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RESUMO

Os 06leos vegetais extraidos de sementes, grdos e frutas, sdo de suma importancia a
alimentacdo humana e ao setor industrial. Assim, os acidos graxos mono e poli-insaturados, e
as substancias bioativas presentes possuem acfes benéficas a saude e sdo utilizadas para o
desenvolvimento de produtos cosmeéticos, farmacéuticos e alimenticios. Desse modo, o 6leo
de semente de uva (G), o 6leo de semente de linhaca (L) e a Mistura (GL), composta pelo
0leo de semente de uva e 0Oleo de linhaca em mesmo volume 1:1 (v/v), podem apresentar
qualidade e estabilidade, além ter efeitos positivos em modelo experimental in vivo. Visto
isso, avaliamos os 6leos realizando analises fisico-quimicas, estabilidade oxidativa: Rancimat,
analises térmicas como a termogravimetria/termogravimetria derivada (TG/DTG) e
calorimetria exploratéria diferencial (DSC), analises Opticas de absor¢do UV-Vis e matriz de
emissdo-excitacdo de fluorescéncia, carotendides totais e cor, além de avaliacdes de ingestéo,
comportamento do peso, parametros bioquimicos e histoldgicos em ensaio experimental in
vivo. O perfil de &cidos graxos apresentou maior fracdo de acido linoléico (C18:2) em G
(52,40 + 1,34) e GL (42,53 £ 0,2) e maior presenca de &cido alfa-linolénico (C18:3) em L
(53,30 £ 0,03). Os indices de qualidade e identidade estdo dentro das faixas de recomendacéo
para todas as amostras analisadas, o valor de acidez foi maior em L (2,8 mg KOH/qg) e indice
de perdxido foi maior em G (6,5 mEqO2/kg). Os valores dos indices de refracdo, iodo (Wijs),
saponificacdo e densidade relativa, respaldam que os 6leos sdo adequados para 0 consumo. As
analises TG/DTG, DSC e rancimat comportaram-se de forma semelhante. As anélises dpticas
revelaram maior teor de carotenoides em L (13,67 + 1,74) e GL (6,23 + 0,54) em comparacao
a G (1,16 + 0,15), pontuando congruéncia nos resultados da analise de cor. No ensaio in vivo,
0 grupo G, na dosagem de 2.000mg/kg/dia (G2) promoveu menor consumo (p<0,05), e 0
grupo GL, apresentou menor ganho de peso por grama de alimento consumido (p<0,05). Os
grupos suplementados com G2 e GL apresentaram niveis mais elevados de HDL-c (p<0,05).
O Grupo com suplementacdo de L na dosagem 2.000 mg/kg/dia (L2) apresentou o menor
nivel de colesterol total (p<0,05). Os grupos L2 e GL manifestaram os menores valores de
MCP-1 e TNF-a (p<0,05). Além disso, as menores areas de adipocitos foram notadas nos
grupos suplementados com G, na dosagem de 1.000mg/kg/dia (G1) e GL. Nossos resultados
sugerem que o 0leo GL possui qualidade para consumo e pode influenciar nos perfis lipidicos,

marcadores de inflamacdo e status antioxidante, sendo G2 e L2 também eficazes.

PALAVRAS CHAVES: Oleos vegetais; Acidos Graxos; Antioxidante.



ABSTRACT

Vegetable oils extracted from seeds, grains and fruits are extremely important for
human nutrition and the industrial sector. Thus, mono- and polyunsaturated fatty acids and the
bioactive substances presented have beneficial effects on health and are used for the
development of cosmetics, pharmaceutical products and foods. Thus, grape seed oil (G),
linseed oil (L) and the Mixture (GL), composed of grape seed oil and linseed oil in the same
volume 1:1 (v/v), can present quality and stability, in addition to having positive effects in an
in vivo experimental model. Given this, we evaluate the oils, physical-chemical analyses,
oxidative stability: Rancimat, thermal analyzes such as thermogravimetry/derivative
thermogravimetry (TG/DTG) and differential scanning calorimetry (DSC), optical analyzes of
UV-Vis absorption and emission matrix- fluorescence stimulation, total carotenoids and color,
in addition to assessments of consumption, weight behavior, biochemical and histological
parameters in an in vivo experimental test. The fatty acid profile showed a higher fraction of
linoleic acid (C18:2) in G (52.40 £ 1.34) and GL (42.53 £ 0.2) and a higher fraction of alpha-
linolenic acid (C18:3). in L (53.30 £ 0.03). The quality and identity indexes are within the
recommended ranges for all samples tested, the acidity value was higher in L (2.8 mg KOH/g)
and the peroxide index was higher in G (6.5 mEqO2/kg ). ). The values of the refractive
indices, iodine (Wijs), saponification and relative density support that the oils are suitable for
consumption. TG/DTG, DSC and rancimat analyzes behaved similarly. Optical analyzes
revealed a higher carotenoid content in L (13.67 + 1.74) and GL (6.23 + 0.54) compared to G
(1.16 + 0.15), highlighting congruence in the analysis results by heart. In the in vivo test,
group G, at a dosage of 2,000mg/kg/day (G2) promoted lower consumption (p<0.05), and
group GL, showed lower weight gain per gram of food consumed (p< 0.05). The groups
supplemented with G2 and GL had higher levels of HDL-c (p<0.05). The Group with L
supplementation at a dosage of 2,000 mg/kg/day (L2) had lower total cholesterol levels
(p<0.05). The L2 and GL groups had the lowest MCP-1 and TNF-a values (p<0.05).
Furthermore, the smallest areas of adipocytes were noted in the groups supplemented with G,
at a dosage of 1,000mg/kg/day (G1) and GL. Our results suggest that GL oil has quality for
consumption and can influence lipid profiles, concentration markers and antioxidant status,

with G2 and L2 also being effective.

KEYWORDS: Vegetable oils; Fatty acids; Antioxidant.
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1 INTRODUCAO

Desde o inicio das civilizagdes, os seres humanos utilizam os alimentos como forma
de suprir as caréncias nutricionais diarias. Desse modo, a composicdo dos alimentos é
dividida em macronutrientes, nos quais se enquadram os lipideos, proteinas e carboidratos, e
0s micronutrientes definidos pelas vitaminas e minerais, que desempenham funcdes
importantes para o organismo (Popkin; Reardon, 2018). As principais fontes de lipidios da
dieta de origem animal sdo as gemas dos ovos, as carnes e seus derivados e as principais
fontes de origem vegetal sdo os Oleos vegetais comestiveis, obtidos através de frutos,
sementes, castanhas e graos (Silva Figueiredo et al., 2018; Zabot et al., 2022).

Os oOleos vegetais extraidos de plantas estdo presentes em 2/3 dos produtos
alimenticios que fazem parte da alimentacdo humana (Yara-Varén et al., 2017). Sua presenca
nos métodos de preparo de alimentos e na incorporacdo de produtos alimenticios
industrializados, propdem melhoras organolépticas e maior adesdo do consumidor (Zabot et
al., 2022). Geralmente os dleos vegetais sio liquidos em temperatura ambiente (~ 25 "C), por
possuirem maior quantidade de acidos graxos insaturados (Gorska-Warsewicz et al., 2019).
Assim, a qualidade e composi¢do nutricional final de 6leo vegetal depende de todas as etapas
envolvidas durante sua extracdo (Redondo-Cuevas; Castellano; Raikos, 2017).

Ao visar uma alimentacdo saudavel, ha consenso sobre a preferéncia pelo consumo
moderado de 6leos vegetais em comparacgao as gorduras de origem animal, devido ao fato de
gue os Oleos extraidos de sementes possuem atividade cardioprotetora e reduzem os indices
lipidicos sanguineos, independentemente do método de extracdo (lzar et al., 2021; TEH et al.,
2019). Além disso, o Brasil esta entre os dez maiores produtores de 6leos vegetais no mundo,
0 que proporciona um contexto socioeconémico favoravel a sua utilizacdo e comercializacéo
(Camelo; Fontgalland, 2021).

Consequentemente, tem-se conhecimento de que as sementes de uva sdo ricas em 0leo
e constituem um subproduto frequentemente descartado no processo de vinificagdo e
producdo de sucos (Lebaka et al., 2021; Tang et al., 2018). Essas sementes apresentam uma
composi¢do que varia de 6 a 20% de 6leo, sendo este composto predominantemente por
acidos graxos insaturados, com destaque para o acido graxo linoleico (C18:2) (65-75%),
seguido pelo &cido oleico (C18:1) (20-40%), e apenas 10% de acidos graxos saturados. Esses
dados indicam o potencial de consumo e utilizacdo das sementes de uva na alimentacao
humana (Fernandes et al., 2013; Lachman et al., 2015; Teh et al., 2019).

A agricultura de uvas da espécie Vitis vinifera L. possui tradigdo milenar, com impacto

econdmico principalmente nas regides temperadas, como Italia, Espanha, norte da Africa e
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Asia ocidental (Migicovsky et al., 2017; Parihar; Sharma, 2021). A viticultura no Brasil,
ocupa aproximadamente 78 mil hectares, com localizacéo estabelecida desde a regido sul até
regides proximas ao Equador. A producdo do Brasil gera cerca de 1,5 milhdes de toneladas de
uvas por ano (De Oliveira et al., 2019), sendo destinadas ao processamento, como a
elaboracdo de vinhos e sucos, comercializa¢do do fruto e exportagdo (Gornas et al., 2019).

Além disso, a composicdo de &cidos graxos do 6leo de semente de uva, juntamente
com a presenca de substancias bioativas, sugere uma agdo anti-inflamatoria ao atuar sobre as
espécies reativas de oxigénio (ROS) e na reducdo de marcadores inflamatdrios, como a
secrecdo do fator de necrose tumoral alfa (TNF-a), interleucina 1 beta (IL-1p), interleucina 6
(IL-6), entre outras moléculas pro-inflamatérias (Cecchi et al., 2019; Han et al., 2019).

Outra semente reconhecida pela qualidade da composicdo do seu 6leo é a semente de
linhaca (Linum usitatissimum L.). Esta possui um alto conteudo de &cidos graxos poli-
insaturados (73%), destacando-se os acidos alfa-linolénico (C18:3) (50-70%) e linoleico
(C18:2) (14-20%), além da presenga de acidos graxos monoinsaturados, com énfase no 4cido
oleico (C18:1) (18%), e apenas 9% de acidos graxos saturados (Garavaglia et al., 2016). Além
disso, esta semente contém lignanas, fitoestrogenos e fibras sollveis, que possuem aplicacGes
terapéuticas (Bada et al., 2015; Lutterodt et al., 2011; Tamtaji et al., 2020).

A suplementacdo com O6leo de semente de linhaca pode auxiliar no controle dos
parametros lipidicos séricos, atuando na reducdo das concentracdes de colesterol total (CT),
lipoproteina de baixa densidade (LDL-c) e triglicerideos séricos (TG) (Campos et al., 2019).
Além disso, contribui para a supressdo de danos teciduais com potencial inflamatorio,
decorrentes do estresse oxidativo, e para a diminuicdo de complicagbes cardiovasculares
primarias, devido a concentragdo de acido graxo a-linolénico (C18:3) (Ambikairajah; Walsh;
Cherbuin, 2019; Kanikowska et al., 2022).

Ao comparar 0s tratamentos e prevencOes terapéuticas baseadas em intervencoes
nutricionais com o alto custo e os efeitos adversos causados por medicamentos, torna-se
primordial a inser¢do de alimentos protetores que atuem sobre o metabolismo, promovendo
melhorias no estado de salde-doenca (Lyons; Kennedy; Roche, 2016). Assim, é necessario
avaliar a biodisponibilidade de substancias nutracéuticas presentes nos 6leos de sementes,
considerando os diferentes graus de maturacdo dos frutos, a qualidade do solo de plantio, o
clima, a temperatura, entre outras influéncias naturais que impactam a composic¢ao nutricional
das sementes e dos 6leos extraidos delas (Kim et al., 2013; Martin et al., 2020).

Apesar do respaldo cientifico para o0 uso e comercializacdo dos 0leos de semente de

uva e de linhaga, ndo h& registros na literatura sobre o uso combinado desses Oleos.
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Individualmente, esses 6leos sdo reconhecidos por seus beneficios a saude cardiovascular e
efeitos anti-inflamatérios, devido as suas composicdes ricas em &cidos graxos poli-
insaturados, antioxidantes e compostos bioativos. A combinacdo desses 0leos pode resultar
em um produto com perfis de acidos graxos complementares, potencializando seus beneficios.
Anélises de qualidade, incluindo técnicas Opticas e estabilidade, sdo essenciais para avaliar a
qualidade nutricional e o comportamento dessa mistura em comparacdo com o0s 0leos
individuais (Cao, 2019; Falade; Oboh; Okoh, 2017; Mirabelli et al., 2020; Pons et al., 2017).

Portanto, é necessario avaliar os 6leos de semente de uva, de semente de linhaca e a
mistura composta por ambos em proporcao igual 1:1 (v/v) em relacdo as suas propriedades
nutricionais, fisicas e quimicas. Além disso, é fundamental caracterizar e compreender o
comportamento dos compostos presentes, suas vias de acdo e os efeitos in vivo. Essa
avaliacdo permitira quantificar as melhores condi¢bes para a utilizacdo desses Oleos,
promovendo o desenvolvimento econémico, nutritivo e tecnoldgico (Cao, 2019; Gorska-
Warsewicz et al., 2019; Mirabelli et al., 2020).
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2 REVISAO DE LITERATURA

2.1 Contexto da utilizacéo de 6leos vegetais

Oleos e gorduras vegetais extraidos de partes de plantas, como sementes, grdos e
polpas de frutas, sdo compostos principalmente por triacilglicerdis, que consistem em trés
moléculas de &cidos graxos esterificadas com uma molécula de glicerol (Indelicato et al.,
2017). Além disso, esses Oleos contém A&cidos graxos livres, monoacilglicerdis e
diacilglicerois, bem como outros compostos menores, como esterdis, fosfolipidios, vitaminas
lipossoluveis, pigmentos e minerais (Savva; Kafatos, 2016).

Os lipideos, juntamente com proteinas e carboidratos, sdo macronutrientes que
desempenham funcgdes essenciais no organismo (Popkin; Reardon, 2018). Entre as formas de
obtencdo de lipideos através da alimentacdo, os Oleos vegetais se destacam pela maior
presenca de &cidos graxos monoinsaturados e poli-insaturados, caracterizando-se por serem
liquidos a temperatura ambiente (Gorska-Warsewicz et al., 2019).

Os oOleos vegetais sdo substancias hidrofobicas amplamente utilizadas em diversos
setores industriais, incluindo as industrias quimica, farmacéutica, cosmética e alimenticia
(Marcelino et al., 2022). A maioria dos 6leos vegetais comestiveis derivados de sementes
contém &cidos graxos monoinsaturados, que possuem apenas uma dupla ligacdo, sendo o
acido oleico (C18:1) o mais prevalente. Além disso, esses 6leos contém &cidos graxos poli-
insaturados, que podem apresentar de duas a seis duplas liga¢6es, sendo os principais o acido
linoleico (C18:2) e o &cido linolénico (C18:3). Em menor proporcao, encontram-se os acidos
graxos saturados, que nao possuem ligacdes duplas em suas moléculas, sendo 0s mais comuns
0 acido palmitico (C16:0) e o acido estearico (C18:0) (Asefy et al., 2021; Parihar; Sharma,
2021).

A composicao de acidos graxos dos 6leos vegetais € influenciada por diversos fatores,
incluindo variagdes genéticas, manejo climatico, condi¢des do solo e periodo de plantio, além
do tipo de processamento e grau de refino (Marcelino et al., 2022). Os compostos isolados de
6leos vegetais, como fenois, fitoesterois, tocoferois e carotenoides, podem ser utilizados como
suplementos e ingredientes alimentares funcionais, com potencial para promover a saude e
aumentar a ingestdo de componentes antioxidantes. Esses compostos sdo considerados
seguros tanto para o ser humano, quanto para o0 meio ambiente (Falade; Oboh; Okoh, 2017;
Pons et al., 2017).

Dessa maneira, 0s principais métodos de extracdo de um 6leo vegetal sdo a extracdo
por solvente e a prensagem a frio. A extracdo por solvente propde maior economia e

rendimento, sendo priorizada quando h& baixo teor de lipideos na matéria prima. Por este
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método ocorre a separacdo por solvente orgénico (como o n-hexano), dando origem ao 6leo
vegetal refinado (Cravotto et al., 2022). O método de prensagem é utilizado quando a matéria-
prima possui alto teor de lipideos, permitindo a extracdo do 6leo ao passar pela prensa. Esse
método demanda mais tempo e uma maior quantidade de matéria-prima para produzir o 6leo.
No entanto, a vantagem € que o 6leo ndo passa pelo processo de refinamento nem é submetido
a outras substancias quimicas, apresentando-se como uma alternativa mais sustentavel
(Occhiuto et al., 2022).

O mercado de 6leos comestiveis prensados a frio esta em constante expansdo devido a
variedade de plantas e partes de plantas das quais é possivel fazer a extracdo do 6leo. Alguns
destes 6leos, sdo populares como o 6leo de canhamo, 6leo de primula e 6leo de semente de
linhaca. Estima-se que o cenario global de 6leos prensados a frio atinjam valores monetarios
comercializados de US$ 36,40 bilhdes até 2026, em comparacdo a US$ 24,62 bilhdes em
2018, sendo atribuido a crescente busca pelos consumidores de alimentos que sejam ricos em
compostos antioxidantes e bioativos (Roy et al., 2023).

Os oleos prensados a frio, em contraste com os 6leos refinados, preservam uma maior
guantidade de substancias como compostos fendlicos, fitoesterois, tocoferdis e carotenoides
em sua composi¢do (Durazzo; Fawzy Ramadan; Lucarini, 2022). Além disso, 0 método de
prensagem a frio ndo requer insumos de alta energia nem a adi¢do de produtos quimicos, o
que o torna um método sustentavel. Por meio deste processo, € possivel realizar a purificacao
por sedimentacdo, filtracdo e centrifugacdo (Grajzer et al., 2020).

Contudo, um fator que limita o amplo uso da prensagem a frio é a baixa eficiéncia do
processo e a falta de padronizacdo dos resultados dentro dos pardmetros estabelecidos. As
caracteristicas da matéria-prima sdo influenciadas pela variedade da subespécie, grau de
maturacdo das sementes, condi¢Ges climaticas, tratamentos agrotécnicos, condicdes de
transporte e armazenamento, umidade dos grdos, limpeza e auséncia de danos aos graos,
resultando em variagfes nas caracteristicas fisico-quimicas do Oleo extraido (Gaca et al.,
2021; Prescha et al., 2014).

Somado a isso, a estabilidade oxidativa de 6leos prensados a frio € menor do que 0s
6leos provenientes de refino (Grajzer et al., 2020). Tal fato acontece, devido a remocéao de
produtos pro-oxidantes durante o refino (por exemplo, metais, corantes de clorofila e produtos
de oxidacdo), que resultam em maior estabilidade oxidativa desses 6leos (Gaca et al., 2021).
O alto teor de compostos bioativos nos oOleos prensados a frio demonstram acdo como
alimentos funcionais, pois possuem efeitos benéficos & salde, além de suas propriedades

nutricionais (Boskou, 2017).
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Somado a isso, grande parte das sementes que sdo descartadas tanto pela inddstria,
quanto pela populagcdo em geral, possuem alta quantidade de éleo. Sendo possivel realizar a
extracdo (por prensagem a frio) para o aproveitamento integral dos alimentos, promovendo a
utilizacdo pela industria para elaboragdo de produtos alimenticios, cosméticos e
farmacoldgicos a populacdo (Karaman et al., 2015; Lau; Sabran; Shafie, 2021). Assim, essas
sementes, juntamente com talos e cascas séo classificados como residuos alimentares e néo
sdo aproveitados, desprezando a presenca de fitoquimicos com potenciais antimicrobianos e
antioxidantes, que poderiam auxiliar no processo salde-doenca e para um CONsSUMO
sustentivel (Conrad et al., 2018; Tang et al., 2021).

Desse modo, a utilizacdo de Oleos vegetais com propriedades antioxidantes,
antitumorais e antidiabéticas tem sido amplamente aplicada a saide humana (Brahmi et al.,
2022; Periasamy; Athinarayanan; Alshatwi, 2016). Assim, a utilizacdo de 06leos ricos em
substancias bioativas visa agregar qualidade nutricional e aumentar o tempo de prateleira dos
produtos, superando desafios técnicos como a baixa estabilidade desses compostos (Donsi;
Ferrari, 2016).

2.2 Oleo de semente de uva

As uvas da espécie Vitis vinifera L., produzidas pela videira (Vitis sp.), sdo cultivadas
tanto para a producdo de vinhos quanto para 0 consumo in natura. A producdo dessas uvas
possui especificacdes de acordo com as subespécies dos frutos, como a presenca ou auséncia
de sementes, diferentes coloragcdes (avermelhada, preta e branca), além de variacbes nos
tamanhos e formatos dos frutos (Arroyo-Garcia et al., 2006). De igual modo, as propriedades
nutricionais sdo singulares a cada subespécie. Além disso, outras influéncias de origem
natural, como o grau de maturacgdo dos frutos, a qualidade nutricional do solo de plantio e o
clima, impactam diretamente na qualidade nutricional e na presenga de compostos bioativos
nas sementes de uva e no 6leo extraido delas (Figura 1) (Kim et al., 2013; Martin et al.,
2020).



16

Figura 1 - Oleo de semente de Uva, origem e componentes bioativos
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As sementes das uvas possuem diversas substancias bioativas, como polifenois,
terpenoides, fitoesterois, entre outros compostos (Lee et al., 2016; Stawinska; Prochon; Olas,
2023). Somado a isso, devido ao seu perfil quimico, as sementes de uva, bem como 6leo
extraido delas apresenta potencial de aplicacdo na inddstria farmacéutica, cosmética e
alimenticia, sendo possivel o desenvolvimento de suplementos alimentares e cosméticos
(Cecchi et al., 2019; Ma; Zhang, 2017).

O dleo de semente de uva representa de 6-20% da composicdo da semente e possuli
constituintes lipofilicos, como alta quantidade de flavonoides, teor de fendis totais 10 vezes
maior do que na casca (Tang et al., 2018), vitamina E e fitoesterois, que proporcionam
propriedades antioxidantes ao 6leo (KARAMAN et al., 2015). Sendo assim, a composi¢do do
o0leo extraido da semente de uva possui em média 90% de &cidos graxos insaturados, sendo 0s
principais o acido graxo linoleico (C18:2) (65-75%), acido graxo oleico (C18:1) (20-40%) e
cerca de 10% de acidos graxos saturados (Lau; Sabran; Shafie, 2021; Tang et al., 2018).

O oleo de semente de uva extraido por meio da prensagem a frio tem a capacidade de
preservar compostos que previnem o estresse oxidativo, como [-caroteno, y-caroteno,
fitoesterodis, tocoferdis e procianidinas, 0s quais indicam a atividade antioxidante do éleo.

Assim, em comparagdo com as bagas e extratos alcoolicos, o 6leo de semente de uva € capaz
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de preservar as moléculas lipofilicas e biocompostos (Goufo; Singh; Cortez, 2020; Han et al.,
2019).

Os principais grupos de substancias bioativas de carater lipidico presentes no 6leo de
semente de uva sdo os isdmeros da vitamina E (até 50 mg por 100 g de 06leo) e o teor de
fitosterol, com destaque para os tocotriendis. Essas substancias demonstram notavel atividade
antioxidante e acdo protetora para a saude humana. No entanto, sua concentracdo é
diretamente influenciada pelo grau de maturacdo das uvas e bagas, sendo que maiores
concentracdes de vitamina E s@o observadas em frutos mais maduros, e a presenca de
tocotriendis aumenta com o crescimento das sementes (Gornas$ et al., 2019).

Em relacdo aos tocotriendis, os isbmeros gama sdo 0s mais abundantes, atuando como
constituintes antioxidantes que devem ser consumidos pela dieta, uma vez que 0s mamiferos
ndo possuem producdo enddgena desses compostos. Além disso, sabe-se que todas as formas
de tocoferol sdo suscetiveis a degradacdo por exposicdo a luz e ao ar, 0 que representa um
obstaculo tanto para os processos de extracdo do 6leo quanto para sua quantificacdo por meio
de anélises (Dos Santos Freitas et al., 2008).

Assim, a presenca de acido galico, catequina, epicatequina, procianidinas e
proantocianidinas presentes nas sementes e no 6leo de semente de uva promovem funcéo
antioxidante. O mecanismo biolégico antioxidante esta associado a remocdo de radicais livres,
como o radical hidroxila e quelagcdo de metais, que influenciam na reducdo de ROS e inibem a
oxidacdo lipidica (Rodriguez et al., 2022).

As substancias antioxidantes presentes no 6leo de semente de uva atuam na modulacédo
da expressdo génica anti-inflamatéria, como nas vias celulares de liberacdo de 4&cido
araquidoénico, producdo de citocinas e atividade da dxido nitrico sintase (NO) (Zarev et al.,
2023). Os tocotrienois, isdbmeros da vitamina E, podem diminuir a inflamacdo adiposa
relacionada a obesidade em linhagens celulares (Zhao et al., 2015).

As condigdes inflamatdrias cronicas afetam a resisténcia a insulina ao promoverem a
degradacdo da proteina quinase ativada por mitdgeno (AMPK), resultado a reducdo da
captacdo de glicose pelas células musculares e adiposas e na liberacdo de moduladores pro-
inflamatdrios por macréfagos estimulados por LDL-c, estresse oxidativo e sintese de
eicosanoides (Mattos et al., 2017; Pasini et al., 2019). Visto isso, estudos apresentam o efeito
do Oleo de semente de uva evitando a degradacdo da AMPK, devido a presenca de
tocotrienois, e diminuindo os niveis de LDL-c, atenuando o processo inflamatério
(Bagherniya et al., 2022; Lai et al., 2014; Shinagawa et al., 2017; Vilahur et al., 2019).
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O é&cido graxo linoleico, abundante no Oleo de semente de uva, possui agdo
neuroprotetora (Berahmand et al., 2020), e propde efeito anti-inflamatério em células de
mamiferos (KOLAR et al.,, 2019). O 6leo de semente de uva também apresenta efeito
hepatoprotetor, pela presenca de tocotrienois, que reduzem a peroxidacdo lipidica e
promovem maior integridade da membrana plasmaética, levando a diminuicdo da inflamacéo,
apoptose e fragmentacdo do acido desoxirribonucleico (DNA) (Ismail; Moawed; Mohamed,
2015; Ismail; Salem; Eassawy, 2016).

O potencial cardioprotetor do 6leo de semente de uva pode ser justificado pela reducdo
in vitro da adesdo plaquetéria e pela melhora dos perfis lipidicos sanguineos em animais (Di
Pietro Fernandes et al., 2023) incluindo a reducdo dos niveis de colesterol total (CT) e LDL-c
(Mattos et al., 2017; Pasini et al., 2019; Wall-Medrano et al., 2017; Wang; Liu; Wang, 2023).
Além disso, o &cido linoleico, abundante no 6leo de semente de uva, contribui para a saude
cardiovascular em experimentos animais, demonstrando potencial como suplemento alimentar
(Garavaglia et al., 2016; Kolar et al., 2019; Teh et al., 2019). No entanto, o efeito do dleo de
semente de uva no perfil lipidico humano ainda requer mais pesquisas.

O oleo de semente de uva desperta interesse alimenticio, pois seu uso culinario a frio
ndo afeta as propriedades sensoriais dos alimentos e apresenta um sabor discreto. O interesse
da industria alimenticia por 6leos vegetais tem impulsionado o desenvolvimento de novos
produtos com maior qualidade nutricional. Um exemplo disso sdo os produtos a base de carne
e salsichas, nos quais o 6leo de semente de uva é adicionado em substituicdo a gordura animal
(Kim et al., 2020; Lee et al., 2016).

Tanto em animais quanto em humanos, o 6leo de semente de uva apresenta atividade
cicatrizante (Al-Warhi et al., 2022). Na indUstria de cosméticos, este 6leo é utilizado como
ingrediente em produtos hidratantes para a pele, uma vez que a perda de acido linoleico
cutaneo esta correlacionada a perda de agua pela epiderme. Assim, a aplicacdo regular de
cosméticos contendo 6leo de semente de uva, isoladamente ou misturado com outros 6leos
vegetais, € recomendada para olheiras e alopecia androgenética (Cho et al., 2014).

Além disso, o 6leo de semente de uva mostra-se um competidor promissor para fontes
fosseis de combustivel devido & presenga de &cidos graxos insaturados. A produgdo de
biodiesel, incluindo o refino apds a extracdo, é uma alternativa econdémica e ambientalmente
correta em regides com altos volumes de producdo de vinho (Hariram; Bose; Seralathan,
2019). Sugere-se o aproveitamento integral das uvas a partir do reaproveitamento das partes

ndo comestiveis, visto que a alta quantidade de sementes descartadas em processos industriais
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demonstra um elevado potencial de aplicacdo do éleo de semente de uva (Karaman et al.,
2015).

2.3 Oleo de semente de linhaca

A semente de linhaca (Linum usitatissimum L.), pertencente a familia Linaceae, é
cultivada para o aproveitamento da fibra (linho), para o consumo integral da semente e para a
extracao do 6leo da semente (Figura 2). O linho é uma das plantas mais antigas domesticadas,
cujo manejo tinha como objetivo principal a confeccdo de roupas e objetos. Apesar da
continuidade de seu cultivo, os métodos de cultivo e extracdo do 6leo e das fibras foram
aprimorados, e a morfologia da planta evoluiu. Assim, o linho utilizado para a extracdo do
6leo é mais baixo, com capsulas maiores e maior quantidade de ramos, em comparacao
aqueles destinados ao uso da fibra. Dessa forma, a adaptacdo das sementes contribuiu para seu
amplo cultivo em regides que variam de moderadamente frias a moderadamente quentes
(Heller et al., 2015).

Figura 2 - Oleo de semente de linhaca, origem e componentes bioativos
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Os maiores produtores de linhaca sdo Canad4, China, india, Estados Unidos e RUssia.
A producdo mundial de semente de linhaca varia entre 2.300.000 e 2.500.000 toneladas
anuais, sendo o Canada o principal produtor (Siva Kumar et al., 2017). A semente de linhaca



20

contém aproximadamente 35-45% de 6leo, com mais de 60% de acido alfa-linolénico, cerca
de 20% de &cidos graxos monoinsaturados, principalmente acido oleico, e apenas 9-10% de
acidos graxos saturados, destacando-se os acidos palmitico (C16:0) e estearico (C18:0)
(Martinchik et al., 2012).

O teor de proteina nas sementes de linhaca varia de 20-30%, com destaque para o
aminoécido lisina, que apresenta alta digestibilidade. O teor de fibra alimentar corresponde a
20% do peso das sementes inteiras de linhaca. A linhaca também possui uma alta
concentracdo de lignanas (0,7-1,5% do peso seco da semente), com destaque ao
secoisolariciresinol diglucosideo (Martinchik et al., 2012). Estas, presentes na semente de
linhaca exercem acdo metabdlica em parametros séricos sanguineos, promovendo a redugéo
do colesterol total (CT) e do LDL-c, além de possibilitar o aumento da lipoproteina de alta
densidade (HDL-c). Dessa forma, juntamente com os fitoestrogenos e outras fibras soluveis,
as lignanas possuem aplicacao terapéutica (Bada et al., 2015).

Assim, o é&cido alfa-linolénico, polifendis e lignanas possuem propriedades
fitoestrogénicas e promovem ac6es hipolipidémicas e antiaterogénicas (Mirshekar; Dastar;
Shams Shargh, 2021). As formas de ingestdo incluem a semente de linhaca inteira, a semente
de linhaca triturada, o 6leo de linhaca e a farinha de linhaca parcialmente desengordurada
(Parikh; Netticadan; Pierce, 2018). Além disso, vegetarianos e veganos frequentemente
consomem o Oleo de linhaca como alternativa ao 6leo de peixe, devido ao seu rico contetdo
de dmega-3 (Rabail et al., 2021; Yadav et al., 2018).

O processamento das sementes, a temperatura e a duragdo do armazenamento
influenciam diretamente na estabilidade do produto. A moagem ou esmagamento da semente
de linhaga expde o acido alfa-linolénico a possiveis eventos oxidativos (Edel; Aliani; Pierce,
2015). Contudo, esse processo € necessario para tornar essas substancias biodisponiveis, uma
vez que o tegumento que reveste a semente impede a absorcdo de alfa-linolénico (Austria et
al., 2008), sendo este mais biodisponivel na forma de 6leo (Edel; Aliani; Pierce, 2015) ou na
forma moida (Austria et al., 2008). O armazenamento do 0leo de linhaca em temperaturas
mais baixas e sem exposi¢do a luz, promove uma maior preservacdo do &cido alfa-linolénico
contra possiveis degradagdes (Edel; Aliani; Pierce, 2015).

O papel anti-inflamatério do 6leo de semente de linhaca ocorre pela presenca de acido
a-linolénico e linoleico, estes competem pelas mesmas enzimas para sintetizar tanto o acido
araquidénico (C20:4), como os 4&cidos eicosapentaenoico (EPA) (C20:5) e A4cido
eicosatrienoico (ETA) (C20:3). Somado a isso, 0 acido a-linolénico possui como derivado, 0

acido docosaexaenoico (DHA) (C22:6), sendo uma das classes de lipideos essenciais para a
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sintese de eicosanoides juntamente com EPA (C20:5) e acido araquidonico (C20:4). Os
eicosanoides estdo entre os principais mediadores e reguladores da inflamag&o por atuarem na
ativacdo de prostaglandinas (PG), leucotrienos (LT), tromboxanos e outros derivados
oxidados, produzidos pelas vias das enzimas cicloxigenase (COX) e lipoxigenase (LOX)
(Borges et al., 2014).

A alta producdo de eicosanoides possui correlagdo a distarbios imunoldgicos, doencgas
cardiovasculares e inflamatorias. Assim, a acdo anti-inflamatdria e metabodlica de acidos
graxos da familia ®-3, como o acido a-linolénico, EPA e DHA, séo justificadas pela inibicdo
competitiva a oxidacdo do acido araquidbnico pela COX para prostaglandinas e a conversao
para leucotrienos (LT), pela via 5-lipoxigenase LOX (Borges et al., 2014).

Estudos in vitro indicam que os acidos EPA e DHA contribuem para a inibi¢do da
producdo de citocinas inflamatérias, como TNF-a, IL-1p ¢ IL-6, entre outras (Cecchi et al.,
2019; Rabail et al., 2021). A agéo anti-inflamatoria desses acidos graxos, incluindo o acido a-
linolénico, pode ser explicada pelo fato de atuarem como precursores de mediadores lipidicos
denominados resolvinas e protectinas, que inibem a migracao transendotelial de neutrdfilos,
prevenindo a infiltracdo dessas células imunoldgicas no local da inflamacdo. Dessa forma,
esses mediadores lipidicos podem atenuar a inflamacdo e limitar os danos causados aos
tecidos (Vidar Hansen; Serhan, 2022; Yadav et al., 2018).

Os efeitos metabdlicos do 6leo de semente de linhaca em ratos espontaneamente
hipertensos demonstraram uma diminuicdo da pressao arterial em condi¢6es agudas e cronicas
(Udenigwe et al., 2012). O &cido alfa-linolénico presente no 6leo de semente de linhaca
desempenha um papel anti-inflamatério (Mali et al., 2019) e potencializa a acdo antitumoral
de drogas utilizadas na terapia oncoldgica. Dessa forma, o acido alfa-linolénico atua sobre o
receptor 2 do fator de crescimento epidérmico, potencializando os efeitos antitumorais
(Calado et al., 2018; Mali et al., 2019).

Sabe-se que individuos mais velhos apresentam maiores concentracfes de oxilipinas
pro-inflamatorias, incluindo 5-HETE, 9,10,13-TriHOME e 9,12-13-TriHOME, que estio
correlacionadas a inflamacéo cronica. Dessa forma, a suplementacdo dietética com 0leo de
semente de linhaga demonstrou corrigir o equilibrio entre oxilipinas pro-inflamatorias e anti-
inflamatdrias, evidenciando um efeito benéfico sobre o envelhecimento (Caligiuri et al.,
2014).

O consumo de Oleo de linhaca na dieta foi capaz de reduzir a presenca
de Proteobacteria e Porphyromonadaceae no microbioma intestinal, demonstrando um

impacto positivo na doenca hepatica alcoolica, visto que alteragcbes em bactérias especificas
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no microbioma indicam uma melhora na saude intestinal (Zhang et al., 2017). Além disso, o
6leo de linhaca mostrou-se benéfico na reducdo da gastroenterite (Hanif Palla; Gilani, 2015;
Power et al., 2016), atuando nos receptores muscarinicos intestinais e canais de potassio
(Pulkrabek et al., 2017).

O oleo de semente de linhaca, proveniente de variedades como Bekoji, Belaye-96,
Berene, Chilalo, Ci-1525, Ci-1652, Kassa-2 e Tole, apresenta variagdes de 55,7% a 60,1% de
acidos linolénicos (C18:3), 13,3% a 16,6% de acido linoleico (C18:2), 15,9% a 20,3% de
acido oleico (C18:1) e 4,9% a 8,1% de acido palmitico (C16:0) (Deme et al., 2021). Essas
variagBes indicam que diferentes espécies de sementes, bem como as caracteristicas
relacionadas ao cultivo, influenciam diretamente as propriedades nutricionais dos 6leos. A cor
dessas sementes também € determinada pela quantidade de pigmentos presentes no
revestimento externo (Lutterodt et al., 2011)

O dleo de linhaca também € obtido a partir da prensagem a frio das sementes, sendo o
6leo vegetal encontrado na natureza com maior concentracdo de &cido graxo alfa-linolénico.
Este, é considerado essencial para o consumo humano, pois ndo pode ser sintetizado e deve
ser obtido pela alimentacdo (Al Juhaimi et al., 2017). Apesar de conter quantidades elevadas
de &cido graxo alfa-linolénico, este 6leo possui baixa estabilidade ao calor, ndo sendo
indicado para a coccdo de alimentos ou processos industriais com temperaturas elevadas
(Joshi; Hegde; Zanwar, 2022).

Devido a isso, confere-se ao Oleo propriedades protetoras a salde, especialmente
guanto as doencas cardiovasculares, por auxiliar na prevencao da ateriosclerose, diminuindo a
producdo de células espumosas e mediadores inflamatérios, tais como IL-1B, IL-6, 1L-10,
TNF-o (Pulkrabek et al., 2017). Assim, o Oleo de semente de linhaga assume grande
importancia na nutricdo humana devido ao seu potencial de reducdo do CT, LDL-c e
triglicerideos, por meio de sua acdo antioxidante, sendo efetiva na reducdo do estresse
oxidativo (Garavaglia et al., 2016).

O oleo de linhaca possui efeitos variaveis sobre marcadores inflamatorios, como as
interleucinas IL-2, IL-4, IL-6, IL-10, TNF-qa, interferon-gama (IFN-y) E proteina C reativa,
devido a supressdo da producdo de radicais de oxigénio pelos globulos brancos (Mahmudiono
et al., 2022). O 6leo de semente de linhaca também diminui a molécula 1 de adesédo celular
vascular soluvel e apresenta atenuagédo da agregacdo plaquetaria, demonstrando possivel acéo
contra a ateriosclerose (Rubilar et al., 2010; Yang et al., 2023).

O O6leo de semente de linhaca apresenta resultados promissores para a saude

cardiovascular, além de auxiliar no tratamento de cancer e na satde gastrointestinal (Parikh et
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al., 2023). Além do &cido graxo alfa-linolénico, o 6leo de semente de linhaga contém mono,
di e tri-terpenos, como B-Sesquifelandreno, campesterol, acido hexadecanoico, esqualeno e f3-
Sitosterol, bem como &cido ascérbico e gama-tocoferol. Esses compostos possuem funcdes
antioxidantes importantes que auxiliam no diabetes mellitus tipo 1l (DM2), reduzindo a
inflamacédo cronica de baixo grau e promovendo maior estabilidade glicémica em pacientes
diabéticos (Zhu et al., 2020). Além disso, o dleo de semente de linhagca promove protecdo

cardiovascular, antitumoral e anti-inflamatoria (Tang et al., 2021; Zhu et al., 2020).

2.4 Acdo dos acidos graxos no organismo

Os o6leos vegetais, apds serem metabolizados, podem ser armazenados como reserva
de energia, influenciam a composicdo lipidica sanguinea, compdem os fosfolipidios das
membranas celulares e apresentam sinalizagdo especifica para interagdes hormonais (Calder,
2015). Dessa forma, a utilizacdo dos lipideos pelo organismo é influenciada pela quantidade e
perfil de acidos graxos ingeridos pela dieta, bem como pela producdo enddgena, que possui
carater e predisposicdo genética (Rezende et al., 2021).

Os 6leos vegetais comestiveis possuem grande potencial nutricional, além de atributos
sensoriais de cor, sabor e aroma, com importancia na industria agricola e tecnoldgica
(Campos et al., 2019). As substancias fenolicas e bioativas (como as vitaminas e derivados de
vitaminas), sdo denominadas de antioxidantes vegetais, € agem no organismo como
compostos quimiopreventivos capazes de auxiliar no tratamento de doengas induzidas por
radicais livres, incluindo céncer, diabetes e doengas neurodegenerativas (Ali et al., 2020). O
mecanismo de defesa antioxidante dos compostos fendlicos e vitaminas, envolve atividade de
sequestrador de radicais livres e protecdo contra peroxidacdo lipidica, somado a quelacédo de
metais toxicos (Miller, 2020).

Assim, 0s &cidos graxos oriundos da alimentacdo podem contribuir a maior formacéo
de HDL-c auxiliando a troca do colesterol por triglicérides. Desse modo, possibilitam maior
transporte reverso para o figado, reduzindo a formagdo de LDL-c a partir da lipoproteina de
muito baixa densidade (VLDL-c), que carrega os triglicerideos para os tecidos, como figado
e os musculos (Cinque et al., 2023). Os 0leos vegetais comestiveis possuem intensa atividade
biologica, por possuirem compostos antioxidantes, com fungdes metabolicas, como agéo de
veiculo de absorcdo de vitaminas lipossollveis (A, D, E e K) e participacdo na producédo de
horménios como cortisol, estrégeno, progesterona, testosterona (Mirabelli et al., 2020).

As vitaminas lipossoluveis e 0s compostos antioxidantes, como os polifendis, possuem

acdo metabolica e hepatica, auxiliando como cofatores de vias endogenas que reduzem o
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estresse oxidativo e a inflamacdo por melhora dos marcadores hepéaticos e citocinas
inflamatorias como IL-6, TNF-a e IL-1p (Dias et al., 2022; Laffin et al., 2023).

Estudos sugerem que a dieta mediterrdnea pode auxiliar na reducdo da esteatose
hepatica ndo alcodlica e em doencas crénicas ndo transmissiveis, promovendo a prevencéo de
doencas cardiovasculares e metabdlicas, como diabetes tipo 2, doencas inflamatorias e cancer
(Calder, 2015; Mirabelli et al., 2020). Essa dieta € caracterizada por baixos niveis de bebidas
acucaradas, agucares refinados e carne vermelha, além do maior consumo de acidos graxos
mono e poli-insaturados em relacdo aos acidos graxos saturados, quando comparada a dieta
ocidental (Rad; Mousavi; Chiti, 2023; Venn, 2020).

Em relacdo aos &cidos graxos saturados, o &cido miristico (C14:0) é encontrado na
maioria das gorduras animais e em 0Oleos vegetais, sua acdo enddgena pode contribuir ao
aumento do CT plasmatico e LDL-c, devido as liga¢bes simples da molécula (Saraswathi et
al., 2022). O mesmo ocorre com o acido palmitico (C16:0), amplamente encontrado em 6leos
vegetais, principalmente nos 6leos de sementes, que também pode atuar como precursor dos
acidos graxos naturais saturados e insaturados de cadeia mais longa (Ghasemi; Golabadi;
Piadeh, 2021; Park et al., 2019).

Somado a isso, 0 acido estearico (C18:0) € menos prevalente no perfil de acidos
graxos de dleos de sementes em comparacdo com o &cido palmitico (C16:0), embora também
esteja presente em 0Oleos vegetais derivados de polpas de frutas. A ingestdo de &cido estearico
pode contribuir para a reducdo dos niveis de colesterol total, uma vez que é utilizado na
sintese de fosfolipidios de membrana ou convertido em acido oleico no figado (Afarani et al.,
2023).

O 4cido oleico (C18:1) é o principal &cido monoinsaturado presente em 06leos vegetais
(Martin-Reyes et al., 2023). Devido a sua ampla distribuicdo nos alimentos, esta presente
tanto na alimentacdo animal quanto na humana. O consumo de acidos monoinsaturados, como
os derivados do &cido oleico, pode estar associado a melhora do perfil lipidico, incluindo a
diminuigéo dos niveis de LDL-c e o aumento de HDL-c. Além disso, o acido oleico (C18:1)
desempenha um papel na redugédo da adrenoleucodistrofia (ALD), uma condic¢do que afeta o
cérebro e as glandulas adrenais (Dobrzynska; Przystawski, 2020).

Assim em relacdo os acidos graxos poli-insaturados, o acido linoleico (C18:2) é a
fracdo majoritaria na maioria dos perfis de &cidos graxos de Oleos vegetais oriundos de
sementes e oleaginosas. Anteriormente, o acido linoleico (C18:2) era considerado apenas

precursor do &cido araquidénico (C20:4) no organismo humano, contudo, atualmente
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evidencia-se beneficios de sua ingestdo, como efeito hipocolesterolémico e reducao dos niveis
de lipoproteinas, como a LDL-c (Martin et al., 2020).

O 4cido araquidénico (C20:4) é um precursor de prostaglandinas, prostaciclinas e
eicosanoides das séries 2 e 4, como PGE2, tromboxano A2 (TXAZ2) e leucotrieno B4 (LTB4).
Os eicosanoides, especialmente o PGE2, sdo responsaveis por induzir o aumento da
permeabilidade vascular, vasodilatacdo, hiperemia e hiperalgesia. O TXA2, por sua vez,
promove a sintese de citocinas inflamatdrias, como IL-1p ¢ TNF-a, por fagbcitos
mononucleares. No entanto, o &cido docosa-hexaenoico (DHA) atua inibindo a sintese de
eicosanoides a partir do dmega 6, competindo com a oxidagdo do &cido araquidénico pela
ciclooxigenase (COX) para a producgdo de prostaglandinas e sua conversdo em leucotrienos
pela via da 5-lipoxigenase, reduzindo assim a liberacdo de acido araquiddnico na membrana
celular (Lutz; Cornett, 2013).

Os &cidos graxos poli-insaturados da familia 6mega-6 sdo amplamente encontrados em
alimentos como 6leos de milho e girassol, carnes, ovos e leite, e desempenham um papel
crucial em varias vias metabolicas essenciais para o crescimento e desenvolvimento do
organismo. Os beneficios desses acidos graxos estdo diretamente relacionados a quantidade
adequada ingerida. No entanto, o consumo excessivo de &cidos graxos ©mega-6,
especialmente proveniente de produtos industrializados tipicos da dieta ocidental, pode
promover um desequilibrio nos processos inflamatérios (Poli; Agostoni; Visioli, 2023).

O acido a-Linolénico (C18:3) também é um acido graxo poli-insaturado, e possui
acOes metabdlicas de manutencdo da pressdo arterial e diminuicdo da agregacdo plaquetaria,
pela reducdo dos niveis de CT, triglicérideos e LDL-c, somado a diminuicdo de citocinas pro
inflamatorias devido ao fato do acido alfa-linolénico atuar como mensageiro e regulador da
expressao génica (Calder, 2015; Salman; Salman; Yildiz, 2022; Yang et al., 2018).

A conversdo de acido graxo linoleico (18:2) em acido araquidénico (20:4) e de acido
graxo a-linolénico (18:3) em acidos eicosapentaenoicos (20:3) no organismo humano ocorre
pelas mesmas enzimas. Portanto, a maior presenca desses acidos graxos no organismo esta
relacionada a disponibilidade de substrato (Figura 3) (Beyer et al., 2023). O acido graxo
linoleico (18:2) atua como substrato para a sintese de acido y-linolénico (18:3) e acido
dihomo-y-linolénico (20:3), que sdo incorporados aos fosfolipidios das membranas celulares
de maneira semelhante (Beyer et al., 2023; Walker et al., 2015).
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Figura 3 - Conversdo metabolica dos &cidos graxos

Serie omega-6 Série omega -3
Acido linoleico (C18:2) a-linolénico (C18:3)
) \ Estearidonico (C18:4)
y-Acido linolénico (C18:2)
¥ Eicosatetraenoico (C20:4)
Acido dihomo y-linolénico (C20:3)
¥ Eicosapentanoico (C20:5)
Acido Araquidonico (C20:4) «— 4

a i 5-5-desaturasg Decosapentandico (C22:5)
Prostaglandinas 2 (PG2) Decosahexandico (C22:6)

Efeitos pro-inflamatorios
Prostaglandinas 3 (PG3)
Efeitos anti-inflamatorios

Fonte: Autoria propria

A substituicdo de parte dos &cidos graxos saturados da dieta, por &cidos
graxos insaturados, pontua os 6leos vegetais como alternativa as gorduras animais, para
manutencdo do estado de salde e prevencdo de doencas crbnicas nao transmissiveis
(Fernandes et al., 2013). Os Gleos vegetais extraidos de sementes, independente do método de
extracdo, melhoram a atividade cardioprotetora e atuam diminuindo as fracGes lipidicas
sanguineas, por auxiliarem como coadjuvante de reacdes enzimaticas anti-inflamatorias e
possuirem perfil de &cidos graxos benéficos ao organismo quando comparado as gorduras de
origem animal (lzar et al., 2021; Teh et al., 2019).

Considerando os aspectos fisiologicos, o colesterol atua como um constituinte
essencial das membranas celulares, promovendo fluidez e ativacdo de enzimas de membrana,
além de ser um precursor dos &cidos biliares, horménios esteroides e participar na ativacao da
vitamina D (Marcelino et al., 2019). Dessa forma, uma dieta inadequada, rica em acidos
graxos saturados e agucares refinados, aliada ao sedentarismo, pode levar a diminuicdo dos
niveis de HDL-c, o que é justificado pelo estado inflamatorio cronico de baixo grau (Kontush,
2020).

Dessa forma, as alteracdes estruturais da molécula de HDL-c ocorrem devido a
diminuicdo do colesterol éster, juntamente com o aumento do colesterol livre, triglicerideos e
acidos graxos livres. Um dos possiveis mecanismos para a diminui¢do da HDL-c é a reducéo
da sintese de apolipoproteina A-l e 0 aumento da producdo sérica de amiloide A (SAA) no

figado. A SAA, ao se ligar ao HDL-c, desloca a apolipoproteina A-1 (Popeijus et al., 2021).
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Além disso, a acdo enzimética da fosfolipase A2 secretora (SPLA2) e da lipase das células
endoteliais, induzidas por citocinas, também reduz a estabilidade e o metabolismo do HDL-c
(Di Pietro Fernandes et al., 2023).

Os acidos graxos mono e poli-insaturados adquiridos pela alimentacdo desempenham
um papel crucial na responsividade celular e tecidual, regulando vias de sinalizagéo
antioxidantes e modulando processos inflamatdrios (Oppedisano et al., 2020; Sakai et al.,
2017). Dessa forma, eles exercem uma funcdo essencial na sadde humana, incluindo a
prevencdo terapéutica de diversas doencas (Djuricic; Calder, 2021). As propriedades fisico-
quimicas, a caracterizacdo e o comportamento desses compostos influenciam as vias de acéo
no organismo, resultando em efeitos distintos sobre o metabolismo celular (Silva Figueiredo
et al., 2018; Torres Silva et al., 2020).

As andlises fisico-quimicas ressaltam a qualidade do dleo, visto que as etapas de
extracdo influenciam na estabilidade oxidativa e qualidade nutricional dos Oleos vegetais
(Castelo-Branco et al., 2016). Além disso, valores de acidez, perdxidos, entre outros,
complementam e comprovam a composicdo dos 6leos vegetais, estabelecendo adequacgéo ao
consumo humano (Redondo-Cuevas et al., 2018). Assim, por meio da aferi¢cdo da integridade
de compostos e da qualidade fisico-quimica evita-se a ingestdo de acidos graxos
oxidados/degradados, que podem causar uma série de complicacbes no organismo, como
danos celulares, modificacfes na composicao lipidica de tecidos, lesGes hepéticas e cardiacas,
pela incorporacdo desses acidos oxidados nas lipoproteinas, que aumentam o estresse

oxidativo e desenvolvimento aterosclerotico (Grootveld, 2022).

2.5 Indices de qualidade e identidade de 6leos vegetais

A qualidade final de um oOleo depende de todas as etapas envolvidas em seu
processamento. Quando sementes e grdos sdo armazenados em condi¢des inadequadas, pode
ocorrer 0 aquecimento exacerbado da matéria-prima, aumento da umidade e acidez, além de
alteracbes no sabor, aroma e rendimento, devido as modifica¢cbes quimicas que podem ser
quantificadas em analises apds o processo de extracdo dos Oleos vegetais (Menegazzo;
Petenuci; Fonseca, 2014). Portanto, sdo estabelecidos parametros de qualidade e identidade
por meio de analises fisico-quimicas, que propdem faixas de resultados adequados ao
consumo humano. Resultados fora desse padrdo sdo reconhecidos como 0Oleo oxidado ou
adulterado (Dodoo et al., 2022).

A oxidacdo ocorre devido a decomposicdo em hidroperoxidos, perdxidos e aldeidos de

baixo peso molecular, resultando na formacao de radicais livres. A presenca de calor, metais
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pesados, luz ultravioleta ou substancias de nitrogénio presentes no 6leo induz esses radicais a
interagirem com 0 oxigénio, iniciando uma reacdo em cadeia que gera radicais peroxidos,
hidroperdxidos e radicais alquil. Esses radicais podem reagir entre si, formando produtos de
oxidacdo, como &cidos e longas cadeias de hidrocarbonetos. Juntamente com aldeidos e
cetonas, esses compostos constituem os produtos ndo reativos resultantes da oxidacdo
(Multari et al., 2019).

Considerando que o oxigénio da molécula se combina com acidos graxos insaturados
para produzir hidroperoxidos e radicais livres, os 0leos vegetais com maior quantidade de
acidos graxos poli-insaturados sdo mais predispostos a oxidacdo (Kochhar; Henry, 2009). No
entanto, para que a oxidacdo do 6leo ocorra efetivamente, sdo necessarias temperaturas acima
de 100 °C, além de indicadores oxidativos, como componentes quimicos oxidados, metais de
transicdo (ferro ou cobre) ou enzimas (lipoxigenases) (Scherer; Siddig, 2019).

Assim, o controle da oxidacdo lipidica é alvo da industria alimenticia, visto que
promove formacdo de odores (rango), produtos téxicos ao organismo e perda de valor
nutricional (Rhee; Stubbs, 1978). A avaliacdo dos 6leos vegetais é realizada por métodos
analiticos que expressam a integridade da matéria prima. As andlises fisico-quimicas,
juntamente com outras técnicas como a cromatografia gasosa séo utilizadas para conhecer o
comportamento e contetdo dos acidos graxos que compde estes 6leos (JIANG; QIAN, 2023).

O indice de acidez € um parametro quimico utilizado para avaliar a qualidade dos
Oleos vegetais, sendo definido como a massa (em mg) de hidréxido de potéassio (KOH)
necessario para neutralizar os acidos graxos livres presentes em 1,0 grama de 6leo. A acidez
decorre da hidrélise parcial dos glicerideos e mostra-se uma variavel relacionada a natureza
da matéria-prima, como por exemplo, processamento e conservacdo das sementes
(MIKOLAJCZAK et al., 2022). De acordo com o Codex alimentarius (1999), os parametros
de acidez devem estar dentro da recomendacdo para 6leos prensados a frio de < 4,0 mg
KOH/g, sendo o resultado condizentes a quantidade de &cidos graxos livres presentes em um
grama de 6leo ou gordura (ENDO, 2018).

O indice de peréxido é um dos métodos mais utilizados para medir o estado de
oxidacdo de dleos vegetais (MIKOLAJCZAK et al., 2022), visto que os perdxidos sdo 0s
primeiros produtos da oxidagdo de um oOleo vegetal, assim, & um indicador relacionado a
presenca ou auséncia de hidroperdxidos, formados nas etapas iniciais da auto-oxidacao
lipidica (ENDO, 2018). Desse modo, o limite preconizado para 6leos virgens prensados a frio

é de <15 mEgO2/kg para indicar auséncia de deterioracdo (Codex Alimentarius, 1999).
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O indice de refracdo esta relacionado a viscosidade apresentada pelo 6leo vegetal,
sendo que valores mais altos indicam um produto ja deteriorado ou em processo de
deterioracdo (ENDO, 2018). Os o0leos vegetais apresentam diferentes indices de refracdo
conforme sua natureza, variando na intensidade e velocidade com que 0s raios luminosos 0s
atravessam quando medidos pelo refratbmetro. Esse indice aumenta com o comprimento da
cadeia carbénica e o grau de insaturacdo dos &cidos graxos constituintes, sendo essencial para
determinar o nivel de conservacdo e qualidade do 6leo (JIANG; QIAN, 2023). O dleo de
semente de uva e semente de linhaca apresentam uma recomendacdo especifica pelo Codex
Alimentarius (1999) de 1,467-1,477 (40°C), para 0Oleo prensado a frio de semente de uva e
1,472-1,487 (40 °C) para 6leo prensado a frio de semente de linhaca.

Além disso, o indice de iodo é utilizado para a determinacdo quantitativa das
insaturacGes presentes nos Oleos vegetais. Substancias com cadeias insaturadas de carbono
permitem a adicdo de halogénios, sendo assim, utiliza-se o numero de centigramas de iodo
absorvido por grama da amostra para mensurar a capacidade de polimerizagdo sob
aquecimento e a tendéncia a oxidacdo. Dessa forma, quanto maior a quantidade de
insaturacGes, maior a predisposicdo do Oleo vegetal a oxidacdo (AREMU; IBRAHIM;
ANDREW, 2017). O indice de iodo previstos pelo Codex Alimentarius (1999%) para 6leo de
semente de uva prensado a frio é de 128-150g 1./100 g, e para 6leo de semente de linhaga
prensado a frio é de 170-211g 1>/100 g.

O indice de saponificacdo é um critério para a identificacdo de 6leos vegetais, no qual
¢ medido a quantidade de KOH necesséaria para saponificar o conteddo lipidico de uma
amostra. A reacdo de saponificacdo é realizada em solugdes alcalinas, onde a reacdo ocorre
levando a conversdao de um éster em sal e alcool (ENDO, 2018). O indice de saponificacdo
estad relacionado aos acidos graxos de menor peso molecular, de modo que quanto menor o
peso molecular, maior os valores para este indice (Aoac, 2019). De acordo com Codex
Alimentarius (1999a) os limites preconizados sdo de 188-194 mgKOH/g para 6leo de semente
de uva, e 185-197 mgKOH/g para o 6leo de semente de linhaga, indicando seguranca para
consumo (MIKOLAJCZAK et al., 2022).

Por fim, a densidade relativa, medida pelo método de picndmetro, indica a razdo entre
a massa da amostra e a massa da agua a 25 °C. Dessa forma, quanto menor a densidade de um
Oleo vegetal, menor é o peso molecular dos acidos graxos e maior € a presenca de
insaturacdes (PISESKUL et al., 2023). Da mesma maneira, densidades que fogem do padréo

podem indicar adulteracdo do 6leo ou a presenca de contaminantes. De acordo com o Codex
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Alimentarius (1999a) para 6leo de semente de linhaga possui valor proposto de 0,925- 0,935
mg/mL, ja o 6leo de semente de uva possui recomendacéo de 0,920- 0,926 mg/mL.

Junto a isso, ainda sdo utilizados métodos para mapear as propriedades do 6leo, avaliar
sua suscetibilidade a oxidacdo, como oxidacdo/polimerizacdo térmica e caracteristicas fisicas
e quimicas, sendo o conjunto de resultados necessario para compor a adequagdo para o
consumo do 6leo (KOCH et al., 2023).

2.6 Estabilidade e qualidade de 6leos vegetais

O método Rancimat é utilizado para determinar a estabilidade oxidativa dos Oleos
vegetais, e pode ser aplicado tanto em Gleos vegetais destinados ao consumo humano, como
em cosméticos enriquecidos com o6leos (REDONDO-CUEVAS et al.,, 2018). O método
baseia-se mudancas na condutividade da amostra exposta a temperaturas de 100 °C e sob
condigdes de fluxo de ar constante (SCHERER; SIDDIQ, 2019).

A alteracdo na condutividade acontece para a producdo de acidos organicos volateis e
ibnicos, Assim, o periodo de inducdo (PI) é o periodo em horas em que ocorrem alteracdes
quimicas nos 6leos vegetais, sendo uma indicacdo direta da oxidacdo durante o aquecimento
(REDONDO-CUEVAS et al., 2018; YANG et al., 2018). Os 0leos vegetais sdo suscetiveis a
eventos oxidativos devido ao seu alto teor de acidos graxos insaturados, sendo os &cidos
graxos poli-insaturados os mais suscetiveis a serem perdidos durante a primeira etapa de
aquecimento (MUEED et al., 2022).

Desse modo quanto maior o Pl, maior a estabilidade oxidativa da amostra de 6leo
(REDONDO-CUEVAS et al., 2018). O perfil de &cidos graxos e compostos antioxidantes
naturais presentes no 6leo podem influenciar diretamente no PI, contudo, ndo ha consenso na
literatura sobre a adigdo de compostos antioxidantes e a melhora da estabilidade oxidativa dos
6leos vegetais pelo aumento do PI (CHEN et al., 2019; PANTOJA et al., 2018).

Assim, sugere-se que o 6leo de semente de linhaca e de semente de uva ndo devem ser
utilizados em altas temperaturas devido & perda da composi¢do nutricional, sendo melhor
utilizado como suplementacdo em capsulas ou adicionado a preparacdes frias (KOCHHAR,;
HENRY, 2009; LEITE et al., 2012).

A andlise Rancimat também prevé a resisténcia do 6leo para iniciar 0 processo
oxidativo, caracterizado pelas reagdes dos radicais livres, por isso os resultados deste teste
correlacionam-se com medidas de oxidacdo avangada por metodologias termoanaliticas, como

a analise de Termogravimetria/Termogravimetria Derivada (TG/DTG) e a Calorimetria
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exploratoria diferencial (DSC), proporcionando resultados mais completos (REDONDO-
CUEVAS et al., 2018).

As proporcdes de acidos graxos saturados e insaturados nos Oleos vegetais sao
influenciadas pela variedade de espécies, condic¢des climaticas, qualidade do solo de plantio e
armazenamento dos frutos e sementes pos-colheita. Alimentos industrializados processados
ou ultraprocessados que contém &cidos graxos estdo frequentemente sujeitos a tratamento
térmico durante o processamento, estocagem e preparacdo (RAOF et al., 2019; RIMEZ et al.,
2008).

Assim, a estabilidade térmica dos 0Oleos vegetais depende de sua estrutura quimica,
sendo os 6leos com maior quantidade de &cidos graxos saturados mais estaveis do que 0s com
maior quantidade de &cidos graxos insaturados (REZENDE et al., 2021). Desse modo, 0
conhecimento da estabilidade térmica desses 6éleos propde maior controle da qualidade e
utilizacdo para o desenvolvimento de produtos (SONG; SUI; JIANG, 2023). Junto a isso, as
andlises térmicas ainda possibilitam a aplicacdo para medidas de propriedades fisicas, estudo
das reacdes quimicas e determinacdo da composicao dos 6leos vegetais (CHANDRAN et al.,
2017).

Na TG, as decomposicdes ocorrem pela diminuigdo da massa da amostra, em relagéo
ao aumento da temperatura, viabilizando a quantificacdo da perda de massa pela saida de
compostos volateis e decomposicdo de acidos graxos. Os primeiros &cidos graxos a se
deteriorarem sdo os poli-insaturados, seguido pelos monoinsaturados, e por fim, a
decomposicdo dos acidos graxos saturados (MISUTSU et al., 2015). Visto isso, a curva DTG
possui a funcdo de identificar em quantas etapas ocorre uma decomposicao térmica ou uma
degradacdo termo-oxidativa, sendo complementar a analise dos resultados da TG (VEGA-
LIZAMA et al., 2015).

A técnica DSC é capaz de verificar alteracbes fisicas em funcdo do aumento ou
diminuicdo da temperatura, pelos picos de fusdo e cristalizagdo, devido a transi¢do térmica
nas amostras. Esta analise permite avaliar a estabilidade em temperaturas extremas conforme
0s picos de temperatura inicial e final, sendo de suma importancia para o conhecimento do
comportamento térmico dos &cidos graxos e substancias antioxidantes presentes no 6leo, tais
resultados sdo relevantes a induastria, alimenticia, farmacéutica e cosmética, priorizando o
desenvolvimento seguro de novos produtos (CUVELIER; LACOSTE; COURTOIS, 2012;
MISUTSU et al., 2015).

Somado a isso, as técnicas Opticas também sdo utilizadas para 0 maior conhecimento

da materia prima, como a qualidade do 6leo, possivel presenca de impurezas e estabilidade
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oxidativa, identificando a presenca de compostos fendlicos e pigmentos (carotenoides e
clorofilas). A fluorescéncia e absorbancia, comprovam através de ondas captadas de emissdo-
excitacdo a presenca destes compostos (DE OLIVEIRA et al., 2019).

O monitoramento da presenca de tocotrienois e pigmentos, ocorre pela absorcdo e
emissdo de energia em determinados comprimentos de onda, assim é permitido a identificacdo
e quantificagdo de compostos organicos nas amostras, sendo possivel monitorar 0 avango
oxidativo dos 6leos vegetais (MARCELINO et al., 2019; SILVA FIGUEIREDO et al., 2018).

A espectroscopia de absorcdo de luz ultravioleta-visivel (UV-Vis) se baseia na medida
da absorcdo de radiacdo eletromagnética nas regides visivel e ultravioleta por espécies
quimicas (moléculas e ions) desse modo, determina-se a presenca de compostos como
carotenoides, clorofilas e tocoferdis sendo possivel mensurar através dos picos de absorcdo os
produtos de degradacdo e oxidacgdo lipidica, como peroxidos. Estes resultados sdo expressos
em comprimento de onda (em nandmetros (hm)) pela absorbancia, e séo estabelecidos limites
dos feixes proporcionais a concentracdo de cada espécie quimica determinada (MISUTSU et
al., 2015).

Dessa forma, a espectroscopia de fluorescéncia utiliza o mecanismo de
fotoluminescéncia, no qual a radiacdo eletromagnética € emitida por moléculas excitadas,
resultando na mudanca de orbitais energéticos dos elétrons conforme a absorcao de fétons de
luz. Esta analise € mais sensivel que a absorbancia e permite quantificar substancias organicas
e inorganicas na amostra (CUVELIER; LACOSTE; COURTOIS, 2012), complementando a

avaliacdo da qualidade e estabilidade dos 6leos vegetais.

2.7 Coloracdo e composicao de carotenoides de 6leos vegetais

A coloragdo é um parametro de qualidade dos Gleos vegetais, pois representa a
estabilidade na producdo, a aceitagdo de compra e a presenca de pigmentos com acao
metabolica e antioxidante no organismo. A definicdo de cor pode ser descrita como a
capacidade da amostra de absorver e refletir luz, sendo um parametro subjetivo que sofre
influéncia de fatores externos, como luz, tamanho e local de visualizacdo do material (CHEN;
SUN, 2023).

Os parametros colorimétricos sdo sistemas criados para mensurar as cores de maneira
mais precisa por meio de trés eixos: luminosidade (L*) e cromaticidade (a* e b*). AL* é o
parametro da faixa de cor classificada de 0 a 100, onde O indica uma luminosidade mais
escura e 100 indica uma luminosidade mais brilhante, onde € possivel identificar as alteragdes
visuais da incidéncia de luz (CHEN; SUN, 2023).
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As coordenadas de cromaticidade indicam a dire¢do das cores, onde a* varia no eixo
das abscissas e tem faixa de coloracdo do vermelho (+a*) ao verde (-a*), e b*, no eixo das
ordenadas e tem faixa de coloracdo do amarelo (+b*) ao azul (-b*). A saturacdo da cor (C*),
corresponde a distancia do eixo da luminosidade, onde quanto mais proximo ao centro mais
escuro é o alimento. Além disso, o pardmetro da tonalidade (hue), indica o grau de coloracdo
por meio de uma escala que varia de 0 a 360° que se inicia no eixo +a* e se movimenta no
sentido anti-horario, indicando o angulo da tonalidade (Figura 4) (CHEN; SUN, 2023).

Figura 4 - Espaco de Cor CIE L*, C*, Hue
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270° -b*

Fonte: Commission Internationale de I’Eclairage (CIE), 1913

Durante a colheita, armazenamento, transporte e processamento, os frutos passam por
alteracdes biogquimicas que variam de acordo com os diferentes graus de maturacdo, clima,
composi¢do nutricional do solo de plantio e temperatura. Além disso, outras influéncias,
como o método de extracdo, impactam diretamente na qualidade nutricional das sementes e
dos 6leos extraidos delas, afetando os pigmentos naturais responsaveis pela coloragéo (Martin
et al., 2020).

Os pigmentos naturais encontrados nas sementes como carotenoides e clorofilas,
permanecem apos o processamento devido sua solubilidade em oleo (Etzbach et al., 2018;
Ojeda-Amador et al., 2018). Os carotenos séo 0s principais grupos de pigmentos e conferem
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ao oOleo coloragdo na faixa amarela a vermelha, exemplos deste grupo sdo o B-caroteno, [3-
criptoxantina, a-caroteno, licopeno e luteina (Etzbach et al., 2018).

A presenga de B-caroteno auxilia na reducdo dos estagios iniciais do estresse oxidativo
e na inativacdo dos radicais peroxila, atuando como um antioxidante natural (Siriamornpun;
Kaewseejan, 2017). De forma geral, os seres humanos ndo conseguem sintetizar esses
pigmentos, sendo necessaria sua obtencdo por meio da alimentacdo (Arathi et al., 2015).
Devido as suas propriedades antioxidantes, o consumo de flavonoides, carotenoides, clorofilas
e outros pigmentos presentes nos alimentos tem sido associado a prevencao de doencas como
cancer, diabetes e doencas cronicas ndo transmissiveis (Arathi et al., 2015; Siriamornpun;
Kaewseejan, 2017).

Os compostos fendlicos presentes nos pigmentos, como carotenoides e clorofilas,
protegem os 0leos vegetais contra a a¢do de radicais livres envolvidos na peroxidacdo lipidica
e possuem acdo direta em reagdes oxidativas, impedindo a acdo de agentes pré-oxidantes
(Zeb, 2020). Os agentes oxidantes ou pro-oxidantes podem ser substancias enddgenas ou
exogenas com atuacdo intracelular, capazes de oxidar moléculas-alvo, como ROS, que inibem
sistemas antioxidantes (Milani et al., 2017).

Dentre as moléculas exdgenas que compdem 0s agentes oxidantes, podemos citar
medicamentos, oxigénio, ozbdnio, nitrato de potassio, perborato de soédio, peroxidos,
halogénios e poluentes ambientais. J& as moléculas enddgenas incluem enzimas da cadeia
respiratoria, inflamacGes, peroxissomos e fagocitos. Além disso, metais de transicdo como
ferro e cobre, provenientes de fontes dietéticas, sdo utilizados como doadores de elétrons e
auxiliam na formacéo de alguns radicais livres, potencializando seus efeitos no organismo
(Jomova et al., 2023; Milani et al., 2017; Zeb, 2020),

O estresse oxidativo pode danificar células e tecidos, tornando essencial o consumo de
uma variedade de alimentos ricos em micronutrientes e substancias bioativas que atuam como
coenzimas e substratos para enzimas antioxidantes, como superoxido dismutase (SOD),
catalase (CAT), glutationa peroxidase (GPX), peroxirredoxinas (PRX) e tiorredoxinas (Trx).
Além disso, a glutationa (GSH), peroxirredoxinas, tiorredoxinas e proteinas transportadoras
de ions de metais de transi¢cdo também demonstram atividade antioxidante. O &cido ascoérbico,
a-tocoferol e seus derivados, juntamente com carotenoides, seus derivados e polifenois, sao
eficientes nesse mecanismo de acdo, atuando como sequestradores de elétrons e participando
indiretamente das reacBes enzimaticas (Jomova et al., 2023; Rana et al., 2022).

Durante a peroxidacéo lipidica, ocorrem oxidacgdes sucessivas em lipideos insaturados,

iniciando pela oxidacdo dos é&cidos graxos poli-insaturados e, em seguida, dos
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monoinsaturados, resultando na formacéo de radicais de &cidos graxos e hidroperéxidos de
lipideos. A retirada sucessiva de hidrogénio do agrupamento metil dos acidos graxos gera um
radical que se liga ao oxigénio, formando radicais perdxidos (Cuffaro; Digiacomo; Macchia,
2023; Rana et al., 2022).

Os hidroperdxidos e perdxidos lipidicos alteram a estrutura, propriedades e funcéo das
membranas celulares, tornando-as instdveis e mais suscetiveis ao rompimento.
Consequentemente, os produtos do estresse oxidativo, como os aldeidos reativos, incluindo o
malondialdeido (MDA), podem causar danos a estrutura do DNA e das proteinas, resultando
em processos mutagénicos (Arathi et al., 2015; Cuffaro; Digiacomo; Macchia, 2023).

Visto isso, a presenca destas substancias antioxidantes em oleos vegetais, como o -
caroteno, mostra-se benéfico a salde por sua interacdo as espécies reativas de oxigénio e
radicais livres (Speranza et al., 2016). Os carotenoides e clorofilas sdo avaliados pela
classificagdo dos pigmentos “a” para coloracdo azul-esverdeada, e “b” para coloracao
amarelo-esverdeada (Kochhar; Henry, 2009).

Os compostos carotenoides sdo lipossoluveis e estdo presentes ha composicao de 6leos
vegetais (Mezzomo; Ferreira, 2016). Contudo, o 6leo de semente de uva, mesmo com
menores concentracdes de carotenoides, contém polifendis e vitamina E, que melhoram a
cicatrizacdo e reduzem a inflamac&o sistémica (Vitale et al., 2022). Comparado a outros 6leos
vegetais, 0 6leo de semente de uva possui a maior quantidade de isdbmeros de vitamina E,
como o tocotrienol, que apresenta propriedades antioxidantes, anti-inflamatérias e
antitumorais, destacando-se pela sua atividade antioxidante (Lu et al., 2022; Magalingam et
al., 2022; Shinagawa et al., 2017).

De forma semelhante, os flavonoides, acidos fenolicos e tocoferdis sdo produtos
insaponificaveis isolados dos O6leos de semente de uva e linhaca, que demonstram
propriedades anti-inflamatdrias (Poljsak; Kocéevar Glavaé, 2022). Além disso, a féacil
degradacdo dos carotenoides devido a exposi¢do a luz, oxigénio, evaporacdo do solvente
durante a andlise e técnicas de extracdo do 6leo das sementes pode alterar sua quantificacao
(Shinagawa et al., 2017; Speranza et al., 2016). As variagdes nos resultados de carotenoides
sdo influenciadas por caracteristicas genéticas de cada subespécie vegetal, condicGes
ambientais, grau de maturacdo e métodos de extracdo utilizados para a fabricacdo do oOleo
(Marcelino et al., 2019).
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Considerando as informagdes apresentadas nos subtOpicos anteriores, a revisao de
literatura demonstra um potencial terapéutico tanto do 6leo de semente de uva quanto do 6leo
de semente de linhaca, devido ao perfil de &cidos graxos e presenca de compostos bioativos,
com destaque a saude cardiovascular e efeitos anti-inflamatorios. A sinergia entre esses 6leos,
quando combinados em uma Mistura 1:1 (v/v), pode potencializar seus efeitos benéficos. No
presente estudo, verificamos por meio de técnicas analiticas as caracteristicas fisico-quimicas,
térmicas, opticas, presenca de compostos bioativos e estabilidade oxidativa dessa Mistura em
comparacdo com os 6leos individuais, juntamente ao modelo experimental in vivo utilizando a

suplementacéo dos 0leos isolados e a Mistura 1:1 (v/v).
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3 OBJETIVOS
3.1 Objetivo geral

Avaliar o efeito do consumo do 6leo da semente de uva, 6leo de semente de linhaca e
a Mistura, composta pelo 6leo de semente de uva e 6leo de linhaga em mesmo volume 1:1

(v/v), em camundongos Swiss, bem como avaliar a sua qualidade e estabilidade oxidativa.

3.2 Objetivos especificos

- Determinar o perfil de &cidos graxos, indices de qualidade e identidade do 6leo da
semente de uva, 6leo da semente de linhaca e Mistura 1:1 (v/v);

- Caracterizar os 6leos por meio de técnicas Opticas, assim como avaliar sua
estabilidade oxidativa e térmica;

- Avaliar a capacidade antioxidante, pela presenca de compostos carotenoides e
coloracdo destes 06leos;

- Verificar o impacto do consumo desses 6leos no peso corporal, ingestdo alimentar,
parametros séricos (colesterol total e fracdes, triacilglicerideos e glicose) e nas adipocinas de
animais;

- Avaliar parametros morfolégicos e alterac6es histologicas nos animais.
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4 MATERIAIS E METODOS

4.1 Matéria prima

Neste estudo, os Oleos vegetais prensados a frio de sementes de Vitis vinifera L. e
Linum usitatissimum L. foram adquiridos de fornecedores conceituados da Industria Pazze
Alimen tos™, Panambi (RS), Brasil. Estes dleos foram obtidos pela técnica de prensagem a
frio, garantindo baixos indices de acidez e perdxido, verificados pelo fabricante. Esse
processo preservou a pureza e uniformidade dos 6leos, fundamentais para a integridade desta
pesquisa. Para desenvolver uma mistura consistente de Oleos, a mistura meticulosa de
volumes iguais de 6leo de semente de uva e 6leo de linhaca dourada foi conduzida utilizando
baldes volumétricos para estabelecer uma proporcdo precisa de 1:1 (v/v). Foi empregada
agitacdo delicada para evitar a introducdo de bolhas de ar que pode comprometer a
estabilidade da mistura. Posteriormente, a mistura de 6leos foi armazenada em recipiente
hermético e estéril, protegido da exposi¢do solar direta e mantido em temperatura estavel para
preservar sua qualidade e inibir a deterioracdo oxidativa.

Neste estudo foi utilizado azeite virgem extra da marca Andorinha Portugal™
Ferreira do Alentejo, Portugal, para o grupo de controlo suplementado com azeite, com a sua
identidade e detalhes de qualidade especificados no rétulo.

4.2 Perfil de Acidos Graxos

Os acidos graxos foram esterificados de acordo com metodologia adaptada de Maya e
Rodriguez-Amaya (1993). Os ésteres metilicos de acidos graxos foram analisados por
cromatografia gasosa (GC 2010, Shimadzu, Japdo) para obter seus picos individuais. No
equipamento utilizou-se um detector de ionizagdo de chama (FID) e uma coluna capilar
(BPX-70, didmetro interno de 0,25 mm, 30 m de comprimento e filme de 0,25 mm de
espessura). Com temperatura de injetor e detector de 250 °C. A temperatura inicial da coluna
foi mantida a 80 °C por 3 minutos e entdo aumentada a 10 °C/min até atingir 140 °C, seguida
de um aumento para 240 °C a 5 °C/min por 5 minutos. Picos individuais de FAME (ésteres
metilicos de &cidos graxos) foram identificados comparando os tempos relativos de retencéo
com o padrdo FAME (Supelco C22, 99% puro). O célculo dos teores de acidos graxos foi
realizado integrando-se as areas dos picos (porcentagem de area), e 0s resultados sdo
expressos em g de acidos graxos/g de oleo extraido.

Junto a isso, foram utilizados o indice de aterogenicidade apresentado na Equacéo 1 e

o indice de trombogenicidade na Equacgéo 2 (Ulbricht; Southgate, 1991).
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(C12:0+(4% C14:0)+C16:0)] (1)

o . 1
Indice de aterogenicidade = (SMUFA + Y06 + Y03)

(C14:0 + C16:0 + C18:0)

Indice de trombogenICIdade = [(0.5 X ¥YMUFA )+(0.5 X Yw6)+(3 X Yw3)+(w3/w6)]

)

Onde MUFA é a soma dos &cidos graxos monoinsaturados dos 6leos estudados.

4.3 Andlises de qualidade e identidade dos 6leos vegetais
As andlises de identidade e qualidade dos 6leos vegetais foram feitas de acordo com a

metodologia apresentada por (Laubli; Bruttel, 1986).

4.3.1 indice de acidez

O indice de acidez foi determinado pela adicdo de solucdo éter-alcool (1:1)
neutralizado e fenolftaleina como indicador de mudanca de coloracdo aos 6leos. Como
titulante foi utilizado hidréxido de potassio (KOH) 0,1N até o aparecimento da coloragdo
rosa. Os resultados foram expressos em mgKOH/g e g de &cido oleico/100g 6leo.

4.3.2 Indice de perdxido

O indice de perdxido foi realizado com 5,0 mL solugdo acido acético-cloroférmio
(3:2), 0,1 mL de solucdo saturada de iodeto de potéssio e 0,1 mL de solucdo de amido sollvel
1% como indicador de alteracdo de coloracdo adicionados aos 6leos, com posterior repouso
ao abrigo de luz. A titulacdo foi realizada com solucgdo de tiossulfato de sddio a 0,01N. Os

resultados foram expressos em mEqO2/kg.

4.3.3 Indice de refracéo
O indice de refragéo dos 6leos foi obtido com o auxilio de refratdbmetro de Abbé (RL3,
Tecnal, Brasil) calibrado com &gua destilada, com o indice de refracdo de 1,3330, em 27 °C,

com temperatura corrigida para 40 °C.
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4.3.4 Indice de iodo
O indice de iodo foi obtido a partir de tetracloreto de carbono e solugdo de Wijs
adicionados aos o0leos, e tiossulfato de sodio padronizado como titulante até a mudanca de

coloracéo de preto para rosa. Os resultados foram expressos em gl2/100g.

4.3.5 Indice de saponificacdo

O indice de saponificacdo foi determinado pela adicdo de solucdo alcéolica de
hidréxido de potassio (KOH) a 4% as amostras, sendo refluxadas durante 1 hora. Em seguida
adicionou-se fenolftaleina como indicador para mudancas das coloragdes e titulagdo com

acido cloridrico (HCI) 0,5 N. Os resultados foram expressos em mgKOH/g.

4.3.6 Densidade relativa a 25 °C/25 °C

A densidade relativa foi realizada de acordo com o Método do Picnémetro,
previamente tarado em estufa a 105 °C. Sendo adicionado &gua resfriada a 20-23 °C e
colocado em banho com temperatura constante (25 £ 0,1 °C). Ap6s 30 minutos, foi ajustado o
nivel de 4gua e pesado em balanga analitica. Os mesmos procedimentos foram realizados com

0s Oleos. Os resultados foram expressos em mg/mL.

4.4 Analises de estabilidade oxidativa e térmica dos 6leos vegetais

4.4.1 Estabilidade oxidativa: Rancimat

A estabilidade oxidativa foi obtida através do periodo de inducdo (PI) resultado do
teste de Rancimat, segundo o método EN 14112, utilizando o equipamento Rancimat (893
Professional Biodiesel Rancimat, Metrohm, Brasil). As analises foram realizadas com 3,0 g
do 6leo sem diluicdo a 110 °C e analisada sob fluxo de ar constante de 10 L/h, que passou
pelas amostras, seguido por um recipiente contendo 50 mL de agua deionizada no qual a
condutividade gerada pelos produtos volateis durante a degradacdo dos 6leos vegetais foram

medidos em funcéo do tempo (Laubli; Bruttel, 1986).

4.4.2 Termogravimetria e Termogravimetria Derivada (TGA/DTG)

Para as curvas TGA/DTG, utilizamos 4,0 mg de cada 6leo em um sistema TGA Q50
(TA Instruments, Eden Prairie, MN, EUA, EUA) sob atmosfera de nitrogénio, com fluxo de
60 mL/min no forno e taxa de aquecimento de 10 -C/min em temperaturas variando entre

ambiente e 700 C, com cadinhos de platina usados como suporte (Meireles et al., 2022).
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4.4.3 Calorimetria Diferencial de Varredura (DSC)

Para avaliar os processos de cristalizacdo e fusdo dos 6leos, foram realizadas curvas
DSC com massa de amostra em torno de 3 mg, em um sistema de analise térmica DSC Q20
da TA Instruments — EUA, equipado com um sistema de refrigeracdo de duplo estagio RCS
90. As curvas de resfriamento e aquecimento foram programadas em ciclos. Inicialmente a
temperatura foi equilibrada a 60 °C, seguido de isoterma de 10 minutos e rampa de
resfriamento até -60 °C, a razdo de 5 °C/min completando o ciclo 1. Na sequéncia a
temperatura foi equilibrada a -60 °C, seguido de isoterma por 10 minutos e rampa de
aquecimento a 5 °C/min até temperatura final de 60 °C completando o ciclo 2. O tempo total

de analise: proximo de 70 minutos.

4.5 Anélises Opticas
4.5.1 Absorcdo UV-Vis e matriz de fluorescéncia de emissado-excitacao.

As amostras foram diluidas em grau de espectroscopio hexano (Sigma-Aldrich >
99%), nas concentragdes de 1,0; 5,0 e 90 g/dm>. Os espectros de absor¢do foram obtidos
utilizando-se um espectrometro UV-vis Lambda 265 (PerkinElmer®) coletado entre 200 e 600
nm, sendo utilizada uma cubeta de quartzo com 10 mm de comprimento éptico e 3,5 mL de
capacidade.

Os mapas de fluorescéncia foram medidos em espectrdmetro de fluorescéncia FS-2
(Scinco®), para as amostras na concentracdo de 90 g/dm?. A excitacio é variada em uma faixa
de 270 a 450 nm com delta de 5nm. E a emisséo das amostras foi medida entre 290 e 750 nm

com resolucéo de 1 nm.

4.6 Coloracao

A coloracdo foi determinada em espectrofotdmetro portatil da marca Konica Minolta®
modelo CM-2300d. Os resultados foram expressos em L*, a* e b* conforme o espaco de cor
L* a* b* empregando a escala CIE L*a*b**, onde o L* representa a luminosidade, variando
entre 0 (sem luminosidade ou preto) e 100 (branco), o a* representa as cores que vao do
vermelho (+a*) ao verde (-a*) e o b* representa as faixas de cores que vdo do amarelo (+b*)
ao azul (-b*). A partir dos resultados foram obtidos os indices do angulo Hue representados
pela Equacédo 3, onde foi possivel definir a tonalidade em graus e Croma (C*) na Equacéo 4,
no qual indica-se a saturagéo da cor das amostras.

Hue = b*a* 3
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Onde o valor de Hue é a tonalidade de cor definida em graus, b* indica a
cromaticidade no eixo variando do amarelo/azul e a* mostra a cromaticidade no eixo variando

do vermelho/verde (Rodriguez-Amaya, 1999; Minolta Corporation, 1994).
Cx=a*x2+bx*2 4

Onde o valor de C* (croma) indica a saturagcdo da cor, b* indica a cromaticidade no
eixo variando do amarelo/azul e a* mostra a cromaticidade no eixo variando do

vermelho/verde (Minolta Corporation, 1994).

4.7 Determinacao de carotenoides

Amostras de 6leo de semente de uva, linhaca e Mistura foram inicialmente filtradas a
vacuo e em ambiente protegido da luz, para retirada de possiveis impurezas. Foram realizados
diversos ensaios para definir a concentracdo do 6leo em éter de petroleo P.A. (Dindmica) a
fim de obter absorbancias entre 0,2 e 0,8. Aliquotas de o6leo foram diluidos em éter de
petroleo e o volume ajustado com éter de petréleo em baldo volumétrico (10 mL). As etapas
subsequentes foram realizadas de acordo com a metodologia descrita por (Rodriguez-Amaya,
1999). Todas as etapas foram realizadas protegidas da luz com papel aluminio, evitando a
fotodegradacdo dos carotenoides. Depois de preparado os extratos foram realizados leituras de
cada extrato em cubeta de quartzo em espectrofotdmetro UV-Visivel (Biochrom Libra
S60PC) em comprimento de onda de 450 nm. O éter de petréleo P.A. foi utilizado como
branco. O teor de carotenoides foi calculado através da Equacdo 5, com valor da absortividade

do B-caroteno de 2592, o resultado foi expresso em pg/100g de 6leo.

AXVx10%
Ellz/;’nxm

Carotenoides(ﬂg/g) = (5)

Onde A ¢é a absorbancia no pico maximo de absorcéo, V € o volume final da amostra
(mL), m é a massa da amostra (g) e E**1cm € 0 coeficiente de extingéo (B-caroteno = 2592 em

éter de petroleo).
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4.8 Experimento In vivo
4.8.1 Animais

Desenvolvemos este estudo de acordo com os preceitos éticos da Lei n. 11.794, de 8
de outubro de 2008, do Decreto n. 6.899, de 15 de julho de 2009, e as normas editadas pelo
Conselho Nacional de Controle de Experimentacdo Animal (Concea) e aprovadas pela
Comisséo de Etica no Uso de Animais (CEUA) da UFMS (n. 1339/2022). Foram utilizados
126 camundongos da linhagem Swiss Webster (Mus musculus), machos adultos, com 12
semanas de idade e peso médio de 36 g. Foram fornecidos pelo Biotério Central da
Universidade Federal de Mato Grosso do Sul. A aclimatagdo periodo ocorreu 7 dias antes do
inicio do periodo experimental. Durante esse periodo, os animais foram mantidos em
ambiente com temperatura controlada (22 = 1 °C), sob ciclo claro/escuro de 12 horas, com

acesso ad libitum a comida e 4gua, com quatro a cinco animais por gaiola.

4.8.2 Delineamento experimental

Os Este estudo incluiu dois grupos de controle padrdo: um suplementado com agua
destilada (C) e outro suplementado com azeite (O). Além disso, houve cinco grupos
experimentais (L1, L2, G1, G2, GL). O desenho experimental, conforme representado na
Figura 1, inspirou-se em estudos anteriores de Torres et al. (2020), Marcelino et al. (2022), e
Silva et al. (2023). Esses estudos utilizaram a administracdo por gavagem de 6leo de Caryocar
brasiliense Cambess, 6leo de Mauritia flexuosa e Oleo de Acrocomia aculeata em
camundongos Swiss nas dosagens correspondentes de 1.000 mg/kg/dia e 2.000 mg/kg/dia,
demonstrando eficacia em seus resultados. Ap6s o periodo de aclimatacdo, foram

administradas dosagens diarias durante 11 semanas (Tabela 1 e Figura 1).

Tabela 1 - Determinacao dos grupos experimentais, suplementacdo e dosagem

Dosagem

Grupos Suplementacéo )
(mg/kg/animal)

Controle (C) Agua destilada 1000

Azeite de oliva (O) Azeite de oliva virgem extra 1000

Oleo de semente de linhaca (L1) Oleo de semente de linhaca dourada 1000

Oleo de semente de linhaga (L2) Oleo de semente de linhaca dourada 2000

Oleo de semente de uva (G1) Oleo de semente de uva 1000

Oleo de semente de uva (G2) Oleo de semente de uva 2000
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_ N Oleo de semente de uva + Oleo de semente de
Mistura (GL) 2000

linhaca dourada 1:1 (v/v)"

Figura 5 - Fluxograma dos grupos experimentais ap6s 7 dias de adaptacao.

Camundongos Swiss

n: 126
C (o] L1 L2 G1 G2 GL
n:18 n:18 n:18 n:18 n:18 n:18 n:18
(1000mg/kg) (1000mg/kg) (1000mg/kg) (2000mg/kg) (1000mg/kg) (2000mg/kg) (2000mg/kg)

Figura 1. C: grupo controle (agua destilada na dose de 1000 mg/kg/animal); O: Grupo azeite virgem extra (1000
mg/kg/animal); L1: Grupo ¢leo de linhaga (1000 mg/kg/animal); L2: Grupo 6leo de linhaca dourada (2000
mg/kg/animal); G1: Grupo 6leo de semente de uva (1000 mg/kg/animal); G2: Grupo 6leo de semente de uva
(2000 mg/kg/animal); GL: Oleo de mistura (2000 mg/kg/animal).

4.8.3 Ingestdo alimentar e ganho de peso.

Todos os animais receberam dieta padrdo normocaldrica comercial (Nuvital®), sendo
suplementados via gavagem durante 11 semanas, sendo as doses foram reajustadas
semanalmente de acordo coma evolucdo do peso dos animais. As avaliagdes do consumo
alimentar e ganho de peso foram realizadas semanalmente durante 11 semanas de
experimento, sendo utilizado o calculo de coeficiente de eficacia alimentar (CEA)
apresentado na Equacdo 6, para determinar quanto um grama de racdo ingerida promove em

aumento de peso corporal (Nery et al., 2011).

CEA = (PF- PI) + TA (6)

Onde, PF é o peso corporal final em gramas, o Pl € equivalente ao peso corporal
inicial em gramas e 0 TA representa a quantidade total de alimento ingerido em gramas (Nery
etal., 2011).

Para mensurar o ganho de peso dos animais foi utilizado o calculo do coeficiente de
ganho de peso por consumo calérico (CGPCC), realizado com o objetivo de obter a
capacidade do animal em converter energia alimentar consumida em peso corporal (Equagéo
7).
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CGPCC = (PF - PI) + Kcal ingerida (7)

Onde, FW representa o peso corporal final em gramas, WI € equivalente ao peso
corporal inicial em gramas e kcal ingested é o valor calorico da dieta ingerida (Nery et al.,
2011).

A composicdo da ragdo normocaldrica comercial (Nuvital®), foi apresentada na Tabela
2, na qual esta descrita os ingredientes, percentual de macronutrientes (carboidratos, proteinas

e lipideos) e a quantidade de caloria por grama de racéo.

Tabela 2 - Composic¢édo da racdo normocalérica comercial (g/kg de ragéo)

Ingredientes (g/kg) Nuvital®
Amido 725.67
Caseina (>82% proteina) 40.00
DL-metionina 100.00
Oleo de soja 40.00
Celulose 100.00
Mix de Minerais** 35.00
Mix de Vitaminas** 10.00
L-cistina 1.80
Bitartarato de colina 2.50
Tertbutil hidroquinona 0.008
Energy (cal/kg) 4.360,00
Carboidratos (%) 75.75%
Proteinas (%) 16.00%
Lipidos (%) 8.25%
Calorias/g dieta 4.36

Mix de Minerais e vitaminas** de acordo com as recomendacdes do fabricante.

4.8.4 Eutanasia

A eutanasia foi realizada com os animais em jejum por seis horas, com agua ad libium.
A anestesia dos animais ocorreu com dose letal de isoflurano com posterior exsanguinagédo
pela via cava inferior para os a avaliagdo dos parametros séricos. Foram retirados os 5 sitios

de gordura (epididimal, mesentérica, omental, retroperitoneal e perirrenal) e o figado, foram
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pesados em balanca eletronica semianalitica (Bel Diagnostica®) e os valores expressos em
miligramas (mg), sendo o tecido epididimal e figado armazenados em formal a 10% para
analise histologica.

O indice de adiposidade (%) foi calculado através formula adaptada de Taylor e
Phillips (1996) (Equacéo (8)).

indice de adiposidade (%) _ (Soma dos sitios de gordura)x100 (8)

Peso final

4.8.5 Paréametros séricos

Apds a coleta de sangue pela veia cava posterior, o sangue foi transferido para tubo
com gel separador e centrifugado a 5.000 rpm por 10 minutos em centrifuga refrigerada
(hettich, universal 320) para obter o soro. Para os pardmetros séricos foram determinados
colesterol total (CT), lipoproteina de alta densidade (HDL-c), triglicerideos (TG) e glicemia
em jejum (GL) utilizando-se o método enzimatico-colorimétrico e medicGes por
espectrofotometria (Hagen; Hagen, 1962).

Foram apresentados os célculos de lipoproteina de muito baixa densidade (VLDL-c)
(Equacéo (9)), lipoproteina de baixa densidade (LDL-c) (Equacéo 10)), e colesterol ndo-HDL
(ndo-HDL-c) (Equacdo (11)).

Valor de VLDL = Valores de Triglicerideos/5 9)
LDL-c = Colesterol Total - (HDL-c + VLDL-¢) (10)
Colesterol ndo- HDL = Colesterol Total - HDL-c (11)

4.8.6 Citocinas

As concentracBes de adipocinas IL-6, monocyte chemoattractant protein-1 (MCP-1),
TNF-0, inibidor do ativador de plasminogénio-1 (PAI-1) total, insulina, leptina e resistina
foram mensuradas elo kit comercial MAD-KMAG-71K da Merck-Sigma Aldrich Séo Paulo-
Brasil, leitura da placa no Luminex by Merck-Sigma Aldrich S&o Paulo-Brasil sendo utilizado
o software MAGPIX da Merck-Sigma Aldrich S&o Paulo-Brasil, e valores de concentragdo
foram obtidos em pg/mL do soro do sangue coletado ap0s a eutanasia dos animais e
centrifugacdo em tubo com gel separador. O soro foi submetido ao Vortex por 30 segundos e
levado a centrifuga (6000 rpm por 10 minutos). Em seguida 10 pL do soro de cada animal

foram acondicionados em uma placa com 96 pocos juntamente com 10 pL de solugéo Assay
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buffer e 25 pL de solucdo contendo sete adipocinas. Foram também preparados 0s parametros
branco, padrdo e controle conforme instrugcdes (Miliplex MAP kit, USA). Apds realizada a

leitura no limine pelo software MAGPIX™ e obtidos os valores de concentracdo em pg/mL.

4.8.7 Histologia do tecido adiposo epididimal e figado

Para a andlise histoldgica, o figado e o tecido adiposo epididimal foram armazenados
em potes coletores com solucdo de formol a 10%. A analise histoldgica do figado foi
realizada por patologista e as analises do efeito da suplementagdo nos hepatocitos foram
realizadas utilizando o sistema de (Kleiner et al., 2005). A andlise da area dos adipdcitos do
tecido adiposo epididimal foi realizada de acordo com metodologia descrita por Pereira et al.,
(2012).

4.9 Anélise estatistica

As analises foram realizadas utilizando os software’s Jandel Sigma Stat, versdo 3.5
(Systat software, Incs., San Jose, CA, EUA) e Sigma Plot, versdo 12.5 (Systat Software Inc.,
San Jose, CA, EUA) e apresentados a média + desvio padrdo (DP). Os grupos foram
comparados utilizando-se ANOVA on ranks seguido do pds-teste de Tukey, com diferencas
consideradas significativas quando p<0.05. Kruskal-Wallis seguido de Dunns, com diferencas
consideradas significativas quando p<0.05. Os dados histolégicos foram descritos em
frequéncias absolutas (n) e relativas (%), O teste do qui-quadrado foi utilizado para avaliar a
associacdo na analise histoldgica, seguido da correcdo de Bonferroni, pelo programa

estatistico Bioestat 5.0. O nivel de significancia considerado foi de p<0.05.
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CONCLUSAO

Tendo em vista os resultados apresentados, o &cido graxo poliinsaturado predominante
no 6leo de semente de uva e no 6leo Mistura foi o0 &cido linoleico (C18:2), enquanto no 6leo
de linhaca prevalece o acido alfa-linolénico (C18:3). Em todos os 0leos, o acido oleico
(C18:1) foi o acido graxo monoinsaturado majoritario e o principal acido graxo saturado foi o
acido palmitico (C16:0). Os indices fisico-quimicos dos Oleos estudados estdo dentro das
faixas recomendadas, indicando auséncia de oxidacdo e adequacdo para 0 consumo. A
estabilidade oxidativa e as analises térmicas (TGA/DTA e DSC) comportaram-se de forma
semelhante, e as andlises Opticas apresentam variacdes por causa da presenca de pigmentos
(carotenoides e clorofilas) com resultados condizentes aos achados nas analises de
carotenoides totais e coloracdo. O 6leo de semente de uva na dosagem de 2.000 mg/kg/dia,
promoveu menor consumo alimentar, e o 6leo Mistura apresenta menor ganho de peso por
grama de racdo consumida e consumo calérico total. Ambos dleos indicam niveis mais
elevados de lipoproteina HDL-c, enquanto o 6leo de linhaga na dosagem de 2.000 mg/kg/dia
proporciona niveis reduzidos de colesterol total. Além disso, o éleo de semente de uva,
linhaca e o 6leo Mistura indicam acdo mais atenuada das citocinas pro-inflamatérias (MCP-1
e TNF-a), destacando-se a acdo anti-inflamatéria da suplementacdo, de mesma forma que o
6leo de semente de uva na dosagem de 1000 mg/kg/dia e o 6leo Mistura demonstram as
menores areas de adipdcitos, avaliadas na analise histologica.

Em perspectivas futuras, deve-se haver mais estudos experimentais e clinicos sobre a
utilizacdo dos 6leos de semente de uva, linhaca e possiveis misturas, uma vez que 0S
resultados apontam propriedades funcionais no modelo de estudo apresentado, com

expectativa de potencial utilizacdo nas industrias alimenticia, farmacéutica e cosmética.
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Abstract: Vitis vinifera L. (grapevine) is a perennial plant of the Vitaceae family that is widely used
to produce grapes and wines. Grape seed oil is rich in fatty acids such as linoleic acid (65-75%),
vitamin E (50 mg), and phytosterols in addition to phenolic compounds, such as catechins (414 mg),
epicatechins (130.4 mg), and gallic acid (77 ug), shows promise as a nutritional compound and is
outstanding as a therapeutic substance with active properties for health, detected mainly by in vitro
studies, as well as some in vivo studies. The benefits of consuming this oil include modulating the
expression of antioxidant enzymes, anti-atherosclerotic and anti-inflammatory effects, and protection
against oxidative cell damage and some types of cancer. However, experimental findings confirm
that therapeutic functions remain scarce; thus, more studies are needed to determine the mechanisms
of action involved in the indicated therapeutic qualities.

Keywords: plant oil; linoleic acid; phenolics; resveratrol; therapeutic potential; oxidative stress;
inflammation; obesity

1. Introduction

The Vitaceae family has about 15 genera and 800 species that are present in temperate
regions such as Europe, most of North America, western Asia, southern South America,
and the extreme north and south of Africa [1]. The species Vitis vinifera L. is produced by
the vine (Vitis sp.) and is cultivated to produce wine and the fresh consumption of fruit in
Europe. This vine of the Vitaceae family has the grape as fruit, which has been cultivated
for thousands of years by different civilizations [2].

The commercialization and cultivation of grapes have been going on for more than
two millennia in Western Europe and more than four millennia in the Eastern Mediter-
ranean, with genetic alterations resulting from spontaneous reproduction in addition to the
definition of methods for the genetic preservation of those most accepted and preferred by
the local population. Thus, the grape varieties produced in Western Europe are currently
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the basis of the global wine industry, the main planting varieties being Cabernet Sauvignon,
Merlot, Grenache, Sauvignon Blanc, Tempranillo, Chardonnay, Syrah, Pinot Noir, Airen,
and Trebbiano Toscano [3].

Grape production has many specifications regarding the existing subspecies of this
fruit, such as the presence or absence of seeds, different colors (reddish, black, and white),
as well as fruit size and shape [4]. Therefore, there are beneficial nutritional properties
present in parts of the plant, such as the root, stem, leaf, seed, and pulp, that can be used by
the food industry to contribute to the health-disease process in different ways [5-7].

Various nutritional constituents have also been found in grapes (V. vinifera L.). The nu-
tritional content of grapes includes proteins, lipids, carbohydrates, minerals, and vitamins.
Each part of the vines or any other grape-based product contains different nutrients. Grape
seeds (Vitis vinifera L.) have in their nutritional composition lipids (10.45-16.73 g), proteins
(8.7-9.8 g), carbohydrates (18.2-19.8 g), and fiber (40.2-43.7 g) per 100 g [1,8,9].

The composition of V. vinifera seeds comprises 90% unsaturated fatty acids, with
the major ones being linoleic fatty acid (65-75%) and oleic fatty acid (20-40%), and 10%
saturated fatty acids [8,9], flavonoids (59.7 g/100 g), catechins (414 mg/100 g), procyanidins
(2.5 g/100 g), phenolic compounds (73 pg/100 g) and tannins (14 mg CE/100 g); thus, they
have antioxidant activity (1390.6 mMT /100 g) [10-14].

Grape seeds have shown antioxidant, antifungal, anti-inflammatory, and anti-obesity
effects, as well as anticholinergic cicatrizing action [15]. Grape seed oil has the capacity
to preserve important compounds to prevent oxidative stress, such as ascorbic acid, 3-
carotene, phytosterols, and tocopherols due to the presence of procyanidins in the plant’s
stems and leaves; procyanidins in the seeds also indicate the antioxidant activity of the oil,
according to Goufo, Singh and Cortez (2020) [16].

Grape seeds have health benefits, as scientific studies have demonstrated different
biological and medicinal characteristics [15,16]. However, few studies have reported on
their therapeutic potential for metabolic dysfunctions through experimental models of
obesity, oxidative stress, or inflammation. Thus, our review investigated the nutritional
value and bioactive compounds of V. vinifera seeds, in addition to ethnobotanical knowledge
and possible metabolic, antioxidant, and anti-inflammatory applications.

2. Contextual Relationship of Vitis vinifera L.

Growing predominantly in regions with temperate and subtropical climates in the
Northern Hemisphere [17], the European vine V. vinifera is considered the most relevant
species and the most planted worldwide to meet the market demand for fine wines,
sparkling wines and fresh fruit [18]. The vine (from the Latin viere, to fix) is a shrubby
climber whose growth is controlled by pruning for grape quantity and quality [19].

Generally, grapes have a bunch of axes, juice, pulp, peel, and seeds [7]. The seeds
represent about 10-12% of the solid residue left by the vinification process [20], and studies
have shown that processing protocols can affect the content of seeds [21,22]. However,
phenols and other components of grape seeds can still be used as nutraceuticals or can
prevent diseases, which promotes the full utilization of grapes by reusing the non-edible
parts [23].

Nutritional Phytochemical Composition of Vitis vinifera L. Seed Oil

Grape (V. vinifera) seeds contain approximately 17% lipids (10.45-16.73 g /100 g), 10%
proteins (8.7-9.8 g/100 g), 20% carbohydrates (18.2-19.8 g/100 g) and between 40 and 44%
food fiber (40.2-43.7 g /100 g) (Table 1) [8,9].
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Table 1. Nutrients and fiber in Vitis vinifera L. seeds (g/100 g; minimum and maximum values) [8,9,24].

Component Quantity per 100 g

Carbohydrates (g) 18.2-19.8
Proteins (g) 8.7-9.8

Lipids (g) 10.6-16.7
Monounsaturated fatty acids (g) 8.8-22.1

Polyunsaturated fatty acids (g) 67.2-78.2
Saturated fatty acids (g) 7.0-12.8

Fiber (g) 40.2-43.7

Energy (Kcal/100 g) 216.8-237.4

Grape pomace is a solid organic by-product consisting of grape skin, stem fractions,
pulp, and seed, which are discarded in the manufacture of wines or juices and can either
be fermented or not [25]. The pomace powder presents amounts of moisture (8.9 & 0.08),
ash (24.97 & 2.4), carbohydrates (6.13 £ 0.01), total fiber (2.16 & 0.01), fat (7.69 £ 0.02), and
crude protein (50.33 &+ 2.1) [26]. Only the grape seeds are also food residues and have in
their composition in oil a mean 90% of unsaturated fatty acids (Table 2), mainly linoleic
(65-75%) and oleic (20-40%) fatty acids, and 10% saturated fatty acids [8,9,14].

Table 2. Proportions of fatty acids in Vitis vinifera L. seed oil (%) [8,9,14].

Fatty Acids Percentage (%)
C8:0 (Caprilic acid) 0.01
C12:0 (Lauric acid) 0.01
C14:0 (Myristic acid) 0.05
C15:0 (Pentadecilic acid) 0.01
C16:0 (Palmitic acid) 6.7
C17:0 (Heptadecanoic acid) 0.06
C18:0 (Estearic acid) 3.8
C20:0 (Arachidic acid) 0.16
C16:1 (n-7) (Palmitoleic acid) 0.2
C18:1 cis (n-9) (Oleic acid) 14.8
C20:1(n-9) (Gadoleic acid) 0.40
C18:2 cis (n-6) (Linolenic acid) 74.2
C18:3 (n-3) (x-Linolenic acid) 0.11
Saturated fatty acids (SFAs) 10.6
Monounsaturated fatty acids (MUFAs) 14.9
Polyunsaturated fatty acids (PUFAs) 74.3
n-3 PUFAs (w-3) 0.2
n-6 PUFAs (w-6) 74.7

Vitis vinifera seed oil presents a rich variety of macro- and microelements, including
potassium (4347.8-9492.6 mg/1000 g), phosphorus (2277.6-3232.4 mg/1000 g) and calcium
(1249.1-2073.9 mg /1000 g) (Table 3) [24].

Table 3. Macro- and microelements of Vitis vinifera L. seed oil (mg per 1000 g seeds; minimum and
maximum values) [16,27-30].

Component mg/1000 g
Potassium 4347.8-9492.6
Iron 29.9-73.8
Phosphorus 2277.6-3232.4
Calcium 1249.1-2073.9
Magnesium 249.1-2073.9
Zinc 8.2-15.9
Manganese 2.0-11.5

Sulphur 8.6-15.2
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Regarding vitamins, Goufo et al. determined that 50 mg of vitamin E exists per 100 g of
grape seed and noted that homologs « and 3 were the most abundant, representing 86-244
and 38-48 mg /1000 g, respectively, along with y-tocopherols (17-29 mg/1000 g); regarding
to-cotrienols, isomer y (499-1575 mg/1000 g) was the most abundant (Table 4) [16]. Among
the tocopherols in grape seeds, j-tocopherol (47% tocochromanols) and ¥-tocotrienol
(155 ng/g oleoresin) were the most abundant [31]. A study by Harbeoui et al. [32] ana-
lyzed the unsaponifiable fraction of seed oil in three varieties (Merlot, Carign and Syrah),
showing the presence of two triterpenic compounds (3-mirin, lanosterol), six phytosterols
(campesterol, A 7-avenasterol, stigmasterol, 3-sitosterol, 3-sitostanol, cholesterol) and three
tocopherols («, 3 and ). Dordevski et al. [14], exploring the functional properties of
seed oil in Tamjanika, a subspecies of V. vinifera, found high quantities of tocotrienols
(85.04 mg/100 g), predominating over tocopherols (8.37 mg/100 g), and also reported a
carotenoid content of 0.27 mg/100 g, with lutein being the primary pigment.

Table 4. Main phytochemical compounds in Vitis vinifera L. seed oil [10,11,13,14].

Components Quantity per 100 g
Flavonoids (mg) [10] 59.7
Epicatechin (mg) [10] 130.4

Catechins (mg) [11] 414.0
Procyanidins (mg) [11] 2.5
Phenolics (ng) [13] 73.0
Gallic acid (ng) [10] 77.0
Condensed tannins (mg CE) [14] 14.0
Vitamin E
a-Tocopherols (mg) 86244
[-Tocopherols (mg) 38-48
y-Tocopherols (mg) 17-29
a-Tocotrienols (mg) 216-319
-Tocotrienols (mg) 4-18
v-Tocotrienols (mg) 499-1575
Vitamin C 46.0-179.2
Vitamin A
Carotenoids (mg) 27.0-48.0
[3-carotene (ppm) 33.9-59.8

Keskin et al. [33] reported a vitamin C level of 128.30 mg per 1000 g in pomace;
however, in other studies, the content varied from 46.0 to 179.2 mg per 1000 g (Table 4) [34].
[3-carotene content was reported to be between 33.9 and 59.8 ppm in the oil of grape
seeds [35].

Evaluations of the phytochemical composition of grape seeds detected proanthocyani-
dins, i.e., oligomers and polymers of flavan-3-ol monomers, which presented only in the
form of the procyanidins catechin, epicatechin and epicatechin gallate, and were linked
mainly through C4-C6 or C4-C8 (type B) by differences in their constitutive units, the
position of their connection and shape, and the polymerization degree [32]. Simpler and
more common components of grape seeds include dimeric and trimeric procyanidins [36].

Bocsan et al. [13] identified a total polyphenol content in V. vinifera seed oil of 0.75 mg
gallic acid equivalent (GAE) /100 g. By quantifying and qualifying the phenolic compounds
extracted from the oil, they observed more catechins, epicatechins, gallic acid, quercetin,
rutin, caffeic acid, procyanidins, and phenolic acids (Table 4) [37-39].

Mota et al. [16] analyzed the chemical profile of the seed oil of four cultivars of table
grapes (V. vinifera), and among the phenolic compounds identified 7.7 ug/g of gallic acid
at a wavelength of 250 nm, and in the cultivars Cardinal (29.7 ug/g) and Muscat Hamburg

(18.3 ug/g).
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3. Medicinal Properties of Vitis vinifera L. Seed Oil

The medicinal properties attributed to grapes include the protective effects of an-
tioxidant, antifungal, anti-inflammatory, and anti-obesity compounds and anticholinergic
and cicatrizing actions [27]. Grape seed oil can function in the preservation of essential
compounds to prevent oxidative stress. Goufo et al. [16] reported the preservation of
micronutrients such as ascorbic acid, tocopherol, and 3- carotene due to the presence of
procyanidins in the plant’s stems and leaves; thus, the presence of procyanidin in seeds can
also indicate the antioxidant activity of the oil (Figure 1).

Vitis vinifera L.

Phytochemical composition

Phenolic compounds
Flavonoids
Proanthocyanidins
Bioactive compounds

Antidiabetic Therapeutic Antioxidant

Applications S
Anti-inflammatory Antiobesity

Anti-cancer

Figure 1. Phytochemical properties and therapeutic applications of grape (Vitis vinifera L.) seed oil.

Harbeoui et al. [32] used the unsaponifiable fraction to investigate cytotoxicity and cell
viability. They observed a reduction from 10 to 15% of metabolically active cells in the cell
culture in a time and dose-dependent manner and showed significant results in the DPPH
trial after 24 h of incubation, demonstrating that the compounds present (ascorbic acid,
tocopherol and [3-carotene) in this fraction contribute to the potent and antiradical action
of grape seed oil in addition to helping to protect against oxidative harm by modulating
the production of nitric oxide (NO) and showing antioxidant activity.

Concerning the therapeutic properties, reports have indicated the use of seeds as well
as leaves, stems, and fruits; however, the hypolipidemic action of grape seed oil stands
out, with the dose for human consumption of one spoonful a day replacing fats and other
oils [14].

Anti-inflammatory [40] and antidiabetic [41] activities have been reported since phe-
nolic compounds (Figure 1), mainly catechins, play a relevant role in the inhibition and
oxidation of cholesterol and low-density lipoprotein (LDL-c) and plate aggregation, in-
creasing the concentration of antioxidant enzymes such as dismutases; in addition, the
polyphenols of grape seeds can also inhibit inflammation and allergic reactions, through
the action in some enzymes that catalyze histamine liberation [42].

Procyanidins present in grape seeds at concentrations of 2, 4, and 8 mL/kg con-
tribute to the treatment of circulatory disturbances and promote anti-ulcerative activity by
eliminating free radicals in the gut mucosa, inhibiting lesions [43].

Changes in fatty acid metabolism can promote the excessive lipidic peroxidation
of LDL-c and the consequent development of cardiovascular disease. These oxidation
products are also involved in the formation of thromboxane, which leads to increased plate
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aggregation, affecting thrombosis. By contrast, polyphenols reduce cardiovascular risk by
promoting LDL-c lipidic oxidation [44].

Garavaglia et al. [45] reported that the anti-inflammatory, antioxidant, cardioprotec-
tive, and anti-cancer properties of grape seed oil may be due to linoleic acid, tocopherol,
carotenoids, and phytosterols along with polyphenolic compounds such as proanthocyani-
dins, resveratrol, and quercetin. Furthermore, these polyphenolic compounds protect
against the oxidation of ascorbic acid, selenium, and carotenoids and act to inhibit the en-
zymatic systems producing free radicals associated with inflammatory reactions, primarily
cumaric, caffeic, ferulic, chlorogenic, neo-chlorogenic, p-hydroxybenzoic, vanillic and gallic
acids [46].

Nevertheless, despite the solid background in the literature regarding the benefits
of consuming table grapes, it is challenging to attribute these advantages to a particular
compound or group of compounds since each subspecies contains various levels of phenolic
compounds [47].

Seeds of the variety Globo Vermelho, for example, are considered to be a source of
anthocyanins, flavones, flavonols and stilbenes (resveratrol), in addition to having microbi-
cide activity against six bacterial species (Staphylococcus aureus, Micrococcus flavus, Bacillus
cereus, Pseudomonas aeruginosa, Escherichia coli and Enterobacter cloacae) and dermatomycetes,
as well as a potential antifungal role [48].

4. Antioxidant and Anti-Inflammatory Effects of Grape Seed Oil

Free radicals are atoms or molecules that contain one or more mismatched electrons in
their last layer and are constantly produced in organisms. They provide typical reactivity
and can occur, such as in various situations of mitochondrial metabolism, in the uric acid
pathway (the enzyme xanthine oxidase), peroxisome activity, inflammation, phagocyte
activity, the ischemia process, and physical exercise [49,50]. Some external factors, such
as tobacco smoke, pollution, radiation, medicaments, pesticides, and industrial solvents,
influence free radical levels and, when in excess, lead to oxidative stress, harming the
organism [51].

Oxidative stress is defined in the literature as an imbalance that occurs when there is a
higher concentration of oxidants than antioxidants, which causes an interruption in redox
signaling, hindering control and causing molecular damage, i.e., it is an adaptative response
(Figure 2) [52]. Thus, the increased production of free radicals and reactive oxygen species
in the organism is an amplification factor, i.e., an intensifier, for pathological alterations to
appear, in addition to causing oxidative stress, intensifying the inflammatory process [53].
The inflammatory process is a natural defense mechanism to remove harmful stimuli
from the body, such as pathogens, irritants, and damaged cells, and start the cicatrization
process [54]. It can be classified as acute when referring to a beneficial process that helps
to immobilize a lesioned region and allows the rest of the immune system to be activated
to heal lesions, or it can be classified as chronic, which can become a problem and not a
solution for lesions since chronically inflamed tissues normally induce immune cells in the
bloodstream to amplify the inflammatory response, which can destroy healthy tissues in an
erroneous attempt to start the repair process (Figure 2) [55].

Much effort is made in today’s research to verify the consequences in biology and
medicine, besides seeking ways to minimize or avoid the imbalance between oxidants
and antioxidants in an attempt to fight oxidative stress and inflammation [54]. Among
the endogenous antioxidant compounds that best combat oxidative stress there are dis-
mutase peroxide, glutathione, peroxidase, glutathione reductase, and catalase; among
the exogenous antioxidants are vitamin E, carotenoids, polyphenols, and vitamin C [56].
Vitis vinifera contains various bioactive compounds that can enhance antioxidant and anti-
inflammatory actions, such as high levels of phenolic compounds gallic acid, catechin,
epicatechin, procyanidins, and proanthocyanidins (Table 4) [57].
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Figure 2. Decrease oxidative stress and inflammation applications of grape (Vitis vinifera L.) seed oil.

Kapcsandi et al. [58] reported the total polyphenol content in grape seed oil to be
between 0.24 and 1.13 mg GAE/g and the total antioxidant content to be between 0.12
and 0.78 mg of the Trolox equivalent antioxidant capacity (TEAC)/g, demonstrating that
it is a potent protector against oxidative stress. Mollica et al. [39] assessed the biological
activity of the oil and found that it could inhibit the enzymes a-glycosidase, x-amylase,
a-tyrosinase and cholinesterase (ChE), demonstrate anti-inflammatory activity by lipoxyge-
nase (5-LOX) and stimulate the liberation of macrophages in trials of lipopolysaccharides
(LPS). In addition, they reported a significant polyphenol (199.31 mg GAE/g), antioxi-
dant (1036.98 mg TE/g), and enzymatic inhibitor (x-tyrosinase, 151.30 mg KAE/g) content,
providing strong evidence for the potential use of grape seed oil as a functional food sup-
plement in the human diet to mitigate alterations caused by cell stress and inflammation.

Wijekoon et al. [57] noted that grape seed can be an important source of anthocyanins,
flavones, flavonols, and stilbenes (resveratrol), highlighting the relevance of consuming
grape varieties with seeds as a functional food. Argon et al. [59] confirmed that grape seed
oil contains bioactive components such as tocopherols (tocols), phytosterols, phenolic com-
ponents, and other fat-soluble compounds; tocopherols are powerful natural liposoluble
antioxidants, and carotenoids also have antioxidant effects.

Shaban et al. [60] administered 150 mg of grape seed oil per kg of body weight in mice
with carcinoma cells. After 8 days of treatment, they observed the induction of apoptosis
and potential redox, which reduced inflammation and oxidative stress. Concerning inflam-
mation, Niknami et al. [43] tested grape seed oil at doses of 2, 4, and 8 mL/kg (via gavage)
in male Wistar rats with ulcerative colitis. Administering the o0il 2 h before the induction of
colitis and continuing for 4 days, they observed significantly reduced colon weight, ulcer
index, and total colitis index compared with the control group. The results demonstrate
that grape seed oil has a potent anti-inflammatory effect and, thus, may be indicated to
help in the treatment or prevention of ulcerative colitis.
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Bocsan et al. [14] aimed to verify whether grape seed oil could have an anti-inflammatory
effect on ischemia induced by isoproterenol in rats, and they observed that a 14-day
dose of 4 mL/kg/day significantly reduced pro-inflammatory (IL-6 and TNF-«) and anti-
inflammatory (IL-10) cytokines.

Millan-Linares et al. [61] investigated the effects of the unsaponifiable fraction of V.
vinifera seed oil on oxidative and inflammatory responses using the fluorescence-activated
cell sorting (FACS) analysis of reverse transcriptase followed by a real-time quantitative
reverse-transcription polymerase chain reaction (RT-qPCR) and an enzyme-linked im-
munoassay (ELISA). They observed that at doses of 10-100 ug mL~! of grape seed oil,
there was a deviation in the plasticity of monocytes to the monocytes CD14+ and CD16 + +,
non-classic anti-inflammatory monocytes, and the reduced inflammatory competence of
human primary monocytes treated with LPS, lowering the gene expression and secretion
of TNF-«, IL-13, and IL-6. Furthermore, the unsaponifiable fraction of grape seed oil
showed intense activity in eliminating reactive oxygen species (ROS), significantly lower-
ing the nitrite levels, with considerably diminished gene No. 2 expression. The study of
Zhoa et al. [62] also verified trunk cells derived from human adipose stem cells (hASCs)
during the administration of 200 uM grape seed oil. On the tenth day, they observed a
significant reduction in the pro-inflammatory gene expression induced by LPS in human
adipocytes and the secretion of cytokines (IL-6 and IL-8).

5. Effects of Vitis vinifera L. Seeds on Obesity and Metabolic Alterations

It is known that adipose tissue has several physiological functions and participates
in intense metabolic activity, contributing to energy balance and hormone regulation
(insulin and catecholamines) in addition to the nutritional state under prolonged fasting
or increased energy expenditure (Table 5) [63], mediated by biosynthesis, uptake and
the storage of tryglycerides from food, and non-lipidic substrates such as carbohydrates,
favoring anabolic action, also called lipogenic activity [64]. In addition, it contributes to
the liberation of stored triglycerids, benefiting TG hydrolysis in long-chain fatty acids
or glycerol, and can be mobilized to tissues and promote catabolic action, i.e., lipolitic
activity [65].

Alterations in the energy homeostasis dynamics, i.e., more lipogenic activity and
less lipolytic activity, can lead to abnormal fat buildup, causing hypertrophy and/or
hyperplasia of adipocytes, and thus obesity [66]. This triggers alterations to the hormone
regulators of metabolism and satiety (insulin and leptin) and increases the expression of
pro-inflammatory cytokines such as monocyte chemoattractant protein-1 (MCP-1/CCL-
2), tumor necrosis factor-alpha (TNF-«) and interleukin-6 (IL-6) [65,67]. Inflammation is
involved in many chronic multisystemic conditions, including obesity, atherosclerosis, and
diabetes mellitus type 2; many studies have demonstrated the effects of the consumption
of fatty acids, especially polyunsaturated linoleic and y-linolenic acids, and its effects on
the treatment of metabolic and pathological alterations caused by obesity (Table 6) [67].

Grape seed oil contains tocotrienols, with significative quantities of o- and y-tocotrienol
(T3), which significantly reduce the expression of mRNA protein, which is crucial for adi-
pogenesis (e.g., PPARy and aP2); it sharply reduces the pro-inflammatory gene expression
(IL-6 and IL-8) [62]. In addition, the organic fatty acids in grape seed oil, such as malic,
tartaric, and oxalic acids, help to lower LDL-c levels [13]. This function is further enhanced
by the presence of polyphenols such as flavanols, catechin, and epicatechin, which may
be correlated with the inhibition of arterial thrombosis, and compounds such as flavones,
isoflavones, and anthocyanins, which have anti-inflammatory activity and are involved in
the prevention of pathologies associated with weight gain (Figure 3) [68].
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Figure 3. Vitis vinifera L. seeds on metabolic alterations applications of grape (Vitis vinifera L.) seed oil.

Bocsan et al. [13] evaluated the cardioprotective and anti-inflammatory effects of grape
seed oil on ischemia induced by isoproterenol (ISO) in rats (4 mg/kg/day grape seed oil by
gavage for 14 days). They observed reduced ventricular conduction, preventing alterations
in ECG, changes in biological and inflammatory parameters after myocardial heart stroke
induced by ISO, and cardioprotective effects in ischemia induced by ISO, indicating that it
may be a potential option for the treatment of cardiovascular diseases (Figure 3).

Mohanna et al. [69] demonstrated for the first time in an experimental model that
12 weeks of supplementation with V. vinifera seed oil diminished the expression of the
M1 marker and total F4/80 macrophages in white adipose tissue, significantly reduced
pro-inflammatory adipokines in the serum and mRNA levels of inflammatory adipokines
in the white adipose tissue, and increased the gene expression of uncoupling protein 1
(UCP1), which causes increased cell metabolism, thus elevating energy expenditure. These
results indicate new beneficial effects and establish the potential use of grape seed oil to
prevent obesity and its comorbidities.

Other in vivo studies have shown that Wistar rats with streptozotocin-induced di-
abetes treated with V. vinifera seed oil (25 mg/kg body weight) for 40 days presented a
significant decline in serum glucose concentration, and in levels of plasma triglyceride (TG),
low-density lipoprotein (LDL-c) and very-low-density lipoprotein (VLDL-c), demonstrat-
ing that grape seed oil can improve dyslipidemia and hyperglycemia in diabetic rats [70].
Li et al. [71] assessed the potential of grape seed oil to improve insulin resistance and
the energy metabolism disorder in C57BL/6] mice when fed a fat-rich diet and observed
that after supplementing with oil at 25.9% weight/total weight for 15 weeks, the animals
showed increased energy. An effect on insulin resistance was also observed, which could be
associated with the protective effect of hexokinase and «-glycosidase activity and improved
leptin resistance, suggesting that polyphenols may be the most critical factor in regulating
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insulin resistance and demonstrating that grape seed oil has a beneficial influence on the
correlation between insulin resistance, energy metabolism, and hyperlipidemia.

Mice fed a hyperlipidic diet supplemented with 15.5 g grape seed oil per 100 g of food
for 8 weeks showed lower body weight gain and white adipose tissue weight, as well as
reduced plasma levels of glucose and total cholesterol and improved glucose tolerance.
In addition, remarkable antioxidant properties were observed, with low plasma levels
of TBARS (substances reactive to thiobarbituric acid, biomarkers of lipidic peroxidation),
in addition to the reduced production of IL-6 and IL-10. This allows us to conclude that
V. vinifera seed oil can be considered as a functional oil capable of mitigating obesity
complications from oxidative stress and inflammation [72]. Studies on the use of grape
seed oil in the treatment of obesity are scarce; however, despite there being little evidence
regarding weight reduction, grape seed oil has an effect on blood lipid parameters and
reduced blood glycemia in obese mice (Table 5) [73].

Table 5. Compounds related to antioxidant and anti-inflammatory effects attributed to Vitis vinifera
seed oil.

Reference

Effects Related Compounds Main Results

[59]

-TEAC:0.14 and 1.16 mg/g
- DPPH: 31.0 and 45.3%.
- Total phenolic content: 48-360 mg GAE/kg
- Phytosterols:
[3-sitosterol: 83.5-91.9 mg/100 g
Stigmasterol: 30.5-32.6 mg/100 g

- Total antioxidant content Campesterol: 12.7-13.7 mg/100 g

Antioxidant - Flavonoids - Vitamin E: 223 mg
Anti-inflammatory - Vitamin E « (5,7,8-trimetyltocol)

- Vitamin C B (5,8-dimetyltocol)
v (7,8-dimetyltocol)
5 (8-metyltocol)
- Carotenoids: 56.7 ppm
[3-carotene
[-cryptoxanthine
o-carotene

[58]

Antioxidant

Polyphenols Polyphenols: 0.24-1.13, e.g., GAE/g
Total antioxidant content Total antioxidants: 0.12 and 0.78 mg TEAC/g

[39]

Antioxidant Polyphenols
Anti-inflammatory Total antioxidant content

- Inhibit enzymes o-glycosidase, x-amylase,
a-tirosinase and cholenisterase

- Stimulate liberation of macrophages

- Polyphenols: 199.31 mg GAE/g

- Antioxidant content: 1036.98 mg TE/g

[57]

- 70% linoleic acid
- Total cinnamic acid derivates: 89.2 ug/g
- Anthocyanins - Total hydroxybenzoic acid: 31.9 pug/g

Antioxidant - Flavones - Total flavan-3-ols: 33.6 ug/g
Anti-inflammatory - Flavanols - Total flavanols: 85.6 ug/g

- Stilbenes (resveratrol) - Total flavones: 19.7 ug/g
- Total stilbenes (resveratrol): 13.9 pug/g
- Total anthocyanins: 190.9 ug/g

Vitis vinifera seed oil was proven to significantly inhibit the proliferative growth
of human colon cancer cells (HT-29) under different treatment times in vitro, and this
protection is attributed to polyphenolic compounds, which have the capacity to inhibit
kinase proteins, blocking cell proliferative transduction signals (Table 6).
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Table 6. Summary of the effects of Vitis vinifera L seed oil on obesity and metabolic alterations.

Reference Effects Po?al:l]l::it(/m Period Study Design Main Results
- Cardioprotective Group 1: Saline solution 0.4 mL/100 g | ventricular conduction
[14] - Antioxidant Wistar rats 14 days Group 2: Saline solution 0.4 mL/100 g JIL-6,IL-1 § and TNF-
- Anti-inflammatory Group 3: Nigella sativa seed 0il 0.4 mL/100 g J CK-Mb
Group 4: Vitis vinifera seed 0il 0.4 mL/100 g Prevented cardiotoxic effect of ISO
.. 1 apoptosis
[43] -—:rrllttil;;gg;rlmatory In vitro 8 days Evaluated inhibitory effect of 150 mg Vitis vinifera | inflammation
_ Anticarcinogenic seed oil on growth of MCF-7 breast cancer cells | redox potential (E ,)
J CD44 cells
Newborn human monocytes used to analyze } CD14
- Anti-inflammator effects of unsaponifiable fraction of Vitis vinifera 1 surface expression of CD16 in human primary
[61] - Antioxidant y Newborn human monocytes 24 h seed oil (10-100 pug/mL) on oxidative and monocytes treated with LPS
inflammatory responses using FACS, RT-qPCR 1 gene expression and secretion of TNF-«, IL-13
and ELISA and IL-6
[62] - Anti-obesogenic In vitro 12 davs Trunk cells derived from primary human adipose | expression of mRNA
- Anti-inflammatory y tissue treated with 200 uM Vitis vinifera seed oil 1 adipogenic proteins (PPARy and aP2)
Group 1: Diet A04-10 with 3% of energy as 1 expression of marker M1
soybean oil | expression of macrophagss F4/80 in white
- Anti-obesogenic Group 2: High-fat diet with 21% additional adipose tissue
[69] - Anti-inflammator Swiss mice 12 weeks energy in milk cream fat J pro-inflammatory adipokines of soro
y Group 3: Diet + Vitis vinifera seed oil 1 levels of mRNA from inflammatory adipokines
Group 4: Diet + Vitis vinifera seed oil enriched in white adipose tissue
with 200 mg/kg/day resveratrol 1 gene expression of uncoupling protein 1 (UCP1)
- Glveemic control Group 1: Diabetic rats treated with 25 mg/kg Vitis i fflrliné egrl il(lice(;se
[70] Li y Wistar rats 40 days vinifera seed oil Slyrerces .
- Lipid control G T . . . . 1} low-density liproprotein (LDL-c)
roup 2: Diabetic rats treated with saline solution Lo .
1 very-low-density liproprotein (VLDL-c)
T energy rate
- Anti-obesogenic Group 1: Control group } insulin resistance
(71] - Antioxidant C57BL/6] mice 15 weeks Group 2: Diet rich in lard (25.93%) | fasting glucose

- Anti-inflammatory
- Glycemic control

Group 2: Diet rich in corn oil (25.93%)
Group 3: Diet rich in Vitis vinifera seed oil (25.93%)

| serum insulin
| glucagon concentration
1 leptin resistance
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Table 6. Cont.

Reference Effects Poc;t:]li‘t:it(/m Period Study Design Main Results
Group 1: control diet
Group 2: High-fat diet (HFD) with 100% of lipidic | body weight gain
- Anti-obesogenic content as lard | adiposity
17ODEs0g . . Group 3: HFD with 50% of lipidic content as J serum glucose
[72] - Antioxidant Swiss mice 8 weeks d oil 1 chol 1
_ Anti-inflammatory grape seed oil (HG) | total cholestero
Group 4: HFD with 50% of lipidic content as SLs | plasma TBARS
containing capric acid produced from grape seed | production of IL-6 and IL-10
oil (HG-MCT)
Group 1: Sham (normal) oral physiological
serum/without colitis induction
Group 2: Induced colitis (negative control), saline
solution/colitis induction | colon weight
2 h before colitis ~ Groups 3, 4 and 5: Three doses (50, 100 and 1 f:ljcgr i;vge%(
- Anti-inflammatory . induction, after 200 mg/kg) of Vitis vinifera seed extract with s
[73] L. Wistar rats . .2 . | total colitis index
- Antioxidant 4 consecutive colitis induction | oxidati "
days Groups 6, 7 and 8: Three doses (2, 4 and 8 mL/kg) 1 gﬁa;ﬁzzgﬁss
of Vitis vinifera seed oil with colitis induction
Groups 9 and 10: Reference (positive control),
prednisone (4 mg/kg) or masalamine (100 mg/kg)
with colitis induction
- Antioxidant . Human HT-29 colorectal adenocarcinoma cells, 24 | proliferation of human colon cancer cells
[74] In vitr p
- Antiproliferative © h incubation, using 2 g Vitis vinifera seed oil (HT-29)
} abdominal fat
Group 1: Control diet | average glucose level
G : . | triglycerides
roup 2: Experimental model of MetS { GLUT4
- Cardioprotective Group 3: Diet-induced MetS treated with
[75] - Anti-inflammatory Wistar rats 24 weeks Grape-derived stilbene concentrate (GDSC) (from tThPPAR-y. (GDtS)C treatment from the 14th week of
- Antidiabetic the 14th to the 24th week) € experimen

Group 4: induced MS treated with GDSC (from
the 19th to the 24th week)

J} PPAR-y (GDSC treatment from the 24th week of
the experiment)

| TLR4 concentration

J} CRP level
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Table 6. Cont.

Reference Effects Obj ec't/ Period Study Design Main Results
Population
Group 1: Control diet
Group 2: aqueous solution of cobalt chloride
(CoCL,) | free radical oxidation of lipids (TBA-AP)
- Cardioprotective . Group 3: Aqueous solution of cobalt chloride 1 Catalase (CLA)
[76] - Antioxidant Wistar rats 7 days (CoCLy) + 0.25 mL/kg of the extract of grape 1 Peroxidase (PLA)
polyphenols together with 0.5 mL/kg of water 1 Enzyme superoxide dismutase (SOD)
Group 4: Aqueous solution of cobalt chloride
(CoCLy) + 2.5 mL/kg of red wine “health”
Group 1: Control diet
G.roup z Metabohc syndrome +0.5 g/L wine | free radical oxidation of lipids (TBA-AP)
. . diluted with water . .
- Cardioprotective . . 1 Enzyme superoxide dismutase (SOD)
[76] L rats Group 3: Metabolic syndrome + 1.0 g/L wine .
- Antioxidant . . 1 Peroxidase (PLA)
diluted with water + Catalase (CLA)
Group 4: Metabolic syndrome + 2.5 g/L wine
diluted with water
Group 1: Control diet
Group 2: Standard food and drinking water and
were undergo bloodletting within the first week of
the experiment
. . Group 3: Undergo bloodletting within the first 71 free radical oxidation of lipids (TBA-AP)
- Cardioprotective . . . - . .
[76] - Antioxidant Wistar rats 2 weeks week of the experiment and received sparkling 1 Enzyme superoxide dismutase (SOD)

red wine (0.5 mL/100 g of body weight) diluted
with water

Group 4: Did not undergo bloodletting and
received sparkling red wine (0.5 mL/100 g of
body weight) diluted with water

1 Peroxidase (PLA)

1 increased; |: decreased.
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6. Conclusions

The wine industry generates large quantities of residues, with grape seeds standing out
among them since their extracted oil presents antioxidant and anti-inflammatory activities.
Seed oil primarily comprises polyunsaturated fatty acids such as linoleic acid, vitamin
E, and phytosterols, along with hydrophilic phenols, and shows promise as a nutritional
compound and a valuable therapeutical substance, described in the literature as exhibiting
antiobesogenic, antidiabetogenic, and anti-cancer activity.

Nevertheless, studies confirming such therapeutic qualities based on clinical experi-
ments remain scarce. Most results are based on the nutritional and phytochemical composi-
tion of Vitis vinifera seed oil and not exclusively on the findings from original studies. Thus,
more studies are needed to confirm such results and determine the mechanisms of action
involved in the indicated therapeutical properties.
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Abstract: Grape seeds are rich in bioactive substances, including polyphenols, terpenoids, and
phytosterols. Linseed (Linum usitatissimum L.) boasts a high concentration of polyunsaturated fatty
acids (PUFAs), lignans, phytoestrogens, and soluble fibers, all contributing to its therapeutic
potential. In this study, we pioneered the formulation of an oil blend (GL) combining grape seed oil
(G) and golden linseed oil (GL) in equal volumes (1:1 (v/v)) and we evaluated in terms of the
nutritional, physical, and chemical properties and their influence in an in vivo experimental model.
We analyzed the oils by performing physical-chemical analyses, examining the oxidative stability
using Rancimat; conducting thermal analyses via thermogravimetry/derivative thermogravimetry
(TG/DTG) and differential scanning calorimetry (DSC), performing optical UV-vis absorption
analyses; examining the fluorescence emission—excitation matrix, total carotenoids, and color, and
conducting metabolic assessments in an in vivo experimental trial. The fatty acid profile presented
a higher fraction of linoleic acid (C18:2) in G and GL and alpha-linolenic acid (C18:3) in L. The
acidity and peroxide indices were within the recommended ranges. The TG/DTG, DSC, and
Rancimat analyses revealed similar behaviors, and the optical analyses revealed color variations
caused by carotenoid contents in L and GL. In the in vivo trial, G (G2: 2000 mg/kg/day) promoted
lower total consumption, and the blend (GL: 2000 mg/kg/day) group exhibited less weight gain per
gram of consumed food. The group with G supplementation (G2: 2000 mg/kg/day) and GL had the
highest levels of HDL-c. The group with L supplementation (L2: 2000 mg/kg/day) had the lowest
total cholesterol level. The L2, G1 (1000 mg/kg/day), and G2 groups exhibited the lowest MCP-1 and
TNF-a values. Additionally, the lowest adipocyte areas occurred in G and GL. Our results suggest
that this combination is of high quality for consumption and can influence lipid profiles, markers of
inflammation, and antioxidant status.
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1. Introduction

Vineyards of the grape species Vitis vinifera L. have a high economic impact, and they
are traditionally grown in temperate regions, primarily those in Europe, northern Africa,
and West Asia [1].

Grape seeds are rich in bioactive substances, including polyphenols, terpenoids, and
phytosterols, and other compounds [2]. Due to their chemical profile, they have potential
applications in the pharmaceutical and food industries, ranging from oil extraction to the
developing food supplements and cosmetic products [3].

The seeds are byproducts of the vine and juice industry, and they are generally
discarded during the production processes [3]. There is a growing interest in grape
residues and techniques, aiming to achieve the full use of foods because studies have
emphasized the therapeutic properties of the stems, peels, seeds, and leaves [4]. Extracted
grape seed oil (V. vinifera) represents 6-20% of the seed composition [5], and extraction via
cold pressing ensures the highest quality as well as preservation of its antioxidant
properties [4,6].

The grape seed oil composition presents an average of 90% unsaturated fatty acids,
with linoleic acid (65-75%) and oleic acid (20-40%) being among them, and only 10%
saturated fatty acids [5]. Additionally, it demonstrates inflammatory action on reactive
species of oxygen (RSO) and on the reduction in inflammatory markers, such as the
secretion of TNF-a, IL-1f3, and IL-6, as well as other pro-inflammatory molecules, acting
in the health-disease process [5].

Linseed (Linum usitatissimum L.), another well-researched seed, is renowned for the
quality of its oil, which boasts a high concentration of polyunsaturated fatty acids
(PUFAs), accounting for 73% of its composition. Notably, it contains 60% alpha-linolenic
acid (C18:3), besides a significant level of monounsaturated fatty acids (MUFAs) at 18%.
Additionally, linseed is a rich source of lignans, phytostroegens, and soluble fibers, all of
which contributing to its therapeutic potential [7,8]. Linseed oil is also obtained via cold
pressing and contains only 9% saturated fatty acids, like grape seed oil [5,6].

Linseed oil’s composition is instrumental in regulating blood lipid levels, helping to
lower total cholesterol, low-density lipoprotein (LDL-c), and serum triglycerides [8]. It
also plays a role in reducing tissue inflammation caused by oxidative stress and
decreasing the occurrence of primary cardiovascular events due to its high concentration
of a-linolenic acid [9].

There is a consensus that a healthy diet with a moderate consumption of vegetable
oils preferred over animal fats because oils extracted from seeds improve metabolic
profiles, such as glycemia and serum lipoproteins, and reduce inflammatory cytokines.
The diet also has various components such as a fatty acid profile with a high concentration
of MUFAs and PUFAs, relevant to human health [10].

Nutritional interventions are the best option compared with the high cost and
adverse effects of drugs [11,12], with the incorporation of protective foods acting on the
metabolism being crucial. Therefore, an evaluation of the bioavailability of the
nutraceutical substances present in seed oils is necessary, as different degrees of fruit
ripening, in addition to soil fertility, climate, and temperature, among other influences of
natural origin, impact the nutritional quality of the seeds and their extracted oils [13].

Considering these facts, linseed oil and grape seed oil, each possessing distinct fatty
acid profiles and unique nutritional, physical, and chemical properties, present an
intriguing opportunity for blending [14,15]. Combining these oils in equal proportions
(1:1, v/v) creates a composition that does not occur naturally. Therefore, conducting a
comprehensive assessment of grape seed oil, linseed oil, and their blended mixture in
terms of nutritional and physicochemical properties is crucial [14,15]. Additionally,
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extended investigations into their compounds and impacts on in vivo experimental
models are essential. Furthermore, predicting conditions for their application can
contribute to economic growth and advancements in nutrition and technology [16].

2. Materials and Methods
2.1. Raw Material

In this study, cold-pressed vegetable oils from seeds of Vitis vinifera L. and Linum
usitatissimum L. seeds were sourced from reputable suppliers at Industria Pazze
Alimentos™, Panambi (RS), Brazil. These oils were obtained by using the cold pressing
technique, ensuring low acidity and peroxide indices, as verified by the manufacturer.
This process preserved the oils” purity and uniformity, which are critical for the integrity
of this research.

To develop a consistent oil blend, the meticulous blending of equal volumes of grape
seed oil and golden linseed oil was conducted using volumetric flasks to establish a
precise 1:1 (v/v) ratio. Delicate agitation was employed to avoid introducing of air bubbles
that could compromise the blend’s stability. Subsequently, the oil blend was stored in an
airtight and sterile container, shielded from direct solar exposure, and kept at a stable
temperature to preserve its quality and inhibit oxidative deterioration.

Extra virgin olive oil of the Andorinha Portugal™ Ferreira do Alentejo, Portugal
brand was used in this study for the oil-supplemented control group, with its identity and
quality details specified on the label.

2.2. Fatty Acid Profile

Fatty acids were esterified using a method adapted from Maya and Rodriguez-
Amaya (1993). The resulting fatty acid methyl esters (FAMEs) were analyzed via gas
chromatography (GC 2010, Shimadzu, Japan) to identify their peaks. The FAME standard
consisted of a mixture of 37 components that mimic the fatty acid composition found in
many food samples. FAMEs characterize the lipid fraction in foods and determine the total
fat and trans fat contents. This technique involves the separation of fatty acids on a gas
chromatography column [17].

The apparatus featured a flame ionization detector (FID) and a BPX-70 capillary
column with precise dimensions and film thickness. Both the injector and detector were
heated to 250 °C. Initially, the column temperature was held at 80 °C for three minutes,
increased to 140 °C at 10 °C/min, and finally raised to 240 °C at 5 °C/min, where it
remained for five minutes. By comparing the relative retention times to those of a Supelco
C22 FAME pattern (99% pure), we pinpointed the FAME peaks. The fatty acid content was
quantified by integrating the areas of these peaks, and the results are presented as grams
of fatty acids per gram of oil extracted.

Additionally, we utilized the atherogenicity index (Equation (1)) and the
thrombogenicity index (Equation (2))[18].

[(C12:0+(4% C14:0)+C16:0)] )
(XMUFA + Yw6 + Yw3)

Atherogenic index =

(C14:0 + C16:0 + C18:0) 5
[(0.5 X XMUFA)+(0.5 X Y06)+(3 X Yw3)+(03/w6)] )

Thrombogenicity index =

Here, MUFA is the sum of the monounsaturated fatty acids of the studied oils.

2.3. Basic Quality Parameters and Chemical-Physical Analyses
2.3.1. Acidity Index

The oil acidity index was determined by adding a neutralized ether—alcohol (1:1)
solution and phenolphthalein to indicate color change. We utilized potassium hydroxide
(KOH) 0.1 N as a titrant until the color changed to pink. The results are expressed as
mgKOH/g and g of oleic acid/100 g oil [19].
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2.3.2. Peroxide Index

The peroxide value was assessed by adding 5.0 mL of an acetic acid-chloroform
solution (3:2), 0.1 mL of a saturated potassium iodide solution, and 0.1 mL of a 1% soluble
starch solution as an indicator to the oils. The mixture was then allowed to stand, shielded
from light. Titration was conducted using a 0.01 N sodium thiosulfate solution, and the
results are expressed as milliequivalents of oxygen per kilogram (mEqO2/kg) [18,20].

2.3.3. Refraction Index

The refraction index of the oils was obtained with an Abbé refractometer (RL3,
Tecnal, Brazil) calibrated with distilled water, with a refraction index of 13.330, at 27 °C,
temperature-corrected to 40 °C [18,20].

2.3.4. Iodine Index

The iodine index was obtained by adding carbon tetrachloride and Wijs solution to
the oils, and standard sodium thiosulphate was used as a titrant until the color changed
from black to pink. The results are expressed as g 1./100 g [18,20].

2.3.5. Saponification Index

We determined the saponification index by adding a solution of alcohol and
potassium hydroxide (KOH) at 4% (m/v) to the samples and refluxing for 1 h. Next, we
used phenolphthalein to indicate color change and titration with chloridric acid (HCl) 0.5
N. The results are expressed as mgKOH/g [18,20].

2.3.6. Relative Density at 25 °C/25 °C

We determined the relative density by using the pycnometer method, with prior
taring in an oven at 105 °C. Then, we added a mixture of alcohol and water at 20-23 °C
and placed it in a bath at a constant temperature (25 + 0.1 °C). After 30 min, we adjusted
it to the water level and weighed it on an analytic scale. We repeated the same procedures
with the oils. The results are expressed as mg/mL [18,20].

2.4. Oxidative Stability: Rancimat

Oxidative stability was obtained through the induction period (PI) resulting from the
Rancimat test, following the EN 14112 method, utilizing Rancimat equipment (893
Professional Biodiesel Rancimat, Metrohm, Brazil). Analyses were performed with 3.0 g
of oil without dilution at 110 °C, with a constant airflow of 10 L/h through the samples,
followed by a recipient containing 50 mL of deionized water, and the conductivity
produced by the volatile products during the degradation of the vegetable oils was
measured as a function of time [18,21].

2.5. Thermal Analysis
2.5.1. Thermogravimetry and Derivative Thermogravimetry (TG/DTG)

For TGA/DTG curves, we utilized 4.0 mg of each oil in a TGA Q50 system (TA
Instruments, EUA) under a nitrogen atmosphere, with a flow of 60 mL/min in the oven
and a heating rate of 10 °C/min at temperatures varying between ambient and 700 °C, with
platinum crucibles used as supports [21].

2.5.2. Differential Scanning Calorimetry (DSC)

We evaluated the crystallization and fusion processes of the oils by generating DCS
curves with a sample mass of around 3 mg in a DSC (Q20 TA Instruments, EUA) equipped
with a double-stage cooling system (RCS 90). Cooling and heating curves were
programmed in cycles. Initially, the temperature was equilibrated at 60 °C, followed by
an isotherm of 10 min and a cooling ramp until reaching -60 °C, at a pace of 5 °C/min,
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completing Cycle 1. In sequence, the temperature was equilibrated at —60 °C, followed by
an isotherm for 10 min and a heating ramp at 5 °C/min until the final temperature of 60
°C was reached, completing Cycle 2. The total analysis time was close to 70 min.

2.6. Optic Analyses
UV-Vis Absorption and Excitation-Emission Matrix (EEM) Fluorescence Spectroscopy

The samples were diluted in hexane (spectroscopic grade, Sigma-Aldrich > 99%) at
concentrations of 1.0, 5.0, and 90 g/dm?. We obtained the ultraviolet and visible (UV-vis)
absorption spectra in the 200 to 600 nm range with the aid of a spectrometer (UV-vis
Lambda 265, PerkinElmer®), using a quartz cuvette with an optic length of 10 mm and a
capacity of 3.5 mL. We determined the excitation—emission matrix (EEM) fluorescence
spectra of the samples at a concentration of 90 g/dm? using a bench spectrofluorimeter
(FluoroMate FS-2, Scinco®). The spectrofluorimeter consisted of excitation and emission
monochromators, a 150 W Xenon excitation lamp, and an R-928 PMT detector. The
analyses were performed using a 90° angle geometry between excitation and emission,
using a quartz cuvette with four polished faces and a 1 cm optical path length, with the
excitation and emission slits set to 5 nm. All analyses were performed at room
temperature.

2.7. Color

Colors were determined by using a portable spectrometer (Konica Minolta® model
CM-2300d). The results are expressed as L* a*, and b* according to the color space L* a*
b* and applying the scale CIE L*z* b*, where L* represents the light, varying between 0
(without light or black) and 100 (white); a* represents the colors from red (+a*) to green
(-a*); and b* represents the color range from yellow (+b*) to blue (-b*). From the results,
we obtained the Hue angle indices (Equation (3)), and it was then possible to define the
tone in degrees and chroma (C¥) (Equation (4)), which indicate the color saturation of
samples.

Hue = b*ax* 3)

Here, the Hue value is the color tone defined in degrees, b* indicates the chromaticity
on the axis varying from yellow to blue, and a* shows the chromaticity on the axis varying
from red to green (Minolta Corporation™, 1994).

Cx=a*x2+bx*2 4)

Here, the C* value (chroma) indicates the color saturation, b* indicates the
chromaticity on the axis varying from yellow to blue, and a* shows the chromaticity on
the axis varying from red to green (Minolta Corporation™, 1994).

2.8. Determination of Carotenoids

The samples of G, L, and GL were initially vacuum-filtered in an environment
protected from light to remove possible impurities. The method was performed according
to recommendations by Rodriguez-Amaya (1999) [22] and Maldonade et al. (2021), with
some modifications depending on the oil purity. Several tests were conducted to define
the proportions of oil and petroleum ether P.A. (dynamic) in order to obtain absorbances
between 0.2 and 0.8. Thus, aliquots of 3 to 5 g of oil were mixed with 3 to 5 mL of petroleum
ether P.A., and the volume was adjusted with the same solvent in a volumetric flask (10
mlL) for subsequent reading on a spectrophotometer. The subsequent steps followed the
methodology described by Rodriguez-Amaya (1999) [22]. We carried out all steps with
aluminium foil protecting from light, avoiding carotenoid photodegradation. We
performed three dilutions of each sample and conducted absorbance readings on a UV—
visible spectrophotometer (Biochrom Libra S60PC) at a wavelength of 450 nm, using
quartz cuvettes. We used P.A. petroleum ether as the blank. The carotenoid content was
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calculated using Equation (5), with a [3-carotene absorptivity value of 2592. Absorbance
readings were taken for each sample in triplicate, with 3 repetitions in each dilution. The
result is expressed as micrograms of carotenoids per hundred grams of oil (ng/100 g).

AXV x10*

1%
Ej, Xm

Carotenoids("9/4) = (5)

Here, A is the absorbance at the maximum absorption peak, V is the final sample
volume (mL), m is the sample mass (g), and E'*1m is the extinction coefficient (3-carotene
= 2592 in petroleum ether).

2.9. In Vivo Experiment
2.9.1. Animals

We developed this study according to the ethics precepts of Law n. 11.794 of 8
October 2008, of Decree n. 6.899 of 15 July 2009, and the rules edited by the National
Council of Control of Animal Experimentation (Concea) and approved by the Ethics
Commission in the Use of Animals (CEUA) of UFMS (n. 1339/2022).

One hundred and twenty-six Swiss Webster strain mice (Mus musculus), adult males
aged 12 weeks, with an average weight of 36 g, were used. They were supplied by the
Central Vivarium of the Federal University of Mato Grosso do Sul. The acclimatization
period occurred 7 days before the start of the experimental period. During this time, the
animals were kept in an environment with a controlled temperature (71.6 + 33.8 °F), under
a 12 h light/dark cycle, with ad libitum access to food and water, with four to five animals
per cage.

2.9.2. Experimental Design

This study included two standard control groups: one supplemented with distilled
water (C) and the other supplemented with olive oil (O). Additionally, there were five
experimental groups (L1, L2, G1, G2, GL). The experimental design, as depicted in Figure
1, drew inspiration from previous studies by Torres et al. (2020) [23], Marcelino et al.
(2022) [24], and Silva et al. (2023) [25]. These studies utilized the gavage administration of
Caryocar brasiliense Cambess oil, Mauritia flexuosa oil, and Acrocomia aculeata oil in Swiss
mice at corresponding dosages of 1000 mg/kg/day and 2000 mg/kg/day, demonstrating
efficacy in their results. Following the acclimation period, daily dosages were
administered for 11 weeks (see Table 1 and Figure 1).

Table 1. Determination of experimental groups, supplementation, and dosages.

Groups Supplementation Dosages
(mg/kg/animal)

Control (C) Distilled water 1000
Olive oil (O) Olive oil 1000
Linseed oil (L1) Golden linseed oil 1000
Linseed oil (L2) Golden linseed oil 2000
Grape seed oil (G1) Grape seed oil 1000
Grape seed oil (G2) Grape seed oil 2000
Blend oil (GL) * Blend oil 1:1 (v/v) * 2000

* Blend oil: Grape seed oil + Linseed oil 1:1 (v/v).
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Swiss Mice
N: 126
C o L1 L2 G1 G2 GL
N:18 N:18 N:18 N:18 N:18 N:18 N:18
(1000mg/kg) (1000mg/kg) (1000mg/kg) (2000mg/kg) | | (1000mg/kg) (2000mg/kg) (2000mg/kg)

Figure 1. Flowchart of the experimental groups after 7 days of adaptation. C: control group (distilled
water at dose of 1000 mg/kg/animal); O: extra virgin olive oil group (1000 mg/kg/animal); L1: Golden
linseed oil group (1000 mg/kg/animal); L2: Golden linseed oil group (2000 mg/kg/animal); G1: Grape
seed oil group (1000 mg/kg/animal); G2: Grape seed oil group (2000 mg/kg/animal); GL: blend oil
(2000 mg/kg/animal).

2.9.3. Food Ingestion and Weight Gain

All animals received a standard commercial normocaloric diet (Nuvital®) ad libitum,
and food consumption was measured according to the weekly consumption of the
individual animals, making it possible to assess the average weekly consumption of the
mice.

Supplementation was administered daily via gavage throughout the 11-week study
period. Dosage adjustments for each group were performed by changes in body weight,
which were assessed thrice weekly (Table 1 and Figure 1).

We evaluated food consumption and weight gain weekly, using the food efficiency
coefficient (FEC) (Equation (6)) to determine the extent to which 1 g of food ingested
promotes body weight gain [26].

FEC = (FW — IW) + TFA (6)

Here, FW is the final body weight in grams, IW is the initial body weight in grams,
and TFA represents the total amount of ingested food in grams [26].

We calculated the coefficient of weight gain by caloric intake (CWGCI) to measure
animal weight gain in order to obtain the animal capacity to convert consumed food
energy into body weight (Equation (7)).

CWGCI = (FW — IW) = kcal ingested 7)

Here, FW represents the final body weight in grams, IW is the initial body weight in
grams, and kcal ingested is the caloric value of the ingested diet [26].

The normocaloric commercial feed (Nuvital®) composition is shown in Table 2,
describing the ingredients, percentage of macronutrients (carbohydrates, proteins, and
lipids), and number of calories per gram.

Table 2. Composition of the commercial normocaloric feed (g/kg feed).

Ingredients (g/kg) Nuvital®
Starch 725.67
Casein (282% protein) 40.00
DL-methionine 100.00
Soy oil 40.00
Cellulose 100.00
Mineral mix ** 35.00
Vitamin mix ** 10.00
L-cystine 1.80
Choline bitartrate 2.50
Tertbutyl hydroquinone 0.008

Energy (kcal/kg) 4360.00
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Carbohydrates (%) 75.75%

Proteins (%) 16.00%

Lipids (%) 8.25%
Calories/g diet 4.36

** Mix of vitamins and minerals according to the manufacturer.

2.9.4. Euthanasia

Euthanasia was performed on the animals after a fasting period of six hours, with
water available ad libitum. Anesthesia was conducted with a lethal dose of isoflurane,
followed by exsanguination through the posterior vena cava for tests of serum parameters.
We removed five visceral sites of fat (epidydimal, mesenteric, omental, retroperitoneal,
and perirenal) and the liver, all weighed on an electronic scale (Bel Diagnoéstica®) in
milligrams (mg). The epidydimal tissue and liver were stored in 10% formaldehyde for
histological analyses.

The adiposity index (%) was calculated using the formula adapted from Taylor and
Phillips (1996) [27] (Equation (8)):

(Sum of visceral fat sites) X 100

Adiposity Index (%) = Final body weight

8)

2.9.5. Serum Parameters

In this study, blood samples were collected from the posterior vena cava and
transferred to tubes containing a separator gel. After centrifugation at 5000 rpm for 10 min
using a refrigerated centrifuge (model universal 320, Hettich), serum was obtained. The
enzymatic colorimetric methodology, with visible light reading through a green filter, was
employed to determine serum parameters. Glucose (code 277), triglyceride (code 643),
total cholesterol (code 167), high-density lipoprotein (HDL-c) (code 166), low-density
lipoprotein (LDL-c), and very-low-density lipoprotein (VLDL-c) levels were analyzed
following the manufacturer’s instructions (Labtest®, Lagoa Santa, Minas Gerais, Brazil).

We determined total cholesterol (TC) using the cholesterol esterase methodology. For
high-density lipoprotein (HDL-c), we used the selective precipitation method with
magnesium chloride to separate the other lipoproteins (VLDL-c, LDL-c, and IDL-c) and
then used the cholesterol esterase method for determination. For triglycerides (TGs), we
used the methodology according to Trinder —the action of lipase to isolate glycerol and
the action of glycerol kinase, with hydrogen peroxide as the main product, which reacts
by coupling with 4-chlorophenol and 4-amino antipyrine, with the product being anti-
pyrylquinonemine, which has a red color (cherry). Fasting glycemia was measured
utilizing the enzymatic colorimetric method, and for spectrophotometry measurements,
the glucose oxidase method was used [28]. All analyses were performed simultaneously
with quality control.

We calculated low-density lipoprotein (VLDL-c) (Equation (9)), low-density
lipoprotein (LDL-c) (Equation (10)), and cholesterol non-HDL (non-HDL-c) (Equation
(11)) [28] as follows:

VLDL Cholesterol Values = Triglycerides/5 9)
LDL Cholesterol = Total cholesterol — (HDL — ¢ + VLDL — ¢) (10)

Non — HDL cholesterol = Total cholesterol — HDL — ¢ (11)
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2.9.6. Cytokines

The adipokine bead panel, which includes IL-6, MCP-1, TNF-«, PAI-1, insulin, leptin,
and resistin, was quantified using the commercial kit MAD-KMAG-71K (Merck-Sigma
Aldrich, Sao Paulo, Brazil). The plates were analyzed on a Luminex MAGPIX System
(Luminex Corporation, Austin, TX, USA) and the data were generated with xXPONENT
software 4.3. Luminex®. We obtained the concentration values in pg/mL from blood serum
centrifuged in a tube with a separator gel. We vortexed the serum for 30 s and centrifuged
it at 6000 rpm for 10 min. Next, 10 pL of the serum of each animal was placed on a plate
with 96 wells, together with 10 pL of an assay buffer solution and 25 uL of a solution
containing seven adipokines. We also prepared the blank, standard, and control
parameters by following the instructions (Milliplex® MAP kit, Billerica, MA, USA).
Afterwards, the plate was read on a Luminex® using MAGPIX® software, and
concentration values were obtained in pg/mL.

2.9.7. Histology of the Epidydimal Adipose Tissue and Liver

After euthanasia, the liver was removed for histological study and fixed in a 10%
formaldehyde solution until embedded in paraffin. Then, 7 um thick sections were
introduced using a microtome, with subsequent mounting on glass slides.

To examine the treatment effects on the hepatocytes, pathologists analyzed the liver,
utilizing the Kleiner et al. system (2005) [29] which evaluates the degree of steatosis (<5%,
5 to 33%, 34 to 66%, >66%), microvesicular steatosis (absent or present), lobular
inflammation (absent, <1 focus/field, 2—4 foci/field, or >4 foci/field), ballooning (absent,
few cells, or many cells), Mallory’s hyaline (absent or present), glycogenated nucleus
(none/rare or some), and apoptosis (absent or present). The epidydimal adipose tissue
area was analyzed according to the method described by Jernas et al. (2006) [30].

2.10. Statistical Analyses

We performed analyses utilizing the Jandel Sigma Stat software, version 3.5 (Systat
Software, Inc., San Jose, CA, USA), and Sigma Plot, version 12.5 (Systat Software Inc., San
Jose, CA, USA), obtaining mean * standard deviation (DP) values. We compared the
groups by utilizing an ANOVA on ranks followed by Tukey’s post-test and the Kruskal-
Wallis test followed by Dunn’s test (p < 0.05). Histological data are described in absolute
(n) and relative frequencies (%). The chi-square test was utilized to evaluate the
association in the histological analysis, followed by Bonferroni correction, using the
statistical program Biostat 5.0. Significance was considered at p < 0.05.

3. Results and Discussion

Individually, both grape seed oil and linseed oil show potential for enhancing human
health due to their compositions, making possible the improvements in the domains of
cardiovascular health and anti-inflammatory effects. Despite the anticipated scientific
support for the individual use and commercialization of grape seed oil and linseed oil, the
fusion of these oils (blend) results in an oil rich in polyunsaturated fatty acids, with
thepossible presence of antioxidants and bioactive compounds derived from both oils.
This blend combines the complementary profiles of both seeds. Our quality analyses,
including optical techniques, lipid stability, and oxidative stability, evaluated the
nutritional quality and behavior of this blend compared with those of the individual oils.

The fatty acid profile demonstrated the stability and nutritional quality of the studied
oils [31]. In the analysis detailed in Table 3, we identified 14 fatty acids in the grape seed
oil (G), 15 fatty acids in the linseed oil (L), and 14 fatty acids in the blend oil (GL).
Polyunsaturated fatty acids (PUFAs) were the predominant type in these oils, with linoleic
acid (C18:2) being the most abundant in G and GL at 52.40% and 42.53%, respectively, and
alpha-linolenic acid (C18:3) constituting 53.30% of L. As for monounsaturated fatty acids
(MUFAs), oleic acid (C18:1) was found to be the highest in all oils, at 27.94% in G, 25.57%
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in GL, and 18.31% in L. Among the saturated fatty acids, palmitic acid (C16:0) was the
most prevalent, observed at 13% in G, 12.45% in GL, and 9.9% in L.

The content of total saturated fatty acids was low in all oils, with values of 13%, 9.9%,
and 12.45% for G, L, and GL. The total content of unsaturated fatty acids was the highest
in G, L, and GL at 82.61%, 89.63%, and 86.86%, respectively. The atherogenicity and
thrombogenicity indices were similar between the oils. The content of total saturated fatty
acids was low in all oils, with values of 13%, 9.9%, and 12.45% for G, L, and GL. The total
content of unsaturated fatty acids was the highest in G, L, and GL at 82.61%, 89.63%, and
86.86%, respectively. The atherogenicity and thrombogenicity indices were similar
between the oils.

Table 3. Fatty acid profile (%) of grape seed oil, linseed oil, and blend oil.

Fatty Acids Grape Seed QOil (G) (%) Linseed Oil (L) (%) Blend Oil (GL) (%)

Myristic acid (C14:0) 0.07 £ 0.01 0.1+0.01 0.06 +0.02

Palmitic acid (C16:0) 92+0.1 5.8 £0.05 8.47 £ 0.07
Heptadecanoic acid (C17:0) 0.07 £ 0.06 0.1 £0.02 0.07 £ 0.01

Stearic acid (C18:0) 3.66 + 0.02 3.9 +£0.06 3.91+0.07
L SATURATED 13 £0.18 9.9+0.15 12.45+0.17

Palmitoleic acid (C16:1w7) 0.07 +£0.01 0.1+0.01 0.07+0.01
Oleic acid (C18:1w-9) 27.94+0.8 18.31+1.0 25.57 +0.07

Elaidic acid (C18:1¢rans-9) 1.12 £ 0.05 0.1+0.04 1.0 9+ 0.03

Gadoleic acid (C20:1w-9) 0.03 £ 0.01 0.2+0.01 0.2+0.01
Y MONOUNSATURATED 29.16 £ 0.9 18.71 + 1.06 26.93 £ 0.12
Linoleic acid (C18:2w-6) 52.40+1.34 14.32 +1.00 4253 +£0.2
Gamma-Linolenic acid (C18:3w-6) 0.14 +0.01 0.2+0.01 0.16 £0.01
Alpha-linolenic acid (C18:3w-3) 0.37 £0.04 53.30 £ 0.03 16.76 + 0.06

Cis-5,8,11,14,17-Eicosapentaenoic acid (C20:5w-3) 0.04 +£0.01 3+0.01 0.1+0.03
Arachidonic acid (C20:4w-6) 0.5+0.04 0.1+0.02 0.38 +0.01
Y. POLY-UNSATURATED 53.45+1.4 70,92 +1.07 59.93 £ 0.31
Y. TOTAL UNSATURATED FATTY ACIDS 82.61% 89.63% 86.86%
Atherogenicity index 0.11 0.7 0.1
Thrombogenicity index 0.3 0.05 0.14

Values expressed as mean + standard deviation.

Grape seed oil (G) is rich in polyunsaturated fatty acids, mainly linoleic acid (C18:2)
(Table 3). In our study, G was composed of a mix of Vitis vinifera seeds, resulting in a
percentage of linoleic fatty acid (C18:2) between those of the varieties Sangiovese (47.34%)
and Cinsaut (72.91%) [14,31]. The tested grape seed oil (Table 3) had a higher presence of
oleic fatty acid (C18:1) than 10 grape varieties (Chardonnay, Muscadine, Rubi, Sangiovese,
Concord, Ada-karasi, Cinsaut, Cabernet Sauvignon, Gamay, and Narince), with the oleic
acid (C18:1) content ranging between 13.35% (Concord) and 26.30% (Sangiovese) [14,31].
The total unsaturated fatty acid content in the grape seed oil (82.61%) (Table 3) is
comparable to the result of 82.35% reported by Hussein and Abdrabba (2015) [32].

Other vegetable oils are sources of mono- and PUFAs, such as L, which had a total
unsaturated fatty acid content of 89.63% (Table 3), with the polyunsaturated alpha-
linolenic acid constituting 53.3% of this fraction; this level is within the reported variation
of 45% to 55% [33]. Thus, the oleic acid (C18:1) content in L (Table 3) agrees with the range
of 12% to 30% (C18:1) found in other varieties [7,33]. Additionally, L had a total saturated
fatty acid content of 9.9% (Table 3), within the expected value of <11% [7], having the
lowest percentage of total saturated fatty acids among the studied oils.

The blend oil (GL) exhibited a fatty acid profile that was intermediate compared to
those of the grape seed (V. vinifera) and linseed (Linum usitatissimum) oils. GL had an
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unsaturated fatty acid content of 86.86%, with notable amounts of the polyunsaturated
fatty acids linoleic acid (C18:2) and alpha-linolenic acid (C18:3), alongside the presence of
oleic acid (C18:1) and a total saturated fatty acid content of 12.45% (Table 3). G had a higher
concentration of oleic acid (C18:1) (52.40%) than GL and L, but its concentration was lower
than that of peanut oil and almond oil [14]. Around 10% of the total contents of saturated
fatty acids in G, L, and GL are in congruence with those in other reports, with high levels
of palmitic acid (C16:0), followed by stearic acid (C18:0), in all tested oils [34].

Linseed oil and grape seed oil, each with distinct fatty acid profiles, offer a compelling
opportunity for blending. Linseed oil boasts a high content of alpha-linolenic acid (ALA),
an essential omega-3 fatty acid. In contrast, grape seed oil is rich in linoleic acid, an omega-
6 fatty acid. Blending these oils in equal proportions creates a novel composition that
nature does not provide and that has a unique fatty acid profile, potential health
advantages, culinary versatility, and use in supplementation [10,12]

MUFAs and PUFAs acquired from food affect cell and tissue responsivity, regulating
antioxidant signaling pathways and modulating inflammatory processes [35]. These fatty
acids are energy sources; they compose the cell membrane phospholipids and present
signaling specific to hormone interactions [36]. Therefore, the moderate consumption of
vegetable oils rich in MUFAs and PUFAs is recommended to prevent cardiovascular and
metabolic diseases, such as type 2 diabetes, inflammatory conditions, and cancer [35,36].

Two leading families of PUFAs are relevant to health: omega-3 and omega-6. In most
diets, these fatty acids are obtained from plants, such as seeds, nuts, and vegetable oils
[36]. a-linolenic (C18:3) and linoleic fatty acids (C18:2) participate in intracellular
signaling, such as in transcription factors and gene expression [35]. Therefore, a deficiency
of essential fatty acids causes dermatitis, disturbances in mitochondrial activity,
cardiovascular diseases, cognitive deficits, arthritis, and other health conditions [37].

The metabolic conversion of linoleic fatty acid (C18:2) into arachidonic acid (C20:4)
and a-linolenic acid (C18:3) in eicosapentaenoic acids (C20:5) occurs through the same
enzymes; therefore, a high presence of these fatty acids in an organism relates to substrate
availability [38]. Linoleic acid (C18:2) acts as a substrate for the synthesis of y-linolenic
acid (C18:3) and dihomo-y-linolenic acid (C20:3), the same way that it incorporates
phospholipids into the cell membrane [38].

Table 3 describes the atherogenicity index (AI) and the thrombogenicity index (TI)
for the oils studied. There are no recommended values for these indices; however, their
low values across all oils indicate the quality of the fatty acids, with proportions favorable
to vascular health. This demonstrates the absence of correlations with atherosclerotic and
thrombogenic events [33].

The quality and identity indices of the oils are shown in Table 4. The acidity index
was the highest in L (2.8 mg KOH/g), followed by GL (1.3 mg KOH/g) and G (1.2 mg
KOH/g). G presented the highest level of peroxides (6.5 mEqO:/kg), followed by GL (4.6
mEqO2/kg), while L had the lowest peroxide content (2.0 mEqO:/kg). The refraction index
values were 1.470 and 1.477 in G and L, respectively. GL exhibited results between the G
and L oils because of its composition being 1:1 (v/v) (Table 4). The iodide index and relative
density of G (122.71 and 0.910, respectively) were closer to those of GL (128.59 and 0.918)
than those of L (175 and 0.927, respectively). GL was similar to G in terms of the
saponification index and was close to L.

Table 4. Quality and identity scores of grape seed oil, linseed oil, and blend oil 1:1 (v/v).

Indices Grape Seed Oil (G) Linseed Oil (L) Blend Oil (GL)
Acidity (mg KOH/g) 1.2 2.8 1.3
Peroxide (mEqO2/kg) 6.5 2.0 4.6

Refraction (40 °C) 1.470 1.477 1.473
Iodide (g I>/100 g) 122.71 175 128.59

Saponification (mg KOH/g) 192 196 192
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Relative density (mg/mL) 0.910 0.927 0.918

Values expressed as the mean + standard deviation of the mean.

The quality and identity of G, L, and GL (Table 4) fall within the recommended
acidity index for cold-pressed oils (<4.0 mg KOH/g), indicating low levels of free fatty
acids and the absence of deterioration [39]. The peroxide index is related to the presence
or absence of hydroperoxides, which form in the initial steps of lipid auto-oxidation [39].
For this index (Table 4), all samples are within the limit recommended for cold-pressed
virgin oils (<15 mEqO2/kg), indicating the absence of oxidative processes in the analyzed
oils.

These results can be attributed to the antioxidant components in G, L, and GL, such
as the phenolic compounds, carotenoids, and tocopherols, which help prevent oxidative
events, thus improving oil stability [40].

The refraction index is related to the viscosity of the vegetable oil, and high indices
indicate a deteriorated product or a deterioration process [39]. Concerning the refraction
index, the grape seed oil and linseed oil are within the recommended ranges of 1.467—
1.477 and 1.472-1.487, respectively [40]. The blend oil has an index between the grape seed
oil and the linseed oil (Table 4) because of its composition being 1:1 (v/v), showing
coherence with the integrity of its component oils and values within the recommended
range for grape seed oil and linseed oil.

The iodine index reveals the unsaturations of fatty acids in vegetable oils and their
tendency to oxidize; thus, the higher the number of unsaturations, the higher the
predisposition to oxidation [24,39]. G presented an iodine index below the expected range
of 128-150 g I2/100 g [40]. Variations in this index are related to the fatty acid profile of
different varieties of grapes (V. vinifera), which result in the extracted oils having
individual characteristics [9,14]. Therefore, the literature offers figures above the
recommendations, e.g., 165.5 1/100 g and 194 1/100 g [32,37], which, observed together
with other analyses, result in an oil with good stability [41]. L and GL have iodine indices
within the indicated range of 170-211 12/100 g [7], similar to the cold-pressed G [3,24].

The saponification index indicates the presence of low-molecular-weight fatty acids
in oils, inversely proportional to the presence of high-molecular-weight (long-chain) fatty
acids. The obtained saponification indices (Table 4) were within the limits of 188-194 mg
KOH/g for G and 185-197 mg KOH/g for L [40], and GL stayed within the recommended
range. Thus, the levels of low-molecular-weight fatty acids were within the indicated
patterns for all samples.

In contrast, the relative density of G (Table 4) was below the recommended range of
0.920 to 0.926 mg/mL, while that of L fell within the expected range of 0.925 to 0.935
mg/mL. However, GL had a value of 0.918 mg/mL, which is below the recommended
limits for both G and L [40].

Some analyses showed results divergent from those in the literature because the
specific cultivars of the tested oils were unknown, as they originated from various
varieties of V. vinifera and L. usitatissimum. It is known that differences in maturation
degrees, soil fertility, climate, and temperature, among other natural influences, impact
the nutritional quality of fruits and seeds [42,43].

The Rancimat test, shown in Figure 2, indicates oxidative stability through the
induction period (IP). It is a direct indication of the oxidation of vegetable oils during
heating, with inversely proportional results; thus, the lower the content of PUFAs, the
higher the IP value [27,44].
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Figure 2. Oxidative stability of grape seed oil (G), linseed oil (L), and blend oil (GL) determined
using the Rancimat method. The arrows indicate the formation of the graph originated by the
analysis

The grape seed oil (G1 and G2) obtained an IP of 6.66 h, the linseed oil (L1 and L2)
obtained an IP of 4.86 h, and the blend oil (GL1 and GL2) obtained an IP of 5.39 h. The
estimate of oxidative stability demonstrated by IP allowed us to detect of alterations
caused by the increased temperature (range of 100 °C) and heat conductivity of the sample
under controlled conditions and a constant airflow.

Vegetable oils are susceptible to oxidative events because of their high content of
unsaturated fatty acids, and polyunsaturated fatty acids are the most susceptible to loss
during the first heating step due to their high number of double bonds [45]. G contained
less PUFAs and more saturated fatty acids than GL and L (Table 3) [41]. Therefore, the
oxidative stability (Figure 2) of G (G1 and G2) was higher than that of GL (GL1 and GL2)
and L (L1 and L2). G demonstrated stability similar to O [46]. Such coincident behavior is
due to the 12.20% content of total saturated fatty acids in O [20], with percentages similar
to those of G (Table 3 and Figure 2). The oil with the second best thermal stability was GL
(Figure 2) because it had a higher content of total saturated fatty acids and a lower
presence of PUFAs than L (Table 3). GL presented an intermediate IP compared with that
of G and L (Figure 2), with oxidative stability adequate for the behavior of pure oils.

L demonstrated a low oxidative stability (Figure 2) because of its high content of
PUFAs. In particular, a-linolenic acid is more susceptible to degradation and has lower
oxidative stability [44]. Nevertheless, some linseed cultivars present induction period (PI)
values of 2.11-3.3 h [47], lower than what we found. Therefore, we suggest that linseed oil
should not be utilized at high temperatures because of the loss of nutritional content and
that it is best used as supplementation in capsules or added to cold preparations [45,46].

Thermogravimetry/Derivative Thermogravimetry (TG/DTG) and Differential
Scanning Calorimetry (DSC) analyses show the thermal decomposition and transitions
caused by a controlled variation in temperature [48]. The TG/DTG curves show the
thermal decomposition process in G, L, and GL (Figure 3). In G, two steps of consecutive
mass loss were observed at temperatures between 205 °C and 598 °C. For the correlation
of the thermal decomposition profile, we calculated the mass losses in intervals. The first
loss was 75.06%, starting at 210.92 °C until temperatures around 430.39 °C. The second
loss was 24.72%, and occurred until the temperature of 594.64 °C. In L, we observed that
the first decomposition step started at 207.70 °C until temperatures around 444.38 °C, with
a mass loss of 78.01% and a second loss of 21.53% until the temperature of 590.69 °C. The
first mass loss was observed in GL starting at 205.01 °C until 433.62 °C, with a loss of
78.85% and a final step of loss of 20.89% until 598.2 °C. The curves show similar thermal
decomposition profiles; however, GL presented losses closer to those of L, overlapping
the behavior of G.
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Figure 3. TG/DTG curves of grape seed oil (G), linseed oil (L), and blend oil (GL).

Thus, no significant differences occurred in the mass losses. However, by comparing
the decomposition profiles, we found that the first mass loss of G occurred at higher
temperatures than that of the GL and L oils because of the higher content of saturated
fatty acids (Table 3), which increased thermal stability and reduced mass loss [48,49]. GL
presented a mass loss similar to that of L in both steps (Figure 3) because it had a higher
presence of polyunsaturated fatty acids and a lower content of saturated fatty acids than
G (Table 3). L from the province of Hebei, China showed low decomposition, with weight
losses of 29.14% at 389 °C, 59.78% at 389 °C to 470 °C, and 11.08% at 470 °C to 600 °C [50],
necessary to correlate the mass losses with the temperature intervals [51].

The DSC curves show endothermic and exothermic peaks and the corresponding
temperatures and absorbed or liberated energies during crystallization and fusion events
in two steps (Figure 4). Our results show that GL has an intermediate crystallization
temperature when compared with G and L.

0.6 Cooling

=) .
= Grape Oil
S Linseed Oil
z 042 Blend Oil =~
3 = p
o
©
o)
T 0.2

~0.4 1 Heating

-0.6 ' ' ' ' ' " ' Y . r . .

-60 -45 -30 -15 0 15 30

Temperature (°C)

Figure 4. DSC curves of grape seed oil (G), linseed oil (L), and blend oil (GL).
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In the cooling curve of G, we observed the first peak in the temperatures at -16.01 °C,
corresponding to the crystallization temperature of saturated fatty acids, with an energy
consumption of 4.864 J/g. Next, the second peak occurred at —-42.36 °C, corresponding to
the crystallization of unsaturated fatty acids, with an energy consumption of 3.152 J/g. In
the linseed oil curve, the first crystallization peak occurred at -12.53 °C, with an energy
consumption of 4.004 J/g for saturated fatty acids, and the second peak occurred at -41.53
°C, with an energy consumption of 3.549 J/g for unsaturated fatty acids. In the GL curve,
the same events occurred at —13.66 °C, with an energy of 4305 J/g for saturated fatty acids,
and the second peak occurred at a temperature of —41.68 °C, relative to the crystallization
of unsaturated fatty acids, with an energy of 2.972 J/g.

Regarding the heating processes, we observed the corresponding temperatures and
energies of the fusion peaks. In G, the first peak occurred at -40.72 °C, with a liberation of
5.370 J/g for unsaturated fatty acids, and the second peak occurred at a temperature of
-28.37 °C, with a liberation of 38.74 J/g for saturated fatty acids. L showed the first peak at
temperatures of -41.99 °C, with 6.330 J/g for unsaturated fatty acids, and the second peak
occurred at -31.10 °C, with 40.22 J/g for saturated fatty acids. GL presented the first peak
at a temperature of —41.17 °C, with 5.293 J/g for unsaturated fatty acids, and the second
peak occurred at —28.89 °C, with 36.05 J/g for saturated fatty acids. The DSC curves allow
us to conclude that GL had a reduced crystallization temperature and an increased fusion
time compared with G, demonstrating similarities to the intervals of L.

The crystallization events alter the physical properties related to the oxidation
process of vegetable oils, which are relevant quality parameters [52]. The heating curves
serve to determine the functionality of these oils when incorporated into several food
products. A safety interval for the manipulation of vegetable oils around 10 °C, close to
the steps of crystallization and fusion, is recommended to conserve their physical-
chemical properties [53]. The results for G, L, and GL did not indicate oxidative processes,
demonstrating the integrity of their fatty acids (Table 3), as well as the quality and integrity
of their composition (Table 4) [54]. Thus, under faster heating rates, L showed a
crystallization profile with three exothermic peaks, with the highest peak at —63.54 °C and
the two lower peaks at temperatures similar to those in our study of —40.11 °C and -15.37
°C [55]. Concerning the fusion, we found that L had characteristics similar to the peaks of
-38.39 °C and -24.81 °C reported by Zhang et al. (2022) [55]. Other linseed cultivars show
fusion peaks at 31,73 °C and -10.26 °C [56]. By comparing the fusion peaks of G and
peanut oil, we found that the fusion temperature of G was lower, around -24.64 °C, with
an enthalpy of 23.15 J/g [57]. These results are similar to the second fusion peak of G
(Figure 4), correlated with the presence of antioxidants in the cultivated grape [14].

Antioxidant substances affect only the initial decomposition stage, preventing the
formation of hydroperoxides [58]. The DSC curves of GL show accordance with the fatty
acid profile (Table 3) and the analyses of identity and quality (Table 4), with values
intermediate compared to those of G and L, with this pattern also observed in the thermal
analyses.

Concerning the UV—-vis absorption analyses, shown in Figures 5 and 6, the results
demonstrate a trend for the presence of carotenoids in L because of the higher value for
this band, followed by the intermediate value of GL, which also presents results
characteristic of the antioxidant group of carotenoids [59]; thus, they have a higher
carotenoid content than G, as proven in the coloration analyses of each sampled oil (Table
5).

The measured absorption spectra were between 5 g/dm? and 90 g/dm? (Figure 5A, B).
Different concentrations provided evidence of the UV-vis absorption bands of G, L, and
GL. Regarding absorbance in the 250-290 nm band detected at 5 g/dm? (Figure 5A), G
demonstrated the highest value, followed by GL with intermediate absorbance behavior.
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Figure 5. UV-vis absorption curves of grape seed oil (G), linseed oil (L), and blend oil (GL) (at (A) 5
g/dm? and (B) 90 g/dm? diluted in hexane).

The 400-500 nm band was detected for the 90 g/dm? concentration of G, L and GL
(Figure 5B). L presented the highest value in this band, followed by GL with an interme-
diate value; thus, the presence of carotenoids in L and GL was superior to that in G.

Concerning the fluorescence analysis of the vegetable oils (Figure 6), it was possible
to note that fluorescence centered at 330 nm with excitation at 300 nm (first band), demon-
strating the highest intensity for L (a), followed by GL (c). In the emission region of 350 to
470 nm with excitation between 300 and 400 nm (second band), G (b), L, and GL presented
similar emission profiles, with, however, different fluorescence intensities.
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Figure 6. Excitation-emission maps of (a) linseed oil, (b) grape seed oil, and (c) blend oil in the 300-
500 nm emission range and (d) linseed oil, (e) grape seed oil, and (f) blend oil in the 600-750 nm
emission range.

It is possible to observe fluorescence centered at 330 nm with excitation at 300 nm
(first band), which is associated with the emission of tocopherols and polyphenols [60].
The emission region of 350 to 470 nm with excitation between 300 and 400 nm can be
attributed to the emissions of chlorophyll and methyl esters [60,61], with variations in the
higher-intensity band due to differences in the compositions of antioxidants of the fatty
acids of the oils. The second fluorescence region with a lower intensity was detected at
330 nm with excitation at 300 nm, characteristic of chlorophyll emission [62]. The highest
presence of this compound was observed in G, followed by in GL (Table 5). The phenolic
compounds protect vegetable oils against the free radicals involved in lipid peroxidation
and act directly on oxidative reactions, impeding the action of pro-oxidant agents [63].

A second fluorescence region on had a lower intensity than the first region, present-
ing a maximum emission intensity at around 675 nm when excited at 410 nm. The fluo-
rescence of L in this region was more intense than that of G, while GL demonstrated a
fluorescence intensity intermediate compared to that of G and L.

Other analyses must be carried out to complement the identification and quantifica-
tion of phenolic compounds, such as the applications of mass spectrometry systems (MS,
MS/MS), use of mass detectors, liquid chromatography coupled to mass spectrometry
(LC-MS/MS), high-performance liquid chromatography (HPLC), paper chromatography
and thin layer chromatography (TLC), high-speed countercurrent chromatography
(HSCCC), capillary electrophoresis (CE), and supercritical fluid chromatography (SFC).
In addition, high-resolution systems such as time of flight (TOF-MS) and ion trap-MS fo-
cus on unknown compounds [64,65].

Regarding the colorimetric parameters of G, L, and GL (Table 5), G and GL showed
a darker color (L*) than L. Concerning color saturation (C*), G demonstrated the lowest
concentration of pigments, and L was similar to GL, presenting more intense colors. Re-
garding a* (red axe (+)/green (-)), G presented a greenish color; L presented an a* positive
result, indicating coloration with orange tones; and GL stayed a yellowish color. For b*
(yellow axe (+)/blue (-)), all results were positive, indicating yellow tones for all oils, with
G showing less yellow than L and GL.

Table 5. Colorimetric parameters of grape seed oil, linseed oil, and blend oil.

Parameters Grape Seed Oil (G) (%) Linseed Oil (L) (%) Blend Oil (GL) (%)

L* 50.32 38.42 47.15
C* 22.31 38.70 39.27
Hue (°) -70.23 82.40 88.72
a* -7.55 5.12 0.88
b* 20.99 38.36 39.26

* The means were determined from triplicates. Values are expressed as the mean + standard devia-
tion of the mean.

When the Hue angle (°) was observed, an indicator of tone, G exhibited a greyish
yellow—green color, L showed a yellow color with orange tones, and GL demonstrated a
bright yellow color.

The colorimetric parameters of G indicated greyish coloration because of the low con-
tent of yellow and orange pigments (Table 5), but L and GL had a significant presence of
these pigments of bright colors. Yellow to reddish pigments indicate carotenoids, which
were mainly observed in L and GL, with [3-carotene being the most abundant, as shown
in Tables 5 and 6. The presence of (3-carotene in vegetable oils benefits utilization and con-
servation, as it counteracts the reactive species of oxygen and free radicals [66].
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Table 6. Carotenoid content in grape seed oil, linseed oil, and blend oil.

Oil Carotenoids (ug/g) Cv*

Grape seed oil (G) 1.16£0.15¢ 0.13
Linseed oil (L) 13.67+1.74a 0.13
Blend oil (GL) 6.23+0.54 " 0.88

* CV: coefficient of variation. The means were determined from triplicates. Values are expressed as
the mean + standard deviation. The same letters in the same column mean no significant difference
at the 5% level.

The quantification of carotenoids in the oils was directly related to the emission—-ex-
citation (Figure 6), coloration (Table 5), quality, and identity analyses (Table 4), confirming
the results [21]. A comparison of the total carotenoid contents of G, L, and GL (Table 6)
showed that linseed oil had the highest carotenoid levels, followed by GL and G.

The high CV values are caused by the easy degradation of carotenoids under expo-
sure to light and air oxygen, as well as solvent evaporation during the absorbance deter-
mination.

The carotenoids associated with the chlorophyll in plants are punctuated by values
of “a”, a blue-greenish color, and “b”, a greenish-yellow color (Table 6) [67]. Carotenoids
are liposoluble compounds of vegetable oils [63]. Thus, the coloration (Table 5) confirms
the presence of -carotene (Table 6) mainly in L, followed by in GL. 3-carotene is the pri-
mary precursor of vitamin A [67].

Nonetheless, G, even with low concentrations of carotenoids, contains polyphenols
and vitamin E, which enhance wound healing and reduce systemic inflammation [68].
Compared with other vegetable oils, G possesses a higher content of vitamin E isomers,
such as tocotrienol, known for their antioxidant, anti-inflammatory, and antitumor prop-
erties, and this distinguishes the oil in terms of antioxidant activity [69]. Furthermore, the
easy degradation of carotenoids under exposure to light, oxygen, and solvent evaporation
during oil analysis and extraction from seeds can alter their quantification [66,70]. Varia-
tions in carotenoid content are influenced by the genetic characteristics of the plant vari-
ety, environmental conditions, maturation degree, and oil extraction method [71].

Likewise, flavonoids, phenolic acids, and tocopherols are unsaponifiable products
with anti-inflammatory properties and regenerative effects [49], isolated from G and L,
which demonstrate anti-inflammatory properties and regenerative effects [49]. Addition-
ally, we found that GL has intermediate results compared to both crude G and L, with
possible beneficial actions to health for attributions specific to each oil, demonstrating a
synergic effect.

Concerning the animal experimentation, while both linseed oil and grape seed oil
have garnered scientific attention and commercial viability, their prominence in research
emerged primarily in the last century. In contrast, olive oil has a rich historical tradition,
having been consumed and studied for centuries within Mediterranean cultures and glob-
ally [15,31].

The health benefits, historical use, scientific support, culinary versatility, and global
popularity of olive oil contributed to the decision to use this oil in the control group sup-
plemented with oil (o). Olive oil is rich in polyphenols, particularly hydroxytyrosol and
oleuropein, with antioxidant properties. These compounds act by scavenging free radicals
and mitigating oxidative damage to cells, exerting anti-inflammatory effects through the
modulation of inflammatory pathways associated with cardiovascular conditions and
cancer [72].

Concerning the total weight gain of animals, as presented in Table 7, the experimental
groups did not show significant differences in total weight gain between the start of the
experiment (p =0.877) and the experiment end (p =0.290). After eleven weeks of treatment,
the control group © exhibited a significantly higher weight gain than the groups that re-
ceived the grape seed oil (G1 and G2) and linseed oil at a dosage of 2000 mg/kg/day (L2)
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(p < 0.05). The GL group showed a lower total weight gain than the C and O groups (p <
0.001 and p < 0.05, respectively).

Table 7. Behavioral parameters of weight, food consumption, FEC, and CWGCI of animals after 11
weeks of the experiment.

Parameters C

0) L1 L2 G1 G2 GL

Starting weight (g) 35.94 +4.34 35.50 + 3.54 35.33 +3.16 36.50 +4.46 35.12 +2.98 36.65 + 3.35 36.83 +4.14
Final weight (g)  43.31 +6.16 40.83 £5.49 41.39 + 4.65 40.06 £ 5.68 39.06 £ 5.46 40.47 £ 4.06 39.44 +4.49

Total weight gain
(®)

Total consumption

®)'

7.37 £3.48

5.33+3.07 6.06 +3.64 356+3.092 294+3.152 3.82+2452 2.61 £2.93 Ap
327.59 +18.58

459.67 £ 68.96 346.78 +29.27 ac 398.22 + 36.84 355.61 +45.18 2 376.47 + 34.49 2 383.11 £40.70

acde

1.65x102+0.81.49 x102+0.7 1.55 102+ 0.8 1.05x 102+ 0.80.8 x 102+ 0.7 x 1.18 x 102+ 0.7 0.7 x 102+ 0.7 x

FEC « 102

x 1072 x 1072 x 1072 102 x 1072 1072 ac

0.38x102+0.10.34 x102+£0.1 0.35x102+0.20.24 x102+0.1 0.19 x 102+ 0.1 0.27 x102+0.1 0.16 x 102+ 0.1 x

CWGCI 102

x 1072 x 1072 x 1072 x 1022 x 1072 102 a

FEC: feed effectiveness coefficient; CWGCI: weight gain per caloric consumption index; C: control
group (distilled water at dose of 1000 mg/kg/animal); O: extra virgin olive oil group (1000 mg/kg/an-
imal); L1: Golden linseed oil group (1000 mg/kg/animal); L2: Golden linseed oil group (2000
mg/kg/animal); G1: Grape seed oil group (1000 mg/kg/animal); G2: Grape seed oil group (2000
mg/kg/animal); GL: blend oil (2000 mg/kg/animal). Mean + standard deviation from the mean. Dif-
ferent letters in the same line indicate significant differences in relation to C (p <0.05: a; p <0.001: A),
O (p <0.05:b), L1 (p < 0.05: ¢), G1 (p < 0.05: d), and GL (p < 0.05: e). Kruskal-Wallis/Dunn’s tests !;
ANOVA/Tukey’s tests).

Concerning total feed consumption in the 11-week experiment (Table 7), which refers
to the total feed intake of each mouse for the experimental period of 11 weeks, C showed
more consumption than the O, L2, G1, and G2 groups (p <0.05). The L1 group also showed
more consumption than the O and G2 groups (p < 0.05), and G1 and GL showed more
consumption than G2 (p < 0.05).

After the eleven-week experimental period, we evaluated the feed effectiveness coef-
ficient (FEC) and weight gain per caloric consumption (GWGCI) according to the intake
of each group (as detailed in Table 7). Notably, the GL group exhibited significantly lower
weight gain (p < 0.05) than both C and L1 groups, whether measured per gram of con-
sumed feed or in terms of total caloric consumption. Total feed consumption was the low-
est in G2 and O groups (also indicated in Table 7), and total consumption was the lowest
in G2 and O groups. Nevertheless, GL had higher total consumption than G2 but lower
final weight gain when compared to C and L1.

It is known that supplementation with vegetable oils does not influence calorie in-
take. The oil dosages in ml ranged from 0.03 + 0.02 mL/day to 0.05 + 0.03 mL/day, with
weekly adjustment according to weight evolution, so the additional calories from the sup-
plement varied from 0.27 + 0.1 kcal/day to 0.44 + 0.2 kcal/day, according to the dosages of
1.000 mg/ kg/day and 2.000 mg/kg/day.

Our results confirm that vegetable oils supplemented with nutritional and effective
functional properties can act on an organism as nutraceuticals [13]. Linoleic acid (C18:2)
and a-linolenic fatty acid (C18:3) induce the lengthening of carbon chains (more than 22
C atoms) and are described as “essential fatty acids” because they must be in the diet
[73,74]. Thus, the supplementation of GL, composed of a 1:1 (v/v) ratio of G and L, ratifies
the significant presence of both fatty acids (Table 3) and shows the beneficial utilization of
macronutrients in the ingested feed, resulting in the total weight gain, CEA, and CGPCC
being lower than in the other groups.

Compared with L and GL, the higher satiety and lower weight gain caused by the
supplementation of G at a dosage of 2000 mg/kg/day (G2) can be justified by the eminent
exposure of the animals to quantities of monounsaturated fatty acids (Table 3). Addition-
ally, the higher total consumption of group C can be attributed to the satiety and caloric
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percentage of the distilled water supplementation being lower than those of the vegetable
oil supplementation [75].

Concerning serum parameters, shown in Figure 7, fastening glycemia did not show
significant differences (p = 0.153) between the experimental groups. Similarly, triglyceride
levels did not show differences between the groups (p = 0.052); however, L1 had the high-
est values. Regarding total cholesterol, group C showed the lowest value compared with
G2 and GL (p <0.001), and O and L2 also had lower total cholesterol than G2 and GL (p <
0.05) (Figure 7). This demonstrates that, in C, O and L2, fewer changes occurred in the
transport of cholesterol and triglycerides and the reverse transport of cholesterol to the
liver, where they are metabolized [76].
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Figure 7. Serum parameters of total cholesterol and HDL-c at the end of the 11-week experiment. C:
Control group (distilled water at dose of 1000 mg/kg/animal); O: Extra virgin olive oil group (1000
mg/kg/animal); L1: Golden linseed oil group (1000 mg/kg/animal); L2: Golden linseed oil group
(2000 mg/kg/animal); G1: Grape seed oil group (1000 mg/kg/animal); G2: Grape seed oil group (2000
mg/kg/animal); GL: Blend oil (2000 mg/kg/animal). Mean * standard deviation from the mean. Dif-
ferent letters indicate significant differences in relation to G2 (p < 0.05: a; p < 0.001: A) and GL (p <
0.05: b; p < 0.001: B), determined via one-way ANOVA with Tukey’s post-test.

HDL-c levels were higher in GL and G2 than in C (p <0.001) and O (GL: p <0.001; G2:
p <0.05); additionally, group GL exhibited higher HDL-c levels than G1 (p < 0.05) (Figure
7). Demonstrating that, in C and O, fewer changes occurred in the transport of cholesterol
and triglycerides and the reverse transport of cholesterol to the liver, where they are me-
tabolized [76]. Concerning LDL-c, VLDL-c, and non-HDL cholesterol, we did not observe
significant differences between the groups (p =0.531, p = 0.052, and p = 0.082, respectively).

The experimental groups, mainly G2 and GL, despite not receiving a significant
amount of calories from the oil, showed the lowest consumption and weight gain, which
can be attributed to the greater satiety and sensation of food intake from the oil [75]. Fur-
thermore, the supplementation of oils may have impacted cholesterol levels, leading to a
different metabolic response related to their lipid profile compared with the control group
[77]. The increase in HDL-c cholesterol levels, referred to as “good cholesterol”, mainly
observed in G and GL, can be attributed to the composition of fatty acids, the presence of
antioxidant compounds, and the unique physicochemical characteristics of the supple-
mented oils contributing to this favorable outcome [78].

Group C, which did not receive oil supplementation, showed the highest food con-
sumption and a significant total weight gain (Table 3). However, this group showed the
lowest total cholesterol levels, without changes in the blood lipid profile [76,78].
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The L2 and O groups showed significantly lower total cholesterol values than the G2
and GL groups. Although the olive oil supplementation at 1000 mg/kg/day did not influ-
ence on weight control, it did affect total cholesterol levels. The monounsaturated fatty
acids (MUFAs) present in olive oil play a crucial role in increasing nitric oxide production,
impacting endothelial function [79]. Although an increase in HDL-c was not demonstrated
in this study, Millman et al. (2021) [72] found that olive 0il consumption reduces low-
density lipoprotein (LDL-c) cholesterol levels while increasing high-density lipoprotein
(HDL-c) cholesterol levels.

Additionally, the significant reduction in cholesterol in the L2 group could have had
cardio-protective, antitumoral, and anti-inflammatory effects via the metabolic action of
a-linolenic fatty acid (C18:3), with this group showing a trend of reduced levels of triglyc-
erides and LDL-c [80,81]. This predisposition was not noted for the L1 group.

In this study, the G2 and GL groups exhibited higher levels of high-density lipopro-
tein cholesterol (HDL-c), while the HDL-c of GL surpassed that of G1 (as shown in Figure
7). Thus, in addition to promoting better weight maintenance, GL significantly elevated
HDL-c levels. These findings demonstrate that improved treatments at the doses of 2000
mg/kg/day administered to the G2 and GL groups exhibited anti-inflammatory character-
istics, leading to weight control and increased plasma HDL-c levels [79].

The GL dosage suggests that the relative proportions of the fatty acids in the grape
seed oil and linseed oil complement each other, resulting in an antioxidant effect. Com-
bined, these oils may offer enhanced health benefits due to their unique fatty acid profiles
[79,80]. While grape seed oil is rich in linoleic acid, linseed oil provides a significant
amount of alpha-linolenic acid (ALA), both contributing to overall health and oxidative
protection and increase HDL-c. The synergy between these oils underscores their poten-
tial as nutraceuticals [80]. In this study, it was observed that grape seed oil (G) at the high-
est dosage of 2000 mg/kg/day and GL at the same dosage were the most effective supple-
ments for increasing high-density lipoprotein cholesterol (HDL-c) levels and for causing
the lowest weight gain in the studied animals. Interestingly, the high total cholesterol lev-
els in these groups did not suggest any disease-related changes.

The concentrations of cytokines measured in the blood serum of the experimental
groups, shown in the Figure 8, showed lower MCP1 levels in L2, G2, and GL than in C (p
< 0.05). Regarding IL-6, we did not detect significant differences between the groups (p =
0.199). The TNF-a values were lower in L2, GL (p <0.001), L1, and G1 (p < 0.05) than in C
(Figure 8). The L2 and GL groups also presented lower levels than O (Figure 8).
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Figure 8. Concentrations of MCP1 and TNF-a cytokines at the end of 11-week experiment. C: Con-
trol group (distilled water at dose of 1000 mg/kg/animal); O: Extra virgin olive oil group (1000
mg/kg/animal); L1: Golden linseed oil group (1000 mg/kg/animal); L2: Golden linseed oil group
(2000 mg/kg/animal); G1: Grape seed oil group (1000 mg/kg/animal); G2: Grape seed oil group (2000
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mg/kg/animal); GL: Blend oil (2000 mg/kg/animal). Mean + standard deviation from the mean. Dif-
ferent letters in the same bar indicate significant differences in relation to C (p < 0.05: a; p <0.001: A)
and O (p < 0.05: b), determined via one-way ANOVA with Tukey’s post-test. MCP1 determined via
Kruskal-Wallis test followed by Dunn’s test (Kruskal-Wallis/Dunns).

The PAI-1 values did not show differences between the groups (p = 0.697). Addition-
ally, regarding the hormones of insulin, leptin, and resistin, we did not detect a significant
difference between the groups (p = 0.165, p = 0.121, and p = 0.091, respectively), with the
lowest insulin levels in group L1, lowest leptin values in group O, and lowest resistin lev-
els in group C.

The L2, G2, and GL groups exhibited reduced levels of pro-inflammatory cytokines
(MCP-1 and TNF-a), highlighting the anti-inflammatory action of their supplementation.
This effect can be partly attributed to the fatty acid (FA) profiles of the oils, particularly
the presence of linoleic acid (LA) at percentages of 52.4%, 14.32%, and 42.53% for L2, G2,
and GL, respectively.

LA, a common omega-6 fatty acid, undergoes metabolism to other omega-6 polyun-
saturated fatty acids (PUFAs). Among these, arachidonic acid (ARA) significantly contrib-
utes to the composition of membrane phospholipids in cells involved in inflammation.
ARA serves as a precursor to pro-inflammatory mediators, including prostaglandins and
leukotrienes, which are targeted by anti-inflammatory pharmaceuticals for inflammation
control [82].

However, an excessive omega-6 intake can intensify inflammatory processes. Condi-
tions such as hypertension, increased pain in arthritis cases, and even inflammatory bowel
diseases may result from an imbalance. Interestingly, studies in healthy adults have
shown that increased LA consumption does not necessarily increase the concentrations of
many inflammatory markers. Indeed, epidemiological evidence has suggested that LA
might be associated with reduced inflammation [83].

Ferrucci and colleagues observed that total n-6 PUFA plasma concentrations were
inversely associated with serum CRP, IL-6, IL-6r, IL-1ra, and TNF in a cross-sectional anal-
ysis of 1123 Italian adults [80]. Another study found an inverse and/or no association be-
tween plasma or dietary LA and a variety of markers of chronic inflammation, and other
explanations for the proinflammatory LA hypothesis have been offered by several inves-
tigators [83].

In contrast, the dietary supplementation had beneficial effects on the L1, L2, GL, and
G1 groups, as evidenced by the lower tumor necrosis factor-alpha (TNF-a) levels, shown
in Figure 8. This reduction indicates a possible decreased activation of the NF-kB pathway
and an improved endothelial cell integrity due to a reduced pro-inflammatory cytokine
expression [83,84] that correspond to decreased TNF binding to its receptor TNFR1, caus-
ing lesser activation of inflammatory genes [85]. However, in the C and O groups, the
results, potentially linked to the greater weight gain during the 11-week experiment and
differences in adipocyte size, may indicate low-grade chronic inflammation [84,86]

Concerning the histology of the hepatic tissue (Table 8), all groups presented an ab-
sence of steatosis (<5%) and microvesicle steatosis (both p = 1.000). Regarding lobular in-
flammation, we did not find significant differences between the groups (p = 0.528). For the
analysis of ballooning hepatocytes (Table 8 and Figure 9), G2 exhibited a prevalence of
many cells compared with the C, L1, and GL groups (p = 0.008). However, all groups pre-
sented an absence of Mallory’s hyaline (p =0.421), apoptosis (p = 0.143), and glycogenated
nuclei (p = 0.249).
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Table 8. Distribution of changes observed in the liver of experimental animals.

P C 8) L1 L2 G1 G2 GL
arameters n % n % n % n % n % n % n %

Steatosis

<5% 12100 12 100 12 100 12 100 12 100 12 100 12100

Microvesicle steatosis

Absent 12 100 12 100 12 100 12 100 12 100 12 100 12100

Lobular inflammation (p = 0.528)

Absent/<2 foci per field/200X 12 100 12 100 11 917 12 100 12 100 11 917 12 100

2—4 foci per field/200X 0 0 0 0 1 83 0 0 0 0 1 8.3 0 0

Ballooning (p = 0.008)

Absent/few cells 12 100 11 917 12 100 10 833 8 667 7 5832bc 12 100

Many cells 0 0 1 83 0 0 2 167 4 333 5 41.7 0 0

Mallory’s hyaline (p = 0.421)

Absent 9 75 10 83 9 75 10 83 6 50 7 58.3 7 583

Present 3 25 2 167 3 25 2 167 6 50 5 41.7 5 417

Apoptosis (p=0.143)

Absent/few cells 12 100 10 833 12 100 8 667 8 667 9 75 10 83.3

Present 0 0 2 167 O 0 4 333 4 333 3 25 2 167

Glycogenated nuclei (p = 0.249)

None/rare 8§ 667 9 75 9 75 9 75 7 583 11 917 8 667

Some 4 333 3 25 3 25 3 25 5 417 1 8.3 4 333

C: Control group (distilled water at dose of 1000 mg/kg/animal); O: extra virgin olive oil group
(1000 mg/kg/animal); L1: Golden linseed oil group (1000 mg/kg/animal); L2: Golden linseed oil
group (2000 mg/kg/animal); G1: Grape seed oil group (1000 mg/kg/animal); G2: Grape seed oil
group (2000 mg/kg/animal); GL: Blend oil (2000 mg/kg/animal). The data are presented as absolute
and relative frequencies. Different letters in the same line indicate significant differences calculated
using Bonferroni correction with respect to C (p <0.05: a), L1 (p <0.05: b), and GL (p < 0.05: c).

Figure 9. Histology of animal hepatocytes 100x. C: Control group (distilled water at dose of 1000
mg/kg/animal); O: Extra virgin olive oil group (1000 mg/kg/animal); L1: Golden linseed oil group
(1000 mg/kg/animal); L2: Golden linseed oil group (2000 mg/kg/animal); G1: Grape seed oil group
(1000 mg/kg/animal); G2: Grape seed oil group (2000 mg/kg/animal); GL: Blend oil (2000 mg/kg/an-
imal). Mean * standard deviation from the mean. Different letters in the same bars indicate signifi-
cant differences in relation to L1 (p < 0.05: a). Kruskal-Wallis/Dunn’s tests. Scale bar =100 um; orig-

inal magnification x 100.
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Furthermore, steatosis (fatty liver) was not detected in any group (Table 8 and Figure
9). This finding suggests that, in both the control group receiving olive oil (O) and the
experimental groups supplemented with grape seed oil (G1 and G2), linseed oil (L1 and
L2), and blend oil (GL), liver damage was not induced. Neither group C (control) nor the
experimental animals exhibited microvesicular steatosis or lobular inflammation.

In our study, we did not observe notable swollen hepatocytes with cytoplasm fat
droplets, a characteristic feature of hepatocellular ballooning [86]. While significant dif-
ferences were detected in this analysis (as shown in Table 8 and Figure 9), other hepatic
parameters such as the presence of Mallory’s hyaline, apoptosis, and glycogenated nuclei
remained unaltered. Notably, the identification of ballooned hepatocytes in hematoxylin
and eosin-stained slides has limitations, including sampling variability and inconsistent
lesion distributions among observers [85,87].

The dietary supplementations did not significantly impact the hepatic function.
However, certain diet components can positively influence metabolic and hepatic health.
For instance, vitamin E, known for its antioxidant properties, and polyphenols, which re-
duce oxidative stress and liver inflammation, may offer hepatoprotective effects [76,88].

By assessing the adipocyte area of the epidydimal adipose tissue, Figure 10, we found
that the G1 and GL groups presented lower areas than the L1 group (p < 0.05) (Figure 11).
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Figure 10. Adipocyte area (um?) of animals at the end of the 11-week experiment. C: Control group
(distilled water at dose of 1000 mg/kg/animal); O: extra virgin olive oil group (1000 mg/kg/animal);
L1: Golden linseed oil group (1000 mg/kg/animal); L2: Golden linseed oil group (2000 mg/kg/ani-
mal); G1: Grape seed oil group (1000 mg/kg/animal); G2: Grape seed oil group (2000 mg/kg/animal);
GL: Blend oil (2000 mg/kg/animal). Mean + standard deviation from the mean. Different letters in-
dicate significant differences in relation to L1 (p < 0.05: a). Kruskal-Wallis/Dunn’s tests.



Foods 2024, 13, 2283

25 of 31

| |
. 1
et
/ i
{
o X

GL- =

Figure 11. Histopathological analyses of the epididymal adipose tissue of the animals at the end of
the 11-week experiment. G: Control group (distilled water at dose of 1000 mg/kg/animal); O: Extra
virgin olive oil group (1000 mg/kg/animal); L1: Golden linseed oil group (1000 mg/kg/animal); L2:
Golden linseed oil group (2000 mg/kg/animal); G1: Grape seed oil group (1000 mg/kg/animal); G2:
Grape seed oil group (2000 mg/kg/animal); GL: Blend oil (2000 mg/kg/animal). Histopathological
analyses of the adipose tissue via hematoxylin and eosin (H&E); 20x magnification; bar scale: 100
pm.

In our investigation of epididymal adipose tissue (as illustrated in Figures 10 and 11),
we observed that both the G1 and GL groups exhibited smaller adipocyte areas than the
L1 group. Adipose tissue, functioning as an energy reservoir, plays a crucial role in main-
taining metabolic homeostasis by storing excess energy derived from the diet. However,
when there is a positive energy balance, this tissue undergoes reorganization, increasing
both adipocyte number and size. Notably, the L1 group, which gained more weight, dis-
played a larger adipose tissue area. Furthermore, we found that L1 also produced lower
levels of TNF levels (tumor necrosis factor) and MCP-1 (monocyte chemoattractant pro-
tein-1) compared with the other groups. These findings underscore the intricate relation-
ship between adipose tissue expansion, cytokine production, and weight gain, with larger
adipocytes potentially accumulating more fat due to cell hypertrophy.

In our assessment of epididymal adipose tissue (as depicted in Figures 10 and 11),
we observed that the G1 and GL groups exhibited smaller adipocyte areas than L1. Adi-
pose tissue serves as an energy reservoir, maintaining homeostasis by storing excess en-
ergy from the diet. When there is a positive energy balance, this tissue undergoes reor-
ganization, leading to an increase in both adipocyte number and size. Larger adipocytes
can grow fatter due to cell hypertrophy and higher weight gain in the L1 group [89,90].

Di Pietro et al. (2023) [13] emphasized the relevance of grape seed oil as a therapeutic
compound with active properties for health, pointing out several in vitro and in vivo stud-
ies that show the modulation of the expression of antioxidant enzymes, anti-inflammatory
and anti-atherosclerotic effects, and protection against cell oxidative damage. Thus, our
results of the excellent therapeutic fraction of 2.000 mg/kg/day of G2 and its combination
with L in GL agreed with the results of that report [13].

The response to oxidative stress and the improved antioxidant system provided by
the blend oil are observed in the reduced size of adipocytes. Hence, the beneficial effects
of the moderate consumption of vegetable oils, as well as their combination, can help re-
duce obesity given their physical-chemical quality, the presence of bioactive compounds,
and their antioxidant and anti-inflammatory properties [21,30].

Grape seeds offer significant health benefits due to their high antioxidant potential.
These benefits include protection against oxidative damage, anti-diabetic effects, choles-
terol regulation, and anti-platelet properties [13]. Grape seed oil, rich in natural antioxi-
dants, finds application in the food industry, where it extends the shelf life of various food
products. This natural alternative is particularly valuable given the potential carcinogenic



Foods 2024, 13, 2283

26 of 31

and toxic effects associated with synthetic antioxidants, such as tertiary butylhydroqui-
none (TBHQ), butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT).
Notably, grape seeds have been used as food additives in Japan [91].

Additionally, grape seed extracts find application in cosmetic formulations for their
anti-aging properties. These extracts, abundant in proanthocyanidins, exhibit robust free
radical scavenging capabilities. Recent studies have explored topical applications of grape
seed extracts [92,93]

Linseeds also offer specific nutritional advantages. Notably, they are rich in omega-3
fatty acids and contain extraordinarily high levels of alpha-linolenic acid (ALA). Addition-
ally, linseeds provide a significant lignan content and mucilage gums, making them a de-
sirable commodity in the food industry [94].

This study aimed to comprehensively evaluate the combination of grape seed oil and
linseed oil. Analytical techniques provided insights into the oils” physical behavior, which
impacts storage stability and use in supplementation. Gas chromatography-mass spec-
trometry verified the oil blend composition, confirming the specific fatty acids and bioac-
tive compounds, with carotenoids and color observations complementing these analyses.

By intentionally utilizing an in vivo experimental model with eutrophic feeding, we
specifically investigated the physiological effects of the oil mixture. Despite the wide-
spread use of grape seed oil and linseed oil as dietary supplements, robust evidence sup-
porting the physiological benefits of their joint use remains elusive. Our findings indicate
that this combination may indeed impact lipid profiles, indicators of inflammation, and
antioxidant status.

4. Conclusions

The predominant polyunsaturated fatty acid in the grape seed oil and blend oil is
linoleic acid (C18:2), while that in the linseed oil is alfa-linolenic acid (C18:3). In all oils,
oleic acid (C18:1) is the dominant monounsaturated fatty acid, and palmitic (C16:0) was
the leading saturated fatty acid. The physical-chemical indices of the studied oils are
within the recommended ranges, indicating the absence of oxidation. Oxidative stability
and thermal analyses (TGA/DTA and DSC) revealed similar behaviors, and optical anal-
yses showed color variations caused by pigments (carotenoids).

The grape seed oil at a dosage of 2000 mg/kg/day (G2) promotes lower food con-
sumption, and the oil blend (GL) causes a lower weight gain per gram of consumed feed
and total caloric consumption. Both oils induce high lipoprotein HDL-c levels, while lin-
seed oil (2000 mg/kg/day) (L2) reduce total cholesterol levels. Furthermore, L2, G2, and
GL show reduced levels of pro-inflammatory cytokines (MCP-1 and TNF-a), highlighting
the anti-inflammatory effects of their supplementation; G2 and GL exhibit the smallest
adipocyte areas.

Future studies should be conducted on the application of grape seed, linseed, and
blend oils, as their nutraceutical properties have potential uses in the food, pharmaceuti-
cal, and cosmetic industries.
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