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Introduction

Amaranthus caudatus L., a plant of significant agricultural and nutritional interest,
has been the focus of various studies exploring its characteristics and potential.
Understanding its genetic diversity and population structure is crucial, especially
its growth across diverse altitudes. Research using SSR markers revealed sub-
stantial genetic variation within the species, suggesting distinct adaptive strate-
gies to environmental conditions. This understanding is fundamental for effective
conservation efforts and breeding programs aimed at improving resistance and
yield [1].

The nutritional value of Amaranthus caudatus L. is a key area of investigation.
Studies on leaves cultivated in Nigeria, for example, show they are a rich source of
essential nutrients and potent antioxidants. This highlights their considerable po-
tential as a valuable dietary component, contributing significantly to human health
and food security, particularly where traditionally grown [2].

Further, a comprehensive review positions Amaranthus caudatus L. as a promising
source of diverse bioactive compounds. This review discusses its wide-ranging
potential applications in both the food and pharmaceutical industries, focusing on
its rich profile of phenolic acids, flavonoids, and peptides, which contribute to its
health-promoting properties and functional uses [3].

Beyond the leaves, the potential of Amaranthus caudatus L. seed oil has been ex-
plored. Analyses uncovered its unique chemical composition, significant antiox-
idant, and anti-inflammatory activities. These beneficial properties are attributed
to its distinctive fatty acid profile and high concentration of specific bioactive com-
pounds, making the seed oil valuable for various health-focused applications [4].

Addressing environmental challenges, studies have concentrated on the impact of
drought stress on Amaranthus caudatus L. This research investigates how water
scarcity affects the growth, yield, and nutritional quality of various grain amaranth
varieties. It offers critical insights into how different accessions respond to drought,
vital for identifying resilient varieties suitable for drought-prone regions, thus en-
suring food security [5].

Extending this focus on resilience, transcriptomic analysis unraveled molecular
mechanisms underpinning drought stress tolerance in Amaranthus caudatus L.
This work identified key genes and pathways activated during drought. Such foun-
dational understanding is invaluable for guiding genetic engineering efforts to de-
velop more resilient amaranth varieties [6].

Further contributing to stress responses, a genome-wide identification and char-
acterization of the WRKY gene family in Amaranthus caudatus L. has been con-
ducted, examining their expression under various abiotic stresses. WRKY tran-
scription factors are crucial regulators in plant stress responses, and comprehend-

ing their role in amaranth offers insights for improving stress tolerance through
genetic manipulation [7].

On the practical side of food applications, evaluation of nutritional and antinutri-
tional factors of grain Amaranthus caudatus L. accessions from the Andean region
was carried out. This study reveals significant variability in nutrient content and the
presence of certain antinutrients. This information is important for both informed
cultivar selection and optimizing processing methods to maximize nutritional ben-
efits [8].

Furthermore, efforts to enhance the plant’s inherent value include increasing bioac-
tive compound production. A review highlights various elicitor treatments that can
stimulate the plant’s natural defense mechanisms, leading to increased synthesis
of valuable phytochemicals, thereby improving its health-promoting properties and
economic value [9].

Finally, post-harvest processing techniques play a critical role in preserving Ama-
ranthus caudatus L. quality. The impact of different drying methods on the physico-
chemical properties and nutritional value of its leaves has been investigated. Find-
ings provide crucial information for optimizing these techniques, ensuring valuable
nutrients and functional compounds are preserved, which directly affects their qual-
ity for consumption [10].

Description

Amaranthus caudatus L. is a dynamic crop that has attracted considerable scien-
tific attention due to its inherent adaptability, dense nutritional profile, and promis-
ing medicinal potential. Foundational research into its genetic makeup has re-
vealed significant diversity and distinct population structures across various al-
titudes, a finding corroborated by detailed SSR marker analysis. This observed
genetic variation is a clear indicator of diverse adaptive strategies, enabling the
species to thrive in a wide array of environmental conditions. Such profound un-
derstanding is critically important for developing effective conservation efforts and
for guiding targeted breeding programs designed to enhance the plant’s natural
resistance to various stressors and to improve its overall yield [1].

The plant truly stands out for its impressive nutritional profile and its abundance of
beneficial bioactive compounds, making it a valuable addition to diets and health
applications. Studies consistently confirm that Amaranthus caudatus L. leaves are
an excellent source of essential nutrients and harbor powerful antioxidant proper-
ties, especially when considering those cultivated in regions like Nigeria. These
findings strongly underscore their significant role in promoting human health and
bolstering food security, particularly in areas where the plant is traditionally grown
and consumed as a dietary staple [2]. Moving beyond basic nutrition, a broader
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review further emphasizes its promise as a rich source of diverse bioactive com-
pounds, such as phenolic acids, flavonoids, and various peptides. These com-
pounds are specifically highlighted for their contributions to its health-promoting
properties, suggesting a wide spectrum of applications in both the food and phar-
maceutical industries [3]. Even the seed oil contributes significantly to its com-
prehensive value, demonstrating a unique chemical composition alongside robust
antioxidant and anti-inflammatory activities. These beneficial characteristics are
directly attributable to its distinct fatty acid profile and a high concentration of spe-
cific bioactive compounds, positioning the seed oil as particularly valuable for var-
ious health-focused applications and product development [4]. Furthermore, the
meticulous evaluation of nutritional and antinutritional factors in grain amaranth
accessions collected from the Andean region has revealed considerable variability
in nutrient content and the presence of certain antinutrients. This detailed informa-
tion is instrumental for making informed decisions regarding cultivar selection and
for optimizing processing methods to maximize its inherent nutritional benefits for
consumers [8]. To push the boundaries of these benefits, ongoing research actively
explores various elicitor treatments that can effectively stimulate the plant’s natural
defense mechanisms. This stimulation, in turn, leads to an increased synthesis of
valuable phytochemicals, thereby substantially boosting its health-promoting prop-
erties and enhancing its overall economic value across different industrial sectors
[9].

A critical and increasingly relevant area of contemporary research involves under-
standing and strategically enhancing Amaranthus caudatus L.’s intrinsic resilience
to environmental stressors, with a particular focus on drought conditions. Inves-
tigations into how drought stress profoundly impacts the growth, yield, and nutri-
tional quality of different grain amaranth varieties provide essential insights into
how specific accessions respond to water scarcity. This granular information is
utterly vital for identifying and subsequently promoting resilient varieties that are
well-suited for cultivation in drought-prone agricultural regions, directly contribut-
ing to global food security efforts amidst changing climates [5]. Taking this a step
further, on a sophisticatedmolecular level, transcriptomic analysis has successfully
elucidated the intricate underlying mechanisms of drought stress tolerance within
Amaranthus caudatus L. This groundbreaking work precisely pinpointed key genes
and metabolic pathways that become actively engaged and regulated in response
to drought conditions, offering foundational scientific knowledge. This knowledge
can effectively guide future genetic engineering initiatives aimed at developing
even more tolerant amaranth varieties capable of thriving in challenging environ-
mental scenarios [6].

Complementing the comprehensive stress tolerance research, the WRKY gene
family in Amaranthus caudatus L. has undergone extensive genome-wide iden-
tification and characterization. Their specific expression patterns under various
abiotic stresses have been meticulously examined, unequivocally revealing that
WRKY transcription factors function as crucial regulators in broader plant stress
responses. Therefore, deeply understanding their specific role within amaranth
provides invaluable insights for strategically improving stress tolerance through
precise genetic manipulation and advanced breeding programs, creating more ro-
bust crops [7].

Finally, the practical aspects of post-harvest processingmethods significantly influ-
ence the overall quality and the effective retention of valuable compounds in Ama-
ranthus caudatus L. For instance, dedicated research investigating different drying
methods applied to Amaranthus caudatus L. leaves has rigorously assessed their
specific impact on physicochemical properties and their ultimate nutritional value.
The crucial findings from this research offer indispensable information for optimiz-
ing these post-harvest techniques. The goal is to ensure that valuable nutrients
and functional compounds are maximally preserved, which directly and substan-
tially affects the leaves’ quality for consumption and their subsequent utilization in
various applications [10].

Conclusion

Amaranthus caudatus L., a resilient crop, is a subject of extensive research cov-
ering its genetic makeup, nutritional profile, and adaptive capabilities. Studies re-
veal significant genetic diversity and population structures across varied altitudes,
suggesting distinct adaptive strategies essential for conservation and breeding ini-
tiatives. The plant’s leaves and seeds are rich in essential nutrients and potent
antioxidants, positioning A. caudatus as a vital dietary component, especially in
regions like Nigeria where it is traditionally cultivated. Its potential as a source
of bioactive compounds, including phenolic acids and flavonoids, extends to both
food and pharmaceutical applications, with methods explored to enhance the pro-
duction of these valuable phytochemicals through elicitor treatments.

Research also delves into the seed oil, highlighting its beneficial chemical com-
position, antioxidant, and anti-inflammatory properties, attributed to a unique fatty
acid profile. A crucial area of study addresses the plant’s response to environmen-
tal challenges, specifically drought stress. Investigations examine the impact on
growth, yield, and nutritional quality of various varieties, identifying resilient ac-
cessions. Molecular-level analyses, including transcriptomic studies and genome-
wide identification of the WRKY gene family, uncover the mechanisms underpin-
ning drought tolerance, providing insights for genetic engineering. Furthermore,
evaluation of nutritional and antinutritional factors in Andean accessions and the
impact of different drying methods on leaf quality underscore the importance of
cultivar selection and post-harvest processing for maximizing its benefits. This
collective research reinforces A. caudatus’s value for food security, health, and
agricultural resilience.
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