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RESUMO

A batata-doce (lpomoea batatas L. Lam.) apresenta ampla diversidade genética, refletida em
variagOes na coloragdao da polpa, composicdo quimica e atributos funcionais. Neste estudo,
foram conduzidos dois experimentos complementares com o objetivo de realizar uma
caracterizagdo integrada de cinco gendtipos com diferentes coloragdes de polpa (roxa,
alaranjada e branca), abordando parametros fisico-quimicos, propriedades funcionais,
atividade enzimatica e perfil de compostos volateis. No primeiro experimento, 0os genotipos
foram caracterizados quanto aos atributos fisico-quimicos, atividade enzimatica, compostos
bioativos e capacidade antioxidante. Genoétipos de polpa roxa (SP1 e SP4) apresentaram
maiores teores de fenodlicos, flavonoides e antocianinas, correlacionados com elevada
atividade antioxidante (ABTS e FRAP). Ja o genotipo de polpa laranja (SP2) destacou-se pelo
alto contetido de carotenoides e amido, indicando potencial para biofortificagao e aplicagdes
industriais, enquanto SP3 e SP4, com maior teor de amido resistente, demonstraram potencial
funcional associado a satde intestinal e ao controle glicémico. O segundo experimento
concentrou-se na avaliacao do perfil de compostos organicos volateis (COVs) por SPME/GC-
MS, simulando cocg¢do a vapor. Foram identificados 72 compostos distribuidos em oito grupos
quimicos, com predominancia de aldeidos e terpenoides. B-ionona e B-ciclocitral destacaram-
se como marcadores volateis do genotipo de polpa laranja, derivados das vias de degradagao
de carotenoides, enquanto fenilacetaldeido e benzaldeido foram mais abundantes nos
gendtipos de polpa roxa, sugerindo predomindncia de reagdes de Strecker. A andlise
multivariada permitiu a discriminagdo entre os genotipos com base no perfil volatil. A
combinagdo das analises composicionais e do perfil de volateis demonstra o potencial dessa
abordagem integrada como ferramenta para discriminacdo varietal, fornecendo subsidios
relevantes para programas de melhoramento genético, avaliacdo da qualidade sensorial e

desenvolvimento de produtos de maior valor agregado.

Palavras-chaves: [pomoea batatas, Potencial nutricional, compostos bioativos, amido,

melhoramento genético, industrializagcdo, seguranca alimentar.



ABSTRACT

Ipomoea batatas L. Lam. presents wide genetic diversity, reflected in variations in flesh color,
chemical composition, and functional attributes. In this study, two complementary
experiments were conducted with the aim of performing an integrated characterization of five
genotypes with different flesh colors (purple, orange, and white), addressing physicochemical
parameters, functional properties, enzymatic activity, and volatile compound profiles. In the
first experiment, the genotypes were characterized regarding physicochemical attributes,
enzymatic activity, bioactive compounds, and antioxidant capacity. Purple-fleshed genotypes
(SP1 and SP4) exhibited higher levels of phenolics, flavonoids, and anthocyanins, correlated
with elevated antioxidant activity as determined by ABTS and FRAP assays. The orange-
fleshed genotype (SP2) stood out for its high carotenoid and starch content, indicating
potential for biofortification and industrial applications, while SP3 and SP4, with higher
resistant starch content, demonstrated functional potential associated with gut health and
glycemic control. The second experiment focused on the evaluation of the volatile organic
compound (VOC) profile by SPME/GC-MS, simulating steam cooking. A total of 72
compounds were identified, distributed across eight chemical groups, with aldehydes and
terpenoids predominating. B-ionone and B-cyclocitral emerged as volatile markers of the
orange-fleshed genotype, derived from carotenoid degradation pathways, while
phenylacetaldehyde and benzaldehyde were more abundant in purple-fleshed genotypes,
suggesting the predominance of Strecker degradation reactions. Multivariate analysis enabled
discrimination among genotypes based on their volatile profiles. The combination of
compositional analyses and volatile profiling demonstrates the potential of this integrated
approach as a tool for varietal discrimination, providing relevant insights for breeding

programs, sensory quality assessment, and the development of higher value-added products.

Keywords: Ipomoea batatas, Nutritional potential, bioactive compounds, starch, genetic

improvement, industrialization, food safety.



INDICADORES DE IMPACTO

Os resultados obtidos neste estudo apresentam impactos de natureza cientifica, tecnologica, social
e econdmica, com efeitos diretos e potenciais sobre diferentes segmentos da sociedade,
especialmente no contexto da seguranca alimentar, da valorizagdo da agricultura familiar e do
desenvolvimento sustentdvel de cadeias produtivas agroalimentares. Do ponto de vista tecnologico
e cientifico, a caracterizagdo integrada dos genotipos de batata-doce, envolvendo atributos fisico-
quimicos, funcionais, atividade enzimatica e perfil de compostos organicos volateis, gerou
conhecimento sobre gendtipos brasileiras ainda pouco exploradas. Esses resultados contribuem
para a discriminagdo varietal, para a selecdo de genotipos com maior valor nutricional, funcional e
sensorial e para o direcionamento de aplicacdes especificas no processamento industrial de
alimentos. Trata-se de um impacto potencial relevante para os setores de tecnologia e produgdo, ao
subsidiar o desenvolvimento de produtos alimenticios de maior valor agregado, como ingredientes
funcionais, alimentos biofortificados e produtos processados com melhor qualidade sensorial. A
valorizacao de gendtipos de batata-doce com caracteristicas nutricionais e tecnoldgicas superiores
pode favorecer a agricultura familiar, predominante no cultivo dessa cultura no Brasil, ampliando
oportunidades de geragdo de renda e fortalecimento de cadeias produtivas locais. O impacto
territorial concentra-se, principalmente, em regides produtoras de batata-doce, com destaque para
o estado de Minas Gerais e outras regides agricolas do Brasil, onde a cultura desempenha papel
estratégico na alimentacdo e na economia rural. O publico potencialmente beneficiado inclui
produtores rurais, cooperativas agricolas, agroindustrias, técnicos de extensao rural e consumidores
finais. Embora o trabalho ndo tenha sido estruturado como uma a¢ao de extensiao formal, seus
resultados apresentam elevado potencial de aplicagcdo em atividades de transferéncia de tecnologia,
capacitagdes técnicas, programas de melhoramento genético e agdes futuras de extensdo
universitaria, possibilitando a interagdo entre a universidade, produtores e o setor produtivo. O
desenvolvimento da pesquisa envolveu diretamente docentes e estudantes de pos-graduacdo,
contribuindo também para a formagdo de recursos humanos qualificados na area de Ciéncia dos
Alimentos. Quanto as areas tematicas da Politica Nacional de Extensdo, os impactos do trabalho
enquadram-se predominantemente nas areas de Tecnologia e Produg¢ao (7), Satde (6) ao contribuir
para a promoc¢ao de alimentos mais nutritivos e funcionais, e Educacao (4), por meio da produgao

e disseminacao de conhecimento cientifico. Os impactos desta pesquisa estiao alinhados a diversos



Objetivos de Desenvolvimento Sustentdvel (ODS) da Organizacdo das Nagdes Unidas, com
destaque para o ODS 2 — Fome Zero e Agricultura Sustentavel, ao promover o aproveitamento de
culturas estratégicas para a seguranca alimentar; o ODS 12 — Consumo e Produgdo Responsaveis;
e 0 ODS 13 — Acdo contra a Mudanga Global do Clima, ao valorizar culturas adaptaveis e

resilientes como a batata-doce.



IMPACT INDICATORS

The results obtained in this study present scientific, technological, social, and economic impacts,
with direct and potential effects on different segments of society, particularly in the context of food
security, the valorization of family farming, and the sustainable development of agri-food
production chains. From a scientific and technological perspective, the integrated characterization
of sweet potato genotypes—encompassing physicochemical and functional attributes, enzymatic
activity, and the profile of volatile organic compounds—generated knowledge on Brazilian
varieties that are still underexplored. These results contribute to varietal discrimination, the
selection of genotypes with higher nutritional, functional, and sensory value, and the orientation of
specific applications in food processing. This represents a relevant potential impact for the
technology and production sectors, as it supports the development of higher value-added food
products, such as functional ingredients, biofortified foods, and processed products with improved
sensory quality. The valorization of sweet potato genotypes with superior nutritional and
technological characteristics may also benefit family farming, which predominates in the
cultivation of this crop in Brazil, by expanding income-generation opportunities and strengthening
local production chains. The territorial impact is mainly concentrated in sweet potato—producing
regions, particularly in the state of Minas Gerais and other agricultural regions of Brazil, where the
crop plays a strategic role in food supply and the rural economy. Potential beneficiaries include
rural producers, agricultural cooperatives, agro-industries, rural extension technicians, and end
consumers. Although this study was not structured as a formal extension activity, its results show
a high potential for application in technology transfer initiatives, technical training programs, plant
breeding programs, and future university extension actions, enabling interaction between the
university, producers, and the productive sector. The development of the research directly involved
faculty members and graduate students, contributing to the training of qualified human resources
in the field of Food Science. Regarding the thematic areas of the National Extension Policy, the
impacts of this work are predominantly classified within Technology and Production (7), Health
(6)—by contributing to the promotion of more nutritious and functional foods—and Education (4),
through the generation and dissemination of scientific knowledge. The impacts of this research are
aligned with several United Nations Sustainable Development Goals (SDGs), notably SDG 2 —

Zero Hunger and Sustainable Agriculture, by promoting the use of strategic crops for food security;



SDG 12 — Responsible Consumption and Production; and SDG 13 — Climate Action, by valuing

adaptable and resilient crops such as sweet potato.
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PRIMEIRA PARTE
1 INTRODUCAO

A batata-doce (I[pomoea batatas L. Lam.) ¢ uma das hortalicas mais importantes do
ponto de vista socioecondmico e apresenta ampla distribui¢cao mundial, desempenhando papel
relevante na seguranga alimentar, especialmente em paises em desenvolvimento. Sua elevada
adaptabilidade a diferentes condi¢des edafoclimaticas, o ciclo de cultivo relativamente curto
e o alto potencial produtivo tornam essa cultura estratégica frente aos desafios impostos pelas
mudangas climaticas. Segundo a FAO, em 2024, a produ¢dao mundial de batata-doce foi
estimada em aproximadamente 90 milhdes de toneladas, com a Asia e a Africa concentrando
a maior parte desse volume. No Brasil, a producao alcangou cerca de 970 mil toneladas, em
uma area cultivada de 65,1 mil hectares, com produtividade média de 14,8 t ha™.

Além de sua importancia agrondmica, a batata-doce ¢ amplamente reconhecida como
um alimento de elevado valor nutricional e funcional. Trata-se de uma fonte energética de
baixo indice glicémico, rica em carboidratos complexos, fibras alimentares, vitaminas e
minerais. A expressiva variabilidade genética da espécie resulta em ampla diversidade de cores
da casca e da polpa, que podem variar do branco e creme ao amarelo, alaranjado e roxo intenso.
Essas diferengas visuais refletem variagOes significativas na composi¢do quimica € no
conteido de compostos bioativos, os quais estdo diretamente relacionados a potenciais
beneficios a satde.

Os genotipos de polpa alaranjada destacam-se pelo elevado teor de carotenoides,
especialmente o B-caroteno, reconhecido como precursor da vitamina A. O estimulo ao
consumo desses genotipos € considerado uma estratégia sustentavel de biofortificagdo, com
potencial para reduzir a deficiéncia de vitamina A em populacgdes vulneraveis. Por outro lado,
gendtipos de polpa roxa apresentam altos teores de compostos fenolicos, principalmente
antocianinas, associadas a elevada atividade antioxidante ¢ a efeitos anti-inflamatorios,
contribuindo para a reducdo do estresse oxidativo e do risco de doengas cronicas nao
transmissiveis. Em contraste, raizes de polpa branca ou creme apresentam baixos teores de
pigmentos e sdo compostas predominantemente por amido e agucares.

A aptidao industrial da batata-doce vai além do consumo in natura e estd fortemente
relacionada as suas caracteristicas fisico-quimicas, especialmente ao teor de matéria seca.

Geno6tipos com maior conteudo de solidos totais sao preferidos para a producao de farinhas,
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amidos e chips, pois proporcionam maior rendimento industrial e menor absor¢do de oleo
durante o processamento térmico. Além disso, a composicdo quimica de cada variedade,
incluindo agticares, aminoacidos e pigmentos, influencia diretamente o desenvolvimento das
caracteristicas sensoriais dos produtos processados.

Entre os atributos sensoriais, o aroma exerce papel fundamental na aceitagdo do
produto pelo consumidor. Durante o processamento térmico, ocorrem reagdes quimicas
complexas, como a reacao de Maillard, a degradagao de Strecker, a oxidagao de lipidios e a
degradacao térmica de carotenoides, que resultam na formacao de compostos organicos
volateis (VOCs). Em variedades de polpa alaranjada, a degradacdo de carotenoides pode
originar norisoprenoides, como a -ionona, responsaveis por notas aromaticas frutais e florais.
Ja as reacOes de Maillard contribuem para aromas doces, caramelizados e tostados, geralmente
associados a maior aceitacao sensorial.

Apesar da ampla diversidade de gendtipos brasileiros, ainda sdo escassos os estudos
integrados que relacionem de forma multidimensional a qualidade nutricional, o potencial
antioxidante e o perfil de compostos volateis (VOCs). Muitas vezes, o foco reside apenas na
produtividade ou em nutrientes isolados, ignorando-se o fato de que enzimas como a
polifenoloxidase (PPO) e a peroxidase (POD) podem afetar a estabilidade da cor e a formacao
de odores, enquanto o perfil de carboidratos (amido total, amilose e amido resistente) dita as
propriedades de textura e viscosidade. Assim, a caracterizacdo detalhada dessas interagdes €
essencial tanto para orientar o desenvolvimento de ingredientes funcionais quanto para
subsidiar programas de melhoramento genético.

Dessa forma, o objetivo geral deste trabalho foi realizar uma caracterizagdo de
diferentes genoétipos de batata-doce (SP1 a SPS5), correlacionando seus parametros fisico-
quimicos, nutricionais e funcionais com seu perfil aromatico e de compostos volateis. Buscou-
se identificar marcadores quimicos especificos que distinguem os genotipos de polpa roxa,
alaranjada e creme, elucidando os mecanismos bioquimicos que regem sua funcionalidade e
aceitabilidade.

Esta dissertagdo estd estruturada no formato de artigos cientificos, organizados em dois
capitulos complementares. O primeiro artigo foca na caracterizagdo fisico-quimica,

nutricional e funcional, abordando o potencial antioxidante dos gendtipos. O segundo artigo
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explora a composi¢do de volateis e as implicagcdes aromaticas decorrentes do processamento

térmico desses mesmos genodtipos.
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2. REFERENCIAL TEORICO

2.1 Batata-Doce

A batata doce (lpomoea batatas L. Lam), hortalica tuberosa da familia Convolvulaceae,
¢ a unica espécie do género cultivada para consumo humano. Domesticada ha cerca de 5.000
anos, apresenta uma grande diversidade genética, especialmente na América Central
(ESCOBAR-PUENTES, 2022), regido considerada o provavel centro de origem da espécie,
de onde se dispersou para outras partes do mundo (YAN, 2024). Por se adaptar facilmente, a
batata-doce pode ser produzida em diversas regides pelo mundo, sendo apreciada por
consumidores de diferentes culturas, nacionalidades e realidades climaticas. Em todo o
mundo, a batata-doce ¢ a sexta cultura alimentar mais importante, apos o arroz, o trigo, a
batata, o milho e a mandioca (CIP, 2018; SAPAKHOVA, 2023).

Descrita inicialmente por Lineu como Convolvulus batatas em 1753, a batata-doce foi
reclassificada por Lamarck em 1791 para o género Ipomoea, devido a caracteristicas
reprodutivas especificas, como a forma do estigma e a ornamentacdo do podlen. Essa
reclassificacao refletiu um avango na compreensdo das relagdes evolutivas entre as plantas. O
caule da batata-doce ¢ herbaceo e, na maioria das variedades, cresce de forma prostrada,
expandindo-se horizontalmente pelo solo (HUAMAN, 1999).

Em relacdo a morfologia, as folhas apresentam grande diversidade de formas, sdo
simples e alternadas ao longo do caule, podendo ser arredondadas (orbiculares), em forma de
rim (reniformes), cordiformes (em forma de coracao), com l6bulos pontiagudos (hastadas) ou
lobuladas. Além disso, as margens das folhas podem ser lisas, dentadas ou com recortes
profundos. Algumas variedades apresentam mais de uma forma de folha na mesma planta
(HUAMAN, 1999).

A coloragao das ramas da batata-doce pode variar do verde ao roxo, devido a presenca
de pigmentos como as antocianinas. A superficie das ramas pode ser lisa (glabra) ou coberta
por pelos (pubescente), em diferentes densidades. O comprimento dos ramos ¢ bastante
variavel e esté relacionado a variedade, disponibilidade de agua e ao habito de crescimento da
planta, sendo mais curtos em variedades eretas e mais longos em variedades prostradas

(HUAMAN, 1999).
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O sistema radicular da batata-doce ¢ composto por dois tipos de raizes: as absorventes,
que se originam nos nds e entrenos do caule, responsaveis por captar nutrientes, dgua e fixagao
no solo, e as tuberosas, que se desenvolvem a partir de espessamentos de raizes laterais.
As raizes tuberosas, também conhecidas como raizes de reserva, armazenam amido e outros
nutrientes, constituindo a parte comestivel da planta (HUAMAN, 1999). As raizes de reserva
da batata-doce apresentam um formato geralmente alongado, com uma regido central mais
espessa e extremidades afiladas. A parte externa, chamada periderme, pode ser lisa ou rugosa
e apresenta diversas cores. A polpa, localizada abaixo da periderme, ¢ composta
principalmente por células parenquimaticas que armazenam amido e outros nutrientes. A cor
da polpa pode variar significativamente, de branco, amarela, creme, laranja até o roxo intenso,
e pode apresentar padroes variados. A cor externa ndo necessariamente determina a cor interna
(HUAMAN, 1999).

Além disso, a batata-doce apresenta uma grande variabilidade genética, o que leva a
diversidade de formatos e cores da raiz, resultado de um longo processo evolutivo, moldado
pela reproducdo sexuada e assexuada, selecdo natural e humana (FERNANDES, 2021). As
variagOes na cor da polpa das diversas variedades de batata-doce sao atribuidas a producgao de
pigmentos e a composi¢ao fitoquimica da raiz, como as de polpa alaranjada e roxa, que
acumulam carotenoides e antocianinas, respectivamente. As outras cores t€m pouco ou
nenhum pigmento, resultando em cores mais claras. A composic¢ado nutricional, adaptabilidade
da cultivar, compostos bioativos e caracteristicas morfoldgicas também podem influenciar em
suas diferentes caracteristicas (AMOANIMAA-DEDE, 2020). Embora suas raizes sejam as
partes mais consumidas, as suas folhas e caules também sao comestiveis. Ressalta-se que o
teor de nutrientes e fitoquimicos funcionais variam em funcdo do gendtipo, condigdes
edafoclimaticas, tipos de cultivo, parte da planta e tipo de processamento (LAVERIANO-
SANTOS, 2022).

As folhas da batata-doce, que podem ser consumidas normalmente como outros
vegetais folhosos, sdo uma boa fonte de minerais (K, P, Ca, Mg, Fe, Mn, Cu), fibras
alimentares e antioxidantes, como polifendis, antocianinas além de carotenoides, incluindo
luteina, neoxantina, B-caroteno e violaxantina (GAMA ET AL., 2023; KANG, 2017;
NGUYEN, 2021). Nas folhas, os teores de glicideos, fibras, proteinas, cinzas e lipideos variam

de, 42,0-61,3%; 5,9-14,3%; 3,7-31,1%; 1,5-14,7% e 0,3-5,3% da matéria seca,
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respectivamente (Wang; Nie; Zhu, 2016). Os glicideos predominam na matéria seca das raizes,
variando de 42,4 % a 77,3%; seguido de fibras (1,9 a 6,4%) proteinas, de (1,3 a 9,5%); cinzas
(1,1 2 4,9%) e lipidios (0,2 a 3,0%) (WANG; NIE; ZHU, 2016).

Curayag et al. (2019) avaliaram uma variedade batata-doce de polpa roxa e
encontraram 90,63% glicideos, 3,47% cinzas, 2,79% fibra, 1,82 proteina e¢ 1,29% de lipideos
da matéria seca. Rodrigues et al. (2016) determinaram a composi¢do nutricional de duas
variedades, uma polpa laranja e uma de polpa roxa e os respectivos valores foram encontrados:
90,17 e 85,8% de glicideos, 3,68 ¢ 4,28% de fibra, 3,69 e 5,70% de proteina, 2,04 ¢ 3,80% de
cinzas e 0,42% de lipideos.

A composic¢ao nutricional e a presenca e quantidade de compostos bioativos da batata-
doce variam de acordo com a variedade e as condi¢des de cultivo. Com seu perfil nutricional
completo, a batata-doce se destaca como um ingrediente promissor para a industria de
alimentos funcionais, além de ser uma excelente op¢ao alimentar saudavel para consumo
diario.

2.2 Compostos bioativos em Batata-Doce

No reino vegetal, os compostos bioativos sdo essenciais para o metabolismo, atuando
como reguladores do crescimento e protegendo as plantas contra diversos tipos de estresse,
como a seca e a exposigio a patdgenos (SANCHEZ-CAPA ET AL., 2023; AMORIM ET AL.,
2024). Além disso, eles desempenham um papel multifuncional na satde humana. Sua
ingestdo, especialmente quando proveniente do consumo frequente de alimentos que sao suas
principais fontes, contribui para a reducdo do estresse oxidativo nas células e inibicdo do
crescimento de tumores, contribuindo para o controle de processos inflamatorios e na
prevencdo de diversas doengas cronicas (BANOZIC ET AL., 2020).

Os compostos bioativos das plantas podem ser classificados em trés grupos principais:
terpenos e terpendides (unidades de isopreno formadas por cinco atomos de carbono),
alcaldides (compostos organicos que contém nitrogénio e tém efeitos fisioldgicos em
humanos) e compostos fenolicos (estruturas que incluem um anel aromatico com um ou mais
grupos hidroxila) (CROTEAU ET AL., 2000). No entanto, ¢ importante mencionar que essa
classificagdo pode ser inconsistente, pois alguns metabolitos primarios, como carboidratos,

proteinas e peptideos, também podem apresentar atividades bioativas, incluindo propriedades
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antioxidantes (AMORIM ET AL., 2024; TUSEK ET AL., 2024). Um compilado de dados
encontrados na literatura sobre o estudo de compostos bioativos em diferentes variedades de

batata-doce ¢ apresentado na Tabela 1.
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Tabela 1. Compostos bioativos, capacidade antioxidante e pigmentos em polpa de batata-doce.

Coloracao da Polpa Componente Referéncia
Compostos bioativos
Amarela 17,8 GAE mg g MS
Jietal., 2015
Branca 9,6 GAE mg g! MS
Fenolicos Totais
Alaranjada 0,211 CAEmg g'! Teow et al., 2007
42,45 CAE mg g'! MS
Roxa Ngcobo et al., 2024
18.88 QUE mg kg'!
Roxa 388.85 QUE ng g'!
Flavonoides
Branca 19.83 QUE pg g'! Park et al., 2016
Alaranjada 59.96 QUE pg g’!
Capacidade Antioxidante
Alaranjada 4,64 mg Trolox g!  Gabilondo et al., 2022
Roxa DPPH L411C 50 TEAC mg g Ngcobo et al., 2024
85% de redugao
Creme Costa et al., 2024
2,0 mmol Fe** kg!
FRAP
Roxa 21,23 TEAC mM g’! Ngcobo et al., 2024
Pigmentos
Roxa 208,97 mg C3G/100 g ! Vizzotto et al., 2017
Antocianinas
0,16 mg C3G g!
Alaranjada Gabilondo et al., 2022
712 png.g?!
Alaranjada 11,46 mg-100 g ' MF
Setoguchi et al., 2024
Amarela Carotenoides 0,60 mg-g ' MF
Branca 4,66 mg-100 g MF
Vizzotto et al., 2017
Creme 0,85 mg-100 g "' MF
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2.2.1 Compostos fenolicos

Os compostos fendlicos, moléculas com ampla diversidade estrutural, desempenham papel
significativo na atividade antioxidante de diversos vegetais. Essa diversidade permite classifica-los
em fendlicos simples, como os acidos fendlicos, que possuem apenas um anel aromatico, e em
compostos fendlicos mais complexos, como os flavonoides, caracterizados por dois anéis
aromaticos e grupos funcionais variados, entre eles os grupos hidroxila (VUOLO ET AL., 2019).

Sintetizados pela via dos fenilpropandides, a qual se inicia com a condensacdo de
fosfoenolpiruvato e eritrose-4-fosfato, os compostos fendlicos passam por diversas etapas
biosintéticas, incluindo a formagdo de acido desidroquinico, acido desidrochiquimico e acido
chiquimico. A via fenilpropanoides, também conhecida como a rota do 4acido chiquimico, ¢ assim
denominada devido a estrutura basica dos compostos formados: o fenilpropano (C6-C3). Alguns
compostos fendlicos importantes sdo gerados antes da formagao do acido chiquimico, como o acido
quinico, derivado diretamente do acido desidroquinico, e o acido galico, que pode ser obtido tanto
do 4cido quinico quanto do acido desidroquinico. Paralelamente a enzima fenilalanina amonia-
liase desempenha um papel central nesse processo, catalisando a conversdo da fenilalanina em
acido cindmico. A partir do acido cindmico, ocorre a sintese sequencial dos acidos cumarico,
cafeico, ferulico, sinapico e siringico. O 4cido clorogénico resulta da condensagao do acido cafeico
com o 4cido quinico. O &cido cumadrico por sua vez pode formar cumaroil CoA, que, em conjunto
com trés moléculas de malonil CoA, leva a sintese de resveratrol e catequinas (COSTA ET AL.,
2024; MACHADO ET AL., 2024).

Os compostos fendlicos possuem agdes bioquimicas variadas e estdo envolvidos na
modulagdo de vias de sinalizagdo relacionadas a inflamagdo, ao dano oxidativo, a autofagia, a
apoptose, entre outros processos. Ja foi comprovado que os compostos fendlicos podem aumentar
a oxidacdo de gordura e melhorar a sensibilidade a insulina, especialmente em homens com
sobrepeso ou obesos (MIR ET AL., 2019). No entanto, a exploracdo desses compostos,
especialmente pelas industrias alimenticia e de embalagens, bem como pelos setores cosmético e
téxtil, constitui um campo de investigacao relevante (NGCOBO ET AL., 2024). Na industria
alimenticia, os compostos fenolicos desempenham um papel fundamental, ndo apenas
influenciando o valor nutricional dos alimentos, mas também conferindo atributos sensoriais como

cor, textura, aroma e sabor (LIU ET AL., 2024).
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A aceitagdo dos tubérculos pelos consumidores ¢ influenciada por sua aparéncia externa e
sabor, atributos diretamente relacionados a sua composicdo bioquimica. Nesse sentido, a
composi¢ao nutricional e bioativa de diversas variedades de batata-doce tem sido extensivamente
estudada, com destaque para as cultivares de polpa branca, polpa amarela, polpa laranja e polpa
roxa. Os teores de fendlicos totais quantificados em Ipomoea batatas podem variar
substancialmente em fung¢do da cultivar. A cultivar Purple-purple, de polpa roxa, apresentou o
maior teor de fendlicos, com 42,45 mg de equivalente de 4acido clorogénico por grama de matéria
seca (mg CAE g! MS) (NGCOBO ET AL., 2024), demonstrando um potencial antioxidante
consideravelmente superior quando comparada a cultivar Beauregar, de polpa laranja, que exibiu
um teor de apenas 0,211 mg CAE g! MS (TEOW ET AL., 2007) .

Além da cultivar, o acido padrdo utilizado para quantificar os compostos fendlicos (acido
galico ou clorogénico) pode influenciar significativamente nos resultados obtidos. A escolha do
padrdo pode levar a diferentes valores de absorbancia e, consequentemente, a estimativas distintas
do teor fenodlico total, uma vez que esses acidos possuem estruturas quimicas e propriedades
espectrais diferentes (FRANKOVA ET AL., 2022). Ao utilizar o acido galico como padrdo para
quantificar os compostos fenolicos totais das cultivares de batata doce de polpa branca ¢ amarela,
os autores encontraram valores de 9,6 e 17,8 GAE mg g'! MS respectivamente (JI ET AL., 2015).
Além disso, foi constatado que a coloragdao da polpa influencia a concentragdo de compostos
fenolicos na batata-doce. Estudos relataram que o teor de compostos fenodlicos totais (TPC) em
batatas de polpa roxa ¢ significativamente maior do que em variedades de polpa amarela e branca,
o que indica um efeito significativo da coloragio (FRANKOVA ET AL., 2022). O maior teor de
polifendis totais em variedades de polpa colorida esta relacionado a alta propor¢ao de antocianinas,
que estao ausentes em variedades de polpa amarela ou branca.

A diversidade estrutural dos compostos fendlicos, decorrente de diferentes arranjos
moleculares, os divide em duas grandes classes: flavonoides e ndo flavonoides. Os flavonoides
constituem um grupo de compostos fendlicos amplamente distribuidos em plantas, especialmente
em frutas e hortalicas (MACHADO ET AL., 2024). Eles incluem diversas variantes, como
flavonas, flavondis, flavanonas, antocianinas, catequinas, chalconas e isoflavonas. Por outro lado,
os derivados dos 4cidos hidroxicinamicos, como os ésteres dos acidos cafeico, cumarico (que, por

ciclizacdo, origina a cumarina) e fertlico, e os acidos hidroxibenzoicos, como os 4cidos salicilico,
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galico, eldgico, protocatequinico e vanilico, sdo classificados como compostos fendlicos nao
flavonoides (HARAHAP ET AL., 2024).

Nos tultimos anos, os flavonoides tém sido objeto de pesquisas crescentes e apresentam
inimeras aplicagdes em grandes campos da pesquisa cientifica por apresentarem propriedades
benéficas para a saude humana. Entre os principais beneficios, destacam-se seus efeitos
antioxidantes e antirradicais livres, bem como suas propriedades antibacterianas. Analises
fitoquimicas revelaram a presenca de diversos flavonoides em diferentes genotipos de batata-doce.
Dentre os flavonoides identificados, a quercetina destacou-se por sua alta concentragdo, sendo
encontrada em quantidades significativas tanto em cultivares de polpa branca (19.83 QUE pg g™!)
e laranja (59.96 QUE pg g'!) quanto, de forma mais expressiva, nas cultivares de polpa roxa (388.85
QUE ng g') (PARK ET AL., 2016). A miricetina também foi encontrada em quantidades
significativas em cultivares de polpa branca. Kaempferol e luteolina foram relatados em menores

quantidades, sendo a luteolina completamente ausente em raizes de polpa branca.

2.2.2 Pigmentos

As raizes tuberosas de batata-doce sdo uma fonte excepcional de carotenoides e
antocianinas, pigmentos responsaveis pelas distintas coloragdes amarela, laranja e roxa presentes
na casca e na polpa. No entanto, a concentragdo total desses pigmentos varia substancialmente
conforme a cor e a variedade da raiz. As variedades de polpa amarela e alaranjada destacam-se pela
alta concentracdo de carotenoides, enquanto as de polpa roxa sdo particularmente ricas em
antocianinas (SETOGUCHI ET AL., 2024; GABILONDO ET AL., 2022). Além do papel na
pigmentacdo, tanto os carotenoides quanto as antocianinas sdo considerados compostos bioativos,

o que agrega apelo funcional a batata-doce.

2.2.3 Carotenoides

Os carotenoides sdo uma classe de compostos responsaveis pelas coloragdes amarelo,
laranja e vermelho em diversos alimentos. Sao soluveis em agua, lipidios e solventes organicos,
atuando como agentes antioxidantes e antiangiogénicos, além de oferecerem prote¢do contra
radicais livres. Estruturalmente, os carotenoides sdo tetraterpenos (C40), compostos por unidades
de isopreno, pirofosfato de isopentenila (IPP) e seus isdmeros, o dimetilalil difosfato (DMAPP),
que contém cinco atomos de carbono (C5) em sua composi¢io (PARK ET AL., 2016;

SETOGUCHI ET AL., 2024). Os carotenoides sao separados em carotenos e xantofilas, os ultimos
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derivados oxigenados dos primeiros. Licopeno e [-caroteno sdo exemplos de carotenos e
caracterizados pela presenca de cadeia linear ou ciclica em suas extremidades. Violaxantina,
astaxantina e f-citraurina sao exemplos de xantofilas (VIMALA ET AL., 2011).

O teor de carotenoides de batatas-doces de polpa creme, branca, amarela e alaranjada varia
de 0,6 mg 100 g ! a 11,46 mg 100 g ! de no material fresco. O B-caroteno é o carotenoide
predominante nas batatas-doces de polpa alaranjada, contribuindo com mais de 99% do seu teor
total. Nas variedades de polpa branca e roxa, o trans-f-caroteno ¢ o principal carotenoide. Estudos
demonstram que a concentracdo de P-caroteno nas batatas-doces alaranjadas pode variar
significativamente, com valores entre 5,9 e 12,9 mg 100 g! (VIMALA ET AL., 2011) e 0,38 ¢
7,38 mg 100 g ! (ALAM ET AL., 2016). Além do B-caroteno, a luteina e zeaxantina, embora em
menores quantidades (0,1 - 0,4 mg 100 g ' ¢ 0,1 - 0,2 mg 100 g! de massa seca, respectivamente),
também sao encontradas nas batatas-doces (DONADO-PESTANA ET AL., 2012; PARK ET AL.,
2016). As variedades de polpa roxa apresentam niveis mais elevados de luteina e zeaxantina em
comparag¢do com as cultivares de polpa branca (PARK ET AL., 2016). O estudo aprofundado dessa
matéria-prima pode revelar novos compostos bioativos com potencial para diversas aplicagdes na

industria alimenticia, farmacéutica e cosmética.

2.2.4 Antocianinas

As antocianinas sdo pigmentos naturais encontrados em flores, frutos, folhas e raizes,
soluveis em agua e reconhecidos por sua ampla variedade de cores e efeitos antioxidantes benéficos
a saude. Esses pigmentos sdo sintetizados a partir da L-fenilalanina, um aminodcido derivado da
via do 4cido chiquimico (LAVERIANO-SANTOS ET AL., 2022). A via biossintética das
antocianinas envolve uma série de reagdes enzimaticas, iniciando com a conversao da L-
fenilalanina em &cido cinamico, pela a¢do da fenilalanina amonia liase, seguida pela conversao dos
derivados do 4cido cinamico em chalconas, pela chalcona sintase (CHS). Na sequéncia, a chalcona
¢ convertida em di-hidroflavonois, que por sua vez sdo transformados em leucoantocianidinas e,
finalmente, em antocianidinas. A adi¢ao de agucares as antocianidinas resulta na formagao das
antocianinas, pigmentos responsaveis pela coloracdo roxa da batata-doce (IM ET AL., 2021).

As concentragdes totais de antocianinas sao maiores nas variedades roxas do que naquelas
com polpa branca ou alaranjada, com valores variando de 0,16 mg C3G g™ a 208,97 mg C3G g’!
(GABILONDO ET AL., 2022; VIZZOTTO ET AL., 2017). As antocianinas predominantes em

variedades de batatas roxas sdo, em sua maioria, 3-soforosideos-5-glicosideos das agliconas
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peonidina, cianidina e pelargonidina. Além disso, as antocianinas sdo frequentemente modificadas
pela adi¢do de um ou dois grupos acil, como os acidos p-hidroxibenzodico, ferulico e cafeico, que
se ligam aos agucares da molécula. De acordo com Fossen ¢ Andersen (2000), as antocianinas
aciladas representam mais de 98% do teor total de antocianinas na batata-doce roxa. No entanto, a
composicao das antocianinas varia significativamente entre as variedades, como observado nos
estudos de Im et al. (2021), que relataram que as variedades 'Sinjami', 'Danjami' e "Yeonjami'
contém 72 - 77% de antocianinas diaciladas, enquanto 'Jami' e 'Borami' apresentam 90 - 95%. Além
disso, 'Sinjami', 'Danjami' e 'Yeonjami' possuem uma maior propor¢ao de antocianinas

monoaciladas (21 - 24%), em comparagdo com 'Jami' e 'Borami'.

2.2.5 Capacidade Antioxidante

Os compostos antioxidantes podem ser extraidos das matérias-primas por meio de
diferentes solventes e métodos de extracado (ZHANG ET AL., 2024). Sao classificados como
primarios, que neutralizam radicais livres, e secundarios, que inibem catalisadores pro-oxidantes.
Com base no seu mecanismo de acgdo, sdo classificados como naturais ou sintéticos, como o
hidroxianisol butilado (BHA), galato de propila (PG) e hidroxitolueno butilado (BHT),
amplamente difundidos, apesar dos potenciais efeitos adversos a saide que podem ser provocados
com o uso prolongado desses compostos, como problemas no aparelho digestorio e alergias na pele
(PEIXOTO ET AL., 2022; USMAN ET AL., 2022). Assim, ha um crescente interesse em substitui-
los por antioxidantes naturais, como as vitaminas E e C, carotenoides e compostos fenolicos de
origem vegetal, que ndo s6 possuem propriedades antioxidantes, mas também antifiingicas e
antimicrobianas (GULCIN; ALWASEL, 2023).

Em sistemas alimentares, a utilizacdo de antioxidantes contribui para a prevengdo da
peroxidacdo lipidica e a formagdo de produtos secundarios desse processo, preservando assim o
sabor, a cor e a textura dos produtos alimenticios durante o armazenamento. Além disso,
demonstram potencial na redu¢do da oxidagdo de aminodcidos e proteinas, assim como na interagao
entre carbonilas derivadas de lipidios e proteinas, resultando em alteracdes em suas funcdes

(ZHANG ET AL., 2024).

A atividade antioxidante encontrada em batata-doce de diferentes cultivares esta
relacionada com a presenga de compostos fendlicos, carotenoides e antocianinas. Estes compostos

exibem atividade de eliminagdo de radicais livres e, consequentemente, o seu consumo esta
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associado a um menor risco de diabetes, doencgas cardiovasculares, cancer e desempenho cognitivo.
As antocianinas presentes na batata-doce roxa apresentaram maior eficiéncia na eliminacdo de
radicais livres DPPH, quando comparadas aos outros genotipos. Nas batatas-doces amarelas ou
laranja, o B-caroteno, principal pigmento responsavel pela coloragdo, exerce uma potente atividade
antioxidante devido ao seu sistema de liga¢des duplas conjugadas, atuando também como precursor

da vitamina A (LAVERIANO-SANTOS ET AL., 2022).
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2.3 Amido
O teor de amido nas raizes da batata-doce normalmente varia de 50 a 80%, de acordo

com o tipo (ZHANG ET AL., 2018). Cerca de 20 - 30% do amido ¢ composto por amilose
linear e ligeiramente ramificada e 70 - 80% ¢ amilopectina altamente ramificada (KRINGEL
ET AL., 2020). A amilose ¢ um polissacarideo linear com unidades de glicose unidas por
ligacdes a-1,4, enquanto a amilopectina ¢ um polimero altamente ramificado e formada por
unidades de glicose unidas por ligagdes a-1,4 ¢ a-1,6 (YONG ET AL., 2018). A amilopectina
inclui cadeias A, cadeias B (cadeias que conectam as cadeias A e C) e cadeias C com uma
extremidade redutora (LI ET AL., 2020).

O amido pode ser usado como aditivo alimentar, aumentando a retencdo de agua para
controlar a mobilidade da 4gua e manter a qualidade dos alimentos durante o armazenamento
(KOLARIC ET AL., 2020). Também ¢é uma matéria-prima promissora para a producado de
etanol por meio da fermentagdo (CARVALHO; TRIERWEILER; TRIERWEILER, 2024) e ¢
usado na industria farmacéutica como carreador de substancias, como antioxidantes (GOU ET
AL., 2019). Contudo, seu uso pode ser limitado por fatores indesejaveis, como instabilidade
de temperatura, alta tendéncia a retrogradacao durante o armazenamento, pior estabilidade de
gelatinizagdo durante aquecimento prolongado e alto comportamento de cisalhamento que
interrompe a rede de gel de amido (SHAHZAD ET AL., 2019). Portanto, a concentracao de
amido e suas caracteristicas, determinam se o amido da batata-doce pode ser usado para
processamento industrial, alimento fresco ou para alimentagdo animal (YANG ET AL., 2018).

Em termos de valor nutricional, existem trés tipos de amido: amido resistente (AR),
amido de digestdo lenta (ADL) amido de digestao rapida (ADR), que se baseia na rapidez com
que a glicose € produzida e absorvida no intestino delgado (WANG ET AL., 2023). O ARD ¢
facilmente encontrado em alimentos ricos em amido, como pao e batatas, que geralmente sdo
cozidos umidos e aquecidos e apresentam altos niveis de amido disperso ou amorfo
(OZTURK; MUTLU, 2019). O ALD apresenta estrutura cristalina do tipo A e C, como a
encontrada em cereais, e amido amorfo, que ¢ fisicamente inacessivel. Por outro lado, o amido
do tipo B é resistente a digestdo enzimatica e é encontrado em tubérculos e raizes (OZTURK;
KOKSEL, 2014). O AR e seus produtos de decomposi¢io nio podem ser digeridos e
absorvidos no intestino delgado, mas podem fermentar ou fermentar parcialmente no intestino

grosso (SUN ET AL., 2022).
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O amido resistente pode ser do tipo AR-1, que ¢ o amido que estd fisicamente
indisponivel e bloqueado dentro das paredes celulares; AR-2 é o amido granular que ¢
resistente as enzimas digestivas e ambos serdo destruidos durante o processamento dos
alimentos; AR-3 ¢ o amido de instancia que pode suportar o calor de até¢ 100°C antes de
derreter a aproximadamente 155°C; e AR-4 ¢ o amido que passou por modificagdo quimica
(BABU; PARIMALAVALLLI 2015). Além desses, outro tipo de amido resistente, conhecido
como AR-5, foi identificado como tendo um componente lipidico. Refere-se ao complexo
amilose-lipidio (ALC), no qual a hélice da amilose ¢ enrolada em torno do ligante lipidico
para formar uma estrutura helicoidal com uma cauda de acido graxo dentro da cavidade central
(LTET AL., 2021).

Em termos de qualidade, as propriedades do amido da batata-doce sao influenciadas
pela estrutura do amido, particularmente a distribuicdo da cadeia ramificada da amilopectina
e o teor de amilose, que sdo responsaveis pelas aplicabilidades do amido (GUO ET AL., 2022).
Para possiveis aplicagdes, estruturas granulares e finas de amido sdo tdo importantes quanto a
composi¢ao. Para a estrutura molecular do amido, a distribui¢ao do comprimento da cadeia
unitaria € referida como o primeiro nivel estrutural. Com base em classificagdes anteriores,
ela ¢ dividida em quatro grupos: fa (grau de polimerizagao (DP) = 6-12); fbl (DP= 13-25);
b2 (DP = 25-36); tb3 (DP =>36) (TONG ET AL., 2020). Normalmente, o amido de batata-
doce tem 32-35%, 48-50%, =~13% e =3% das cadeias fa, fbl, tb2 e fb3, respectivamente.
Além disso, apresenta muitas cadeias curtas e a maior intensidade de pico (DP = 12) quando
comparado a amidos de outras espécies (LEE; LEE, 2017).

Os agregados individuais de amido, conhecidos como granulos, sao mostrados na
forma de anéis de crescimento e surgem de um ponto central, podendo apresentar diferentes
formas microscopicas, incluindo oval, circular, semicircular, poligonal e em tamanhos
pequenos e grandes (WANG ET AL., 2020A). Apesar do mondmero de glicose ser o bloco de
construcgao essencial do amido, a estrutura final desse polissacarideo ¢ bastante complexa, uma
vez que as proporcdoes de amilose e amilopectina influenciam diretamente em suas
propriedades bioquimicas (LYU ET AL., 2021; AL-MAQTARI AT AL., 2023).

Por exemplo, uma maior proporcao de cadeias curtas de amilopectina compromete a
eficiéncia de empacotamento na cristalinidade do amido, resultando em menor estabilidade da

dupla hélice, o que diminui a entalpia e a temperatura de gelatinizagdo. Em contraste, a maior
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proporcao de longas e médias cadeias de amilopectina tornam simples a formacdo de uma
estrutura de dupla hélice estavel e de alta cristalinidade (WANG ET AL., 2020B). Além disso,
a formacdo de estruturas supramoleculares de granulos de amido de batata-doce ¢
predominantemente formada por cadeias de amilopectina com DP = 10 - 24, enquanto
defeitos nas estruturas supramoleculares e nas lamelas cristalinas sdo causados por cadeias
curtas de amilopectina com DP < 10 (TONG ET AL., 2020).

Além disso, o genotipo da batata-doce e o ambiente de crescimento tém uma relagao
estreita com as propriedades estruturais, fisico-quimicas e funcionais do amido (ZHANG ET
AL., 2018). Sajeev et al. (2012) estudaram trés variedades de batata-doce branca, duas creme
e duas laranja, e descobriram que suas propriedades texturais, reoldgicas e de gelatinizacdo
mostram diferencas significativas entre as diferentes variedades. Abegunde et al. (2013)
usaram 11 variedades populares de batata-doce chinesa como materiais experimentais e
descobriram que o teor de amilose tem uma correlagdo positiva significativa com o tamanho
médio dos granulos, e o poder de inchamento e a solubilidade dos amidos mostram correlagao
positiva entre si.

Portanto, conhecer sua estrutura e propriedades ¢ fundamental para explorar seu uso e
desenvolver novos produtos, visto que o amido da batata-doce ¢ um biopolimero complexo

com grande potencial para diversas aplicagdes.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cream
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/amylose
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2.4 Compostos Organicos Volateis (COVs) em Batata-doce

Entre os atributos de qualidade, o sabor destaca-se como o principal fator de aceitacao
e preferéncia do consumidor. O sabor ¢ uma percepgao sensorial complexa que resulta da
interagdo entre o gosto (detectado pela lingua) e o aroma, derivado de compostos organicos
volateis (COVs) que estimulam os receptores olfativos (AL-KHALILI ET AL., 2025).

A matriz da batata-doce ¢ quimicamente heterogénea, composta por carboidratos,
principalmente amido, sacarose, glicose e frutose, proteinas, lipidios e pigmentos bioativos,
como carotenoides, em cultivares de polpa alaranjada, e antocianinas, em cultivares de polpa
roxa, (ZHAO ET AL., 2024; YAO ET AL., 2024). Esta complexidade bioquimica serve como
reservatorio de precursores que, sob condi¢des de processamento térmico ou atividade
enzimatica, sdo convertidos em uma vasta gama de volateis. Mais de 400 COVs Uinicos em
batata-doce cozida foram identificados ao longo dos anos, dos quais pelo menos 76 sao
responsaveis pelo aroma caracteristico. A composi¢do e a concentracao desses volateis variam
significativamente dependendo do gendtipo, da cor da polpa e do método de cozimento

empregado (ABUGU ET AL., 2025).

2.4.1 Principais Classes Quimicas e Compostos Majoritarios

O perfil volatil da batata-doce ¢ composto por diversas classes funcionais, sendo as
mais proeminentes os aldeidos, terpenos (monoterpenos e sesquiterpenos), alcoois, cetonas e
furanos (YAO, ZHANG, JIA, DENG,E WANG, 2023; ZHANG, TANG, JIANG, MO, E
WANG, 2021).

» Aldeidos: Esta classe € frequentemente citada como a mais numerosa e abundante em
diversas cultivares. Compostos majoritarios como o hexanal (odor de grama/gordura),
benzaldeido (améndoa/agticar queimado) e benzenoacetaldeido (mel/floral) sdo onipresentes
(ZHANG, TANG, JIANG, MO, E WANG, 2021; SHEN ET AL., 2024.) O
benzenoacetaldeido, em particular, possui um alto valor de dilui¢ao de aroma (FD) e ¢ crucial
para o carater doce do produto cozido (WANG AND KAYS, 2000).

* Terpenos: Responsaveis por notas florais, amadeiradas e doces, os terpenos
representam uma fragao significativa da complexidade aromatica. O linalol, o geraniol, a 3-

ionona e a P-damascenone sdo os principais expoentes desta classe. A PB-ionona e a -
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damascenone sdo extremamente potentes devido aos seus limiares de detecgdo
excepcionalmente baixos (ZHANG, TANG, JIANG, MO, E WANG, 2021).

* Furanos e Compostos Heterociclicos: Estes compostos tornam-se predominantes apds
o tratamento térmico, especialmente o assamento (ZHANG ET AL., 2023). O furfural, o 2-
furanometanol, o 2-acetylfuran e o 5-methylfurfural conferem notas de caramelo, tostado e
améndoa, caracteristicas da batata-doce assada (NAKAMURA, ONO, YAGI, E
MIYAZAWA, 2013; YAO ET AL., 2023; J.-B. SUN ET AL., 1995).

» Cetonas: A cetona mais critica para a batata-doce ¢ o maltol (3-hydroxy-2-methyl-4-
pyrone), que fornece um aroma doce e caramelizado indispensavel para a identidade sensorial
do produto assado. Outras cetonas comuns incluem a geranilacetona e a 6-metil-5-hepten-2-
ona (WANG AND KAYS, 2000; ABUGU ET AL., 2025).

» Alcoois e Outros: O 1-octen-3-ol (odor de cogumelo), o alcool feniletilico e o guaiacol
(aroma defumado/doce) também contribuem significativamente para o perfil final (AL-

KHALILI ET AL., 2025; SHEN ET AL., 2024).

2.4.2 Mecanismos de Formacao dos Volateis

A origem dos COVs na batata-doce ocorre através de uma rede complexa de reagdes
térmicas e enzimaticas que transformam precursores ndo volateis em moléculas capazes de
promover odor.

Reagdo de Maillard e Caramelizacdo: Durante o cozimento, o amido ¢ hidrolisado por
enzimas (a e B-amilases) em maltose e outros agucares redutores (SUN ET AL., 1995). Estes
agucares reagem com aminoacidos livres e peptideos através da Reagao de Maillard, gerando
furanos, pirdis e piranicos. O maltol é um produto classico desse mecanismo, derivado
especificamente da degradacdo da maltose em presenca de fontes de nitrogénio (WANG AND
KAYS, 2000). A caramelizagdo de aclcares a altas temperaturas também contribui para a
formacao de furfural e compostos com notas de a¢ticar queimado (TSAI ET AL., 2021).

Degradagao de Strecker: Um subconjunto importante da Reacdo de Maillard ¢ a
Degradacao de Strecker, onde a-dicarbonilas reagem com aminoacidos especificos. A
fenilalanina € o precursor primordial do benzenoacetaldeido e do benzaldeido, compostos que
elevam a percepg¢ao de dogura aromatica e notas florais na polpa cozida. O metional, com odor

de batata cozida, deriva da degradacao da metionina (LIU ET AL., 2022).
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Oxidagao Lipidica: Embora o conteudo lipidico da batata-doce seja baixo, a oxidagao
de acidos graxos insaturados (linoleico, linolénico e oleico) ¢ uma fonte vital de aldeidos e
alcoois de cadeia linear. Através da via da lipoxigenase (LOX) ou autoxidacdo térmica,
precursores como o acido linoleico sao convertidos em hexanal, 2-pentilfurano e 2.,4-
decadienal, que conferem notas gordurosas e verdes (SHAHIDI E HOSSAIN, 2022; YAO ET
AL., 2024).

Degradagao de Carotenoides: Em cultivares pigmentadas, a clivagem oxidativa térmica
ou enzimatica de carotenoides (como o B-caroteno) produz apocarotenoides volateis. Este
mecanismo ¢ responsavel pela formagdo de B-ionona, B-damascenone, di-hidroactinidiolida e
geranilacetona, conferindo o aroma floral e frutado tnico das cultivares de polpa alaranjada
(ZHANG, TANG, JIANG, MO, E WANG, 2021; WINTERHALTER E ROUSEFF, 2001).

Hidrolise de Glicosideos: A batata-doce armazena terpenos na forma nao volatil ligados
a moléculas de agucar (glicosideos). O aquecimento promove a hidrolise térmica dessas
ligagdes, liberando monoterpenos livres como linalool, geraniol e nerol, que aumentam
substancialmente sua concentragao apds o cozimento, enriquecendo o buqué floral da matriz

(ABUGU ET AL., 2025).

2.4.3. Vias Biossintéticas Gerais em Plantas

A biossintese de VOCs depende da disponibilidade de carbono e energia provenientes

do metabolismo primario. As principais estdo apresentadas na Figura 1.
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Figura 1: Representacdo esquemadtica das vias de formagao envolvidas na sintese de Compostos Organicos
Volateis.
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e Vias dos Terpenoides (MVA ¢ MEP)

Os terpenoides representam a classe mais diversa de COVs e sdo biossintetizados a
partir de de dois precursores comuns de cinco carbonos: o difosfato de isopentenila (IPP) e o
seu isomero, o difosfato de dimetilalila (DMAPP). Em plantas, a sintese dessas unidades
fundamentais ocorre por duas vias compartimentalizadas, a via do Acido Mevalonico (MVA)
que ocorre predominantemente no citosol, reticulo endoplasmatico e peroxissomos. Ela utiliza
o Acetil-CoA como precursor para formar sesquiterpenos e terpenos irregulares. A via do
Fosfato de Metileritritol (MEP), a qual ¢ exclusivamente plastidial e utiliza piruvato e
gliceraldeido-3-fosfato (GAP) derivados da glicolise. Esta via € responsavel pela formacao de
hemiterpenos, monoterpenos e diterpenos (SIMKIN ET AL., 2011; PULIDO ET AL., 2012).

Existe um intercAimbio de metabolitos entre esses compartimentos, facilitado pelo
transporte de isopentenyldiphosphate (IPP) e dimethylallyl diphosphate (DMAPP) através da
membrana do plastidio, permitindo que uma via sustente a produgao da outra dependendo da
espécie ou do o6rgao da planta (ORLOVA ET AL., 2009). A diversidade final ¢ gerada pelas
Sintases de Terpenos (TPSs), enzimas capazes de converter um unico substrato em multiplos
produtos volateis (HUANG ET AL., 2012; GUTENSOHN ET AL., 2013).

e Via dos Fenilpropanoides e Benzenoides
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Estes compostos originam-se do aminoacido aromadtico fenilalanina (Phe), que ¢
sintetizado nos plastidios via rota do chiquimato (DUDAREVA ET AL., 2013).

A primeira etapa critica ¢ a desaminacao da Phe em 4cido trans-cindmico pela enzima
L-fenilalaninaamonialiase (PAL). A formacdo de benzenoides envolve o encurtamento da
cadeia lateral, que pode ocorrer por uma via oxidativa (analoga ao catabolismo de acidos
graxos e localizada nos peroxissomos) ou por uma via nao oxidativa. Outros derivados, como
os fenilpropenes, compartilham etapas com a biossintese da lignina até o estagio de
monolignol (KOEDUKA ET AL., 2006).

e Via da Lipoxigenase (LOX) e Derivados de Acidos Graxos

Os volateis derivados de lipidios originam-se, principalmente, de &4cidos graxos
insaturados (4cidos linoleico e linolénico), com destaque para 2-hexanal, nonanal, heptanal,
compostos prevalentes no perfil de batata-doce cozidas (SHEN et al., 2024; YAO et al., 2024).
Esses COVs, responsaveis por atribuir aromas verdes e notas sebaceas a vegetais (SHAHIDI;
HOSSAIN, 2022), originam-se via oxida¢do de acidos graxos ou por meio da interacdo de
compostos lipidicos com precursores reativos da Reacdo de Maillard (WHITFIELD;
MOTTRAM, 1992)."

A biossintese inicia-se por meio de auto-oxidacdo, foto-oxidacdo e/ou oxidagao
catalisada por enzimas (via da lipoxigenase). Na via da LOX os 4cidos graxos insaturados
sofrem uma oxigenacao estereoespecifica formar intermedidrios 9-hidroperoxidos e 13-
hidroperdxidos. Posteriomente sao convertidos em em aldeidos e alcoois de cadeia curta, que
conferem o aroma caracteristico de "frescor verde" (ABUGU ET AL., 2025; YAO ET AL.,
2024).

e Vias Derivadas de Aminoacidos de Cadeia Ramificada

Aminoacidos como alanina, valina, leucina, fenilalanina, cisteina ¢ metionina, sdo
capazes de participar da reacao de Maillard (RM). Os COVs gerados nessa reagdo dependem
do tipo de aminoacido que esta participando, podendo formar numerosos volateis, com aromas
de flores, frutas, caramelo ou até mesmo odor sulfuroso (YAYLAYAN, 2003; LIU ET AL.,
2022). O processo envolve a Degradagao de Strecker, iniciada por uma transaminagao para a
formacao de um a-cetoacido, seguida de etapas de descarboxilacdo e hidrdlise que geram,
predominantemente, aldeidos e cetonas. A transformacdo de aminoacidos em compostos

organicos volateis (COVs) é um processo dependente de muitos fatores e € favorecido pelo
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tratamento térmico e pela complexidade da matriz quimica. O calor atua como o catalisador
para a degradagdo de metabolitos, enquanto a interagdo entre aminoacidos especificos com
acucares redutores aumenta as reagdes de formagcdao do COVs. Em sintese, essa transicao
envolve a quebra e o rearranjo estrutural de precursores sem aroma por meio de processamento
témico e reagdes com grupos carbonila, resultando na formacdo de substancias aromaticas
sensorialmente ativas (ABUGU ET AL., 2025; DUDAREVA ET AL., 2013).

A compreensao dessas vias fundamenta estratégias de engenharia metabdlica voltadas
a biofortificagcdo, ao aumento do vigor das culturas e ao refinamento do perfil sensorial de

alimentos.
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Abstract: This study aimed to comprehensively characterize the chemical, nutritional, and
functional composition of five sweet potato genotypes with different flesh colors (purple,
cream, and orange) to identify their technological and functional potential. The storage roots
were evaluated for physicochemical attributes, enzymatic activity (PPO and POD), bioactive
compounds, and antioxidant capacity using different assays. Significant differences were
observed among the genotypes. Purple-fleshed genotypes (SP1 and SP4) exhibited higher
levels of phenolics, flavonoids, and anthocyanins, which were correlated with high antioxidant
activity determined by ABTS and FRAP assays. The orange-fleshed genotype (SP2) stood
out for its high carotenoid and starch content, indicating potential for biofortification and
industrial applications. Conversely, genotypes with higher resistant starch content (SP3 and
SP4) showed functional potential associated with gut health and glycemic control. The results
demonstrate that flesh color reflects distinct metabolic profiles, reinforcing the importance
of varietal selection for specific food and industrial applications.

Keywords: Ipomoea batatas L. Lam.; Bioactive compounds; Resistant starch;
Antioxidant activity.
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1 INTRODUCTION

Sweet potato (Ipomoea batatas L. Lam.) is a vegetable with wide global distribution
and high socioeconomic relevance, especially in developing countries. Originating from Latin
America, this crop stands out for its adaptability to different edaphoclimatic conditions and
high productivity, playing a strategic role in global food security. According to data from the
Food and Agriculture Organization (FAQO), global sweet potato production in 2024 reached
approximately 90 million tons, cultivated in an area of 7.2 million hectares, with the highest
production concentration in Asia (over 63.87%), followed by Africa (31.4%). In Brazil, sweet
potato cultivation occupies a relevant position, with a production of 970 thousand tons in 2024,
distributed across nearly 65.1 thousand hectares, resulting in an average yield of 14.8 t ha™'.

In addition to its agronomic importance, sweet potato is recognized for its nutritional
and functional value. It is an energy source with a low glycemic index, rich in complex
carbohydrates, fibers, vitamins, and minerals. The genetic diversity of the crop is directly
reflected in the coloration of the skin and flesh, which can vary from white and cream to
yellow-orange and deep purple (ALAM, 2021). This color variation is associated with the
presence of different bioactive compounds, responsible not only for sensory characteristics
but also for potential health benefits (ZHAO et al., 2024; WANG; NIE; ZHU, 2016).

Orange-fleshed varieties stand out for their high carotenoid content, especially B-
carotene, a vitamin A precursor, while purple-fleshed varieties present significant
concentrations of phenolic compounds, particularly anthocyanins (ZHANG et al., 2022;
PARK et al., 2016). These natural pigments are widely recognized for their high antioxidant
capacity, acting in the scavenging of free radicals and contributing to the reduction of oxidative
stress, a factor associated with the development of non-communicable chronic diseases.
Studies indicate that anthocyanins present in purple sweet potato exhibit strong antioxidant
activity, as well as anti-inflammatory properties and potential cardioprotective effects
(GUCLU et al., 2023; ESCOBAR-PUENTES et al., 2022; IVANE et al., 2024). In this
context, orange-fleshed varieties can contribute to biofortification strategies aimed at
combating “hidden hunger,” specifically vitamin A deficiency, which still affects vulnerable
populations in various regions of the world. The replacement of white-fleshed varieties, which
are low in provitamin A, with biofortified genotypes is a sustainable and cost-effective

alternative (MULWA et al., 2023).
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Although sweet potato is widely consumed boiled and utilized in animal feed, its
potential for industrial applications remains underexplored, especially in the Brazilian context.
However, the industrial suitability of this root is not only related to the presence of functional
compounds but fundamentally depends on its physicochemical characteristics, particularly the
dry matter content. Genotypes with high solid contents are more suitable for the production of
flour, chips, and starches, as they provide higher industrial yield and lower oil absorption
during frying, while varieties with lower dry matter content are generally directed towards
domestic consumption or the production of sweet pastes (HISTIFARINA; PURNAMASARI;
RAHMAT, 2023). Nevertheless, integrated studies relating physicochemical quality,
antioxidant potential, and varietal characteristics of Brazilian genotypes, particularly those
with different flesh colors, are still scarce. Furthermore, national cultivation is predominantly
carried out by smallholders, often with a low level of technology adoption, contributing to
yields below the crop’s potential (VIEIRA et al., 2023). Conversely, the growing consumer
interest in healthier and functional foods has driven breeding programs aimed at developing
new cultivars with higher agronomic yield and an improved nutritional profile (TANAKA et
al., 2017).

Despite the vast biodiversity of sweet potatoes in Brazil, many local varieties and
promising genotypes from breeding programs still lack detailed chemical characterization.
The selection of new varies has historically prioritized agronomic traits, such as yield and pest
resistance, often at the expense of nutritional quality and industrial suitability. Consequently,
mapping the physicochemical and functional profile becomes an indispensable step for
identifying genotypes that combine high field performance with superior quality attributes,
both for the consumer and the processing industry.

Given these gaps, this study aimed to characterize, in an integrated manner, the
physicochemical quality and antioxidant potential of sweet potato genotypes with purple,
cream, and orange flesh developed in Brazil. Understanding these characteristics is
fundamental not only to guide consumption and nutritional valorization strategies but also to
support the development of functional ingredients. Thus, the comparative analysis between
genotypes of different flesh colors contributes to expanding scientific knowledge about the

crop, strengthening its insertion into higher value-added production chains.



40

2 MATERIALS AND METHODS
2.1 Plant Material and Sample Processing

The plant material was obtained from a field experiment established at the Center for
Development and Technology Transfer of the Federal University of Lavras
(CDTT/ESAL/UFLA). The crop was planted in December 2024 and harvested 150 days after
planting at Palmital Farm, located in the municipality of Ijaci, Minas Gerais, Brazil (altitude:
918 m; latitude:21°14'16" S; longitude: 45°08'00” W). For each genotype (Figure 1), five
intact, medium sized sweet potato tuberous roots (100—150 g) were selected, washed, sliced,
frozen and stored at —80 °C until further analyses. The roots were coded as follows: SP1 —
UFLA R1440 (purple-fleshed); SP2 — UFLA 286 (white-fleshed); SP3 — UFLA B556 (white-
fleshed); SP4 — UFLA 1192 (purple-fleshed); and SP5 — BRS Cotinga (purple-fleshed).

Figure 1- Visual appearance of roots from five sweet potato genotypes.

W0 M 400 Q09; (e

UFLA 1440 UFLA 286 UFLA 556 UFLA 1192 BRS COTINGA

2.2 Analyses
2.2.1 Proximate composition

Proximate composition was determined according to the official methods (AOAC, 2023).
Moisture and ash were determined gravimetrically, while crude fiber was analyzed by acid
digestion, the resulting residue was washed with hot water, dried in the oven, and weighed. Protein
content was calculated from total nitrogen using the semi-micro Kjeldahl method with a conversion
factor of 6.25. The lipid content was quantified using the cold extraction method (BLIGH; DYER,
1959).

2.2.2 Color parameters
The color parameters were determined using a Minolta CR-400 colorimeter (Minolta Corp.,

Ramsey, NY, USA). The CIELab coordinates were recorded, and chroma (C*) and hue angle (°h).
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The surface of each sweet potato cylinder was randomly measured fifteen times per treatment

(ABREU et al., 2022).

2.2.3 pH, Titratable Acidity, and Soluble Solids

Samples were homogenized in distilled water at a 1:3 (w/v) ratio, filtered through
organza cloth, and the resulting filtrate was used for the determination of pH, titratable
acidity (TA), and soluble solids (SS). The pH was measured using a TECNAL® pHmeter,
previously calibrated with standard buffer solutions (pH 4.0 and 7.0). Titratable acidity
was determined by titration with 0.01 N sodium hydroxide (NaOH), using
phenolphthalein as an indicator, according to AOAC methods (2023), and the results were
expressed as mg citric acid per 100 g of sample. Soluble solids were measured using a
digital refractometer (ATAGO PR-100, Tokyo, Japan) with automatic temperature

compensation, and the results were expressed as percentage (%) (AOAC, 2023).

2.2.4 Extraction of phenolics, flavonoids, and antioxidants

The extract was prepared with minor modifications (BARROS et al., 2021). Approximately
2 g of sample were placed in a centrifuge tube and homogenized with 25 mL of 50% (v/v) methanol.
The mixture was then shaken for 1 h in the dark at room temperature and subsequently centrifuged
(Hettich ROTINA 380R centrifuge). The supernatant was collected, and a second extraction was
performed under the same conditions using 25 mL of 70% (v/v) acetone. The two supernatants
were then combined, filtered into amber flasks, and stored at —18 °C until analysis. The resulting
extract was used for the determination of total phenolic content, flavonoids, and antioxidant

activity.

2.2.5 Total Phenolic Content and Flavonoids

Total phenolic content (TPC) was determined using the Folin—Ciocalteu method with
adaptations (PARADISO et al., 2018). In a 96-well microplate (Biochrom, Bio EZ Read 2000), the
extract was reacted with 10% (v/v) Folin—Ciocalteu reagent and 4% (w/v) sodium carbonate. After
incubation for 2 h at room temperature in the dark, absorbance was measured at 720 nm. Results
were expressed as milligrams of gallic acid equivalents per 100 g of fresh matter (mg GAE -

100 g~ FM).
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Flavonoid content was determined with adaptations (SAVI et al., 2017). Aliquots of 150 uL.
of the extract were mixed with 150 puL of 2% (w/v) aluminum chloride solution. After incubation
for 60 min at room temperature, absorbance was measured at 425 nm. Results were expressed as

milligrams of catechin equivalents per 100 g of fresh matter (mg CE - 100 g~ FM).

2.2.6 Antioxidant Activity

Antioxidant activity was evaluated using the ABTS"" radical scavenging assay (2,2azino-
bis(3ethylbenzothiazoline6sulfonic acid)), the ferric reducing antioxidant power (FRAP) assay,
and the phosphomolybdenum complex assay (PRIETO; PINEDA; AGUILAR, 1999). Aliquots of
the extracts were transferred to 96-well microplates, and after the respective reaction times,
absorbance readings were obtained using a microplate reader (EZ Read 2000, Biochrom®) at
734 nm, 595 nm, and 695 nm, respectively. ABTS'* and FRAP results were expressed as
micromoles of Trolox equivalents per 100 g of fresh matter (umol TE - 100 g~! FM), while the
phosphomolybdenum assay results were expressed as milligrams of ascorbic acid equivalents per

100 g of fresh matter (mg AAE - 100 g~ FM).

2.2.7 Carotenoids

Carotenoid analysis was performed using the spectrophotometric method (RODRIGUEZ-
AMAYA, 2001), and the results were expressed as mg 100g™! of fresh matter. Absorbance
readings were obtained using a spectrophotometer at 444, 450, 456, 462, and 470 nm,
corresponding to the characteristic wavelengths of a-carotene, f-carotene, o-carotene, A-carotene,

and lycopene, respectively.
Total carotenoid content was calculated according to the following equation:

AXV x10°

Total carotenoids (g 100g™") = XM <100 x 100

where A is the absorbance of the solution at the specific wavelength, V is the final volume of the
extract, a is the specific extinction coefficient of the pigment in the solvent (petroleum ether), and

M is the sample mass (g) used for the analysis.
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2.2.8 Anthocyanins

Total anthocyanin content was determined using the single-pH method (BARCIA et al.,
2012). Absorbance was measured at 535 nm using a spectrophotometer. The results were expressed
as milligrams of cyanidin-3-glucoside per 100 g of fresh matter and calculated according to the

following equation:

A XMW X DF

Total anthocyanins (mg 100g™1) = 1 %X 100

where A is the absorbance of the sample, MW is the molar mass of cyanidin3glucoside
(449.2 g mol™1), and DF is the dilution factor. The parameter ¢ is the molar extinction coefficient

of cyanidin3glucoside (26,900 L mol™! cm™1).

2.2.9 Total Sugars

Total sugars were extracted using 95% ethanol and quantified by the anthrone method
(DISCHE, 1962). Glucose was used as the standard for calibration curve preparation, and
absorbance was measured at 620 nm. Results were expressed as mg of total sugars per 100 g of

sample (mg 100 g™ 1).

2.2.10 Polyphenol Oxidase (PPO) and Peroxidase (POD) Activity

Enzymatic activity was determined with adaptations (CAMPOS; SILVEIRA, 2003).
Approximately 10 g of sample were homogenized with 50 mL of 0.05 mol L™ phosphate buffer
(pH 7.0) until complete homogenization. The homogenate was filtered through organza cloth and
subsequently centrifuged at 9,083 X g for 10 min at 4 °C. The supernatant was collected in amber
flasks. Both the enzyme extracts and reagents were stored under refrigeration at 4 °C until analysis
for PPO and POD activity.

For PPO activity determination, 1.0 mL of enzyme extract was mixed with 1.8 mL of
0.1 mol L™ phosphate buffer (pH 7.0) and three drops of 10 mol L™ catechol. The reaction
mixture was incubated in a water bath at 30 °C for 30 min. The reaction was stopped by adding
1.6 mL of 2 mol L™ perchloric acid. Absorbance was measured at 395 nm using a Micronal

spectrophotometer (model AJX-1000).
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For POD activity, 3 mL of enzyme extract were added to 5 mL of 0.02 mol L™ phosphate—
citrate buffer (pH 5.0) and 0.5 mL of guaiacol. The reaction mixture was incubated in a water bath
at 30 °C for 5 min and subsequently stopped by the addition of 1.0 mL of 30% (m/v) sodium
bisulfite. Absorbance was measured at 470 nm, and the results were expressed as enzyme units

(EU).

2.2.11 Total starch

Sweet potato starch was extracted and enzymatically hydrolyzed to glucose (AREAS;
LAJOLO, 1980) and subsequently quantified by the anthrone method (DISCHE, 1962), using a
spectrophotometer. Absorbance was measured at 620 nm, and results were expressed as g 100 g1

of fresh sample.

2.2.12 Amylose

Amylose and amylopectin contents were determined using the K-AMYL assay kit
(Neogen/Megazyme), based on the specific precipitation of amylopectin by the lectin concanavalin
A (Con A). Initially, sweet potato flour samples (20-25 mg) were dispersed in dimethyl sulfoxide
(DMSO) in a boiling water bath and pretreated with 95% ethanol to remove interfering lipids and
soluble sugars. The recovered starch sediment was dissolved in acetate buffer (Solution A). An
aliquot of this solution was mixed with Con A solution to precipitate amylopectin for 1 h at room
temperature, followed by centrifugation. The amylose present in the supernatant, as well as total
starch from a separate aliquot of Solution A, was enzymatically hydrolyzed to D-glucose using a
mixture of amyloglucosidase and a-amylase. Glucose quantification was performed by a
colorimetric assay using the GOPOD (glucose oxidase/peroxidase) reagent, with absorbance read
at 510 nm. Amylose content was calculated as the ratio between the absorbance of the supernatant

from the Con A-precipitated sample and the absorbance of the total starch sample.

2.2.13 Resistant Starch

Resistant starch (RS) content was determined using the K-RSTAR assay kit
(Neogen/Megazyme), following the official AOAC Method 2002.02. Approximately 100 mg of
sample were incubated with 4.0 mL of a solution containing pancreatic a-amylase (10 mg mL™?)

and amyloglucosidase (AMG; 3 U mL™1) in sodium maleate buffer (pH 6.0). Hydrolysis of non-
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resistant starch was carried out at 37 °C for exactly 16 h under continuous agitation
(200 strokes min~1). The reaction was stopped by the addition of 99% ethanol, followed by
centrifugation at 1,500 X g for 10 min to recover the resistant starch sediment. The pellet was
washed twice with 50% ethanol and then dissolved in 2 M KOH under vigorous stirring in an ice
bath. After solubilization, the solution was neutralized with sodium acetate buffer (1.2 M; pH 3.8),
and the remaining starch was quantitatively hydrolyzed to D-glucose by the addition of AMG
(3,300 U mL™1) at 50 °C for 30 min. Glucose was quantified by a colorimetric assay using the
GOPOD reagent, with absorbance measured at 510 nm against a reagent blank. Resistant starch
content was calculated based on absorbance values, considering sample dry weight and the

appropriate conversion factors from free glucose to anhydrous starch.
2.2.14 Statistical analysis

The data obtained for the different sweet potato genotypes were subjected to statistical
analysis using Statistica software (version 14.1.0.8, TIBCO Software Inc., USA). All analyses were
performed with five replicates, and results were expressed as mean + standard deviation. Analysis
of variance (ANOVA) was applied, and mean values were compared using Tukey’s test (p < 0.05)
to identify significant differences among the evaluated varieties. In addition to univariate analysis,
multivariate techniques were applied to achieve a more comprehensive understanding of similarity
patterns among genotypes. Principal Component Analysis (PCA) was employed to explore the
overall variability of the physicochemical variables and to identify the main axes of data dispersion.
Furthermore, a Pearson correlation matrix was constructed, and its visualization as a heatmap
enabled the identification of positive and negative linear relationships among the analyzed

variables.
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3 RESULTS AND DISCUSSION

The moisture content of the samples ranged from 66.46% (SP5) to 77.48% (SP2), with SP2
being significantly moister than the other genotypes (Table 1). The high-water content observed in
SP2 may compromise postharvest stability; however, it may favor applications requiring greater

softness, such as purée production.
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Table 1: Mean values of moisture, ash, protein, lipids, fiber, pH, TTA, and TSS for five sweet potato genotypes.

Sample Moisture (%) Ash (%) Protein (%) Lipids (%) Fiber (%) pH TTA (%) TSS (%)
SP1 66.58 +1.48° 0.32 £0.02? 1.26 £0.23° 0.18 £0.06° 1.58 £0.34* 5.74 £0.09® 0.33 £0.02> 6.36 £0.62®
SP2 77.48 £1.50° 0.22 £0.01° 1.22 £0.46° 0.17 £0.05° 1.92 £0.46° 4.40£0.37° 0.65+0.11*°  6.09 £0.69®
SP3 67.31 £1.47° 0.32 £0.01? 1.79 £0.62® 0.25 £0.08° 2.18 £0.75* 540 +0.21°> 0.58 £0.03*  5.58 +£0.88"
SP4 68.41 £2.27° 0.30 £0.02? 1.44 £0.15° 0.22 £0.05° 2,46 £0.22° 568 £0.04® 0.43 +£0.13>  6.99 £0.50°
SP5 66.46 £4.51° 0.34 £0.06 3.27 £1.99° 0.20 £0.09° 2.11+£0.54* 596 +£0.06* 0.35+0.03> 5.82+0.92®

Note: Values are described as mean + standard deviation (n = 5). Means followed by different letters in the same column differ significantly by Tukey’s
test (p < 0.05). TTA: Total Titratable Acidity; TSS: Total Soluble Solids. Codes: SP1 — UFLA R1440 (purple-fleshed); SP2 — UFLA 286 (white-fleshed); SP3
— UFLA B556 (white-fleshed); SP4 — UFLA 1192 (purple-fleshed); and SP5 — BRS Cotinga (purple-fleshed).
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Ash contents, which reflect the mineral fraction, ranged from 0.22% (SP2) to 0.34% (SP5).
Genotype SP2 exhibited a significantly lower ash content, suggesting a reduced mineral
concentration, whereas SP1, SP3, SP4, and SP5 showed similar values. Protein was the component
displaying the greatest variability among the samples. Genotype SP5 stood out by presenting the
highest protein content (3.27%), approximately two to three times higher than the other genotypes,
conferring enhanced nutritional value and potential for protein-enriched products. SP1, SP2, and
SP4 exhibited the lowest protein levels, while SP3 showed intermediate values.

All evaluated genotypes exhibited low lipid contents (Table 1), with no statistically
significant differences among them. This finding confirms that sweet potato is inherently low in
fat and reinforces its suitability for low-lipid diets. Regarding dietary fiber, no significant
differences were observed among the genotypes. Nevertheless, SP4 presented the highest mean
fiber content, which may contribute to functional benefits such as improved intestinal health and
glycemic control. Genotype SP2 was characterized by the lowest pH (4.40) and the highest total
titratable acidity (TTA, 0.65%), indicating a more acidic profile. Such characteristics may enhance
microbiological stability but could negatively affect sensory acceptance. In contrast, SP5 exhibited
the highest pH value (5.96) and low acidity, suggesting a milder flavor profile. Soluble solids (SS)
content varied significantly among the samples. SP4 showed the highest SS levels, indicating
greater sweetness, whereas SP3 presented the lowest SS content, which may result in reduced
sensory acceptance in applications where sweetness is a desirable attribute.

Significant differences were observed in the color parameters L*, C*, and h® among the
evaluated genotypes (Table 2), indicating a wide variability in flesh coloration (Figure 2).
Genotype SP3 exhibited the highest L* value and was therefore characterized as the lightest-
fleshed sample. In contrast, SP4 showed the lowest L* value, indicating a darker flesh color.
Reduced lightness values are generally associated with the presence of dark pigments, such as

anthocyanins, which decrease surface reflectance?.
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Table 2: Mean values of color parameters (L*, C*, and /") of five sweet potato

genotypes.
Sample L ol h
SP1 33.53 +2.42¢ 35.02 +1.18° 3.08+1.27¢
SP2 73.97 +0.68° 59.91 +2.41° 62.43 +2.95¢
SP3 98.77 +0.81* 27.99 +2.44¢ 100.26 +0.46°
SP4 27.52 +1.59¢ 30.67 £2.31¢ 2.70+0.78¢
SP5 36.07 £2.72° 36.86 +1.80 356.13 £1.26°

Note: Values are described as mean + standard deviation (n = 5). Means followed by different letters in the
same column differ significantly by Tukey’s test (p < 0.05). Codes: SP1 — UFLA R1440 (purple-fleshed); SP2 —
UFLA 286 (white-fleshed); SP3 — UFLA B556 (white-fleshed); SP4 — UFLA 1192 (purple-fleshed); and SP5 — BRS

Cotinga (purple-fleshed).

Figure 2- Colorimetric reconstruction of sweet potato flesh. Colors were derived from instrumental
parameters (L*, C*, and °h) and converted from CIELab to RGB space using standard illuminant D65.
5P SP2 SP3 SP4 5P

The highest chroma (C*) value was recorded for genotype SP2, indicating a more vivid and
saturated flesh color. The hue angle of this genotype fell within the yellow—orange region, a
characteristic typical of carotenoid-rich cultivars (RODRIGUEZ-AMAYA, 2019). In contrast,
genotypes SP1 and SP4 exhibited very low hue angle values, close to the red—purple axis,
suggesting a predominance of anthocyanins pigments responsible for darker and less saturated
hues. The instrumental color differences observed among the genotypes are directly related to their
bioactive compound profiles and antioxidant activity (Table 3). Genotype SP2 showed a high total
carotenoid content, which is consistent with its elevated C* value and yellow—orange hue.
Carotenoids are widely recognized for their provitamin A activity and associated health benefits;
however, their contribution to antioxidant activity in assays such as ABTS and FRAP may be
limited due to their lipophilic nature and lower reactivity in electron transfer based methods
(RIBEIRO et al., 2018; QUEIROZ et al., 2020). This characteristic explains the moderate

antioxidant activity observed for SP2, despite its high carotenoid content.
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Table 3: Mean values of carotenoids, total phenolic compounds, flavonoids, anthocyanins, and antioxidant potential (ABTS,
FRAP, and Phosphomolybdenum) of five sweet potato genotypes.

Sample Carotenoids Phenolics Flavonoids ABTS FRAP Phosphomolybdenum  Anthocyanins
(mg/100g) (mg GAE/100g)  (mg CE/100g) (umol TE/100g)  (umol TE/100g) (mg AAE/100g) (mg C3G/100g)
SP1 1.34+£0.44>  193.27+13.68"  397.10+20.20°  165.82 +13.73* 1481.97 £42.46% 524.02 £37.57° 32.08 +£6.63°
SP2 45.26 £4.13¢% 51.03 £12.90°¢ 185.32 £14.36° 87.72£10.57° 1312.16 £102.37% 610.94 +£50.70% 9.11 £1.07°
SP3 0.23 £0.21° 57.44 £24.30° 187.04 £17.68° 98.29 £7.02° 1226.12 £59.10° 598.78 £27.75% 2.23 £0.244
SP4 0.58 £0.60° 213.36 £23.932 402.52 £5.67* 180.53 £16.822 1633.68 £246.64* 734.85 £141.60% 42.77+£2.11*
SP5 0.90 £0.32° 149.13 £6.72° 375.89 £10.02* 191.62 +12.90* 1528.14 £47.21% 785.03 +£210.38° 14.44 £2.77°

Note: Values are described as mean + standard deviation (n = 5). Means followed by different letters in the same column differ significantly by Tukey’s test
(p < 0.05). TE: Trolox Equivalents; GAE: Gallic Acid Equivalents; CE: Catechin Equivalents; AAE: Ascorbic Acid Equivalents; C3G: Cyanidin-3-

glucoside. Codes: SP1 — UFLA R1440 (purple-fleshed); SP2 — UFLA 286 (white-fleshed); SP3 — UFLA B556 (white-fleshed); SP4 — UFLA 1192 (purple-fleshed);
and SP5 — BRS Cotinga (purple-fleshed).



51

Conversely, genotypes SP4 and SP1, which exhibited lower L* values and hue angles
associated with red—purple coloration, showed significantly higher contents of phenolic
compounds, flavonoids, and anthocyanins, with SP4 standing out in particular. These genotypes
also presented the highest antioxidant activity values in the ABTS and FRAP assays. Phenolic
compounds, especially anthocyanins, have a high capacity to scavenge free radicals and a strong
reducing power, which explains the close association between darker flesh coloration and the
enhanced antioxidant activity observed (IM; KIM; LEE, 2021; NGCOBO et al., 2024). Genotype
SP5 exhibited a hue angle close to 360°, indicating a predominance of reddish tones, along with
moderate levels of anthocyanins and flavonoids. This genotype showed high antioxidant capacity,
particularly in the phosphomolybdenum assay, suggesting that different classes of reducing
compounds act synergistically to enhance total antioxidant activity.

In contrast, SP3, characterized by a high L* value, low chroma, and a hue angle close to
100°, presented the lowest contents of carotenoids and anthocyanins, as well as low antioxidant
activity in all assays performed. These results reinforce that flesh color can be used as a rapid and
non-destructive indicator of antioxidant potential in sweet potatoes, especially when associated
with the content of phenolic compounds (MAKORI; MU; SUN, 2020). The differences observed
in pigment profiles and antioxidant activity were also reflected in pronounced variations in the
carbohydrate profile and enzymatic activity of the samples (Table 4). Genotypes SP1, SP4, and
SP5 stood out for presenting higher total sugar contents, a characteristic that may intensify
sweetness perception and enhance consumer sensory acceptance. It is worth noting that elevated
sugar levels are often inversely related to starch content and are strongly influenced by both
genotype and postharvest metabolism (AMJAD et al., 2020; KROCHMAL-MARCZAK et al.,
2020; GUO et al., 2019).
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Table 4: Mean values of total sugars, PPO activity, POD activity, total starch, amylose, amylopectin, and resistant starch of
five sweet potato genotypes.

Sample Total Sugars PPO POD Total Starch Amylose Amylopectin  Resistant Starch
(g glucose/100g)  (EU/min/g tissue)  (EU/min/g tissue) (g/100g) (%) (%) (g/100g)
SP1 28.49 +8.95° 80.15 £1.43* 218.60 +20.80° 22.73 £2.45° 22,10 +£4.55¢  77.90 £4.55° 11.62 £2.50°
SP2 4,70 £2.81° 6.23 £1.26° 207.83 £16.88° 4562 £3.89*°  18.54 +5.19°  81.46 £5.19° 4.60 £2.09°
SP3 18.42 +£3.11¢ 17.13 £2.02¢ 114.00 +18.49°¢ 1537 £4.01°  27.86 £7.28>  72.14 +7.28% 17.97 £1.14°
SP4 23.31 £4.80° 67.38 £7.38¢ 281.94 £12.53? 19.77 £3.07*  39.31 £3.76*  60.69 +3.76 15.56 +0.66*
SP5 27.72 +£5.42° 33.48 +3.86° 184.33 £15.33° 15.42 £2.60° 59.54 £10.30° 40.46 =10.30° 2.30 £0.55°

Note: Values are described as mean =+ standard deviation (z = 5). Means followed by different letters in the same column differ significantly by Tukey’s test
(p <0.05). PPO: Polyphenol oxidase; POD: Peroxidase; EU: Enzyme Units. Codes: SP1 — UFLA R1440 (purple-fleshed); SP2 — UFLA 286 (white-fleshed); SP3 —
UFLA B556 (white-fleshed); SP4 — UFLA 1192 (purple-fleshed); and SP5 — BRS Cotinga (purple-fleshed)
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Genotype SP2 exhibited the highest total starch content and the lowest sugar concentration,
confirming its predominantly starchy profile. This behavior is technologically advantageous for
applications that require high thickening capacity and viscosity development. In contrast,
genotypes SP3 and SP5 showed lower starch contents, consistent with their higher levels of soluble
sugars.

Analysis of starch fractions revealed significant differences in the amylose and amylopectin
proportions among the genotypes. SP5 stood out for its higher amylose content, whereas SP1 and
SP2 showed higher proportions of amylopectin. It is noteworthy that elevated amylose levels are
associated with reduced digestibility and increased formation of resistant starch, which is
considered beneficial for glycemic control and intestinal health (SUN et al., 2022; GUO et al.,
2025). In turn, genotypes SP3 and SP4 presented the highest resistant starch contents, indicating
their potential use as functional ingredients (PAN et al., 2025). Enzymatic activities also differed
significantly among the analyzed genotypes. SP1 exhibited the highest polyphenol oxidase (PPO)
activity, indicating greater susceptibility to enzymatic browning, which may limit its application in
minimally processed products and require rapid thermal inactivation to preserve color. In contrast,
SP2 and SP3 showed low PPO activity, suggesting greater color stability. SP4 displayed the highest
peroxidase (POD) activity, an enzyme known for its high thermal resistance, indicating that more
intense thermal treatments may be necessary to achieve complete inactivation during processing
(TARANTO et al., 2017).

Principal component analysis (PCA) explained 73.6% of the total variance in the first two
components, with 50.0% attributed to Factor 1 (PC1) and 23.6% to Factor 2 (PC2), indicating an

adequate representation of data variability (Figure 3).



Figure 3- (A) PCA biplot illustrating the dispersion of physicochemical and functional variables among five
sweet potato genotypes; (B) Multivariate clustering analysis displayed as a heatmap, highlighting qualitative
disparities among the genotypes.
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PC1 promoted a clear separation among the genotypes, primarily distinguishing SP2, which
was associated with higher values of chroma (C*), lightness (L*), carotenoid content, starch, and
amylopectin. In contrast, SP1 and SP4 were positioned on the negative side of PC1 and were
correlated with total phenolics, anthocyanins, flavonoids, and higher antioxidant activity (ABTS
and FRAP). PC2 contributed to further separation of the genotypes based on nutritional and
structural composition. SP5 was associated with amylose, resistant starch, dietary fiber, and
protein, suggesting greater functional and nutritional potential. SP3 was characterized by its
association with higher lightness and hue angle, reflecting lower pigment contents and reduced
antioxidant activity.

The heatmap (Figure 3B) presents the standardized distribution (z-scores) of
physicochemical, nutritional, and bioactive parameters among the five sweet potato genotypes
(SP1-SP5), providing a clear visualization of variety-specific patterns and associations among the
analyzed variables, thereby corroborating the results observed in the PCA. SP2 stood out by
exhibiting higher values of chroma (C*), starch, moisture content, and total carotenoids, indicating
roots with greater color saturation and starch accumulation typical characteristics of orange-fleshed
materials.

Orange-fleshed sweet potatoes are known to contain significantly higher levels of total
carotenoids, particularly f-carotene, which contributes to the intense orange coloration and
enhanced nutritional quality (LAVERIANO-SANTOS et al., 2022). Moreover, studies reporting
the relationship between flesh color and carotenoid content across different sweet potato cultivars
corroborate the association between chromatic intensity and elevated carotenoid levels, reinforcing
their potential for industrial applications and biofortification strategies (AINA et al., 2009; PILON
etal.,2021).

In contrast, SP4 showed higher contents of anthocyanins, soluble solids, and parameters
related to antioxidant activity (FRAP, ABTS, total phenolics, and flavonoids), in addition to higher
activities of peroxidase (POD) and polyphenol oxidase (PPO). This profile is characteristic of
purple-fleshed genotypes, in which phenolic compounds especially anthocyanins are the primary
contributors to antioxidant potential (MAQSOOD et al., 2025; NEUNFELD et al., 2022). The
clustering of these variables highlights the close association between phenolic metabolism and
antioxidant capacity, reinforcing the functional value of this genotype. SP3 exhibited higher

contents of lipids, resistant starch, and lightness (L*), accompanied by lower levels of phenolic
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compounds. This profile suggests a composition more oriented toward structural carbohydrates and
lipophilic components. Such characteristics may influence both technological and nutritional
properties, particularly due to the higher resistant starch content.

SP5 stood out for presenting the highest values of protein, amylose, hue angle, antioxidant
capacity determined by the phosphomolybdenum assay, ash content, pH, and total sugars. The
concomitant increase in amylose and protein suggests a starch composition with potential
implications for glycemic response and technological functionality. Moreover, the high antioxidant
capacity assessed by the phosphomolybdenum method indicates the presence of non-phenolic
antioxidants, suggesting a broader spectrum of redox-active compounds (PRIETO; PINEDA;
AGUILAR, 1999). SP1, in turn, displayed intermediate characteristics, with moderate values of
amylopectin, anthocyanins, antioxidant capacity, and fiber-related parameters. This balanced
profile indicates a more neutral composition, without a marked specialization in either starch
accumulation or enrichment in bioactive compounds. Overall, PCA and heatmap analyses
demonstrate that the evaluated genotypes differ according to distinct metabolic priorities, involving
starch composition (amylose/amylopectin ratio), pigment biosynthesis (carotenoids and
anthocyanins), and pathways associated with antioxidant activity. These differences highlight the
influence of genetic background on the nutritional, functional, and technological attributes of sweet
potato roots. The integrated visualization reinforces the potential of specific genotypes for targeted
applications, such as functional foods, industrial processing, or breeding programs focused on
nutritional quality and enrichment in bioactive compounds. The Pearson correlation matrix (Figure
4) revealed significant relationships among the physicochemical, nutritional, and bioactive
attributes of the sweet potato genotypes, uncovering patterns that reflect root physiology and are

consistent with the results obtained from the other multivariate analyses.
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Figure 4- Pearson correlation matrix among physicochemical and enzymatic variables of sweet potato
genotypes. Correlation coefficients range from -1 (blue) to +1 (red), indicating negative and positive
associations, respectively.
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A strong positive correlation was observed among total phenolics, flavonoids,
anthocyanins, and antioxidant capacity assessed by the ABTS and FRAP assays, indicating
that the antioxidant potential of the samples is largely explained by the accumulation of these
bioactive compounds. Similarly, polyphenol oxidase (PPO) and peroxidase (POD) activities
showed direct correlations with these same groups, suggesting higher enzymatic activity in
genotypes richer in phenolic pigments. In contrast, starch-related variables such as total starch,
amylopectin, and resistant starch were positively correlated with each other and also with total
carotenoids, indicating that genotypes with higher contents of structural carbohydrates tend to

exhibit greater carotenoid concentrations. Color parameters (L*, C*, and h®) were positively
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correlated with titratable acidity and moisture content, suggesting that lighter roots with
greater chromatic saturation generally present higher water content and acidity. Conversely,
lipids, protein, and crude fiber showed negative correlations with several bioactive
components, reflecting distinct nutritional profiles among the evaluated genotypes. Overall,
the correlation pattern demonstrates that the genotypes express integrated sets of traits,
reinforcing the groupings observed in the heatmap and principal component analysis (PCA),
and highlighting the coexistence of profiles oriented toward higher antioxidant capacity,

starchy composition, or specific nutritional attributes.

4 CONCLUSION

The evaluation of five sweet potato genotypes revealed wide phenotypic diversity, with
distinct nutritional and functional profiles indicating specific technological aptitudes for each
genotype. Multivariate analysis enabled the classification of the genotypes into three main
profiles. SP4 and SP1 were characterized by a bioactive and antioxidant profile, exhibiting
high contents of phenolic compounds, flavonoids, and anthocyanins, which showed strong
positive correlations with antioxidant capacity (ABTS and FRAP), highlighting their potential
for functional foods and natural colorants, although SP4 requires careful processing due to its
high peroxidase activity. SP2 presented a starchy and industrial profile, with the highest
contents of starch, moisture, and total carotenoids; its yellow—orange flesh and high chroma
(C*) indicate strong potential for provitamin A biofortification and industrial applications
requiring thickening capacity and purée production. In contrast, SP5 showed a nutritional and
metabolic profile, distinguished by higher protein and ash contents and a high proportion of
amylose, while SP3 and SP4 stood out for their resistant starch content, suggesting benefits
for intestinal health and glycemic control. Overall, these findings support the strategic
selection of sweet potato genotypes for breeding programs and for the development of value-
added food products, aiming to fully exploit the nutritional and functional potential of this

crop.

Acknowledgements

The authors would like to thank Fapemig, CNPq (420188/2013-1) and Capes for

supplying the equipment and technical support for experiments.



59
REFERENCES

ABREU, D. J. M. de et al. Artificial Neural Networks for the Evaluation of Physicochemical
Properties of Carrots (Daucus carota L.) Subjected to Different Cooking Conditions as an
Alternative to Traditional Statistical Methods. ACS Food Science & Technology, v. 2, n. 1,
p. 143-150, 2022.

AINA, A. J. et al. Physicochemical properties of twenty-one Caribbean sweet potato cultivars.
International Journal of Food Science and Technology, v. 44, n. 9, p. 1696-1704, 2009.

ALAM, M. K. A comprehensive review of sweet potato (Ipomoea batatas [L.] Lam):
Revisiting the associated health benefits. Trends in Food Science & Technology, v. 115, p.
512-529, 2021.

AMIJAD, A. et al. Changes in sugar contents and invertase activity during low temperature
storage of various chipping potato cultivars. Food Science and Technology, v. 40, n. 2, p.
340-345, 2020.

AOAC INTERNATIONAL. Official Methods of Analysis of AOAC INTERNATIONAL.
Ed. por George W. Latimer, Jr. 22. ed. Rockville, MD: AOAC INTERNATIONAL, 2023.

AREAS, U. A. G.; LAJOLO, F. M. Determina¢ao enzimatica especifica de amido, glicose,
frutose e sacarose em bananas pré-climatéricas e climatéricas. Anais de Farmacia e Quimica
de Sao Paulo, v. 20, p. 307-318, 1980.

BARCIA, M. T. et al. Bioactive Compounds, Antioxidant Activity and Percent Composition
of Jambolao Fruits (Syzygium cumini). The Natural Products Journal, v. 2, n. 2, p. 129-
138, 2012.

BARROS, H. E. A. de et al. Edible seeds clustering based on phenolics and antioxidant
activity using multivariate analysis. LWT, v. 152, p. 112372, 2021.

BLIGH, E. G.; DYER, W. J. A rapid method of total lipid extraction and purification.
Canadian Journal of Biochemistry and Physiology, v. 37, n. 8, p. 911-917, 1959.

CAMPOS, A. D.; SILVEIRA, E. M. da L. Metodologia para determinacio da peroxidase e
da polifenol oxidase em plantas. Pelotas: Embrapa Clima Temperado, 2003. (Comunicado

Técnico, 87).

DISCHE, Z. General color reactions. /n: WHISTLER, R. L.; WOLFRAM, M. L. (ed.).
Carbohydrate Chemistry. New York: Academic Press, 1962. p. 477-512.

ESCOBAR-PUENTES, A. A. et al. Sweet Potato (Ipomoea batatas L.) Phenotypes: From
Agroindustry to Health Effects. Foods, v. 11, n. 7, 2022.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS (FAO).



60
FAOSTAT database. Rome: FAO, 2024.

GUCLU, G. et al. Comparative elucidation on the phenolic fingerprint, sugars and antioxidant
activity of white, orange and purple-fleshed sweet potatoes (Ipomoea batatas L.) as affected
by different cooking methods. Heliyon, v. 9, n. 8, p. e18684, 2023.

GUO, K. et al. Structural and functional properties of starches from root tubers of white,
yellow, and purple sweet potatoes. Food Hydrocolloids, v. 89, p. 829-836, 2019.

GUQ, Y. et al. Understanding the application-related features of sweet potato starch varying
in multi-scale supramolecular structure. Carbohydrate Polymers, v. 350, p. 122997, 2025.

HISTIFARINA, D.; PURNAMASARI, N. R.; RAHMAT, R. Potential development and
utilization of sweet potato flour as a raw material for the food industry. IOP Conference
Series: Earth and Environmental Science, v. 1230, n. 1, p. 012006, 2023.

IM, Y. R.; KIM, L; LEE, J. Phenolic Composition and Antioxidant Activity of Purple Sweet
Potato (Ipomoea batatas (L.) Lam.): Varietal Comparisons and Physical Distribution.
Antioxidants, v. 10, n. 3, 2021.

IVANE, N. M. A. et al. Harnessing the health benefits of purple and yellow-fleshed sweet
potatoes: Phytochemical composition, stabilization methods, and industrial utilization- A
review. Food Chemistry: X, v. 23, p. 101462, 2024.

KROCHMAL-MARCZAK, B. et al. The Effects of Temperature on the Quality and Storage
Stalibity of Sweet Potato (Ipomoea batatas L. [Lam]) Grown in Central Europe. Agronomy,
v. 10, n. 11, 2020.

LAVERIANO-SANTOS, E. P. et al. Sweet Potato Is Not Simply an Abundant Food Crop: A
Comprehensive Review of Its Phytochemical Constituents, Biological Activities, and the
Effects of Processing. Antioxidants, v. 11, n. 9, 2022.

MAKORI, S. I.; MU, T.-H.; SUN, H.-N. Total Polyphenol Content, Antioxidant Activity, and
Individual Phenolic Composition of Different Edible Parts of 4 Sweet Potato Cultivars.
Natural Product Communications, v. 15, n. 7, 2020.

MAQSOQD, S. et al. Anthocyanins From Sweet Potatoes (Ipomoea batatas): Bioavailability,
Mechanisms of Action, and Therapeutic Potential in Diabetes and Metabolic Disorders. Food
Science & Nutrition, v. 13, n. 9, p. €70895, 2025.

MEGAZYME. $\alpha$-Amylase Assay Procedure (Ceralpha Method) -- K-AMYL.
Lansing, MI: Neogen Corporation, 2024. Manual técnico.

MULWA, C. K. et al. Effect of nutritional awareness on orange-fleshed sweetpotato
utilization among vulnerable populations in Kenya. Food Security, v. 15, n. 2, p. 479-491,
2023.



61

NEUNFELD, T. H. et al. Caracteristicas fisico-quimicas e compostos bioativos de acessos de
batata-doce na regido centro-sul do Parané. Brazilian Journal of Food Technology, v. 25, p.
€2020268, 2022.

NGCOBO, A. et al. Phytonutritional Composition and Antioxidant Properties of Southern
African, Purple-Fleshed Sweet Potato (Ipomoea batatas (L.) Lam.) Storage Roots.
Antioxidants, v. 13, n. 3, 2024.

PAN, X. et al. Sweet potato resistant starch type 3 improves lipid metabolism by modulating
intestinal microbiota in high-fat diet-fed mice. Journal of Functional Foods, v. 128, p.
106837, 2025.

PANDISELVAM, R. et al. The influence of non-thermal technologies on color pigments of
food materials: An updated review. Current Research in Food Science, v. 6, p. 100529,
2023.

PARADISO, V. M. et al. Nutritional characterization and shelf-life of packaged microgreens.
Food & Function, v. 9, n. 11, p. 5629-5640, 2018.

PARK, S.-Y. et al. Comparative analysis of phytochemicals and polar metabolites from
colored sweet potato (Ipomoea batatas L.) tubers. Food Science and Biotechnology, v. 25, n.
1, p. 283-291, 2016.

PILON, L. et al. Quality characterization, phenolic and carotenoid content of new orange,
cream and yellow-fleshed sweetpotato genotypes. Horticultura Brasileira, v. 39, n. 3, p.
299-304, 2021.

PRIETO, P.; PINEDA, M.; AGUILAR, M. Spectrophotometric Quantitation of Antioxidant
Capacity through the Formation of a Phosphomolybdenum Complex: Specific Application to
the Determination of Vitamin E. Analytical Biochemistry, v. 269, n. 2, p. 337-341, 1999.

QUEIROZ, J. L. C. de et al. Effect of carotenoid encapsulation on antioxidant activities: A
protocol for systematic review. Medicine, v. 99, n. 16, p. €19772, 2020.

RIBEIRO, D. et al. Antioxidant and pro-oxidant activities of carotenoids and their oxidation
products. Food and Chemical Toxicology, v. 120, p. 681-699, 2018.

RODRIGUEZ-AMAYA, D. B. A Guide to Carotenoid Analysis in Foods. 1. ed.
Washington, D.C.: ILSI Human Nutrition Institute, 2001.

RODRIGUEZ-AMAYA, D. B. Natural Food Pigments and Colorants. /n: MERILLON, J.-M.;
RAMAWAT, K. G. (ed.). Bioactive Molecules in Food. Cham: Springer International
Publishing, 2019. p. 867-901.

SAVI, P. do R. S. et al. Analise de flavonoides totais presentes em algumas frutas e hortalicas
convencionais € organicas mais consumidas na regido Sul do Brasil. Demetra: Alimentacao,



62
Nutricdo & Saude, v. 12, n. 1, p. 275-287, 2017.

SUN, H. et al. Effects of treatment methods on the formation of resistant starch in purple
sweet potato. Food Chemistry, v. 367, p. 130580, 2022.

TANAKA, M. et al. Functional components in sweetpotato and their genetic improvement.
Breeding Science, v. 67, n. 1, p. 52-61, 2017.

TARANTO, F. et al. Polyphenol Oxidases in Crops: Biochemical, Physiological and Genetic
Aspects. International Journal of Molecular Sciences, v. 18, n. 2, 2017.

VIEIRA, D. de F. A. et al. Estudo prospectivo sobre producio de batata-doce no Brasil,
desafios e demandas. Brasilia, DF: Embrapa Hortalicas, 2023. (Documentos, 194).

WANG, S.; NIE, S.; ZHU, F. Chemical constituents and health effects of sweet potato. Food
Research International, v. 89, p. 90-116, 2016.

ZHANG, L. et al. Physicochemical, Nutritional, and Antioxidant Properties in Seven Sweet
Potato Flours. Frontiers in Nutrition, v. 9, 2022.

ZHAO, S. et al. Comparative Analysis of Nutrients, Phytochemicals, and Minerals in Colored
Sweet Potato (Ipomoea batatas L.) Roots. Foods, v. 13, n. 22, 2024.



63

Artigo 2 - Redi

ido conforme norma do periddico cientifico - Versido preliminar

Titulo do artigo:

Volatile Composition and Aromatic Implications in Sweet Potato
Genotypes

Autores:

Estela Corréa de Azevedo

Joana Moratto Silva

Diogo Nunes Carvalho

Fabricio Teixeira de Lima Gomes
Valter Carvalho de Andrade Junior
Danilo José Machado de Abreu
Eduardo Valério de Barros Vilas Boas
Elisangela Elena Nunes Carvalho

Periodico:

Food Science & Nutrition

ISSN

2048-7177

DOI

Em revisdo




64

ARTIGO 2 - Volatile Composition and Aromatic Implications in Sweet Potato
Genotypes

Estela Corréa de Azevedo!, Joana Moratto Silva!, Diogo Nunes Carvalho?, Fabricio Teixeira
de Lima Gomes?, Valter Carvalho de Andrade Junior*, Danilo José Machado de Abreu’,

Eduardo Valério de Barros Vilas Boas!, Elisangela Elena Nunes Carvalho!

"Department of Food Science, Federal University of Lavras, Brazil
?Department of Computer Science, Federal University of Sdo Carlos, Brazil
3Department of Soil Science, Federal University of Lavras, Brazil
“Department of Agriculture, Federal University of Lavras, Brazil
SDepartment of Biology, Federal University of Lavras, Brazil
Corresponding author: Elisangela Elena Nunes Carvalho Department of Food Science,

Federal University of Lavras, Brazil Email: elisangelacarvalho@ufla.br

The characterization of Brazilian sweet potato genotypes enables the identification of chemical profiles
and specific volatile compounds, contributing to the valorization and increased commercial potential of
this crop. This study characterized the volatile organic compound (VOCs) profile of five sweet potato
genotypes with different flesh colors (purple, orange, and white). Four genotypes developed by the
breeding program of the Federal University of Lavras (UFLA) and the commercial cultivar BRS Cotinga
were evaluated. Prior to volatile extraction, shredded sweet potato tuberous roots were placed in a
headspace vial and heated in a water bath at 100 °C for 30 minutes to simulate steam cooking and release
volatile compounds. The procedure was applied uniformly across all genotypes. Volatile compounds
were extracted using solid-phase microextraction (SPME) coupled with gas chromatography-mass
spectrometry (GC-MS). A total of 72 VOCs were detected, classified into eight chemical groups, with
aldehydes and terpenoids predominating. Different volatile compounds were associated with metabolic
pathways such as lipid oxidation, carotenoid degradation, Strecker reactions, and thermal release of
glycosylated terpenes. Multivariate analysis, including variable importance in projection (VIP) scores
and heatmaps, enabled discrimination of genotypes. Notably, B-ionone and B-cyclocitral were identified
as potential volatile markers for the orange-fleshed genotype, reflecting carotenoid degradation
pathways, while phenylacetaldehyde and benzaldehyde were more abundant in purple-fleshed
genotypes, suggesting Strecker degradation as a predominant biosynthetic route. These findings provide
information for breeding programs aimed at selecting genotypes with differentiated sensory profiles.

Keywords: Ipomoea batatas; volatile organic compounds; SPME-GC-MS; multivariate analysis;
Strecker reaction; carotenoid degradation



Introduction

Sweet potato (Ipomoea batatas (L.) Lam.) is one of the most relevant food crops
worldwide, playing a significant role in food security and climate-change adaptation due
to its broad adaptability, relatively short growth cycle, and high yield potential (Sapakhova
et al., 2023). In addition to its agronomic relevance, sweet potato is a nutritionally dense
crop, providing complex carbohydrates with a low glycemic index, dietary fiber, minerals,
and bioactive compounds that confer functional and health-promoting properties.

The species exhibits great genetic variability, resulting in diverse chemical
compositions, tuberous root shapes, and flesh colors, including white, yellow, cream, orange,
and purple (Amoanimaa-Dede et al., 2020). Purple-fleshed roots contain anthocyanins,
phenolic pigments associated with antioxidant capacity and potential human health
benefits (Zhao et al., 2024). Conversely, orange-fleshed cultivars are characterized by
the presence of carotenoids, especially f-carotene, a vitamin A precursor and a substrate
for the formation of volatile compounds derived from the thermal degradation of this
pigment (Nabot et al., 2024). On the other hand, white-fleshed roots contain low
concentrations of pigments and are primarily composed of starch and sugars, which have
been suggested to produce simpler and less intense aromatic profiles (R. Zhang, Tang,
Jiang, Mo, & Wang, 2025), although direct comparative sensory confirmation remains
limited in the literature.

The chemical composition of each genotype, including sugars, amino acids, fatty
acids, and pigments, directly influences the formation of volatile organic compounds
(VOCs) during thermal processing. Cooking induces a series of thermochemical
reactions that are the main pathways for VOC formation, including Maillard reactions,
Strecker degradation of amino acids, carotenoid degradation, lipid oxidation, and
thermal release of glycosylated terpenes (Abugu, Allan, Johanningsmeier, lorizzo, &
Yencho, 2025; Shen et al., 2024).

Maillard reactions between reducing sugars and amino acids generate aldehydes

and furans that contribute to sweet, caramelized, and roasted aromas, frequently
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associated with the flavor of boiled or baked sweet potatoes (R. Zhang, Tang, Jiang, Mo,
& Wang, 2021). In orange genotypes, carotenoid degradation is the key mechanism in
the formation of high-sensory-impact norisoprenoids, such as f-lonone and f-cyclocitral,
compounds recognized for their characteristic fruity-floral aroma (Kammona, Othman,
Abdullah, & Abu Bakar, 2015). Thermal lipid oxidation contributes to the formation of
short- and medium-chain aldehydes and alcohols, often associated with herbaceous,
green, and fruity notes (Yao, Zhang, Jia, et al.,, 2024). Furthermore, amino acid
degradation can lead to the formation of various compound classes, mainly aldehydes such
as benzaldehyde and phenylacetaldehyde, known for their contributions to sweet, fragrant,
and floral aromas (Jiang et al., 2023; Shen et al., 2024).

Volatile compounds directly influence consumer acceptance, as aroma is one of the
most important attributes in quality perception (Al-Khalili, Pathare, Rahman, & Al-
Habsi, 2025). Volatile profiles exhibiting sweeter, floral, and fruity notes tend to be
more acceptable, whereas earthy or herbaceous aromas may result in lower acceptability.
Thus, understanding how the chemical characteristics of each genotype influence VOC
formation is essential to expand knowledge regarding the volatile compounds present in
different sweet potato genotypes. This knowledge supports breeding programs aimed at
selecting and developing genotypes with sensory profiles that are more attractive to
consumers.

Brazil is one of the world’s major centers of sweet potato genetic diversity,
harboring a wide range of landraces and improved varieties with distinct flesh colors,
chemical compositions, and sensory profiles that remain largely unexplored in the
scientific literature (Veasey et al., 2008; H. Y. Zhang & Zhao, 2024).

Despite this remarkable diversity, studies characterizing the volatile composition of
Brazilian sweet potato varieties are scarce, as Asian and African genotypes have received
far greater attention in published research (Abugu et al., 2025). This gap limits the
understanding of the aromatic profile and the particularities of national varieties.
Therefore, comparative analyses are needed to clarify important relationships between

these factors and the resulting aroma. In this context, the present study aimed to identify
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and compare the volatile organic compound profile of five sweet potato genotypes, three
purple-fleshed, one orange-fleshed, and one white-fleshed, using gas chromatography-
mass spectrometry (GC—MS), providing a foundation for advances in breeding, food

processing, and the development of products with higher sensory quality.

Materials and Methods

Plant material and sweet potato processing

The experiment evaluated the volatile organic compound (VOC) profile of four
genotypes developed by the breeding program of the Universidade Federal de Lavras
(UFLA) and one commercial cultivar, BRS Cotinga (Figure 1). The plant material was
obtained from a field experiment established at the Center for UFLA Development and
Technology Transfer (CDTT/ESAL/UFLA), planted in December 2024, and harvested
150 days after planting. The experiment was located at Palmital Farm, in the
municipality of Ijaci, Minas Gerais, Brazil (altitude: 918 m; latitude: 21°14'16" S;
longitude: 45°08'00" W). For each genotype, five intact medium-sized sweet potato tubers
(100-150 g) were cleaned, sliced, frozen, and subsequently stored at —80 °C before

analysis by gas chromatography—mass spectrometry (GC-MS).

.

k §

UFLA R1440 2021-Dialelo-286 UFLA B556 2020-uruguaiana-1192 BRS Cotinga
SP1 SP2 SP3 SP4 SP5

Figure 1. Sweet potato genotypes evaluated in the study, identified by experimental codes:
UFLA R1440 (SP1), 2021-Dialelo-286 (SP2), UFLA B556 (SP3), 2020-Uruguaiana-1192

(SP4), and the commercial cultivar BRS Cotinga (SP5).

Extraction of volatile compounds
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For the extraction of volatiles, the parameters described by R. Zhang et al. (2025)
were used with adaptations. The volatile compounds were extracted by the solid phase
microextraction technique (SPME) and tentatively identified by Gas Chromatography Mass
Spectrometry. For sample preparation, 1 g of frozen, shredded sweet potato was placed in a
20 mL headspace vial. The vial was then sealed with a crimp cap and a PTFE/silicone
septum to prevent the loss of volatile compounds. All analyses were performed in three
replicates. Subsequently, the samples were heated in a water bath at 100 °C for 30 minutes
to simulate steam cooking and release volatile compounds. The volatile compounds
present in the samples were extracted by solid-phase microextraction (SPME) with a
divinylbenzene/carboxene/polydimethylsiloxane (DVB/CAR/PDMS) fiber for 30 minutes
at 80°C. Next, the volatile components extracted and retained in the SPME fiber were
desorbed at the GC injection port for 3 minutes at 250 °C in splitless mode. The fiber
was conditioned at a temperature of 270°C for 30 minutes before use. GC-MS analysis
was performed using a GC-MS QP2010 Plus gas chromatography—mass spectrometry
system (Shimadzu, Japan) equipped with an RTX-WAX capillary column
(polyethyleneglycol, PEG; 30 m x 0.25 mm x 0.25 um). A constant helium flow rate of 1.0
mL - min~! was used for chromatographic separation. The oven temperature program was as
follows: initial temperature of 35 °C held for 2 min; ramp of 5 ‘C.min" ' to 190 °C, held for
1 min; ramp of 20 °C -min~'to 250 °C, held for 2 min; with a solvent delay of 1 min. The
mass spectrometer was operated in electron impact (EI) ionization mode at 70 eV and 230

°C in fullscan mode, with a mass-to-charge ratio (m/z) range of 35 and 450.

Identification and quantification of volatile compounds

Data acquired from the GC-MS analysis were preprocessed using GCMS
Solution software (Shimadzu, Japan) for peak selection and mass spectral deconvolution.
The compounds were tentatively identified based on the comparison of mass spectra and
retention indices (RI) against the Wiley 8 mass spectral library and specific literature from

Adams (2007). The RI of each compound was calculated using alkane standards (C5—
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C20; Supelco, Sigma-Aldrich, PA, USA). The aroma descriptions of most compounds
were obtained from those reported in the Flavornet (Acree & Arn, 2004). The constituent
concentrations (%) were calculated by the total area of their respective peaks, related to
the total area of all the constituents of the sample (area normalization). Since no internal
standard, response factor correction, or external calibration curve was applied, the data

should be considered semi-quantitative and interpreted only as relative abundances.

Statistical analysis

The results were expressed as mean + standard deviation. Data were subjected to
analysis of variance (ANOVA), followed by Tukey’s test (p <0.05), using Sisvar software,
version5.8. A p-value < 0.05 was considered statistically significant. Multivariate
statistical plots were generated using Python, including partial least squares discriminant

analysis (PLS-DA) and heatmaps.

Results and discussion

Profiling of Volatile Organic Compounds of Five Sweet Potato Genotypes

The analysis of volatile organic compounds (VOCs) in five sweet potato genotypes
allowed the identification of a broad chemical profile. A total of 72 VOCs were detected
(Table 1). These compounds were classified into eight chemical classes, including
alkanes, alcohols, aldehydes, ketones, esters, furans, monoterpenes, and sesquiterpenes.
Terpenoids (monoterpenes and sesquiterpenes) and aldehydes stood out as the main
constituents of the volatile profile of the studied genotypes (Table 1 Figure 2A).

These results corroborate previous studies (Shen et al., 2024; Y. Wang & Kays,
2001; Yao, Zhang, Jia, et al., 2024; R. Zhang et al., 2023, 2021), reinforcing that
terpenoids and aldehydes are the main chemical classes responsible for the characteristic
aromatic profile of sweet potato. The wide diversity of VOCs present in sweet potato
indicates that its aroma results from complex interactions among multiple volatile

compounds (Y. Wang & Kays, 2000). Factors such as genotype, flesh color, and cooking
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conditions affect the distribution of these chemical groups (Shen et al., 2024; J. B. Sun,
Severson, Schlotzhauer, & Kays, 1995; Y. Wang & Kays, 2001; Yao, Zhang, Jia, et al.,
2024; R. Zhang et al., 2021).
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Table 1. Volatile compounds, classes, related odor, retention index (RI), relative concentration (% Area) of Different Genotypes

71

Compound Class Odor RI SP1 SP2 SP3 SP4 SP5
3-ethyl-2-methyl-1,3-Hexadiene Alkane - 728 - - 3.39+0.78a - -
Trans-3-methyl-1-(-2-cyclohexenyl)but-1-ene Alkane - 1110 - - 0.69+0.06a - -
5-METHYL-5-ETHYLDECANE Alkane fruity, woody, sweet 1272 1.08+0.095a - - - -
Tridecane <n-> Alkane - 1300 - - 0.5240.13a - -
Ethanol Alcohol sweet 460 - - 0.6+0.03a - -
1-Hexanol Alcohol floral, green 867 3.82+0.15a 1.45+0.61b 0.86+0.17b 0.7+0.03b 0.5+0.01b
1-Octen-3-ol Alcohol mushroom 989 0.73+0.265b - 7.35+0.64a 3.2240.09ab -
2-Octen-1-ol, (Z)- Alcohol fatty, sweet, fruity 1070 - 1.02+0.03a - - -
1-Octanol Alcohol nutty and mushroom 1070 1.05+0.16a 2.03+0.12a 3.22+0.03a 1.51+0.09a 2.34+0.26a
3-Octanol, 3,7-dimethyl- Alcohol floral, citrus 1193 0.50+0.14a - - - -
Oct-3-en-2-o0l Alcohol mushroom, nutty, earthy 980 1.29+0.055a - - - -
Terpinen-4-ol Alcohol nutmeg, mustard 1177 - - 0.58+0.01ab - 5.89+1.13a
1-a-Terpineol Alcohol oil, anise, mint 1189 - 0.63+0.01a - - -
3-Methylbutanal Aldehyde malty, nutty, chocolate 654 6.65+1.45a 0.57+0.07¢ - 1.65+0.35bc 3.60+1.10b
Hexanal Aldehyde grass, tallow, fatty 801 4.95+1.53a 5.9+1.96a 4.59+0.55ab 1.45+0.25b 1.64+0.53b
2-Hexenal, (E)- Aldehyde apple, green 855 0.45+0.05a - - - -
Heptanal Aldehyde fatty, citrus, rancid 903 0.75+0.145b 3.49+1.31a 1.82+0.35ab 0.55+0.05b 0.84+0.13b
2-Heptenal, (Z)- Aldehyde soapy, fatty, almond 901 0.83+0.015ab 0.56+0.09b 2.02+0.24a 0.47+0.0b 0.71+0.14ab
Benzaldehyde Aldehyde almond, burnt sugar 961 10.05+0.765b 3.15+0.44¢ 4.89+0.54¢ 17.43+1.36a 16.60+0.05a
Octanal Aldehyde soapy, fatty, lemon, green 1005 - 1.03+£0.52a 1.32+0.35ab 0.99+0.07ab 0.92+0.04ab
Heptadienal <2,4-trans,trans-> Aldehyde nutty, fatty 1012 - - 2.37+0.57a - -
Phenylacetaldehyde Aldehyde sweet, perfume 1045 - - 5.20£1.72b - 29.62+0.92a
Benzeneacetaldehyde Aldehyde honey, sweet 1043 10.76+2.06b 3.08+1.74c - 26.53+4.12a -
2-Octenal, (E)- Aldehyde green, nutty, fatty 1065 0.97+0.035b 1.34+0.10b 3.12+0.59a 0.90+0.04b -
n-Nonanal Aldehyde fatty, citrus, green 1103 5.38+0.9a 9.39+1.45a 13.50+3.65a 7.09+0.48a 3.45+2.86a
3,4,8-TRIMETHYL-2-NONENAL Aldehyde green, fatty, cucumber 1348 - 1.67+0.23a - - -
n-Decanal Aldehyde soap, orange peel, tallow 1206 1.21£0.04a 1.53+0.02a 1.11+0.12a 1.954+0.56a 4.64+3.2a
Vanillin Aldehyde vanilla 1660 2.85+0.74a - - 1.99+0.02ab 1.89+0.25b
Dodecanal <n-> Aldehyde sour, fatty 1409 - - - - 2.14£1.41a
Dihydroactinidiolide Furanone ripe apricot 1475 - 1.36+0.23a - - -
2-Heptanone Ketone soapy 890 - 1.27+0.4a - - 0.34+0.01b
1-Octen-3-one Ketone mushroom, earthy 980 1.99+0.325a - - 0.77+0.14b -
3-Octanone Ketone herbal, butter, resin 988 2.55+0.85a - 1.72+0.15a - 0.54+0.04a
6-METHYL-5-HEPTEN-2-ONE Ketone citrus, fruity 896 - 1.78+0.05a - - -
Cyclohexanone <2,2,6-trimethyl-> Ketone minty, spicy 1123 - 0.9+0.03a - - -
3-Nonen-2-one Ketone oily, spicy, waxy 1110 - 0.28+0.01b 0.45+0.01a - -
Geranylacetone Ketone floral, green 1453 0.93+0.045b 6.33+1.40a 1.47+0.09b 0.89+0.24b 0.51+0.08b
Hexanoate <ethyl-> Ester apple peel, fruit 998 6.01+2.64a 5.05+1.98a 3.83+2.08a 6.37+1.56a 5.50+0.87a
Geranyl propionate Ester sweet, fruity, balsamic 1384 - 0.93+0.02a 0.53+0.1a 0.56+0.01a -
4-hexyl-1,3-Benzenediol Phenol seaweed, violet, floral, raspberry 1643 - - - 0.78+0.01a -
2,4-Di-tert-butylphenol Phenol woody, balsamic 1515 1.44+0.065a - - - -
Furan <2-pentyl-> Furan green bean, butter 988 2.27+0.78b 4.56+1.30a 6.39+0.51a 1.09+£0.31b 1.023+0.29b
Isoterpinolene Monoterpene floral, herbal, citrus 1085 - 0.51£0.07a - - -
I-Limonene Monoterpene lemon, orange 1024 - - - 0.99+0.01a -
1-Phellandrene Monoterpene mint, spices 1005 - - - - 0.61+0.02a
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1-B-Pinene Monoterpene pine, resin 979 - - - - 1.68+0.95a
o-Terpinene Monoterpene lemon 1017 - - - - 1.34+0.09a
Linalool Monoterpene floral, lavender 1095 - 0.89+0.06a 0.59+0.01a 0.40+0.04a 0.59+0.07a
Myrtenol Monoterpene woody, pine, balsamic, sweet, mint 1195 6.51+1.46a - 4.79+1.37ab 3.85+0.22ab 3.03+2.24ab
B-Cyclocitral Monoterpene mint 1116 - 7.74+0.49a - - -
B-Citronellol Monoterpene citronella, floral 1225 0.48+0.07a - - - -
Nerol Monoterpene sweet 1228 9.65+1.29a 6.44+1.65a 4.28+0.64a 11.37+0.99a 5.81£1.99a
B-Cyclohomocitral Monoterpene camphor 1390 - 2.23+0.49a - - -
Myrtanol <trans-> Monoterpene herbaceous, camphor 1206 3.87+0.77a - 1.66+0.48b 1.74+0.2b 1.40+0.58b
o-linalol Monoterpene floral 1099 - - 1.74+0.39a - -
B-Ionone <(E)- Monoterpene seaweed, violet, floral, raspberry 1491 - 12.64+0.22a - - -
a-Cubebene Sesquiterpene citrus, fruity 1351 0.52+0.025a - 0.51+0.01a - -
a-Copaene Sesquiterpene woody, spicy 1376 2.19+£0.965a - 4.53+£2.03a 0.85+0.36a 1.07+0.41a
B-Elemene Sesquiterpene herbal, waxy, fresh 1038 - - 0.64+0.18a - -
B-Cubebene Sesquiterpene citrus, fruity 1387 - - 1.86+0.83a - 1.32+0.01a
v-Elemene Sesquiterpene green, woody, oil 1391 0.38+0.005a - - - -
o-Guaiene Sesquiterpene woody, balsamic 1437 0.95+0.05a - 0.88+0.01a 0.54+0.01b -
Germacrene D Sesquiterpene woody, spicy 1480 - - 0.87+0.01a - -
o-Humulene Sesquiterpene woody 1452 0.74+0.26ab - 0.98+0.41a 0.50+0.14b -
y-Muurolene Sesquiterpene herbal, woody, spice 1476 - - 0.98+0.41a - -
o-Muurolene Sesquiterpene woody 1496 - - 2.41+0.57a - 0.71+0.04b
B-Selinene Sesquiterpene herbal 1486 1.40+0.105a - - - -
5-Guaiene Sesquiterpene woody 1439 - - - 0.40+0.01a -
o-Gurjunene Sesquiterpene woody, balsamic 1412 0.55+0.05b 6.33+0.63a 6.86+1.98ab 4.21+0.81ab 0.68+0.02b
B-Maaliene Sesquiterpene woody, herbal 1490 5.53+1.385a - - - -

Odor descriptions were obtained from the literature based on database information (Flavornet, https://www.flavornet.org/flavornet.htm). Means
within the same row followed by different lowercase letters are significantly different according to Tukey’s test (p < 0.05). SP1, UFLA R1440;
SP2, 2021-Dialelo-286; SP3, UFLA B556; SP4,2020-Uruguaiana-1192; SP5, BRS Cotinga.
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To evaluate the importance and variation of VOC profiles among the five sweet
potato genotypes, a variable importance in projection (VIP) score plot with a heatmap
was generated (Figure 2B). The integrated evaluation of the VIP score plot and the
heatmap revealed marked differences in the volatile profiles among the five evaluated
genotypes. In PLS-DA (Figure 2B), compounds with VIP values > 1.0 were considered
discriminant, as they contributed significantly to the separation among groups (Wold,
Sjostrom, & Eriksson, 2001). As shown in the figure, several terpenes, aldehydes, and
ketones exhibited the highest VIP values. In contrast, others, such as phenylacetaldehyde,
displayed low values (<0.2), indicating that they are not relevant for discriminating among
genotypes. These results support the idea that the mere presence of a compound does not
imply discriminative power; rather, its importance depends on the weight assigned by the
multivariate model.

Among the most differentiated compounds (VIP > 1), the highlights were (Z)-2-
heptenal, heptanal, trans-2-octenal, octanal, 3-methylbutanal, 2-heptanone, 3-nonen-2-one, 6-
methyl- 5-hepten-2-one, 2,2,6-trimethylcyclohexanone, f-ionone, 1-octen-3-ol, myrtenol, a-
linalool, a-terpineol, p-cyclocitral, dihydroactinidiolide, geranylacetone, 2-pentylfuran,
vanillin, and isoterpinolene. These volatiles exhibited contrasting patterns in the heatmap,
indicating significant variation in relative abundance among genotypes, thereby confirming
their role as key chemical markers.

Genotype SP1 showed low predominance of sesquiterpenes (Figure 2A), accounting
for only 12.26% of the total volatile area (Table 1), with a greater presence of aldehydes
such as benzaldehyde, phenylacetaldehyde, 3-methylbutanal, hexanal, nonanal, and lipid
oxidation derivatives, associated with sweet, green, and mild notes (Shahidi & Hossain,
2022). SP2 exhibited an intermediate profile, with relevant contributions from compounds such
as f-lonone, f-cyclocitral, nonanal, and geranylacetone, composing a more balanced aroma
with herbal, fruity, and floral notes (R. Zhang et al., 2023). SP3 stood out for the
predominance of sesquiterpenes, which constituted the largest chemical class in terms of
number of compounds identified (11 compounds; Table 1), including a-gurjunene, f-
elemene, germacrene D, f-cubebene, and a-muurolene, indicating greater activity of
terpenoid biosynthetic pathways (Dudareva, Klempien, Muhlemann, & Kaplan, 2013) and
resulting in a more intense, herbaceous, and woody aromatic profile, also marked by sweet

notes.



The SP4 genotype presented elevated concentrations of compounds such as nerol,
phenylacetaldehyde, and nonanal, which confer sweet, citrus, and slightly fatty notes.
These markers suggest the combined involvement of the mevalonic acid (MVA) and
methylerythritol phosphate (MEP) pathways, as well as metabolism derived from simple
phenols and fatty acids (Dudareva et al., 2013; Schwab, Fischer, & Wiist, 2015). SP5
showed a complex profile, with emphasis on nerol, trans-myrtanol, n-nonanal, and other
aldehydes and sesquiterpenes of high sensory impact, associated with fatty, green, sweet,
and herbaceous notes (Abugu et al., 2025). These compounds helped distinguish this
genotype from the others.

The uneven distribution of volatiles among the materials reinforces that each
genotype possesses a distinct chemical signature, resulting from differential fluxes through
biosynthetic pathways that modulate the formation of aldehydes, ketones, and terpenoids
(Vranova, Coman, & Gruissem, 2013). The combination of VIP scores and heatmap
analysis (Figure 2B) enabled the identification of compounds that play a major role in
genotype separation, confirming the suitability of the PLS-DA model for this type of
characterization. These findings are relevant for quality assessment, sensory selection, and
breeding programs, as the volatile profile directly influences the aromatic properties and

industrial application potential of each genotype.
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Figure 2. (A) Relative distribution of VOC chemical classes and (B) VIP scores and

heatmap of discriminant volatile compounds obtained by PLS-DA for five sweet potato

genotypes.



The trends observed in chemical composition become even clearer when
analyzing the aroma wheel (Figure 3B), which organizes compounds according to their
aroma notes and reveals the predominance of sweet, floral, green, and woody
descriptors. These groups are consistent with the observation that many of the identified
compounds belong to chemical classes such as aldehydes and terpenes, which are
commonly associated with these aromas. When these same groups are projected onto
the radar plots (SP1-SP5, Figure 3A), it is proposed that each genotype developed its
own aromatic “personality”. SP1, for example, contains compounds described with notes
by more pronounced sweet notes and woody undertones; SP2 combined compounds
described sweet, floral, and green with a slight menthol-like freshness; SP3 contained
compounds described in the literature with an odor woody and mushroom like aromas;
SP4 exhibited a milder and more subtle profile; whereas SP5 presented compounds
together sweet and herbal notes. According to an earlier study by Jiang et al. (2023),

sweet potato volatile compounds play a determining role in shaping the final aroma.
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Figure 3. (A) Radar plots illustrating genotype-specific aroma profiles (SP1-SP5) and (B)
aroma wheel showing the ten most frequent sensory descriptors associated with volatile
compounds in sweet potato genotypes. Odor descriptions were obtained from the literature

based on database information (Flavornet, https://www.flavornet.org/flavornet.htm).
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Suggested mechanisms for the formation of aroma active volatile organic compounds
(VOCs)

The possible formation pathways of some compounds detected in the studied
genotypes are described in Table 2. Among them, two are classified as products of
Strecker degradation (SD) of amino acids (Jiang et al., 2023; Nakamura, Ono, Yagi, &
Miyazawa, 2013; Shen et al., 2024; Y. Wang & Kays, 2000; Yao, Zhang, Jiang, et al.,
2024). Another eight compounds are associated with lipid breakdown (Jiang et al., 2023;
Y. Wang & Kays, 2001; Yao, Zhang, Jia, et al., 2024); three are known to originate from
carotenoid degradation (Jiang et al., 2023; Wach¢, Bosser-DeRatuld, Lhuguenot, & Belin,
2003; Y. Wang & Kays, 2000, 2001) and six are considered to result from the thermal
release of glycosidically bound terpenes (Jiang et al., 2023; Shen et al., 2024; Tsai et al.,
2021; Y. Wang & Kays, 2000, 2001; Yao, Zhang, Jia, et al., 2024).
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Table 2. Suggested Mechanisms of Formation for Aroma Compounds

Suggested Mechanism of Formation Aroma Compounds

Strecker degradation of aminoacids
Benzaldehyde
Phenylacetaldehyde

Lipid oxidation

2-Pentylfuran
Butanal
Hexanal
Heptanal

(Z2)-2-Heptenal
Octanal
Nonanal

Decanal

Thermal release of glycosidically bound terpenes
o-Terpinene
Linalool
Myrtenol
Nerol
S-Citronellol

o-Copaene

Carotenoid degradation
Geranylacetone
S-Cyclocitral

S-lonone

In Strecker degradation, a-dicarbonyl compounds react with phenylalanine to form
compounds such as phenylacetaldehyde and benzeneacetaldehyde (Table 2), which are
responsible for floral and sweet aromas reminiscent of honey or soft fragrances (Jiang et
al., 2023; Shen et al., 2024). In a previous study (Yao, Zhang, Jiang, et al., 2024), sweet

potato cultivars with higher phenylalanine contents were also found to exhibit higher



concentrations of phenylacetaldehyde, reinforcing that the final VOC composition is
strongly influenced by the amino acid acting as a precursor.

Sweet potato roots contain relevant amounts of unsaturated fatty acids,
particularly polyunsaturated fatty acids (PUFAs), with linoleic, linolenic, and oleic
acids being the most prominent (S. Wang, Nie, & Zhu, 2016). PUFAs act as key
precursors in the formation of several lipid-derived volatile compounds, such as nonanal,
decanal, heptanal, and 2-pentylfuran (Table 2), which were detected in the present study
and are widely reported in cooked sweet potato (Shen et al., 2024; Tsai et al., 2021; Yao,
Zhang, Jia, et al., 2024). These volatiles impart characteristic aroma notes, often described
as herbaceous, green, or slightly fatty (Shahidi & Hossain, 2022). Studies indicate that
these molecules can be generated both through lipid oxidation pathways and through
interactions between lipids and reactive intermediates produced during the Maillard
reaction (Abugu et al., 2025; Whitfield & Mottram, 1992).

Raw sweet potatoes contain terpenes in glycosylated forms (bound to sugar
moieties), which are stable, nonvolatile, and odorless and function primarily as storage
forms (Kays & Wang, 2002). These compounds release volatile terpenes only upon
hydrolysis or when the roots are subjected to heating, thereby contributing to aroma
development during cooking (Abugu et al., 2025; Rodriguez, Prinyawiwatkul, Aryana,
King, & Xu, 2023).

In gas chromatography—olfactometry (GC—O) analyses, monoterpenes were
identified, such as a-terpinene and linalool, and associated these compounds with the
floral and sweet notes typical of cooked sweet potato (Y. Wang & Kays, 2000).
Subsequent studies also reported that linalool and a-terpineol were not present in stored
raw roots but became abundant after acid hydrolysis and thermal treatment (Rodriguez
etal., 2023; Y. Wang & Kays, 2001).

Several terpene alcohols, including linalool, a-terpineol, citronellol, nerol, and
geraniol, have been reported at high concentrations in recent studies on cooked sweet potato
(Jiang et al., 2023; Tsai et al., 2021; Yao, Zhang, Jia, Deng, & Wang, 2023). In addition,

GC-0O analyses of cooked roots identified sesquiterpenes such as a-copaene, which are
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associated with earthy, woody, baked potato—like notes and rose-like nuances (Abugu et
al., 2025; Horvat, Arrendale, Dull, Chaoman JR., & Kays, 1991; Ohta et al., 1990; Shen
et al., 2024).

The volatile compounds derived from carotenoid degradation, such as f-lonone,
dihydroactinidiolide (DHA), p-cyclocitral, geranylacetone, f-damascenone, and 5,6-
epoxy-f- lonone, have been found at high concentrations in cooked sweet potato (Jiang et al.,
2023; T. Sun, Tadmor, & Li, 2020; Tsai et al., 2021). These volatiles are widely
recognized for contributing aroma notes reminiscent of violet, wood, sweet flowers, tea,
roses, and fruits in a variety of foods and beverages, including fruits, vegetables, wines,
and teas (Winterhalter & Rouseff, 2001).

Among these compounds, f-lonone has been specifically associated with a
violet-like aroma when evaluated individually by GC-O (Y. Wang & Kays, 2000).
During heating, f-lonone and DHA emerge as some of the first products formed during
the thermal cleavage of S-carotene in cooked sweet potato roots (Aisman, Syukri, Rini,
Jaswandi, & Haiyee, 2024).

Studies also indicate that carotenoid degradation tends to reduce f-carotene
content while simultaneously increasing the relative production of several VOCs
derived from this class, regardless of the evaluated genotype (Aisman et al., 2024; Kays &
Wang, 2000; Shen et al., 2024; Yao et al., 2023). These findings reinforce that S-carotene
acts as a central precursor in the formation of most of these volatile compounds.

Multivariate analyses revealed marked differences in the volatile profiles among
the five evaluated genotypes. The heatmap (Figure 4B) illustrates the relative
distribution of compounds across genotypes. Lipid degradation-related compounds
(such as hexanal, (E)-2-heptenal, and nonanal) were more abundant in SP3 (white-
fleshed), which may be associated with oxidative susceptibility in these materials. In
contrast, compounds derived from the thermal degradation of carotenoids (f-Ionone, f-
cyclocitral, and geranylacetone) were more concentrated in SP2, a genotype
characterized by intense orange flesh color and higher carotenoid content. Additionally,

Strecker reaction markers (phenylacetaldehyde and benzaldehyde) were abundant in SP5
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(purple-fleshed), indicating a greater contribution of amino acid degradation pathways
during heating. These results suggest that each genotype possesses a differentiated

volatile chemical composition, directly influenced by the predominant biochemical

mechanisms underlying VOC formation.
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Figure 4. (A) VIP-selected volatile compounds categorized by formation pathways

and (B) heatmap illustrating genotype-specific contributions of lipid oxidation, Strecker

degradation, terpene release, and carotenoid degradation.



Analysis of VIP values (Figure 4A) suggests that discrimination among
genotypes is driven by a set of compounds derived from distinct chemical pathways,
reinforcing the multifactorial nature of the volatile profile. Of the selected compounds,
those with the highest discriminant importance were associated with lipid oxidation and
the thermal release of glycosidically bound terpenes, with f-citronellol (VIP =0.75) and
octanal (VIP = 0.73) standing out. These VOCs exhibited greater variation among
genotypes and therefore contributed more to the multivariate model. The relevance of these
markers is consistent with studies demonstrating the influence of lipid and terpene pathways
on the formation of characteristic aromas in pigmented genotypes (Chen et al., 2025;
Muchlinski et al., 2020).

In addition, compounds originating from the Strecker pathway, such as
benzaldehyde (VIP= 0.41) and phenylacetaldehyde (VIP= 0.38), showed intermediate
importance, indicating that although they can contribute to aromatic differentiation, their
impact is less decisive than that of lipid- and terpene-derived compounds. Compounds
related to carotenoid degradation, including f-Ionone (VIP = 0.57), p-cyclocitral (VIP=
0.57), and geranylacetone (VIP= 0.57), exhibited moderate VIP values, suggesting that
this pathway may contribute to specific aroma nuances.

Conversely, compounds with lower VIP values, such as 2-pentylfuran (VIP=
0.20) and nonanal (VIP = 0.26), showed a limited role in discrimination, reflecting their
relatively uniform distribution among the analyzed materials. These results reinforce that
only a fraction of the detected VOCs can be decisive in explaining chemical differences
among genotypes, in line with the rationale of supervised models previously described
in the literature (R. Zhang et al., 2025).

Overall, the integrated evaluation of volatile profiles, multivariate analysis, and
proposed formation pathways suggests that each sweet potato genotype has a distinct
chemical composition. The observed differences between genotypes arise from the relative
contributions of multiple metabolic pathways, such as lipid oxidation, carotenoid
degradation, Strecker reactions, and thermal release of glycosidically bound terpenes.

These observations can contribute to validating the use of VOC profiling combined with
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multivariate analysis for genotype discrimination and aroma differentiation. From an
applied perspective, the results reinforce the relevance of volatile composition as a criterion
for breeding, sensory quality assessment, and the development of sweet potato-based

products with differentiated aromatic profiles.
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3 CONSIDERACOES FINAIS

O presente estudo realizou uma caracterizacao integrada de genotipos de batata-doce,
demonstrando que as diferencas fisico-quimicas, bioquimicas e aromaticas estdo fortemente
associadas a coloracdo da polpa e ao fundo genético. Os gendtipos de polpa roxa destacaram-
se pelo elevado teor de compostos fenolicos e antocianinas, refletindo maior capacidade
antioxidante, enquanto as de polpa alaranjada apresentaram altos niveis de carotenoides,
confirmando seu potencial como alimentos biofortificados. Gendtipos de polpa clara mostraram
maior predominancia de amido e agucares, relevantes para aplicagdes tecnoldgicas especificas.
Diferencas na atividade das enzimas polifenoloxidase e peroxidase indicaram distintos
potenciais de escurecimento enzimatico e estabilidade térmica, com implicagdes diretas para o
processamento. A identificacdo de 72 compostos organicos volateis e a aplicacdo de analises
multivariadas permitiram a discriminacdo clara dos genétipos, evidenciando que as variagdes
quimicas se traduzem em perfis aromaticos distintos, associados a diferentes vias metabodlicas
e atributos sensoriais.

No entanto, como a avalia¢do sensorial foi inferida a partir do perfil quimico dos
volateis, a auséncia de andlises sensoriais diretas com consumidores ou pain€is treinados
representa uma limitagdo do estudo, o que poderia fortalecer ainda mais a correlagdo entre
composicdo quimica e percepcao sensorial. Assim, estudos futuros sdo recomendados para
incorporar analises sensoriais, testes de aceitacdo do consumidor, investigagdes sobre a
estabilidade dos compostos bioativos e volateis ao longo do armazenamento e da cadeia
produtiva e métodos de processamento.

A batata-doce apresenta elevado potencial nutricional, funcional e tecnoldgico, e a
caracterizacdo desenvolvida neste trabalho foi eficiente para a discriminagdo varietal e para a
valorizacdo dessa cultura no ambito da seguranca alimentar, da inovacao tecnoldgica e do

desenvolvimento sustentavel.
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