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Abstract: The limited nutritional quality of conventional cereals has prompted the search for more
complete alternatives from native Andean sources. In this context, a systematic review of recent
studies was conducted to compare the characteristics of Lupinus mutabilis and Amaranthus spp., two
crops with potential as functional ingredients in the food industry. Data reported in multiple studies
were analyzed, considering the variability attributed to origin, processing, and genetic conditions, as
well as the influence of different transformation techniques. The results show that Lupinus mutabilis
has a protein content ranging from 41% to 53% in dry matter, along with up to 17% fat and fiber levels
above 10%. Amaranthus spp., on the other hand, offers 13% to 17% protein, 6% to 8% fat, and up to
10% fiber, and is notable for providing up to 180 mg of polyphenols per 100 grams. Processing, such
as debittering, may decrease the antioxidant capacity of Lupinus mutabilis by 52.9%, while
germination enhances this indicator in Amaranthus spp. The inclusion of these flours in bakery and
extrusion formulations allows for protein and fiber content enhancements ranging from 10% to 50%,
achieving texture and acceptability improvements in up to 80% of reported sensory tests. This
scenario supports the strategic use of these grains to optimize nutritional and functional profiles in
innovative food developments.

Keywords: Lupinus mutabilis; Amaranthus spp.; Andean flours; technological functionality;
microbiological safety; food innovation; systematic review

1. Introduction

In the current context of food system transformation, the search for alternative protein and
functional sources has become a central axis of global challenges in nutrition, sustainability, and food
security (Hussain et al., 2025). Faced with the historical predominance of conventional cereals and
legumes, Andean crops, particularly Lupinus mutabilis (tarwi) and Amaranthus spp. (amaranth), have
emerged as alternatives to a new generation of ingredients that combine agronomic adaptability, high
nutritional value and biofunctional potential (Chalampuente-Flores et al., 2023). This relevance is
especially tangible in regions vulnerable to the effects of climate change, biodiversity erosion, and
food insecurity, where innovative and resilient strategies are required to ensure a varied, healthy,
and sustainable diet (Saleem et al., 2024).

However, the effective use of flour produced from Amaranthus spp. has been marked by
unresolved epistemological and technological limitations. The available literature continues to place
its emphasis fundamentally on the proximate composition of these grains, that is, their protein, fat,
fiber or carbohydrate contents, or the reporting of some notable bioactive compounds such as
flavonoids, polyphenols and functional peptides (Chaquilla-Quilca et al., 2024). Although these
advances have strengthened our understanding of the nutritional value of both crops, there remains
a significant lack of studies that comprehensively address the physicochemical properties,
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technological functionality and microbiological behavior of the final flours, essential aspects for their
insertion into complex food matrices and industrial processing products (Ramos, 2024).

There are numerous calls from the scientific community to close this knowledge gap. Currently,
there is no solid consensus regarding the influence of post-harvest processes, such as debittering,
which is necessary to reduce toxic alkaloids in lupinus mutabilis, or germination and extrusion in
Amaranthus spp., on the preservation and modulation of the functional and microbiological
characteristics of the flours obtained (Parra-Gallardo et al., 2024). It is known, for example, that certain
stages of debittering can reduce the antioxidant capacity of Lupinus mutabilis by half, implying a
relevant functional cost (Konwar et al., 2024) and that the germination of Amaranthus spp. significantly
increases phenolic compounds and antioxidant capacity, but the data are less conclusive regarding
its impact on microstructure, digestibility and stability against microbiological contaminants
(Dostalikova et al., 2024).

The functionality of Andean flours has not been strictly characterized from a comparative
rheological and technological perspective either: studies frequently diverge in methodology, using
different techniques to analyze water absorption, viscosity, gel formation or emulsifying capacity,
making meta-analysis and extrapolation to pilot or industrial scale difficult (Coelho et al., 2022). This
methodological deficiency is accentuated by genetic, ecological and processing variability, since
factors such as ecotype, altitude, soil type and technical process profoundly impact the functional
and physicochemical composition of flours and, by extension, the research results presented
(Urquijo-Zamora et al., 2025).

Likewise, most of the literature focuses on laboratory analysis, ignoring the interaction of these
ingredients with conventional or innovative food matrices, such as bread, gluten-free products,
snacks, or nutritional supplements (Aguilera, 2025). The behavior of flours Lupinus mutabilis and
Amaranthus spp. in baking, extrusion, fermentation and drying processes, as well as their impact on
the texture, sensory acceptability and shelf-life of finished products, remains poorly documented and
even less so compared to traditional inputs (Pismag et al., 2024).

Another key dimension highlighting the gap in literature is the lack of knowledge about
microbiological risks and challenges, control of which is vital for the safety and industrial and
regulatory acceptance of these flours. While some studies have addressed the safety of flour derived
from Lupinus mutabilis and Amaranthus spp., especially when not properly processed, there is still a
lack of systematized or comparative data on microbiological controls and their relationship with
different technological stages (Jafarzadeh et al., 2024). This limits the safe and efficient adoption of
these foods in innovative projects and local and global agro-industrial chains.

The integration of these Andean crops into functional food systems transcends the nutritional
and technological perspective: it represents a real opportunity to respond to critical public health and
sustainability challenges by contributing to the reduction of malnutrition, dietary diversification, and
the promotion of resilient agricultural systems (Fanzo et al., 2022). However, the lack of a robust and
comparative scientific characterization of Lupinus mutabilis and Amaranthus spp. flours perpetuates
technological stagnation and the underutilization of their potential, sustaining dependence on
imported and less resilient sources for the formulation of functional, enriched, and high-value-added
foods (Durazzo, 2019).

The use of underutilized plant resources such as Lupinus mutabilis and Amaranthus spp.
represents a strategic opportunity to respond to the current challenges of the food sector. Both species
not only present outstanding nutritional profiles but also adapt to adverse agroecological conditions,
positioning them as resilient crops in environments affected by climate change. In this context, this
review article aims to systematize and critically analyze the existing scientific evidence on the
physicochemical, functional, and microbiological characteristics of flours from these Andean crops,
placing special emphasis on the effect of the most relevant technological processes on their quality
and food applicability, thus contributing to laying the foundations for real and sustainable innovation
in the development of functional products derived from these matrices.
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2. Research Methods and Design

In this work, a systematic review of the published scientific literature related to the
physicochemical, functional, and microbiological characteristics of Lupinus mutabilis and Amaranthus
spp. flours has been carried out. For its preparation, the guidelines of the PRISMA declaration
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) were followed to ensure the
correct conduct of systematic reviews and transparency in the process of selection and analysis of the
included studies (Figure 1).
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Figure 1. PRISMA flow diagram of the selection of literature for the systematic review (Moher et al., 2009).

2.1. Initial Search

Lupinus mutabilis and Amaranthus spp. flours were searched in the PubMed and Scopus
databases. These terms were structured using Boolean operators (AND and OR) to encompass the
physicochemical, functional, and microbiological characteristics of both flours. The search equations
used were as follows:

Boolean equation for Lupinus mutabilis

("Lupinus mutabilis " OR "Andean lupine" OR " tarwi " OR "chocho") AND (flour OR "flour
properties” OR "flour characterization") AND (physicochemical OR "physical properties” OR
"chemical properties" OR "functional properties" OR microbiological)

Boolean equation for Amaranthus spp.

("Amaranthus” OR "amaranth") AND (flour OR "flour properties” OR "flour characterization")
AND (physicochemical OR "physical properties” OR "chemical properties” OR "functional
properties” OR microbiological)
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These initial consultations generated a considerable volume of results, including relevant studies
on the chemical composition, functional properties (such as water absorption capacity and
emulsification) and microbiological analyses of Lupinus mutabilis and Amaranthus spp flours.
However, several of the identified articles were duplicates or not useful for the review, but they
provided a comprehensive view of the breadth of the topic.

2.2. Systematic Search

Systematic research was also carried out in March 2025, during which additional terms were
incorporated to characterize the physicochemical, functional, and microbiological properties of
Lupinus mutabilis and Amaranthus spp. flours in various processes. At this stage, specific terms such
as Lupinus mutabilis flour, tarwi functional properties, Amaranthus microbiological safety, and
chemical characterization of tarwi flour, among others, were used to increase the accuracy and depth
of the results

In total, the searches yielded 150 potential articles: 62 from PubMed, 88 from Scopus, and one
article identified in Google Scholar. Before proceeding to the selection of the final articles, clear
inclusion and exclusion criteria were established to ensure that the studies were relevant to the
objective of the systematic review. These criteria included elements such as the evaluation of specific
properties, experimental studies, and their thematic relevance, which allowed us to refine the results
obtained and ensure the quality of the selected bibliography.

Inclusion criteria
v They should be empirical research studies and not reviews, single-case studies, books, or
manuals.

They must have been published between 2019 and 2025, inclusive.
Articles published in English or Spanish.
Open Access (OA) journal articles.

Lupinus mutabilis and/or Amaranthus spp. flours.

D R N N NN

Research that includes analysis of chemical composition, functional properties (such as water

absorption capacity, emulsification, antioxidant capacity, etc.), and microbiological safety.

Exclusion criteria

v' Studies that present redundant information already covered by other selected articles.

v’ Articles that do not provide detailed information on the physicochemical, functional or
microbiological characteristics of flour

v Review article

v Opinions, editorials, conference abstracts, letters to the editor, or articles without experimental
data.

v Research focuses exclusively on other products derived from these species (such as oils, isolated

proteins, etc.) without addressing flour.

According to the established criteria and after the initial review by reading the titles, 73 relevant
articles were identified, after eliminating six duplicates detected among the databases consulted.
Subsequently, the abstracts were reviewed, which led to the elimination of 10 articles: five of them
for not addressing the physicochemical, functional, or microbiological properties of interest; another
five for not being empirical studies or covering Andean cereals; and two additional articles for
addressing topics outside the food context or using methodologies that were difficult to interpret.
Ultimately, 51 articles met the inclusion criteria and were selected for the systematic review.

Overall, the articles analyzed mainly address the development and evaluation of gluten-free
cookies made from Chenopodium pallidicaule flour, whey, and potato starch, focusing on the
optimization of their physicochemical, nutritional, sensory, and technological properties. They also
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discuss the importance of offering food alternatives for people with celiac disease or gluten
sensitivity, analyze the nutritional composition of Andean ingredients, and study the influence of
different formulations on parameters such as moisture, texture, color, and sensory acceptability,
using statistical methodologies to optimize recipes. Furthermore, they highlight the potential of
native ingredients and agro-industrial by-products, such as whey, both to enrich the nutritional and
functional profile of gluten-free baked goods and to promote food innovation and the valorization of
local and sustainable resources.

3. Results

3.1. Nutritional Composition and Bioactive Compounds of Andean Grains

Table 1 presents a synthesis of the most relevant findings from recent studies on the nutritional
composition and bioactive compounds of Lupinus mutabilis and Amaranthus spp., two Andean grains
of growing interest for food security and human nutrition. This systematic review integrates
quantitative data obtained from research published between 2019 and 2025, with a special emphasis
on parameters such as protein, fat, fiber, and antioxidant content, as well as the impact of
technological processes, such as bittering and germination, on the nutritional quality of these crops.

Table 1. utritional composition and bioactive compounds of Andean grains.

Proximal
Reference Species composition Bioactive Compounds Relevant Observations
parameters
. N Lupinus mutabilis is notable for
. Antioxidants: Bittering . . .
Protein: 52.8%, Fat: L. its extremely high protein and
reduces antioxidant .
~17%, . . fat content. The bitterness
) capacity by 52.9%, and . . .
(Salazar et Lupinus Carbohydrates: sorav-dryine reduces reduces its antioxidant capacity.
al., 2021) mutabilis 6.9%, Fiber: >10% antiIc)) xiﬁantycagaci by an It meets the requirements for
and Moisture: 5.94— o pacity by "high fiber." Variability is
additional 8%. Phenols and .
18.87% . attributed to geography and
flavonoids are present. ;
variety.

; : Technological processes
(Cordova- Lupinus Protein: 41-45%, Polyphenols, antioxidant (bittering, drying) affect the
Ramos etal, mufabilis Fat: 16-18%, Fiber: P ca a,cit antioxidan%ca };Cii; and phenol

2020) 9-13% pactty: pacity andp
content.
) It does not report
Lupinus s . .
, .. individual values, The extruded with Lupinus
(Pérez- mutabilis . s e .
, . . but the mix Does not report individual ~ mutabilis, quinoa and sweet
Ramirez et (mixture with . . .
. increases protein values potato improves the protein and
al., 2023) quinoa and . . . .
and fiber in fiber profile.
sweet potato)
extruded products.

Mont t- Protein: 13-17%, High ti iability.
(Montserra Amaranthus roremn ,/ Total polyphenols: 80-180 1671 BENEHC V.arla LY
De La Paz et s Fat: 6-8% and Fiber: mg FA/100 Amaranthus spp. is a relevant

al., 2021) PP 7-10% & & source of antioxidants.

(Paucar - Protein: 13-16%, . Germination increases bioactive

Amaranthus . Polyphenols, flavonoids, L
Menacho et Fat: 6-8%, Dietary . L. compounds and antioxidant
spp- . . saponins, antioxidants .
al., 2024) fiber, minerals capacity.
It does not report
individual The use of Amaranthus s
(Moreno-  Amaranthus numerical values, Increase in polyphenol and . . 1145 SPP-
. .. .. . germinated in paste improves
Rojo et al,, spp- but germination  antioxidant capacity after L. .
. . . nutritional and functional
2024) (germinated) improves germination. .
C potential.
digestibility and

nutritional profile.
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Increasing protein

(Sindhuja et Amamni.fhus and fiber in baked Does not report individual Improves the nutritional profile
spp. (in .
al., 2005) . goods with values. of baked goods.
baking)

Amaranthus spp.

The studies compiled in Table 1 agree that both Lupinus mutabilis and Amaranthus spp. stand out
for their high nutritional and functional density, although some variability is observed due to
geographical, genetic, and technological factors (Salazar et al, 2021). Among the most notable
findings is the ability of Amaranthus spp. to provide up to 180 mg of polyphenols per 100 grams
(Paucar-Menacho et al., 2024), as well as the potential of Lupinus mutabilis to act as a plant-based
protein substitute, with clear implications for food policies and the development of fortified products.

3.1.1. Superior Value of the Protein and Its Functional Justification

The Lupinus mutabilis is recognized by an unusually high protein content of around 41-53% of
dry weight (Salazar et al., 2021) (Cérdova-Ramos et al., 2020) far surpassing soybeans and five times
that of corn and wheat, which confronts the dependence on imported legumes in contexts of food
insecurity. To argue that this protein is valuable only for its quantity would be reductive; its quality
is equally relevant. The lupin protein matrix is rich in essential amino acids, particularly lysine, which
is often deficient in cereals (Salazar et al., 2021). Evidence suggests that, in food mixtures, Lupinus
mutabilis can correct the deficient profile of vegetable proteins typical of the regional diet (Paucar-
Menacho et al., 2024).

A critical question is whether this high protein level is maintained after processing. Herein lies
the importance of evaluating not only the initial composition, but also how industrial processes,
particularly debittering, affect nutritional quality. Debittering is essential to making the grain edible,
but, according to Salazar et al. (Salazar et al., 2021), drastically reduces antioxidant capacity, an effect
that is not necessarily negative if toxic components can be eliminated without excessively
compromising the beneficial functional compounds.

The Lupinus mutabilis is positioned as one of the most outstanding protein sources in the plant
kingdom, with a protein content ranging from 41% to 53% of dry weight, surpassing not only
soybeans, but also five times the values observed in cereals such as corn and wheat (Gulisano et al.,
2022). This characteristic not only challenges the dependence on imported legumes in contexts of
food insecurity but also offers a concrete and local solution to the protein gap in the diet of many
Andean populations and beyond. However, reducing the value of Lupinus mutabilis to a question of
quantity would be simplistic: the quality of its protein is equally remarkable. The amino acid profile
of Lupinus mutabilis is rich in essential nutrients such as lysine, a nutrient limited in cereals, which
allows it, when combined in food mixtures, to correct the protein deficiencies typical of the regional
diet and increase the overall biological value of the protein consumed (Szczepanski et al., 2022).

The functionality of this protein remains relevant even after industrial processing. Debittering,
an essential process for removing toxic alkaloids and making the grain suitable for consumption, can
alter the nutritional composition, but studies show that protein levels are not only preserved but can
also be concentrated due to the leaching of other soluble components (Nathia-Neves et al., 2025).
Although this process reduces the grain's antioxidant capacity, the balance between food safety and
nutritional functionality is usually favorable, especially if toxic compounds can be eliminated without
unduly compromising the beneficial bioactive components (Benkerroum, 2019).

The potential of Lupinus mutabilis as a food ingredient is not limited to its nutritional value. Its
flour has outstanding techno-functional properties, such as water and oil retention capacity and
foaming stability, which facilitates its incorporation into baked goods and pastries (Nagai et al., 2024).
Breadmaking trials have shown that the partial replacement of wheat flour with Lupinus mutabilis
flour, in proportions of up to 20%, 30% and 50% in breads, cookies and muffins, respectively, not only
improves the protein and fiber profile of the final product but also maintains good sensory acceptance
(Dahdah et al., 2024). This versatility, combined with its superior nutritional profile and its ability to
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correct dietary deficiencies, makes Lupinus mutabilis is a strategic ingredient for the development of
functional foods and for dietary diversification in contexts of nutritional transition.

3.1.2. Fat, Fiber and Carbohydrates: Metabolic Advantages and Comparative Applications in
Andean Grains

The Lupinus mutabilis offers an energetic and functional advantage due to its high fat content,
which is around 17% (Salazar et al., 2021). Beyond their caloric contribution, lupin lipids exhibit an
unsaturated profile that may promote cardiovascular health, according to dietary patterns
recommended by the FAO/WHO. In addition, its low carbohydrate content (around 7%) and high
fiber content (>10%) make it a candidate for foods targeted at diabetic or hyperglycemic populations,
justified by its potential to induce a low glycemic rate (Salazar et al., 2021).

In Amaranthus spp., the richness in protein (13-17%) and fiber (7-10%) is combined with a
moderate proportion of fat (6-8%), making it a superior alternative to wheat and rice (Kumar et al.,
2024). This balance supports the argument that pseudocereals can address both protein deficiencies
and problems of insufficient fiber in the modern diet.

3.1.3. Bioactive Compounds: Why Are They Relevant and How Are They Affected by Processes?

Talking about bioactive compounds such as polyphenols and flavonoids goes beyond the
antioxidant hype; these phytochemicals modulate inflammatory processes, reduce cellular oxidative
damage, and may contribute to the prevention of degenerative diseases (Paucar-Menacho et al.,
2024). Therefore, their presence and preservation after industrial processing take on practical
meaning, not just theoretical potential.

Evidence indicates that Lupinus mutabilis contains polyphenols and high antioxidant activity
(Brandolini et al., 2022). However, the debittering process can reduce this activity by more than 50%
(Salazar et al.,, 2021), posing a dilemma: the treatment that eliminates dangerous alkaloids also
compromises the food's functional value. Therefore, it is critical to investigate alternative methods or
processing parameters that balance safety and functionality.

In contrast, germination in Amaranthus spp. has been shown to be a strategy that not only
preserves but also increases the grain's polyphenol concentration and antioxidant capacity (Carvalho
et al.,, 2025). This fundamental difference between debittering and germination underscores how
different processes can antagonistically transform the functional profile of pseudocereals. Sprouting
activates hydrolytic enzymes that release phenolic compounds previously bound to the cellular
matrix and reduces antinutritional factors, thereby increasing micronutrient bioavailability and
protein digestibility (Baranzelli et al., 2023). Furthermore, recent research shows that foods made with
sprouted Amaranthus spp., such as pasta, not only preserve but also enhance antioxidant activity,
resulting in greater benefits for the end consumer (Paucar-Menacho et al., 2023).

3.1.4. Functional Persistence of Andean Grains in Processed Foods

The integration of Andean grains such as Lupinus mutabilis and Amaranthus spp. in modern food
products has generated considerable interest due to its exceptional protein, fiber, and micronutrient
profile. However, the critical question is whether these nutritional and functional benefits are
maintained after industrial processing, such as baking or extrusion.

Recent evidence shows that the incorporation of Amaranthus spp. flour in baked or extruded
products consistently increases protein and fiber content, surpassing conventional cereals.
Amaranthus spp., for example, contains between 13% and 18% protein—more than wheat or rice—
and offers a complete amino acid profile, particularly rich in lysine, a nutrient lacking in other grains.
Its fiber content (up to 8% by dry weight) and high levels of bioactive compounds, such as phenols,
squalene, and tocopherols, contribute to improved digestive health and a reduced risk of chronic
diseases such as cardiovascular disease and type 2 diabetes (Singh et al., 2024). It is important to note
that thermal processes (baking, extrusion) can partially degrade some antioxidants, but can also
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generate new bioactive compounds through Maillard reactions, which could provide similar or even
greater benefits (Mironeasa et al., 2023).

In the case of Lupinus mutabilis, its high protein and oil content, coupled with a low carbohydrate
fraction, makes it an attractive ingredient for functional foods, especially in populations at risk of
protein malnutrition or metabolic disorders (Gulisano et al., 2019). However, the preservation of its
nutritional quality after processing is not guaranteed. For example, the debittering process, essential
for removing toxic alkaloids, can reduce antioxidant capacity, underscoring the need to optimize
processing protocols to balance safety and functionality (Estivi et al., 2022). Similarly, in Amaranthus
spp., techniques such as soaking, germination and fermentation have been shown to improve the
bioavailability of minerals and reduce antinutritional factors, thus maximizing the healthy impact of
the final product (Owolade et al., 2025).

Despite these promising findings, the translation of the benefits observed in vitro and in the
composition into real-life effects on human health is still poorly documented. While community-
based interventions in Africa have shown that the integration of Amaranthus spp. in the diet can
significantly improve child growth and micronutrient status, well-designed clinical trials evaluating
the bioavailability and physiological effects of these grains after processing in different populations
are lacking (Kussmann et al., 2023).

Recent studies on Andean pseudocereals, such as kafithua (Chenopodium pallidicaule), reinforce
the nutritional value of native species by showing protein contents of up to 19% and amino acid
profiles with high concentrations of lysine, threonine, and isoleucine, even surpassing quinoa in some
cases (Moscoso-Mujica et al., 2024). This evidence supports the strategic use of ingredients such as
Amaranthus spp. and Lupinus mutabilis, whose proteins -particularly lupin 11S globulins- offer
comparable functional profiles, with low prolamin content and high biological value. This functional
and compositional convergence among Andean species highlights their potential for developing
gluten-free food matrices, with applications in both public health and food technology innovation.

3.2. Functional and Technological Properties

Flours from Lupinus mutabilis and Amaranthus spp. go beyond a simple description of their
attributes to become a multidimensional forum for debate, where food innovation, sustainability, and
real functionality converge—and sometimes even conflict. Therefore, analyzing their rheological
properties, digestibility, and the effects of technological processes requires a critical approach that
questions both the reported benefits and the existing limitations (Table 2).

First, the water absorption capacity, gelling behavior and exceptional protein-fiber content of
the Lupinus mutabilis offer promise that, in the ideal of food reformulation, could displace traditional
components of low nutritional value (Piga et al., 2021). However, optimism is tempered when the
consequences of processing are recognized: procedures such as debittering, essential for food safety,
can reduce antioxidant capacity by more than 50%. This paradox, between technological necessity
and functional loss, reveals the urgency of developing lower-impact processing technologies, because
otherwise it leads to a central contradiction: "functional” foods lose precisely what makes them
innovative if processing is not carefully optimized (Toydemir et al., 2022).

This dilemma is not exclusive to Lupinus mutabilis. In Amaranthus spp., germination and
extrusion emerge as interventions that, far from being neutral, reshape the functional and
technological profile of the food. The germination of Amaranthus spp., for example, can increase the
concentration of polyphenols and improve the solubility and digestibility of proteins and starches,
favoring the creation of more homogeneous and elastic food matrices (Ramirez-Bautista et al., 2023).
This observation, however, does not inaugurate the "end of the story," but rather forces us to think of
the process as a targeted manipulation: germination could reduce viscosity but increase elasticity,
which is a dialectic between functional advantages and rheological changes that require formulation
and reformulation strategies (Ramirez-Bautista et al., 2023).

It is not enough here to celebrate sensory improvements or nutritional superiority; rather, it is
urgent to argue that the increased digestibility achieved through technological processes must be
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interpreted considering the goal of public health and well-being. Thus, while extrusion enhances
digestibility and texture (Tolve & Simonato, 2024), does this procedure not also induce the loss of
certain bioactive compounds or generate products with higher glycemic indices? Extrusion, as a high-
temperature process, can denature proteins and gelatinize starches, improving their availability, but

it can also trigger the generation of undesirable compounds or reduce biological functionality if left
unchecked (Huang et al., 2022).

Table 2. Functional and technological properties and processing effects on Lupinus mutabilis flours and

mixtures, and Amaranthus spp.

Effect of
technological
.. Functional and Rheological Digestibility . = &
Referenc Species/Mixtu . processes  Relevant
technological and textural of starches .. .
e re X . . (germination observations
properties properties and proteins .
, extrusion,
drying, etc.)
Bittering
Viscoelastic reduces
gel-like antioxidant Meets the
Hich havior i . .
g wailter behavior .m Starch: low capacity by requuf'er.nents
and oil doughs; high content 52.9%,and  for "high
absorption starch (6.9%), but spray drying fiber" status;
Jamanca- capacity; elatinization o reduces variabilit
pacity 8 hich y
Gonzales Lupinus gelling temperature o oiion of antioxidant attributed to
etal, mutabilis properties;  (68.4-81.5°C) P arI; Jose: capacity by geographic
2023) high fiber due to the hi h—y uali,t an additional area and
(>10%), protein presence of rc%teiis ric}; 8%; it variety;
(>52%), and fat non-starch P inl si;le maintains the suitable for
(~17%) content. compounds; ysime. integrity of gluten-free
medium-sized starchand  products.
particles. proteins after
milling.
Functional Direct
capacity . -
I 1
affected by t does not dlgfi‘stlbl ity o Technologica
report is not Bittering and
processes; , . 1 processes
. numerical reported, but  drying
(Llontop- significant e can
, . .. values, butitis itisinferred reduces the .
Bernabé Lupinus reduction in . .. compromise
.. mentioned that thatthe  antioxidant )
etal, mutabilis polyphenols . .. . functional
processing  reduction in capacity and .
2025) and value if they
.. affects texture polyphenols  phenol
antioxidants are not
and may affect content. ..
after . . . L optimized.
debittering and functionality. bioavailabilit
drying. Y-
Increased . . . o
protein and Extrusion  Extrusion can Extrusion Positive
(Mufioz- Mix: Lupinus fiber content in produces  increase the improves synergy
Pabon mu‘tabilis N oxtruded products with digestibility  texture, between
Roa ’ dinoa + sweet roducts: 2 crisp texture, of proteins digestibility, = Andean
Acosta etq otato En roveé good and starches and ingredients;
al. 20 2’ 2) (e>1<9tru ded) nutritIi)onal and cohesiveness by nutritional suitable for
7 functional and expansion; denaturation  value; healthy
profile; it improves and individual snacks.
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products with sensory  gelatinization values are
greater water acceptability. . not reported.
absorption

capacity.

High water
absorption
capacity; Flours with

It does not
report direct Geneticand Amaranthus

digestibility envi ent  sop. is
significant  fine particles; 1gestibility environment  spp.1sa

source of ood eel but al variability significant
(Alarcon- 500 & highlights the  affect source of
, Amaranthus  polyphenols  formation; ) .
Garcia et . presence of  functional antioxidants
al., 2020) SPP- (80-180mg  suitable for high-qualit roperties;  and fiber;
g FA/100g);  bakingand & dt@1y properies;  ar '
. proteinsand  specific ~ suitable for
genetic extruded , .
Y starch with processes are functional
variability in ~ products.
. good not assessed. products.
functional . .
. functionality.
properties.
- Germination:
. Germination
Sprouting Increased L
. reduces paste . . . Germination
increases . . Sprouting  bioactive .
viscosity but . is an optimal
polyphenols, . increases  compounds
. improves the . process to
flavonoids, and .. protein and
.. elasticityand .~ . enhance the
Amaranthus ~ antioxidant . digestibility ~antioxidant )
(Vento et s capacity: it cohesiveness and mineral  capacitv: functional
al., 2024) Pp- ) pacity; of doughs; it . o P . ty; and
(germinated) improves . bioavailabilit reduction of .
facilitates the . . ... technological
water . y; it improves antinutrition
. formation of value of
absorption and starch al factors;
. more L ) Amaranthus
protein digestibility. improved
o homogeneous . spp.
solubility. . technological
matrices. . .
functionality.
Use of Germination
Amaranthus spp  Pasta with prior to pasta
. germinated in Amaranthus production
pasta improves spp. Germination increases Germination
the nutritional germinated improvesthe bioactive is key to the
(Paucar - . . -
Menacho Amaranthus  and functional have better  digestibility compounds development
ot al spp. profile; texture of proteins and of functional
5 023‘t.;) (germinated) increases (greater  and starch in functionality; foods from
polyphenols firmness and the produced improves the Amaranthus
and elasticity) and pasta. texture and spp.
antioxidantsin ~ sensory digestibility
the final acceptability. of the final
product. product.
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Breads with

I
ncr(?ased Amaranthus Amaranthus
protein and It does not . .
Baking: spp. It is

fiber content in *P" They have report direct

d b ibl ful f
breads;  © BooC A digestibility, possible - Hset for
. . greater . partial loss of enriching
(Miranda Amaranthus improved but baking ..
. . volume, and . antioxidants baked goods
-Ramos et spp. (in nutritional can improve .
. . acceptable but improves and
al., 2019) baking) profile; good the ) .
texture; they _ . . 1.., product  improving
water _ bioavailabilit .
. improve the texture and their
absorption . s . .
. elasticity and . acceptability. functionality
capacity in . nutrients.
douchs cohesiveness
&1 of the dough.
Amaranthus
spp. Pure:
higher
apparent
Ama’mnthus PP viscosity and
. improves flow
technofunction . It does not Blending and
al properties resistance; report direct fine grindin,
prop mixtures with .1 & & Amaranthus

(water wheat and digestibility, = improve

. . . . spp . is key to
(Jamanca- Mixtures: absorption, but the fine cohesiveness " Y

uinoa: improvin
Gonzales wheat, quinoa,  swelling, 9 . and cohesive and texture; p. .g
changes in . .. . functionality
etal,  Amaranthus apparent . .. structure variationsin
. pseudoplasticit and texture
2024) spp. density); favors colorand
. y and . . . in bread and
mixtures cohesiveness digestion in microstructur astry mixes
Y ; .
exhibit . baked e depend on pastty
ability i microstructure ducts tons
variability in roducts. proportions.
Y : Amaranthus ~ © PToP
color and s rovides
microstructure. “T ¥ P
a more
homogeneous
and finer
matrix.
Pastas with a
higher
roportion of
Mixtures  * OF It does not Blends allow

Lupinus Positive

improve the report direct  for fine-

mutabilis and syner
Mixtures:  functional and digestibility, tuning the yhergy
, Amaranthus between
quinoa, textural but the texture and
( Katyal . spp.: greater L . ., _pseudocereal
Amaranthus ~ properties of combination functionality
etal, spp., Lupinus astes firmness and of flours of pasta; sand
2024) PP~ . p . . P 7 cohesiveness; . P o Andean
mutabilis (in  increasing . .~ improvesthe cooking .
. final viscosity . legumes in
paste) firmness, textureand  improves
. and . aqueous
cohesiveness . potential structure and .
retrogradation matrices.

and viscosity. digestibility. acceptability.

increase with
Amaranthus

Spp.

The use of structural characteristics such as viscosity, pseudoplasticity and cohesiveness
provided by Amaranthus spp. in mixtures, opens a window for the development of baked goods and
pastas adapted to "gluten-free" trends and healthier matrices (Codind, 2022). But the argument must
go beyond technofunctionalism: while the formation of a homogeneous matrix favors texture and
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potentially digestibility, this value must be validated at the clinical and population level, measuring
its real effect on the glycemic response and the bioavailability of micronutrients (Al Rasbi & Gadi,
2021).

Bringing the discussion towards mixtures between Andean pseudocereals such as Lupinus
mutabilis, Chenopodium quinoa and Amaranthus spp., implies recognizing the power of synergy, which
becomes a biotechnological and sociocultural argument. By combining legumes and pseudocereals,
not only is the protein quality and texture of the final products increased, but a regenerative value
chain is also built that challenges monotonous food models dependent on exogenous inputs (De Bock
et al., 2021). But this argument, to be convincing, requires more than technical descriptions: it must
be demonstrated that these synergies are stable on an industrial scale and that they can overcome
both organoleptic and commercial barriers.

The debate on the functional and technological properties of Lupinus mutabilis and Amaranthus
spp. cannot be reduced to the sum of its descriptors. It is essential to emphasize that true innovation
lies in the ability to maximize its nutritional and technological benefits without sacrificing the
integrity of its beneficial compounds, overcoming processing paradoxes and adopting a holistic
approach that recognizes the interaction between composition, process, functionality, and public
health. Only in this way will these resilient and bioculturally valuable crops fulfill their promise of
revolutionizing food formulation and functionalization in Latin America and beyond (Pérez-Salinas
et al., 2022).

3.3. Applications in Food Development

The shift in the use of Andean grains from traditional niches to contemporary food matrices,
such as breads, gluten-free products, dairy alternatives, and supplements, represents one of the most
important and innovative developments in 21st-century food science. Its relevance lies both in its
compositional and technological transformation and in its potential implications for food security,
public health, and industrial diversification (Table 3).

Table 3. Applications of Andean grains in food development.

Level of

And Nutritional
Application/product ncean substitution/additi utritiona Reference
grain/mixture on composition
Increased protein
(up to 13-16%),
fiber, minerals and
bread volume (with
Chenopodium quinoa, 10-20%
Amaranthus s Chenopodium (Repo-
Baking: gluten-free SPP o 10-50% additionto P Carrasco-
Chenopodium quinoa/ Amaranthus .
bread s . starch/potato/corn . Valencia et
pallidicaule, Lupinus spp.); improved
. al., 2020)
mutabilis texture
(cohesiveness,
firmness); optimal
acceptability with
<20%.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1672.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 May 2025 d0i:10.20944/preprints202505.1672.v1

13 of 25

Increased protein
(up to 12-15%),
fiber, and minerals;

Chenopodium .
allidicaule optimal sensory (Luque-
Baking: cookies pasia " 10-40% replacement acceptability with Vilca et al.,
Chenopodium quinoa,
Amaranthus s 20-30% 20242)
PP- Chenopodium
pallidicaule; darker
color.

Improved protein

(Munoz-
to 14-18%),
Bakine: extruded Chenopodium quinoa, fgggr (()ex ansi/z))n Pabon,
& Lupinus mutabilis, 20-40% mix » &XP ’ Parra-

snacks and crispness; high

sweet potato Polanco, et

sensory al., 2022)
acceptability.
Increased protein,
fiber, and minerals;
Chenopodium quinoa, sensory (Cannas et

Baking: panettone 10-20% replacement

Amaranthus spp. acceptability like a  al., 2020)

commercial product

with <15%
Increased protein
Dairy products: Chenopodium quinoa and fiber; (Majhenic et
yP i P 1 " 10-20% replacement acceptable texture; J
alternative cheese Amaranthus spp. al., 2025)
moderate sensory
acceptability
I ;
Chenopodium quinoa, ncreased pr(:tem
(up to 15-18%), .
Others: Amaranthus spp., . . . (Lietal.,
. 10-40% mix fiber, and minerals;
supplements/bars Chenopodium 2025)
o good sensory
pallidicaule o
acceptability
Increased iron,
protein, fiber, and
Others: fortified foods Chenqp odiunt UIO% 10-20% addition phenolic (Guoetal,
lupinus mutabilis compounds; 2025)
variable sensory
acceptability

3.3.1. Baking: Innovation for Nutrition and Technological Functionality

Applications in baking, both in conventional and gluten-free products, reveal the disruptive
potential of grains such as Chenopodium quinoa, Amaranthus spp, Chenopodium pallidicaule and lupinus
mutabilis. The incorporation of these ingredients at levels even higher than 10-20% significantly
increases the protein content (up to 13-16%), fiber and minerals, dimensions directly associated with
the reduction of the glycemic index and the promotion of satiety and metabolic well-being (Rosell et
al., 2009). These effects are not merely additive: they articulate a synergy, since the texture and
structure of the crumb (cohesiveness, firmness) often surpass those of traditional gluten-free products
based on refined starches, which represents a direct solution to the technological deficiency of
conventional gluten-free products.

However, the evidence is critical and guided by sensory and acceptability criteria: it is observed
that massive substitution (>20% in bread, >30% in biscuits) begins to negatively impact sensory
acceptance, which reveals the technical-nutritional duality in the face of organoleptic barriers. At this
point, food science must position itself, as multiple authors point out, at the forefront of
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biotechnology capable of modulating processes (pretreatments, blends, applied enzymology) aimed
not only at maximizing functional benefits but also at preserving sensory attributes essential for
market success (Castro Delgado et al., 2020).

Extruded snacks and alternative panettone also demonstrate the technological flexibility of these
grains, validating the hypothesis that the potential for food expansion lies not only in nutritional
capacity, but also in the ability to adapt to industrial extrusion, baking, and mixing processes, while
maintaining or improving sensory acceptability and texture (Magalhdes et al, 2019). This is
particularly relevant for the functional foods sector, where crunchiness and cohesiveness determine
parameters in quality perception.

In addition to the recognition of the nutritional and functional properties of Andean flours such
as Lupinus mutabilis, studies such as that of (Lobanov et al., 2018)) highlight their economic potential
in the development of functional baked goods. The incorporation of lupin flour, combined with
amaranth and lactulose in roll-type bread rolls (“Magiya”), not only improved the nutritional
profile—with a 36.7% increase in protein and a 22.8% increase in magnesium—but also achieved
significant economic efficiency, yielding a profit margin of over 6,000 rubles per ton produced. This
evidence suggests that the use of functional flours of plant origin can be simultaneously viable from
technological, nutritional, and commercial perspectives.

3.3.2. Dairy Products and Beverages as a Challenge for Plant-Based Innovation

The addition of Andean cereals to dairy matrices, such as yogurt or alternative cheeses,
demonstrates a dual effect: on the one hand, nutritional enrichment (increased protein, fiber, fat, and
bioactive compounds); on the other, challenges associated with sensory acceptability, which
significantly decreases when concentrations exceed 3-5%. Simply adding superfoods does not
guarantee sensory success; research into selective fermentation, starter selection, and encapsulation
technologies is needed to mitigate undesirable changes in flavor, texture, or color (Kusio et al., 2020).

The mixture of Amaranthus spp. and Lupinus mutabilis has made it possible to increase protein
and antioxidant content, raising sensory acceptability to scores of 7-9 out of 10 (Parra-Gallardo et al.,
2023). This result underscores the importance of strategic formulation and a thorough understanding
of ingredient-process interactions, an aspect strongly emphasized in recent literature.

3.3.3. Other Functional Foods: Public Health Perspective

The substitution of animal fat with Andean pseudocereals in meat products and the creation of
protein-functional supplements from Andean grain blends increase protein and fiber while
decreasing total fat content, thus providing real and scientifically validated alternatives to address
problems such as obesity, cardiovascular disease and malnutrition due to excess or deficiency
(Paucar-Menacho et al., 2022). Fortification with Amaranthus spp. and Lupinus mutabilis shows a clear
increase in iron and phenolic compounds, with direct implications in combating anemia and
promoting the antioxidant health of the population (Karamac et al., 2019).

However, the fundamental challenge here, evidenced by the variability of sensory acceptability,
is the same one that runs through the entire field: science must operate not only at the innovative
frontier of nutrients and functional compounds, but also in recognition of consumer expectations and
habits, the cultural context, and the regulatory framework.

3.4. Sensory Evaluation and Consumer Acceptance

Sensory evaluation constitutes the critical link that connects the technological and functional
developments of innovative ingredients, such as Andean grains, with the reality of mass
consumption and market viability. Its scientific basis lies in the ability of sensory methods to translate
physicochemical and structural variations produced by the substitution or addition of Amaranthus
spp. and Lupinus mutabilis and other Andean pseudocereals and legumes, in objective and validated
judgments on preference, acceptance and purchasing potential.
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Table 4. Sensory evaluation and acceptance factors in products based on Andean flours.
Acceptance and
S Number of f 1
Product/food o0 umber of  preference (scale, Factors influencing  Referen
matrix method consumers/pane % acceptance, sensorv bercetion ce
used lists highlighted Ty percep
attributes)
Optimal
Gluten-free bread Hedonic P 1.rT1a . L
) . acceptability with Substitution level,
(Chenopodium qui  scale 9 S .
) <20% substitution; texture, color, bitter taste .
noa, Amaranthus  points, 100-250 . . (Aguiar
>30% decreases  of Chenopodium quinoa,
PP~ CATA, consumers acceptance; ke e of preferment etal,
Chenopodium GPA, (varies by study) . P o type of p 4 2022)
L attributes: texture, presence of phenolic
pallidicaule, — ANOVA, color, flavor, fluff compounds
Lupinus mutabilis) MFA ’ ’ y P
crumb
CATA, 9- Acceptabl‘hty l?ke
. commercial with
pomnt <15% substitution; Type of preferment, (Jamanc
Panettone hedonic proportion of
(Chenopodium scale preferred Chenopodium quinoa/Amar ]
. ’ 80 consumers  attributes: flufty, Gonzale
quinoa, preferenc sweet. moist anthus spp., sensory setal
Amaranthus spp.) e vanﬂl;a scent; attributes (smell, texture, 00 2)"
ranking, sweetness)
. preference for PE
Friedman
and PB samples
Greater
acceptance with
2 _ o)
Gluten-free . 0-30 /o
. Hedonic Chenopodium ) .
cookies s Chenopodium ratio
. scale 9 Pallidicaule; .
(Chenopodium . . . pallidicaule, texture
. points, attributes: crisp . (Patel et
pallidicaule, . 102 consumers (hardness, crispness),
. . Sorting, texture, darker . al., 2019)
Chenopodium quin color, starch and protein
oa, Amaranthus ! color, pleasant content
! spp.) ANOVA flavor;
PP- acceptability >7/9
in better
formulations
High acceptability
Vv 1
egetable bl‘lrger CATA, 5- (mostly “like it a . . . (Chavarr
(Chenopodium . Y ata ... Proportion of ingredients,; .
, . point lot” or “like it”); i-Uriarte
quinoa, Lupinus . 132 consumers . texture, flavor, color,
. hedonic attributes: easy to . . tal.,
mutabilis, perception of healthiness
Amaranthus spp.) scale, CA cut, soft, legume 2025)
PP- flavor, healthy
Acceptability
decreases >3%
Vel sopr P el 0 _—
(Chenopodium . 50-100 ’ " Level of addition, texture,
. . points, flavor, creamy Masala,
quinoa, Lupinus consumers aftertaste, sweetness
mutabilis ) JAR, texture, color; 2023)
ANOVA optimal
acceptability with

<3% addition
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Optimal
. acceptability with
9- t
Fortified biscuits pom. <30% Amaranthus
hedonic . . . (Luque-
(Amaranthus spp. spp./Chenopodium  Proportion of fortifier, .
. scale, 102 consumers . Vilca et
and Chenopodium . pallidicaule; texture, color, flavor
L. Sorting, . al., 2024)
pallidicaule) CA attributes: crunchy
texture, pleasant
flavor, dark color
B 1 t
ars/supp emen . Good acceptability
s (Chenopodium Hedonic . . . .
i (>6/9); attributes: Proportion of ingredients, .
quinoa, scale 7-9 (Rios et
. 50 consumers flavor, texture, texture, sweetness,
Amaranthus spp., points, color. health aftertaste al., 2020)
Chenopodium ~ ANOVA s neay
perception

pallidicaule)

3.4.1. Methodological Rigor and Diversity of Sensory Tools

The recurrent use of the hedonic scale as a reference method for quantifying liking highlights
the need for international comparability and reproducibility of results (Rios et al.,, 2020). This
technique, when applied to a sufficient range of consumers (50 to 250, depending on the product and
study), allows not only the identification of overall acceptability, but also the determination of
technologically critical substitution thresholds, as revealed in the case of gluten-free bread and
extruded snacks, where optimal acceptance is restricted to substitutions of <20%, and >30% implies
significant drops in acceptance.

The CATA ( Check-All-That-Apply ) methodology and multivariate statistical analyses (MFA,
GPA, ANOVA, Friedman) reinforce the robustness of designs, allowing to explore not only the
degree of liking, but also the relative relevance and interaction of specific sensory attributes (color,
texture, flavor, aroma), generating perceptual maps whose interpretation can guide reformulation
(Rios et al., 2020). Complementarily, the JAR (Just -About - Right) and Pivot techniques Profiles
address the ideality of individual attributes, a crucial dimension in fortified or functional matrices
(Lee et al., 2021).

3.4.2. Necessary Balance Between Innovation and Acceptability

Modern food science must recognize that innovative advances in formulation are only
meaningful if they pass the sensory test. In baked goods -such as biscuits, pastries, and snacks-
evidence shows that there is a threshold range in which the substitution or addition of Andean grains
maximizes nutritional and functional benefits (e.g., increased protein, fiber, minerals, and
bioavailable compounds) without compromising sensory acceptability (Nogueira & Guiné, 2022).
However, beyond certain levels (e.g., more than 30% in Chenopodium quinoa, or over 3% in plant-based
yogurts), sensory limitations tend to appear, often due to bitterness, intense coloration, gritty
textures, or undesirable changes in cohesion and elasticity (Chambers, 2019).

At the level of consumer preference, the fact that panettone made with Chenopodium quinoa and
Amaranthus spp. (up to 15% substitution) maintains acceptability comparable to commercial products
-or that vegetable burgers incorporating Andean ingredients achieve high sensory scores ("I like it a
lot")- suggests that the challenge lies not in mere incorporation, but in the specific optimization of
ingredient matrices, processes, and proportions (Jamanca-Gonzales et al., 2022).

3.4.3. Determining Factors in Sensory Perception

The analysis of results shows that sensory perception is the product of a multivariate and
interdisciplinary interaction (de Oliveira et al., 2025):
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1. Level of substitution/addition and type of processing: a key factor that modulates the
manifestation of desirable attributes. High substitutions can accentuate phenolic compounds or
saponins, responsible for undesirable flavors and dark colors.

2. Texture: characteristics such as crunchiness, fluffiness, cohesiveness or hardness are determining
factors for preference and usually respond to both the ingredient matrix and the technological
treatment (extrusion, baking, fermentation), directly influencing acceptance.

3. Flavor and aroma: the "leguminous flavor", sweetness, nutty notes, or the bitterness typical of
some Andean compounds, act as limiting parameters and are subject to adjustments through
pretreatments or mixtures.

4. Color and appearance: For a large proportion of consumers, the “dark color” of Chenopodium
pallidicaule or Amaranthus spp. represents a negative factor if it deviates from the traditional visual
expectation associated with the reference food

5. Perception of healthiness: In functional products, the perception of “natural” ingredients and
knowledge of the benefits can compensate for slight disadvantages in taste or texture.

The rigor of sensory analysis as a scientific discipline ensures that the transfer from the
laboratory to the industry is carried out under empirical validation, and that advances based on

Andean grains have real viability in the commercial, nutritional and public spheres (Mikulajova et
al., 2024).

3.5. Impact on Health and Functional Potential

Recent scientific literature converges in pointing out that Andean grains constitute food matrices
with an outstanding functional potential and a positive impact on human health, supported by three
main axes: antioxidant activity, reduction of metabolic risk factors and contribution of fiber and high-
quality proteins (Garcia-Ramon et al., 2023).

3.5.1. Antioxidant Activity

Various studies have shown that Andean grains possess high antioxidant capacity, attributed to
their content of phenolic compounds, flavonoids, betalains, and other phytochemicals (Yang et al.,
2024). For example, Chenopodium quinoa contains between 30.3 and 59.7 mg FA/100 g of total phenolic
acids, including caffeic, ferulic, and p-coumaric acids (Zhang et al.,, 2024). Amaranthus spp. and
Chenopodium pallidicaule also stand out for their phenolic and antioxidant profiles (Enciso-Roca et al.,
2025).

The antioxidant activity of these grains has been reported not only in crude extracts but is also
maintained —or even enhanced —after technological processes such as germination, extrusion, or
enzymatic hydrolysis (Chen et al., 2023). For example, the germination of Chenopodium quinoa and
Amaranthus spp. increases the accumulation of bioactive compounds and boosts antioxidant capacity
(Ramos-Pacheco et al., 2024), while extrusion can improve antioxidant bioavailability, although it
may also cause losses depending on processing conditions (Hossain & Jayadeep, 2022).

In the case of Lupinus mutabilis and pajuro, the enzymatic hydrolysis of their proteins generates
multifunctional peptides with potent antioxidant activity, capable of protecting cells from oxidative
stress (Palma-Albino et al., 2021). These peptides have demonstrated, in vitro, the ability to scavenge
free radicals and prevent cell damage induced by oxidative agents (Abbas et al., 2025).

3.5.2. Reduction of Metabolic Risk Factors

The consumption of Andean grains is associated with the reduction of metabolic risk factors
such as hypertension, hyperglycemia, dyslipidemia, and obesity, due to the presence of bioactive
peptides, dietary fiber, and phenolic compounds (Brito et al., 2022).
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Protein hydrolysates from Chenopodium quinoa, Amaranthus spp., Lupinus mutabilis, and Erythrina
edulis Triana have been shown to inhibit angiotensin-converting enzyme I (ACE), suggesting
antihypertensive potential (Lopez-Moreno et al.,, 2023). Furthermore, these hydrolysates exhibit
inhibitory activity against a-amylase, a-glucosidase, and DPP-IV -key enzymes involved in glycemic
regulation- indicating antidiabetic potential (Lépez-Moreno et al., 2023).

The dietary fiber content in Chenopodium quinoa, Amaranthus spp., and Chenopodium pallidicaule
ranges from 7% to 16% on average, with higher values reported in Chenopodium pallidicaule and
Amaranthus spp. (Lépez-Moreno et al., 2023). This fiber contributes to reducing the glycemic index,
improving satiety, and modulating the gut microbiota-factors associated with the prevention of
obesity and other metabolic disorders (Geng et al., 2022).

3.5.3. Fiber and Protein Intake

Andean grains stand out for their high-quality protein content, featuring complete amino acid
profiles and high digestibility (Haros et al., 2022). For example, Chenopodium quinoa and Amaranthus
spp. contain between 13% and 18% protein, while Lupinus mutabilis and pajuro can exceed 40%-50%.
Furthermore, the in vitro digestibility of Chenopodium quinoa and Lupinus mutabilis proteins can reach
values above 80% (Repo-Carrasco-Valencia et al., 2020) (Vidaurre-Ruiz et al., 2023).

Dietary fiber is another relevant component, with values ranging from 7% to 16% in Chenopodium
quinoa, Amaranthus spp., and Chenopodium pallidicaule, and up to 18% in Lupinus mutabilis % (Repo-
Carrasco-Valencia et al., 2020). This fiber, along with resistant starches and other polysaccharides,
contributes to digestive health, cholesterol reduction, and postprandial glucose modulation
(Alahmari, 2024).

It is worth noting that recent studies have begun to characterize the amino acid profile of
products made with Lupinus mutabilis flour. For example, Paz-Yépez et al. (2025) developed a vegan
dressing containing 9% lupin flour, which reached a protein content of 5.68%, highlighting essential
amino acids such as threonine (0.93 g/100 g), leucine (0.63 g/100 g), and histidine (0.62 g/100 g), along
with high levels of glutamic acid (2.21 g/100 g). This finding demonstrates that lupin not only
provides a high quantitative protein fraction but also retains its nutritional quality after technological
processes such as emulsification, reinforcing its functional value in plant-based food formulations.

4. Conclusions

The evidence collected shows that both Lupinus mutabilis like Amaranthus spp. are notable for
their density of nutrients and functional compounds, with variations attributable to genetic,
geographical, and technological factors. The use of Lupinus mutabilis allows to quintuple the protein
intake compared to cereals such as wheat and corn, while Amaranthus spp. stands out for its
antioxidant capacity, providing up to 180 mg of polyphenols per 100 grams. The use of these grains
in modern food matrices increases the protein and fiber content of final products by 10% to 40%,
although optimal sensory acceptance is maintained when the substitution does not exceed 20% to
30%. Technological processes, while they can reduce certain bioactive compounds, allow nutritional
functionality to be preserved or even enhanced when properly optimized. These results support the
strategic incorporation of Andean flours in the development of functional foods, with a direct impact
on improving the nutritional quality and sustainability of food systems.
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