.62 + 1373.19), pH (3.18 £ 0.02), and water activity (0.82 £ 0.5) values of
the hydrogel type-jam complied with the Peruvian applicable legislation (NTP 203.047) and health
law (No. 30021). The hydrogel’s functional properties could help reduce the percentage of NCD,
promoting the food industry with healthy products.

Keywords: chia mucilage; hydrogel-type jam; cushuro; blueberries; low calorie; functional

1. Introduction

In contemporary times, the increasing awareness of the importance of a balanced
diet has heightened interest in functional foods, which not only fulfill basic nutritional
requirements but also contribute to the enhancement of overall health and well-being. This
trend has emerged as a response to the global prevalence of non-communicable diseases
(NCDs), such as obesity, which is linked to the excessive intake of saturated fats, sugars,
and sodium [1]. With the rising incidence of overweight, there is a growing demand for
healthier food products, thus driving innovation in the development of functional foods.
Chia (Salvia hispanica L.), grown in the Arequipa and Cusco regions, Peru, is known for
itsrich nutritional profile in omega-3 fatty acids, dietary fiber, and protein [2]. Cushuro
(Nostoc sphaericum) is a cyanobacterium that performs as a microalga that grows in the
marine environments of the high Andean areas of Peru (>3000 masl). It has a high protein
and iron content [3]. Blueberries (Vaccinium corymbosum) are grown in the Lima and
Cajamarca regions, and they contain significant amounts of antioxidants, vitamins C and B,
and phenolic compounds, which are vital for mitigating the risks of NCDs. The objective
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Biol. Life Sci. Forum 2024, 37, 25

of this research was to develop and characterize a hydrogel-type jam with chia mucilage,
antioxidants from blueberries, and fresh cushuro.

2. Materials and Methods
2.1. Raw Materials

Cushuro (Nostoc sphaericum) was harvested in the department of Ancash, province
of Huaraz, district of Churup at the Churup lagoon. The chia (Salvia hispanica L.) and the
blueberry (Vaccinium corymbosum) were obtained at the local market in Lima.

2.2. Extraction of Chia Mucilage

The extraction was performed according to the method described by Castafieda-
Cachay et al. [4] with some modifications. The chia seeds were hydrated at 80 °C with
agitation for 2 h in a stirring hotplate to extract the chia mucilage (CM). The mixture was
dried in an infrared dryer (IRC D18, Inconfort, Seville, Spain) for 24 h at 50 °C at the
Laboratorio de Alimentos Funcionales of the Universidad de Lima—Peru, ground with a
mortar and pestle, and stored in aluminized bags at room temperature for further use.

2.3. Hydrogel Development

Four samples with different amounts of CM were developed and compared with the
control sample (pectin and sugar) (Table 1). The cushuro and blueberries were weighed and
separated into halves. The first half was liquefied and mixed with the second half (4 °Brix),
then the mixture was cooked for 60 min at 90 °C (8 °Brix), the CM was added and cooked
at 90 °C until the hydrogel-type jam (HJ) was obtained (11 °Brix). It was packaged, cooled,
and stored in refrigeration (15 °C) until further analysis. The formulations complied with
the Peruvian Technical Norm (NTP 203.047).

Table 1. Formulations for the development of hydrogel-type jam (HJ) with chia mucilage, blueberries
and cushuro.

Samples Cushuro (%) Blueberry (%) Sugar (%) Pectin (%) Sweetener (%)  Chia Mucilage (%)
Control 54.55 36.21 9.21 0.03 - -

HJ 1 59.39 39.57 - - 0.03 1.00

HJ 2 59.76 39.91 - - 0.03 0.30

HJ 3 59.64 40.17 - - 0.03 0.15

HJ 4 59.41 40.51 - - 0.03 0.05

2.4. Optimization of Chia Mucilage Concentration
Chia mucilage (CM) was extracted using different chia:water ratios: CM1 (1:40),

CM2 (1:30), and CM3 (1:20), with agitation at 200 RPM and 80 °C for 2 h according to
Castafieda-Cachay et al. [4] with some modifications.

2.5. Viscosity

The viscosity property was evaluated 24 h after the samples were prepared according
to Jeong et al. [5] with some modifications, using the Rheometer (MCR 92 Viscosimeter
Anton Paar, Graz, Austria) with plate-plate geometry (50 mm diameter and Imm gap).

2.6. Hydrogel-Type Jam Characterization
2.6.1. Proximal Composition

The proximal composition was determined according to official methods [6] with some
modifications. The moisture content was determined at 110 °C to constant weight. The
total protein content was determined as % nitrogen x 6.25 factor using a Kjeldahl analyzer
(UDK 139, VELP, Usmate Velate, Italy). The ash content was determined by incineration at
600 °C for 14 h in a muffle furnace. The fat content was determined with hexane for 4 h.
The measurements for the proximal assay were performed in triplicate.
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2.6.2. Total Phenolic Content (TPC)

The total phenolic content (TPC) was determined by the Folin—Ciocalteau method [6],
adding to each sample 4.5 mL of Methanol, 2.5 mL solution of 0.2N Folin—Ciocalteu, and
2.0 mL of 20% Sodium Carbonate. The absorbance of the samples was obtained at 760 nm
using a spectrophotometer (UV 1280 Vis Spectrophotometer Shimadzu, Kyoto, Japan). The
results were expressed as pg of Gallic Acid Equivalent (GAE)/g HJ. The analyses were
performed in triplicate and presented as mean values =+ SD.

2.6.3. Antioxidant Activity

The antioxidant activity was determined by the DPPH method [6] with some modi-
fications at 517 nm by spectrometry (UV 1280 Vis Spectrophotometer Shimadzu, Kyoto,
Japan). The results were expressed as pg Trolox/g HJ. The analyses were performed in
triplicate and presented as mean values.

2.7. Sensory Analysis

The sensory evaluation was performed with 30 panelists using a 9-point hedonic scale
from 1 (I dislike it very much) to 9 (I like it very much) with a mean value of 5 (I neither
like it nor dislike it) according to Casquibol et al. [6].

2.8. Statistical Analysis

The results were expressed as mean =+ standard deviation. All the measurements were
determined in duplicate or triplicate. An analysis of variance (ANOVA), which was used
to analyze data, was acquired at a 95% significance level with the Minitab 19.0 Software
(Minitab Inc., State College, Palo Alto, CA, USA).

3. Results and Discussion
3.1. Optimization of Chia Mucilage Concentration

Chia mucilage (CM3, 1:20) showed the highest chia mucilage concentration, with an
efficiency of 92.17%. The mucilage obtained was isolated and dried, and the moisture
content was 8.27% and corresponded to 9.6% of the seed weight. Similar results were
reported with Linum usitatissimum mucilage by Castafieda-Cachay et al. [4], at temperatures
of 85 to 90 °C, with seed:water ratio(1:20),with an efficiency of 9.73%. Table 2 shows
the results of the viscosity and sensory analysis of hydrogel samples. Sample HJ 3 was
selected for its sensory characteristics which are very similar to the control sample, with an
acceptability of 7.4 4= 0.96.

Table 2. Viscosity and Sensory Analysis of the Hydrogel-type jam (HJ) with chia mucilage, blueberries
and cushuro.

Samples Chia (%) Viscosity [mPa-s] Color Smell Texture Flavor General Acceptability
Control - 657.13 £11.95¢ 8.50 £0.52° 8.50 +0.52° 8.74+048% 85+£052? 7.5+£1.08?

HJ 1 1.00 563,578.5 - 1497.94 2 81+031%® 82+042° 49+05649 524 042°¢ 57 +£094°

HJ 2 0.30 512,377.05 + 1514.44 ° 7.8 £0.63° 8140872 3.940.56¢ 514073¢ 6.3+£1.15%

HJ 3 0.15 369.49 £6.12¢ 844051 84 +051° 8.0 £ 0.66° 8.0 £0.66* 74+096°

HJ 4 0.05 392.99 +6.98 8.0 + 047 79+£0562 62+041°¢ 6.9 £0.56° 414£073¢

The results are expressed as mean & SD (n = 10). a, b, ¢, d, e values in the same column with different letters differ
significantly when p < 0.05.
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The viscosity of samples HJ 1 (563,578 4 1497 mPa-s) and HJ 2 (512,377 + 1514 mPa-s)
were higher than control sample (657 £ 11 mPa-s) at a 95% level of confidence, and samples
HJ 3 (369 + 6 mPa-s) and HJ 4 (392 & 6 mPa-s) were lower than control sample. HJ 3 scored
(8.4 £ 0.5) for color, placing it in the same statistical group as the control., The acceptability
of sample HJ 3 were statistical higher than other samples and it was evaluated with better
sensory characteristics and similar to control sample.

3.2. Characterization

According to Table 3, moisture (79.53 & 1.51%) content was higher than the control
sample. The protein (1.02 & 0.28%) content was significantly higher than the control sample
(0.82 £ 0.12%), showing an increase of 19%, very similar to the reported by Nduko et al. [7].
Ashes (0.20 == 0.01%) and fat (0.21 = 0.03%) were higher than the control sample, with a low
carbohydrate content (19.05 =+ 1.76%) besides the contribution of chia [2] and cushuro [3]
respectively.

Table 3. Proximal composition, antioxidant activity and total polyphenol content (TPC) of hydrogel-

type jam (HJ 3).
Samples Moisture [%] Ashes [%] Protein [%] Fat [%] Total Carbohydrates [%]  Antioxidants [pum trolox/g] TPC [mg GAE/g]
Control 7617 £1.11° 014 £0.02° 0.82+0.12° 0.10 £0.02° 2278 +1.03° 265.02 + 46.32 2.28 +0.74
HJ 3 7953 +151* 0.20+0.01° 1.024+0.28° 0.21 +£0.032 19.05 + 1.76 ® 318.56 £ 61.50 243 +0.93

The results are expressed as mean + SD (1 = 3). a, b values in the same column with different letters differ
significantly when p < 0.05.

The antioxidant activity of the sample HJ 3 (318.56 £ 61.50 pm Trolox/g HJ) was
higher than the control sample (265.02 £ 46.32 um Trolox/g Control) due to the high
content of antioxidants present in the blueberries (6.1-36.6 um Trolox/g) [8]. The total
polyphenol (2.43 £ 0.93 mg GAE/g dm) content was statistically higher than the control
sample (2.28 + 0.74 mg GAE/g dm); according to Diaconeasa et al. [8]. Figure 1 shows
the results of the storage of the formulation HJ 3 during 30 days. pH values ranged
from 3.18 to 3.52 similar to the control sample (3.15 to 3.44) complying with the Peruvian
Technical Norm [9] (NTP 203.047) (pH 3.0 to 3.8). However, the °Brix (7.6-9.9) in the HJ
3 sample was lower than the control sample (24.3-24.9), it is lower than the established
by the NTP (65 °Brix) [10], due the fact that stevia was used as sweetener instead of
sugar. Viscosity values (395.73-3921.62 UNIDADES) were higher than control sample
(654.26-1979.64 UNIDADES), due to the properties of gelification and emulsification from
chia mucilage (Atik et al.) [2]. The values of the water activity (0.80-0.82) was similar to the
control sample (0.78-0.80) according the formulation developed.

The developed hydrogel (HJ 3) presented an intense purple color and a subtle sweet
aroma characteristic of blueberries. For the sensory evaluation, 73% of the panelists rated
its acceptability with a score above six (neither like nor dislike). The appearance, taste,
texture, color, and aroma characteristics of the selected hydrogel sample (HJ 3) had average
values of 6.47, 6.43,7.00, 7.80, and 6.20, respectively, on the hedonic scale.
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Figure 1. Shelf life of hydrogel-type jam (HJ 3) with chia mucilage, blueberries and cushuro. Effects of
storage periods on pH (A), °Brix (B), water activity (C), and viscosity (D) from hydro-gel-type jam (HJ).
4. Conclusions

Chia mucilage contribuyed with consistency and viscosity to the hydrogel, similar
to commercial jams. The gelatin-like hydrogel made with chia, stevia, cushuro, and
blueberries presented high protein (1.02 &= 0.28%), low carbohydrate (19.05 &= 1.8%), high
polyphenol(2.43 £ 0.93 mg GAE/g HJ) and antioxidants (318.56 £ 61.5 um trolox/g HJ)
content. HJ 3 is a healthy alternative because it contains lower caloric content due to its low
°Brix and carbohydrate content, therefore can be an important complement to the family
diet to promote healthy nutrition.
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