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RESUMO 

 

BONIFÁCIO, Dandara Baia, M.Sc. Universidade Federal de Viçosa, março de 2024. Efeito do 
consumo de kombucha de chá verde (Camellia sinensis) sobre marcadores de estresse 
oxidativo e de risco cardiometabólico em indivíduos com excesso de peso. Orientadora: 
Josefina Bressan. Coorientador: Frederico Augusto Ribeiro de Barros. 
 

 A kombucha é uma bebida fermentada por uma cultura simbiótica de bactérias e 

leveduras chamada Symbiotic Culture of Bacteria and Yeast (SCOBY), que tem como substrato 

o chá de Camellia sinensis (chá verde, preto, branco ou vermelho) e açúcares. Estudos in vitro 

e experimentais com animais indicam que a kombucha promove efeitos benéficos sobre 

marcadores do estresse oxidativo, perfil lipídico e glicídico. Tais resultados podem sugerir 

potencial benefício do consumo de kombucha para a saúde humana. Por estes motivos, o 

presente estudo objetivou investigar o efeito do consumo diário de kombucha de chá verde 

sobre o estresse oxidativo e marcadores de risco cardiometabólico em indivíduos com excesso 

de peso. Tratou-se de um ensaio clínico, randomizado controlado, com 59 indivíduos que foram 

distribuídos aleatoriamente em dois grupos experimentais paralelos: 1) restrição calórica (-500 

kcal/dia) sem consumo de kombucha (n= 29); 2) restrição calórica (-500 kcal/dia) + kombucha 

de chá verde (200mL/dia) (n= 30). O período de intervenção teve duração de dez semanas, ao 

longo das quais todos participantes seguiram um plano alimentar prescrito. Ao início e final da 

intervenção, todos compareceram ao laboratório para coleta de sangue, e aferição da pressão 

arterial e índice tornozelo-braquial (ITB). A partir das amostras biológicas foram analisados os 

marcadores da função endotelial (ICAM, VCAM, CD36), de estresse oxidativo (SOD, FRAP, 

GPx, GR, LDL-ox, ON, MDA e H2O2), de perfil lipídico (CT, LDL-c, HDL-c, VLDL-c, TG, 

Apo A e Apo B) e perfil glicídico (glicose, insulina e hemoglobina glicada). Além disso, o ácido 

úrico sérico foi dosado e os índices de Castelli I e II, TyG, HOMA-IR, HOMA-β e Apo A/Apo 

B foram calculados. As análises estatísticas foram realizadas no software SPSS (versão 25.0, 

EUA), considerando-se um nível de significância de α= 0.05. Ao início do estudo, a média de 

idade foi de 33,61 ± 6,95 anos e de IMC 32,74 ± 3,70 kg/m2. Após o período de intervenção, o 

grupo kombucha reduziu H2O2 em relação ao grupo controle (p=0.006). Ainda, os homens do 

grupo kombucha reduziram a hemoglobina glicada, diferente daqueles do grupo controle, que 

aumentaram o marcador (p=0.010). Os demais marcadores avaliados não diferiram entre os 

grupos controle e kombucha. Ambos os grupos reduziram significativamente o ON, índice de 

Castelli I e HOMA-β comparado a linha de base. Por outro lado, o consumo de kombucha 

aumentou ITB e reduziu CT, LDL-c, VLDL-c, TG, índice de Castelli II e ácido úrico, enquanto 



 

 

 

o grupo controle aumentou hemoglobina glicada e ICAM em relação a linha de base. Em 

conclusão, o consumo diário de 200 mL de kombucha de chá verde, por dez semanas, reduziu 

o radical pró-oxidante peróxido de hidrogênio em indivíduos com excesso de peso, e entre os 

homens, reduziu a hemoglobina glicada. Por fim, a bebida, quando associada à dieta com 

restrição calórica, apresentou benefícios à saúde cardiometabólica, como melhora do perfil 

lipídico, ácido úrico e ITB. 

 

Palavras-chave: Obesidade; Bebida Fermentada; Peróxido de Hidrogênio; Hemoglobina 

Glicada 

 

  



 

 

 

ABSTRACT 

 

BONIFÁCIO, Dandara Baia, M.Sc. Universidade Federal de Viçosa, March, 2024. Effect of 
consumption of green tea kombucha (Camellia sinensis) on markers of oxidative stress 
and cardiometabolic risk in individuals with excess weight. Advisor: Josefina Bressan. Co-
advisor: Frederico Augusto Ribeiro de Barros. 
 

Kombucha is a beverage fermented by a symbiotic culture of bacteria and yeast called Symbiotic 

Culture of Bacteria and Yeast (SCOBY), whose substrate is Camellia sinensis tea (green, black, 

white or red tea) and sugars. In vitro and experimental animal studies indicate that daily 

kombucha consumption promotes beneficial effects on markers of oxidative stress, lipid, and 

glucose profiles. Such results may suggest potential benefits of kombucha consumption for 

human health. For these reasons, the present study aimed to investigate the effect of daily 

consumption of green tea kombucha on oxidative stress and cardiometabolic risk markers in 

individuals with excess weight. This is a randomized controlled clinical trial, with 59 

individuals who were randomly distributed into two parallel experimental groups: 1) caloric 

restriction (-500 kcal/day) without kombucha consumption (n= 29); 2) calorie restriction (-500 

kcal/day) + green tea kombucha (200mL/day) (n= 30). The intervention period lasted ten weeks, 

during which all participants followed a prescribed eating plan. At the beginning and end of the 

intervention, participants attended the laboratory for blood collection, blood pressure, and 

ankle-brachial index (ABI) measurements. Through biological samples, markers of endothelial 

function (ICAM, VCAM, and CD36), oxidative stress (SOD, FRAP, GPx, GR, oxLDL, NO, 

MDA, and H2O2), lipid profile (TC, LDL -c, HDL-c, VLDL-c, TG, Apo A, and Apo B) and 

glucose profile (glucose, insulin, and glycated hemoglobin). Furthermore, serum uric acid was 

measured and Castelli I and II, TyG, HOMA-IR, HOMA-β, and Apo A/ Apo B indices were 

calculated. Statistical analyses were performed using SPSS software (version 25.0, USA), 

considering a significance level of α= 0.05. At the beginning of the study, the average age was 

33.61 ± 6.95 years, and BMI 32.74 ± 3.70 kg/m2. After the intervention period, the kombucha 

group reduced H2O2 compared to the control group (p=0.006). Furthermore, men in the 

kombucha group reduced glycated hemoglobin, unlike those in the control group, who 

increased the marker (p=0.010). The other markers evaluated did not differ between the control 

and kombucha groups. Both groups significantly reduced NO, Castelli index I, and HOMA-β 

compared to baseline. On the other hand, kombucha consumption increased ABI and reduced 

TC, LDL-c, VLDL-c, TG, Castelli II index, and uric acid, while the control group increased 

glycated hemoglobin and ICAM in relation to baseline. In conclusion, daily consumption of 



 

 

 

200 mL of green tea kombucha, for ten weeks, reduced the pro-oxidant radical hydrogen 

peroxide in individuals with excess weight, and among men, it promoted the reduction of 

glycated hemoglobin. Finally, the beverage, when associated with an energy-restricted diet, 

presented benefits to cardiometabolic health, such as improving the lipid profile, uric acid, and 

ABI. 

 

Keywords: Obesity; Fermented Beverage; Hydrogen Peroxide; Glycated Hemoglobin
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1 INTRODUÇÃO GERAL 

 
A obesidade é uma doença crônica e multifatorial, com estímulo à adiposidade, que 

resulta no desenvolvimento de morbidades associadas ao excesso de peso, como resistência à 

insulina e dislipidemias (Tchang et al., 2021). Essas comorbidades contribuem para o desen-

volvimento das doenças cardiovasculares, que são as principais causas de morte do mundo 

(Koenen et al., 2021). O excesso de peso também pode ocasionar alterações estruturais e he-

modinâmicas da função cardíaca e endotelial, com aumento do volume total de sangue, volume 

sistólico, débito cardíaco, pressão e volume de enchimento. Além disso, a dilatação e hipertro-

fia ventricular associada ao excesso de peso pode ocasionar disfunção sistólica e diastólica 

(Elagizi et al., 2020). Neste sentido, além da perda de peso, o manejo do peso de indivíduos 

com excesso de peso e obesidade pode proporcionar importantes benefícios cardiometabólicos 

(Tchang et al., 2021). 

Ademais, a obesidade está associada, principalmente, à doença cardiovascular ateros-

clerótica (Zhang et al., 2021). O início do processo de aterosclerose se dá pela instabilidade 

endotelial provocada por fatores de risco cardiovasculares e metabólicos, como o estresse oxi-

dativo e acúmulo de lipídios. Essa instabilidade endotelial promove aumento da expressão de 

moléculas de adesão, que iniciam uma cascata de reações para formação da placa ateroscleró-

tica (Liang et al., 2020). Neste processo, o estresse oxidativo é induzido pelo desbalanço entre 

pró-oxidantes e antioxidantes, por meio do excesso de espécies reativas de oxigênio (EROS), 

que causam lesão vascular e expressão insuficiente de antioxidantes que atuariam controlando 

as consequências indesejáveis das EROS (Kattoor et al., 2017). Ainda, a formação da placa de 

ateroma também envolve o acúmulo de lipídeos na parede arterial. Neste sentido, o principal 

marcador das dislipidemias associadas ao excesso de peso é o aumento da lipoproteína de muita 

baixa densidade (VLDL-c) associado à redução do colesterol de alta densidade (HDL-c) 

(Zhang et al., 2019). Demais anormalidades metabólicas também estão envolvidas na progres-

são da aterosclerose, como hiperglicemia, resistência à insulina e hipertensão arterial (Kata-

kami, 2018). 

Pesquisadores têm se dedicado a avaliar o efeito de alimentos específicos, como os fun-

cionais, sobre a diminuição do risco de desenvolvimento de doenças crônicas, como as cardi-

ovasculares, principalmente, por meio da ação antioxidante, melhora do perfil lipídico, pressão 

arterial e função endotelial (Sikand et al., 2015; Asgary et al., 2018). Neste sentido, destaca-se 

a kombucha, uma bebida obtida pela fermentação de Camellia sinensis e açúcares por meio de 



14 

 

uma cultura simbiótica de bactérias e leveduras chamada Symbiotic Culture of Bacteria and 

Yeast (SCOBY) (Cardoso et al., 2020). Evidências in vitro e em estudos experimentais com 

animais mostram o efeito do consumo de kombucha sobre o controle glicêmico (Bhattacharya 

et al., 2013; Zubaidah et al., 2019), melhora do estresse oxidativo (Sai Ram et al., 2000; Chu 

e Chen, 2006; Villarreal-Soto et al., 2018; Gaggia et al., 2019; Cardoso et al., 2021), e melhora 

do perfil lipídico (Lee et al., 2018).  

O processo de fermentação do chá promove o aumento do potencial bioativo da bebida. 

Entre os tipos de chá tradicionalmente utilizados para a fermentação da kombucha destaca-se 

o chá verde pelo alto potencial antioxidante (Jakubczyk et al., 2020) e antibacteriano (Cardoso 

et al., 2020). Além disso, a kombucha é rica em ácidos orgânicos como ácido acético, cítrico, 

glucônico, carbônico, tartárico e lático. E contém vitaminas do complexo B (B1, B2, B6 e B12) 

e C; minerais como ferro, cobre, manganês e zinco; e compostos fenólicos como epigalocate-

quinas, epicatequinas, epigalocatequina galato, epicatequinas galato, e ácido gálico (Cardoso 

et al., 2020; Junior et al., 2022). Todos estes micronutrientes e compostos bioativos são res-

ponsáveis pelas promissoras perspectivas sobre o efeito do consumo de kombucha de chá verde 

sobre a saúde humana. 

Porém, até o momento, apenas três ensaios clínicos avaliaram o efeito do consumo de 

kombucha sobre à saúde humana. Um deles mostrou que um produto à base de kombucha 

enriquecida com inulina foi capaz de reduzir a intensidade das queixas significativas de cons-

tipação (Pilipenko et al., 2022). Outro ensaio clínico observou o efeito hipoglicemiante agudo 

da kombucha em pessoas saudáveis (Atkinson et al., 2023). Por fim, um estudo piloto constatou 

que após 4 semanas do consumo de 240 mL de kombucha, indivíduos com diabetes mellitus 

tipo 2 reduziram as concentrações plasmáticas de glicose (Mendelson et al., 2023). Nenhum 

estudo avaliou marcadores do estresse oxidativo, saúde endotelial, perfil lipídico e ácido úrico 

em humanos. 

 

2 JUSTIFICATIVA 

 

Indivíduos com sobrepeso e obesidade apresentam um risco cardiometabólico elevado 

por conta da associação do excesso de adiposidade com o desenvolvimento de comorbidades, 

como dislipidemias, hipertensão arterial, diabetes mellitus tipo 2 e aterosclerose. Ainda, 
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fisiologicamente, o excesso de peso pode causar alterações funcionais e hemodinâmicas na 

função cardíaca e endotelial. Desse modo, intervenções com alimentos específicos associados 

à uma dieta hipocalórica, que é a principal evidência para perda de peso, vêm sendo realizadas 

para manejo do sobrepeso e obesidade e redução do risco cardiometabólico.  

A literatura, a partir de estudos in vitro e experimentais com animais, indica que o con-

sumo de kombucha promove benefícios para saúde metabólica e cardiovascular, com melhora 

de marcadores do estresse oxidativo, pressão arterial, perfil lipídico e glicídico. Tais efeitos 

demonstram o potencial benefício do consumo de kombucha para a saúde humana. Contudo, 

nenhum estudo dedicou-se a avaliação do efeito do consumo regular de kombucha de chá verde 

sobre marcadores de estresse oxidativo e de risco cardiometabólico em indivíduos com excesso 

de peso, aparentemente saudáveis.  É importante destacar que a Food and Drug Administration 

e o Ministério da Agricultura e Pecuária (Brasil) definiram que o consumo de kombucha, 

quando preparada de forma adequada, é seguro para a saúde humana. 

A kombucha é uma bebida que contém bactérias e leveduras que produzem importantes 

ácidos, como acético, cítrico, glucônico, carbônico, tartárico e lático; além disso, contém mi-

nerais como ferro, cobre, zinco e manganês; vitaminas do complexo B e C; e compostos fenó-

licos como catequinas e seus derivados. Por conta desta rica composição nutricional e da ne-

cessidade de realização de um estudo com humanos, a realização do presente trabalho é funda-

mental para investigação do efeito da kombucha de chá verde sobre os marcadores de risco 

cardiometabólico. 

 

3 REVISÃO DE LITERATURA 

3.1 Excesso de peso, obesidade e doenças cardiovasculares 

 

A obesidade é uma doença crônica caracterizada pelo acúmulo de gordura anormal ou 

excessivo que pode causar prejuízos à saúde (Dononi et al., 2022). Essa condição tem sido 

evidenciada como um problema de saúde pública global, com importantes impactos sociais e 

financeiros (Ruban et al., 2019). Segundo a Organização Mundial da Saúde, no ano de 2016, 

39% da população adulta mundial estava acima do peso e 13% tinham obesidade (WHO, 2021). 

Na região europeia, o sobrepeso e obesidade alcançam proporções endêmicas e evidenciam um 

dos principais determinantes de incapacidade e morte, atingindo 60% dos adultos (The Lancet 
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Public Heal, 2023). No Brasil, de acordo com a Pesquisa Nacional de Saúde de 2020, a obesi-

dade atinge 25,9% da população adulta (Donini, 2023).  E conforme destaca a Associação Bra-

sileira para o Estudo da Obesidade e Síndrome Metabólica (ABESO), a incidência aumenta de 

acordo com o aumento da idade e a maior prevalência de obesidade está entre as mulheres – 

uma em cada três brasileiras (Health, 2020). 

 Entre as cinco principais causas de morte do mundo, destaca-se a obesidade, sendo as-

sociada a diversas doenças crônicas como diabetes, cânceres, síndrome metabólica e doenças 

cardiovasculares (Safaei et al., 2021). O excesso de calorias provenientes da dieta pode provo-

car um acúmulo de gordura corporal que comumente é armazenado no tecido adiposo visceral 

(Xu et al., 2021). Por sua vez, o excesso de adiposidade visceral e a obesidade abdominal são 

definidos como importantes marcadores de risco cardiovascular (Powell-Wiley et al., 2021), 

devido ao fato de que o desenvolvimento do tecido adiposo visceral está associado a etiologia 

das doenças cardiovasculares (Keeley et al., 2019). Além disso, em indivíduos com sobrepeso 

e obesidade, o comprometimento fisiopatológico do miocárdio pode ser reforçado pelo con-

sumo alimentar inadequado, presença de estresse oxidativo e comprometimento endotelial 

(Ren et al., 2021).  

 O excesso de peso pode causar efeitos diretos sobre a morbimortalidade nas doenças 

cardiovasculares, entre os quais se destacam alterações estruturais e funcionais relacionadas a 

adaptações para acomodação do excesso de peso corporal e efeitos das adipocinas na homeos-

tase vascular (Koliaki et al., 2019). Ainda, o acúmulo de gordura corporal pode mediar fatores 

de risco coexistentes e bem definidos às doenças cardiovasculares, como resistência à insulina, 

hiperglicemia, hipertensão e dislipidemia (Bovolini et al., 2021).  

A patogênese das principais doenças cardiovasculares, como infarto agudo do miocár-

dio e acidente vascular encefálico, é explicada pela presença da doença aterosclerótica, com a 

formação de placas de ateroma nas artérias que podem obstruir a passagem do fluxo sanguíneo 

(Libby et al., 2021). Nos últimos 30 anos, a literatura tem se dedicado a descrever os mecanis-

mos moleculares que envolvem o desenvolvimento da aterosclerose. Esta é uma doença multi-

fatorial, em que no processo de desencadeamento se destacam os fatores genéticos e ambientais 

(Fan e Terou et al., 2022). Acerca do processo aterosclerótico, inicialmente, ocorre agressão 

do endotélio, seguida pelo acúmulo de lipídios, aumento do estresse oxidativo, inflamação, 

formação de elementos fibrosos e calcificação. Todos estes eventos relacionados à progressão 
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da aterosclerose envolvem mudanças nos marcadores de risco cardiometabólico (Jebari-Bens-

laiman et al., 2022). 

 

3.2 Marcadores de risco cardiometabólico  

 

A disfunção endotelial é um processo chave na fisiopatologia do desenvolvimento da 

doença aterosclerótica. O endotélio está localizado na camada íntima das artérias e é formado 

por uma camada única de células endoteliais, responsáveis pela promoção do tônus vascular, 

troca de fluido e angiogênese (Medina-Leyte et al., 2021). Uma das principais atividades rea-

lizadas no endotélio é a vasodilatação, inibição da agregação plaquetária, inflamação e estresse 

oxidativo (Poredos et al., 2021). Neste sentido, quando há instabilidade endotelial, pode ocor-

rer a infiltração de leucócitos e recrutamento de neutrófilos mediada pelas molécula-1 de ade-

são celular vascular (VCAM) e pela molécula-1 de adesão intracelular (ICAM) (Yu et al., 

2022). Outro marcador do processo de formação da placa de ateroma e consequente lesão do 

endotélio é o receptor necrófago B2 (CD36), que atua na captação de ácidos graxos de cadeia 

longa, o principal substrato metabólico do miocárdio (Shu et al., 2022).  

A formação das placas ateroscleróticas envolve o estresse oxidativo, que é caracterizado 

pelo aumento de pró-oxidantes e redução de antioxidantes (Khosravi et al, 2019). Com a pre-

sença aumentada de oxidantes, como o óxido nítrico (ON) e peróxido de hidrogênio (H2O2), 

há danificação de moléculas das membranas celulares, como proteínas, ácidos nucleicos e lipí-

deos (Forman e Zhang, 2021) e desencadeamento da cascata de alterações na camada íntima 

endotelial (Li et al., 2022). Para detecção do aumento de pró-oxidantes um marcador útil e 

confiável é o malonaldeído (MDA), que é o resultado da peroxidação lipídica (Sri Iswari et al., 

2021). Outro marcador importante para avaliar o estresse oxidativo relacionado à aterosclerose 

é a lipoproteínas de baixa densidade oxidada (LDLox), que é um marcador relacionado às cas-

catas de sinalização das vias inflamatórias (Marchio et al., 2019). E para defesa contra os danos 

oxidativos que as ERO promovem, enzimas como a superóxido dismutase (SOD) desempe-

nham o papel de primeira linha de defesa antioxidante (Zhao et al., 2021). Outras enzimas 

como a glutationa redutase (GR) e glutationa peroxidase (GPx) também pertencem ao grupo 

de enzimas antioxidantes que desempenham um importante papel contra o estresse oxidativo 

(Galasso et al., 2021). Ainda, com a capacidade antioxidante total (CAT) é possível mensurar 
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a presença de antioxidantes, e essa pode ser avaliada por meio do poder antioxidante redutor 

de ferro (FRAP) (Sasikala et al., 2021).  

Associada ao desequilíbrio endotelial e estresse oxidativo, a pressão arterial é forte-

mente influenciada pelos fatores fisiológicos relacionados ao enrijecimento das artérias 

(Charry et al., 2022). A pressão arterial é aumentada pela redução do diâmetro dos vasos san-

guíneos, que é comumente causada pelas placas ateroscleróticas, ruptura da camada íntima 

endotelial ou compressão por outros tecidos (Mcclary e Massey, 2023). Tanto os níveis médios 

de pressão arterial, quanto a variação de pressão arterial em um curto espaço de tempo, promo-

vem danos cardiovasculares como o aumento da espessura da íntima-média da artéria carótida 

e aumento da velocidade de pulsação da artéria carótida-femoral (Tatasciore et al., 2020). Além 

disso, o processo de aterosclerose progressiva pode afetar os membros inferiores e causar a 

doença arterial periférica. Para avaliação vascular não invasiva, o índice tornozelo-braquial 

(ITB) é utilizado como uma medida precisa do fluxo sanguíneo dos membros inferiores (Casey 

et al., 2019). 

Entre os marcadores tradicionais de risco cardiovascular está o perfil lipídico. Evidên-

cias apontam o papel causal central da aterosclerose no acúmulo de remanescentes de lipopro-

teínas ricos em colesterol, com destaque para a LDL-c (Borén et al., 2022). Inicialmente os 

lipídeos da dieta são absorvidos como quilomícrons no intestino, e pelo metabolismo transfor-

mam-se no fígado em lipoproteínas de densidade muito baixa (VLDL-c), e no tecido muscular 

e adiposo são metabolizados em lipoproteínas de densidade intermediária (IDL-c). As IDL-c 

podem ser captadas novamente pelo fígado e posteriormente transformadas em LDL-c, partí-

culas que, em excesso, acumulam-se nas artérias. Neste sentido, originada também no fígado, 

a HDL-c pode fazer o transporte reverso do colesterol, evitando o acúmulo nas artérias (Fein-

gold, 2022). Assim, índices que relacionam a proporção das diferentes lipoproteínas aterogê-

nicas com a HDL-c, como o Índice de Castelli I e II, são marcadores que evidenciam o risco 

cardiovascular (Drwila et al., 2022). Além disso, as Apolipoproteína B (Apo B) são responsá-

veis pelo depósito de colesterol nas artérias (Sniderman et al., 2019), enquanto as Apolipopro-

teína A (Apo A) exercem um papel anti-aterogênico, realizando o efluxo do colesterol das 

artérias, aceitando as partículas que efluem dos macrófagos na parede arterial e se caracteri-

zando com funções cardioprotetoras bem definidas (Cochran et al., 2021). 

Além disso, o descontrole glicêmico está associado às alterações subclínicas presentes 

no desenvolvimento da doença aterosclerótica. Desse modo, marcadores como glicemia em 
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jejum, hemoglobina glicada e insulina são fundamentais para compreensão das disfunções me-

tabólicas relacionadas a eventos cardiovasculares (Honigberg et al., 2021). Além dos marca-

dores glicêmicos tradicionais, evidências apontam que o índice triglicerídeos-glicose (TyG) é 

um biomarcador confiável para avaliação da resistência à insulina e prognóstico para o desen-

volvimento das doenças cardiovasculares (Tao et al., 2022). Ademais, a resistência à insulina 

também é diagnosticada pela medição do Modelo de Avaliação da Homeostase da Resistência 

à Insulina (HOMA-IR), e a sensibilidade à insulina pelo Modelo de Avaliação da Homeostase 

da Atividade do Pâncreas (HOMA- β), que são caracterizados por serem modelos simples e 

amplamente utilizados (Cheng et al., 2020; Tahapary et al., 2022).  

Tradicionalmente, o ácido úrico (AU) é um marcador do desenvolvimento da artrite 

gotosa (Keller e Mandell et al., 2021). No entanto, a hiperuricemia também exerce um papel 

fundamental no mecanismo fisiopatológico do aumento do estresse oxidativo, inflamação e 

disfunção endotelial (Nakanishi et al., 2022). Assim, níveis elevados deste marcador comu-

mente são observados em pacientes com síndrome metabólica e, por este motivo, este é ampla-

mente aceito como fator de risco para as doenças cardiovasculares (Copur et al., 2022).  

É necessário destacar que a alimentação pode atuar como fator de risco ou proteção 

para o desenvolvimento das alterações metabólicas e cardiovasculares. E, dado a relevância 

das repercussões em saúde, diversos alimentos vêm sendo estudados para avaliar a redução do 

risco cardiometabólico (Baumgartner et al., 2020; Companys et al., 2021; Escalante-Araiza et 

al., 2021). 

 

3.3 Kombucha: histórico e caracterização 

 

 A kombucha é uma bebida originada na China, tradicionalmente preparada por meio da 

fermentação de folhas de Camellia sinensis (chá preto, verde, branco ou vermelho), com adição 

de açúcar. Esta bebida é caracterizada pela inoculação de um biofilme de bactérias e leveduras 

chamado SCOBY (Júnior et al., 2022). O SCOBY consiste em uma película de celulose poli-

mérica, formado principalmente pela atividade de cepas do gênero Acetobacter (Acetobacter 

xylinum, Acetobacter aceti e Acetobacter pasteurianus). E a simbiose entre os microrganismos, 

bem como o ambiente ácido impedem o crescimento de potenciais contaminantes (Villarreal-

Soto et al., 2018). Ademais, a bebida também contém bactérias do gênero Gluconobacter 
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(Gluconobacter oxydans), bactérias láticas (Lactobacillus spp., Lactococcus spp.) e leveduras 

(Zygosaccharomyces kombuchaensis, Zygosaccharomyces bailii, Saccharomyces cerevisiae, 

Torulopsis sp., Pichia spp., Brettanomyces sp.,) (Greenwalt et al., 2000; Watawana et al., 2015; 

Vina et al., 2014). 

A literatura aponta que a kombucha é uma bebida que começou a ser consumida há 220 

a.C na região nordeste da China e se popularizou no país durante a dinastia “Tsin”, por conta 

das crenças nas atribuições desintoxicantes e energéticas da bebida. Em 414 d.C um médico 

coreano chamado Kombu introduziu a bebida no Japão para tratamento da doença intestinal do 

imperador do país, e devido a este fato, foi nomeada “kombucha” em homenagem ao médico 

(Chakravorty et al., 2019a; Chakravorty et al., 2019b). Por meio das rotas marítimas comerci-

ais, a kombucha chegou até a Rússia e a comercialização expandiu-se para Alemanha e Itália, 

principalmente após a Segunda Guerra Mundial. Em 1950 ganhou popularidade também na 

França e norte da África (Jayabalan et al., 2016). E atualmente, a kombucha é consumida mun-

dialmente por conta das propriedades funcionais alegadas (Junior et al., 2022). 

O processo de fermentação da kombucha consiste na formação de compostos ácidos, 

microrganismos e uma pequena quantidade de álcool (Abaci et al., 2022). A literatura aponta 

que o tipo de chá utilizado, a quantidade de açúcar, o tempo e a temperatura de fermentação 

influenciam na concentração de ácidos orgânicos, vitaminas, compostos fenólicos e teor alcoó-

lico final da kombucha (Miranda et al., 2022). Devido ao fato de as bactérias serem predomi-

nantemente acéticas, o principal produto final da fermentação é o ácido acético, por meio da 

fermentação do etanol produzido pelas leveduras (Junior et al., 2022). No entanto, diferentes 

tipos de ácidos são encontrados na kombucha, como o cítrico, málico, glucônico, glucurônico, 

carbônico, tartárico e lático (Vitas et al., 2018; Chakravorty et al., 2019a; Chakravorty et al., 

2019b: Zubaidah et al., 2019). Entre os açúcares encontrados na kombucha, os principais são: 

glicose, frutose e sacarose. A kombucha também contém aminoácidos, ferro, zinco, manganês 

e vitaminas do complexo B e C (Jayabalan et al., 2014; Jayabalan et al., 2016; Villarreal-Soto 

et al., 2018; Abuduaibifu e Tamer, 2019; Rahmani et al., 2019). Além disso, a kombucha é rica 

em compostos fenólicos, como favonóides e ácido fenólicos, com grande destaque para as ca-

tequinas e seus derivados, como a epicatequina e epigalocatequina (Leal et al., 2018; Cardoso 

et al., 2020) 

Em 2001, foi demonstrado o potencial antimicrobiano da kombucha pela inibição do 

crescimento de bactérias patogênicas como Shigella sonnei, Escherichia coli, Salmonella en-

teritidis e Salmonella typhimurium (Sreeramulu et al., 2000). Em um estudo com radicais livres 
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in vitro, foram observadas altas atividades antioxidantes da kombucha (Chu e Chen, 2006). Em 

ratos diabéticos, o consumo de kombucha de chá preto (150 mg de extrato liofilizado/kg de 

peso corporal por 14 dias) promoveu efeito hipoglicemiante e antidiabético (Bhattacharya et 

al., 2013). Em um trabalho experimental com ratos, o consumo de kombucha de chá verde (5 

mL por kg de peso corporal em 16 semanas) atenuou a dislipidemia induzida pela dieta, com 

redução de colesterol total, triglicerídeos (TG), LDL-c, VLDL-c (Bellassoued et al., 2015). De 

modo similar, em ratos alimentados com uma dieta rica em gordura e frutose, a kombucha de 

chá verde melhorou o metabolismo da glicose, a capacidade antioxidante total do plasma, a 

atividade da SOD e reduziu as concentrações de ON e TG (Cardoso et al., 2021). Ademais, em 

modelo aterogênico experimental, a kombucha de chá verde aumentou a defesa antioxidante e 

reduziu a peroxidação lipídica (Costa et al., 2021).  

Um estudo que comparou kombuchas produzidas a partir de diferentes tipos de chás 

(chás branco, verde, preto e vermelho), observou que o chá verde apresentou potencial antio-

xidante mais significativo em relação aos demais (Jakubczyk et al., 2020). O chá verde, que é 

fermentado pelo SCOBY, é naturalmente rico em epicatequina, epigalocatequina, epicatequina 

galato e epigalocatequina galato, e estes compostos são capazes de neutralizar as espécies rea-

tivas de oxigênio e nitrogênio (Musial et al., 2020). Neste sentido, evidências têm destacado 

que em estudos in vitro e com animais, os compostos fenólicos do chá verde, em especial a 

epigalocatequina-3-galato (EGCG) possuem efeitos positivos contra diversas patologias, como 

diabetes e doenças cardiovasculares (Khan e Mukhtar et al., 2018).  

De acordo com testes microbiológicos e bioquímicos prévios, sabe-se que a ingestão de 

kombucha é segura para seres humanos (Food and Drug Administration, 1995). Ademais, um 

estudo experimental com ratos que avaliou o consumo de kombucha (2mL/kg) por 90 dias não 

observou nenhum tipo de toxicidade da bebida (Vijayaraghavan et al., 2000). De forma similar, 

um outro estudo com ratos demonstrou que doses altas das bebidas não provocam efeitos ad-

versos, quando preparadas em condições higiênico-sanitárias apropriadas (Pauline et al., 2001). 

No Brasil, o Ministério da Agricultura e Pecuária definiu os padrões de identidade e qualidade 

da kombucha pela Instrução Normativa 41. Por meio dessa, foram definidos pH, pressão, teor 

alcoólico e de acidez que devem ser respeitados e que são seguros para à saúde (MAPA, 2019). 

Apesar dos estudos in vitro e experimentais demonstrarem o efeito da kombucha sobre 

o estresse oxidativo e marcadores de risco cardiometabólico, estudos que avaliam o efeito da 

kombucha na saúde humana são escassos. 
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4 OBJETIVOS 

4.1 Objetivo geral 
 

Avaliar o efeito do consumo diário de kombucha de chá verde, associado a uma dieta com 

restrição calórica (-500 kcal), sobre os marcadores de estresse oxidativo e de risco cardiome-

tabólico em indivíduos com excesso de peso. 

4.2 Objetivos específicos 

 

✓ Caracterizar os participantes quanto às variáveis antropométricas, de composição cor-

poral e risco cardiometabólico;  

 

Artigo 1: 

 

✓ Avaliar o efeito do consumo de kombucha de chá verde sobre: 

o Marcadores endoteliais (ICAM, VCAM, CD-36, ITB, pressão arterial sistólica 

e diastólica); 

o Estresse oxidativo (SOD, FRAP, GPx, GR, LDL-ox, MDA, ON e H2O2); 

✓ Verificar a associação entre os marcadores do estresse oxidativo e saúde endotelial. 

 

Artigo 2: 

✓ Avaliar o efeito do consumo de kombucha de chá verde sobre: 

o Perfil lipídico (CT, LDL-c, HDL-c, VLDL-c, TG, Apo A e Apo B); 

o Perfil glicídico (glicose, insulina e hemoglobina glicada); 

o Ácido úrico; 

✓ Calcular e comparar os índices de Castelli I e II, TyG, HOMA-IR, HOMA-β e Índice 

ApoA/ApoB entre os grupos controle e kombucha. 

 

5 HIPÓTESE 
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Baseado na necessidade de comprovar as evidências apresentadas in vitro e em animais 

acerca dos efeitos fisiológicos e metabólicos do consumo de kombucha de chá verde, o presente 

trabalho tem como hipóteses que um grupo de indivíduos com excesso de peso que consumiu 

kombucha de chá verde (200mL/dia), associado a uma dieta restrita em calorias (-500 kcal) 

durante 10 semanas, terá resultados benéficos adicionais relacionados aos marcadores de es-

tresse oxidativo e risco cardiometabólico, quando comparado ao grupo de indivíduos que ape-

nas seguiu uma dieta com restrição calórica. 

 
 
6 METODOLOGIA 

 

O presente estudo foi conduzido no Laboratório de Metabolismo Energético e de Com-

posição Corporal (LAMECC) do Departamento de Nutrição e Saúde em conjunto com o De-

partamento de Tecnologia de Alimentos (DTA), ambos da Universidade Federal de Viçosa 

(UFV). 

 

6.1 Aspectos Éticos 

 

O presente estudo foi aprovado pela Comissão Nacional de Ética em Pesquisa (CONEP) 

(CAAE: 25880819.3.0000.5153; número: 3.948.033) e pelo Registro Brasileiro de Ensaios Clí-

nicos (REBEC) (número: RBR-9832wsx). Além disso, os procedimentos descritos estão de 

acordo com a Resolução CNS/466 de 2012 e Declaração de Helsinki. Todos participantes que 

concordaram com os termos da pesquisa assinaram o Termo de Consentimento Livre e Escla-

recido (APÊNDICE 2), em duas cópias, e foram informados quanto aos benefícios e riscos 

inerentes à pesquisa. A identificação dos participantes está mantida em sigilo pelos pesquisa-

dores e os dados serão arquivados por cinco anos após o término da pesquisa. 

Ao final do estudo, todos exames foram entregues aos participantes, e todos aqueles 

que demonstraram interesse receberam 200 mL de kombucha de chá verde, 30g de SCOBY e 

uma cartilha com a explicação de como produzir kombucha.  

6.2 Delineamento do estudo 
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Trata-se de um estudo clínico, randomizado controlado, envolvendo dois grupos experi-

mentais paralelos – grupo controle (GC) e grupo kombucha (GK):  

✓ Restrição calórica (-500 kcal/dia) sem consumo de kombucha (GC);  

✓ Restrição calórica (-500 kcal/dia) + kombucha de chá verde (200mL/dia) (GK). 

 

6.3 Critérios de inclusão 

 

Os participantes elegíveis para o estudo atenderam aos seguintes critérios:  

✓ Homens e mulheres com idade entre 18 e 45 anos;  

✓ Índice de massa corporal (IMC) igual ou acima de 27 kg/m²; 

✓ Percentual de gordura corporal >25% para homens e >30% para mulheres; 

✓ Perímetro da cintura ≥ 94cm para homens e ≥ 80cm para mulheres. 

 

6.4 Critérios de não inclusão 

 

Não foram incluídos participantes:  

✓ Gestantes, lactantes ou na menopausa; 

✓ Atletas; 

✓ Fumantes; 

✓ Com instabilidade ponderal (2% do peso usual) nos últimos 3 meses; 

✓ Com pressão arterial elevada (>140 e/ou 90 mmHg); 

✓ Com diagnóstico de diabetes mellitus; 

✓ Com histórico de doença ou alterações digestivas, hepática, renal, cardiovascular, tire-

oide, câncer, doenças inflamatórias, e desordens alimentares; 

✓ Com episódio infeccioso nos últimos 3 meses; 

✓ Que fizeram o uso de medicamentos anti-inflamatórios, corticoides, antibióticos e ou-

tros que possam afetar o apetite e metabolismo energético nos últimos 3 meses; 
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✓ Com histórico de abuso de drogas e/ou álcool; 

✓ Com consumo de álcool > 21 unidades por semana para homens e > 14 unidades por 

semana para mulheres; 

✓ Com aversão a kombucha; 

✓ Com hábito de consumir kombucha ou outros alimentos fermentados, chás verde, 

branco ou preto. 

 

6.5 Cálculo amostral 

 

O cálculo amostral do presente estudo foi realizado por meio do software G*Power 

versão 3.1.9.6, considerando um tamanho de efeito de 0,8 entre os valores de duas médias 

independentes de antioxidantes séricos totais, de um estudo clínico randomizado que avaliou o 

efeito da suplementação do chá verde, durante três meses, sobre o perfil antioxidante de indi-

víduos com obesidade (Suliburska et al., 2012). Para o cálculo foi utilizado um poder de 95% 

e significância estatística de 5%. O número amostral mínimo foi de 30 indivíduos por grupo, e 

quando considerado 30% de perdas, 40 indivíduos por grupo. 

 

6.6 Recrutamento e triagem  

 

Os participantes do estudo foram recrutados na comunidade local (Viçosa, Minas Ge-

rais, Brasil) por meio da divulgação do estudo nas redes sociais e jornais locais, deixando à 

disposição um telefone para contato e um questionário de pré-triagem online no Google for-

mulários. Os participantes que entraram em contato com a equipe do projeto por telefone, assim 

como os demais, foram direcionados para o preenchimento do questionário de pré-triagem on-

line. Este questionário continha perguntas estabelecidas por meio dos critérios de inclusão e 

não inclusão para uma pré-triagem dos participantes. Aqueles que atenderam aos critérios de 

inclusão, foram chamados para uma triagem presencial, em que houve um maior detalhamento 

acerca das informações clínicas, dietéticas, sociodemográficas, antropométricas, de composi-

ção corporal e pressão arterial (APÊNDICE 1).  
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Durante a triagem presencial, os participantes elegíveis também foram informados so-

bre todos os procedimentos do estudo, e os que estavam de acordo assinaram o Termo de Con-

sentimento Livre Esclarecido (TCLE) em duas cópias (APÊNDICE 2). Ainda, na ocasião da 

primeira visita, os participantes selecionados foram orientados quanto aos requisitos necessá-

rios para a coleta de sangue. 

 

6.7 Run-in 

 

Foi realizado um período de run-in, ou pré-tratamento, de uma semana para identificar 

e excluir participantes com probabilidade de não aderir ao protocolo da pesquisa. Nesta fase, 

os participantes tinham que manter sua dieta habitual e fazer restrição de consumo de qualquer 

tipo de chás, alimentos e bebidas fermentadas. Ao final do período de run-in, os participantes 

foram pesados e aqueles que apresentaram variação no peso corporal superior a 2% em relação 

ao peso da triagem, ou que reportaram o consumo de algum dos alimentos e/ou bebidas res-

tringidos, foram excluídos do estudo. 

 

6.8 Randomização 

 

Após o período de run-in, os participantes foram alocados na proporção de 1:1 em um 

dos dois grupos de intervenção – GC ou GK. Para a randomização dos participantes foi reali-

zado o método de minimização, considerando fatores prognósticos definidos pelos pesquisa-

dores: sexo, idade e IMC, conforme descrito por Abramson (2011). Para o processo de rando-

mização foi utilizado o software MinimPy, versão 0.2 (Copyright, Mahmoud Saghaei, 2010-

2011). 

 

6.9 Desenho do estudo 

 

Ao início do estudo, aqueles participantes que atenderam aos critérios de inclusão tive-

ram aferidas as medidas antropométricas, de composição corporal e preencheram o Three Fac-

tor Eating Questionnaire (TFEQ-21), para rastreamento de possíveis desordens alimentares. 

Após passarem pelo período de run-in, fizeram a coleta de sangue, aferição da pressão arterial 

e ITB e foram aleatoriamente randomizados. De acordo com o grupo de alocação, seguiram 
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planos alimentares com restrição calórica (-500 kcal/dia) e não consumiram chás ou alimentos 

fermentados (GC) ou seguiram planos alimentares com restrição calórica (-500 kcal/dia) e fi-

zeram consumo diário de kombucha de chá verde (200mL) (GK) pelo período de 10 semanas. 

Adicionalmente, de 15 em 15 dias os participantes receberam mensagens para confirmação da 

adesão à dieta e na metade do estudo houve uma consulta de retorno. Além disso, semanal-

mente, os participantes do GK tiveram que comparecer ao laboratório para a entrega das em-

balagens da kombucha para controle de consumo.  Ao final do estudo, a coleta de sangue, 

aferições de pressão arterial e ITB foram realizadas novamente. Durante o período de interven-

ção os participantes foram orientados a manter o nível de atividade física habitual, que foi 

avaliado ao início e ao final do estudo por meio do questionário internacional de atividade física 

(IPAQ) versão curta (Figura 1). 

 

Figura 1. Desenho experimental do estudo  

GC = grupo controle; GK = grupo kombucha; ITB = índice tornozelo-braquial; IPAQ = International Physical Activity Ques-

tionnaires (short version); QFA = Questionário de Frequência Alimentar; TFEQ-21 = Three Factor Eating Questionnaire - 

versão 21. 

 

6.10 Intervenção 
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A intervenção deste estudo consistiu em uma dieta com restrição calórica associada ao 

consumo diário de kombucha de chá verde (GK) ou apenas uma dieta com restrição calórica 

(GC), conforme o grupo de alocação, durante 10 semanas.  

Além disso, a kombucha de chá verde foi produzida e caracterizada no Departamento 

de Tecnologia de Alimentos – UFV. Para produção da kombucha, foi utilizado o chá verde da 

marca Amaya, cultivado na cidade de Registro, São Paulo – Brasil, na concentração de 12g/L.  

A preparação do chá seguiu a recomendação do fabricante, com infusão à 75ºC por um período 

de 1 minuto. A adição do chá de arranque foi realizada até que a bebida no dia 0 de fermentação 

tivesse um pH inicial de 4,4. Além disso, o tempo de fermentação foi de 5 dias à 25ºC. A 

kombucha foi armazenada em recipientes de plástico (fermentadores) com capacidade para 

20L e envasadas em garrafas plásticas com capacidade de 200mL. 

 

6.11 Planos alimentares 

 

De acordo com as recomendações atuais para o tratamento nutricional da obesidade, 

foram prescritos planos alimentares calculados conforme o Estimated Energy Requirement 

(EER) para pessoas adultas com excesso de peso e obesidade (IOM, 2002), com restrição ca-

lórica de 500 kcal/dia para todos os participantes.  

Cada participante recebeu 5 planos alimentares isocalóricos contendo 5 refeições: café 

da manhã, colação, almoço, lanche da tarde e jantar. Adicionalmente, foi entregue uma lista de 

substituição dividida por grupos de alimentos, orientações nutricionais gerais sobre alimenta-

ção saudável e um caderno com receitas de preparações que foram incluídas nos planos ali-

mentares. 

Para avaliação da adesão aos planos alimentares prescritos, foram aplicados ao início e 

ao final do estudo questionários de frequência alimentar (QFA), que foram digitalizados no 

software ERICA-REC24h (Estudo de Riscos Cardiovasculares em Adolescentes), e analisados 

por meio da comparação com a tabela de composição dos alimentos desenvolvida pela Instituto 

Brasileiro de Geografia e Estatística (IBGE 2008-2009). 

 

6.12 Coletas de amostras biológicas 
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Ao início do estudo e após as 10 semanas de intervenção, foram coletadas amostras de 

sangue para as análises dos marcadores de estresse oxidativo, saúde endotelial e cardiometa-

bólica. As coletas foram realizadas no Laboratório de Análises Clínicas (LACDSA/UFV) por 

um técnico (a) em enfermagem habilitado. O sangue foi imediatamente adicionado a tubos de 

sorologia e EDTA. Metade do material coletado foi armazenado no LACDSA para análises 

dos marcadores: CT, LDL-c, HDL-c, VLDL-c, TG, ácido úrico, glicose, insulina, hemoglobina 

glicada e apolipoproteínas A e B; enquanto outra parte do sangue foi transportada em condições 

ideais até o Laboratório de Análises Clínicas (LAC-DNS/UFV) para análise de: ON, SOD, 

MDA, FRAP, H2O2, GPx, GR, LDL-ox, ICAM, VCAM e CD36. Ao chegar no LAC-

DNS/UFV, o sangue foi imediatamente centrifugado a 3.500 rpm por 10 minutos a 4°C para 

separação do soro e plasma. O material então foi aliquotado em eppendorfs de 1,5mL e arma-

zenado em ultrafreezer a -80º C para posteriores análises.  

 

6.13 Avaliações e mensurações  

 

6.13.1 Variáveis de caracterização dos participantes 

 

 Os participantes foram caracterizados quanto às variáveis antropométricas e de compo-

sição corporal. O peso e a composição corporal foram avaliados por meio da técnica de bioim-

pedância elétrica tetrapolar (Bioimpedância tetrapolar, Inbody, modelo Y230), com a estima-

ção do percentual de gordura corporal total, porcentagem de massa magra e porcentagem de 

água corporal total, seguindo o protocolo recomendado pelo fabricante. Já a altura foi determi-

nada   por meio de antropômetro vertical milimetrado, com extensão de 2,2 m e escala de 0,5 

cm. Além disso, seguindo protocolos específicos, os perímetros da cintura, quadril e pescoço 

foram aferidas em triplicata, utilizando-se fita métrica inelástica. Por meio dos valores obtidos, 

foi calculada a relação cintura/quadril (Brasil, 2011). 

 

6.13.2 Marcadores da saúde endotelial  

 

As análises de ICAM, VCAM e CD36 foram realizadas por meio da técnica de ensaio 

imunoabsorvente ligado à enzima (ELISA) utilizando os kits “Human ICAM/CD54” e “Human 
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VCAM/CD106” da marca Elabscience Biotechnology e “Human Cluster of differentiation 36” 

da marca MyBioSource, seguindo os protocolos recomendados pelos fabricantes.  

 

6.13.3 Marcadores do estresse oxidativo 

 

 Os marcadores SOD, ON, FRAP, MDA e H2O2 foram determinados por meio de amos-

tras do plasma em ensaios colorimétricos realizados em triplicata. A SOD foi determinada de 

acordo com o método de Marklund e Marklund (1974), que considera a redução da razão de 

auto-oxidação do pirogalol como base na catalisação da reação do superóxido (O2 -) em H2O2, 

que também foi estimado por meio da ação enzimática de peroxidases (Aebi, 1984). A dosagem 

de ON plasmático foi realizada conforme dispõem Grisham, Johnson e Lancaster (1996), uti-

lizando-se a curva padrão com concentrações conhecidas de nitrito de sódio que variam de 0-

125µM. Já a dosagem do MDA estimou a peroxidação lipídica por meio das espécies reativas 

ao ácido tiobarbitúrico (TBARS), como disposto por Buege e Aust (1978). Enquanto o FRAP 

foi realizado com base na redução de íons férricos em ferrosos por meio da adição de uma 

amostra com atividade redutora, como determina Benzie e Strain (1996). A avaliação das con-

centrações plasmáticas de LDL-ox foi realizada por meio da técnica de ELISA, utilizando o kit 

comercia denominado “Human OxLDL” da marca Elabscience Biotechnology, e de GPx e GR 

por meio dos kits “Human Glutathione Peroxidase 3” e “Human Glutathione Reductase” da 

marca MyBioSource, de acordo com o protocolo indicado pelo fabricante. 

 

6.13.4 Marcadores tradicionais da saúde cardiometabólica 

 

 As análises de ácido úrico, dos marcadores do perfil lipídico e glicídicos foram reali-

zadas no LACDSA/UFV de acordo com os protocolos do laboratório, por meio do método 

cinético UV com o equipamento analisador bioquímico BS 200 ®. 

Os índices de Castelli I e II foram calculados por meio da divisão CT/HDL-c e LDL-

c/HDL-c, respectivamente (Castelli, 1988). Já os valores de HOMA foram obtidos por meio 

das seguintes fórmulas: HOMA-IR = [(insulinemia de jejum (mU/L) x glicemia de jejum (mmol/L)/22,5] e 

o HOMA-β = (20 x insulina jejum (MICRO UI/mL)) / (glicose jejum (mmol/L*) - 3,5) (Matthews et al., 

1985). Enquanto o índice TyG foi calculado de acordo com a fórmula: TyG = Ln [(triglicerídeos de 

jejum (mg/dL)) x (glicemia de jejum (mg/dL))/2] (Simental-Mendía et al., 2008). 
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A pressão arterial dos participantes foi aferida por meio de um medidor de pressão au-

tomático Omron® modelo HEM-7113. Neste momento, o participante estava sentado, com as 

pernas descruzadas, pés apoiados no chão, de bexiga vazia, dorso encostado, livre de roupas 

nos braços, palma da mão voltada para cima e braço na altura do coração, como recomenda as 

Diretrizes Brasileiras de Hipertensão Arterial - 2020 (Barroso et al., 2021). Ambos os braços 

foram aferidos e em caso de diferença entre os dois, o braço com maior valor foi aferido nova-

mente, e a média dos valores foi adotada (WHO, 2007). 

Para aferição do ITB foi utilizado Doppler vascular portátil (MEDMEGA®, DV 610B) 

associado a um esfigmomanômetro. O ITB foi calculado com base nos valores de aferição da 

PAS dos lados direito e esquerdo das artérias braquial, pediosa e tibial posterior. O cálculo 

consistiu na razão entre a maior PAS do membro inferior (artéria pediosa ou tibial posterior) e 

a PAS braquial do lado correspondente. Como recomenda Kim, Wattanakit e Gornik (2012), 

foi adotado o valor de ITB que apresentou menor valor entre os lados direito e esquerdo.  

 

6.14 Monitoramento da adesão ao protocolo do estudo 

 

Para verificar a adesão dos participantes ao protocolo do estudo, de 15 em 15 dias foi 

enviada uma mensagem via WhatsApp ou Email para perguntar aos participantes sobre o se-

guimento do plano alimentar. Na metade do estudo aconteceu uma visita de retorno para ava-

liação do peso, medidas antropométricas e de composição corporal, além da aplicação de um 

questionário de adesão ao protocolo do estudo (APÊNDICE 4). Ainda, os participantes do 

grupo kombucha receberam fichas de registro do consumo da kombucha (APÊNDICE 5).  

 

6.15 Critérios de descontinuidade do estudo 

 

Ao longo das 10 semanas, os participantes do grupo kombucha que não consumiram a 

bebida por três ou mais dias seguidos ou que apresentaram reações adversas ao consumo da 

kombucha foram excluídos do estudo. Além disso, aqueles participantes que não adeririam ao 

protocolo do estudo ou fizeram uso de medicamentos do tipo corticoides ou anti-inflamatórios 

também foram excluídos. 

 

6.16 Análises estatísticas 
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As análises estatísticas foram realizadas no software SPSS (versão 25.0, EUA).  Os 

testes Shapiro-Wilk e Levene foram utilizados para avaliar a normalidade das variáveis e a 

homocedasticidade das variâncias, respectivamente. O efeito do tempo nos tratamentos foi ava-

liado pelo teste t pareado ou pelo teste de Wilcoxon. O teste t de amostras independentes ou o 

teste U de Mann-Whitney foi utilizado para determinar as diferenças entre os grupos. Também 

foi realizada ANOVA multifatorial, seguida de post-hoc de Bonferroni, para avaliar o efeito 

do sexo nos desfechos observados. Para avaliar a correlação entre as variáveis foi utilizado o 

teste de correlação de Pearson ou Spearman, com base na normalidade das variáveis. Todos os 

dados estão apresentados como média e desvio padrão ou mediana e valores mínimos e máxi-

mos. A significância estatística considerada foi de α=0.05. 
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7 RESULTADOS 
 

7.1 Article 1 

 

Effect of regular green tea kombucha (Camellia sinensis) consumption on oxidative stress 

and endothelial health in individuals with excess weight: a randomized, controlled clinical 

trial 

 

* It will be submitted to the British Journal of Nutrition (Impact factor: 4.1) 

 

Abstract 

 Kombucha is a fermented beverage rich in bioactive compounds. In the in vitro and 

experimental animal studies, this beverage has demonstrated high antioxidant capacity. In this 

sense, the objective of this study was to evaluate the effect of daily consumption of green tea 

kombucha on oxidative stress and endothelial health in individuals with excess weight. This is 

a randomized controlled clinical trial, lasting 10 weeks, during which the control group 

followed a healthy -500 kcal/day energy-restricted diet, while the kombucha group, in addition 

to the energy-restricted diet, consumed 200 mL of kombucha green tea daily. At the beginning 

and end of the study, markers of oxidative stress and endothelial health were evaluated. The 

significance level adopted in the statistical analyses was set at 5%. The kombucha consumption 

reduced hydrogen peroxide (H2O2) compared to the control group (p=0.006). Furthermore, the 

kombucha group increased the ankle-brachial index (ABI) compared to the baseline (p=0.014); 

without differences between the groups (p=0.988). The other markers evaluated unchanged 

after the kombucha consumption. In conclusion, daily consumption of 200 mL of green tea 

kombucha for 10 weeks reduced the pro-oxidant radical hydrogen peroxide, without altering 

other markers of oxidative stress and endothelial health in individuals with excess weight 

compared to the control group. 

 

Keywords: Fermented Beverages; Hydrogen Peroxide; Ankle Brachial Index; Atherosclerosis 
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Introduction 

Excess visceral adiposity and abdominal obesity are related to increased cardiovascular 

risk (1). The World Health Organization estimates that 17.9 million deaths each year are caused 

by cardiovascular diseases globally (2). In this sense, the literature has been dedicated to 

studying the mechanisms involved in developing cardiovascular diseases, mainly those caused 

by modifiable risk factors (3). The pathogenesis of atherosclerosis, one of the main causes of 

acute myocardial infarction, is mainly explained by the process of aggression to the vascular 

endothelium, which begins with the accumulation of oxidized lipids in the wall of the 

endothelial intimal layer, forming an atheroma plaque that obstructs the passage of blood flow 
(4,5). 

Endothelial dysfunction promotes impairments related to vascular tone, fluid exchange, 

and angiogenesis, and is characterized as one of the key processes in the pathophysiology of 

atherosclerosis (6). The vascular endothelium is formed by a single layer of endothelial cells 

that are in the endothelial intimal layer and performs activities such as vasodilation, inhibition 

of platelet aggregation, inflammation, and oxidative stress (7). In cases of endothelial instability, 

caused by aggression to the endothelium, the beginning of the cascade of events of atheroma 

plaque formation may occur, which involves the infiltration of leukocytes and recruitment of 

neutrophils mediated by vascular cell adhesion molecule-1 (VCAM) and by intracellular 

adhesion molecule-1 (ICAM) (8) and uptake of long-chain fatty acids, mediated by the 

scavenger receptor B2 (CD36) (9). 

Oxidative stress, a result of increases in free radicals in relation to the content of 

antioxidants (10), promotes aggression to the vascular endothelium (11). With increased oxidative 

stress, damage to molecules in cell membranes, such as proteins, nucleic acids, and lipids, can 

occur (12). Furthermore, the hardening of arteries caused by endothelial dysfunction, or the 

reduction in the diameter of blood vessels caused by atheroma plaques, can result in increased 

blood pressure (13). Both upper and lower limb blood pressure, such as that assessed by the 

ankle-brachial index (ABI) (14), are related to cardiovascular events, resulting in increased 

intima-media thickness of the artery carotid artery and carotid-femoral artery pulsation velocity 
(15). 

To improve risk factors related to endothelial dysfunction, several studies have been 

dedicated to evaluating the effect of foods rich in antioxidant compounds on cardiovascular 

health, mainly in people with increased cardiometabolic risk, such as in individuals with excess 
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weight (16-19). In this sense, kombucha stands out, a fermented, lightly carbonated beverage, 

rich in phenolic compounds such as epicatechin, epigallocatechin, epicatechin gallate, and 

epigallocatechin gallate, which are capable of neutralizing reactive oxygen and nitrogen 

species (20). This beverage is produced with teas from Camellia sinensis leaves (black, green, 

white, or red tea), among which green tea stands out due to its high antioxidant potential (21). 

However, to date, no clinical study has been dedicated to evaluating the effect of daily 

consumption of green tea kombucha on oxidative stress and endothelial health. Therefore, the 

present study aimed to investigate the effect of this beverage on health in individuals with 

excess weight. The energy-restricted diet was adopted in both groups as it is a standard 

intervention to reduce cardiovascular risk in overweight individuals without apparent 

comorbidities. 

 

Methods 

 

Ethical aspects 

The National Research Ethics Commission (CONEP) approved the conduct of this 

study (CAAE: 25880819.3.0000.5153; number: 3.948.033). Furthermore, this study was 

registered in the Brazilian Clinical Trials Registry (REBEC) (number: RBR-9832wsx). All 

procedures carried out are in accordance with Resolution CNS/466 of 2012 and the Declaration 

of Helsinki. 

 

Study design 

This is a randomized, controlled clinical trial, conducted with two parallel experimental 

groups. The control group followed an energy-restricted diet of 500 kcal/day, and the 

kombucha group, in addition to the diet, consumed 200 mL of green tea kombucha daily for 10 

weeks. 

At the beginning of the study, all participants filled out the Three-Factor Eating 

Questionnaire (TQFE) and measured anthropometry and body composition markers. After this 

moment, all participants participated in a one-week run-in period, to assess possible adherence 

to the study protocol. During this period, participants had to maintain stability in their usual 

weight, with less than <2% variations, and could not consume teas and fermented foods. Those 

who met the initial requirements participated in the initial blood collection, and brachial, and 

peripheral blood pressure measurements to measure the ankle-brachial index (ABI). After 5 
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weeks of study, participants responded to a return questionnaire to assess adherence to the 

protocol. At the end of the study, a new blood collection and blood pressure measurement were 

performed (Figure 1). 

 

 

Figure 1. Experimental design of the study 

 

Participants 

 The study included men and women aged 18 and 45 years, with excess weight, assessed 

by body mass index (BMI) ≥ 27 kg/m2, body fat percentage >25% for men and >30% for 

women, and waist circumference ≥ 94cm for men and ≥ 80cm for women. Participants were 

recruited from the local community of Viçosa (Minas Gerais, Brazil) and underwent online and 

in-person screening to assess inclusion criteria. Individuals with chronic diseases such as 

diabetes, high blood pressure, and cardiovascular diseases did not participate in the study. 

Those who had acute infectious or inflammatory conditions in the last three months were also 

not included. As well as those, who had eating disorders, pregnancy, menopause, were 

smokers, athletes, vegans, or who were in the lactation period. Individuals who already 

regularly consumed teas, supplements, or fermented foods were also not included. 

 

Sample calculation and randomization 

 The sample calculation was performed using the values of two independent means of 

total serum antioxidants (22) in the G*Power software version 3.1.9.6, considering an effect size 
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of 0.8, a power of 95 %, and a statistical significance of 5%. Therefore, the minimum sample 

number was 30 individuals per group. 

The randomization of participants who were included in the study was carried out using 

the minimization method, in a 1:1 ratio, in MinimPy software, version 0.2 (Copyright, 

Mahmoud Saghaei, 2010-2011), considering sex, age, and BMI as prognostic factors (23).  

 

Interventions 

Both groups followed healthy diets individually planned by a nutritionist, considering 

the distribution of macronutrients and micronutrients necessary for health, and applying a 

caloric prescription of (-500 kcal/day) in the values calculated by the Estimated Energy 

Requirement (EER) for individuals with excess weight (24). In addition, all participants received 

nutritional guidance, five menus with a list of substitutions, and a recipe book with the 

preparations presented on the menus. Furthermore, everyone was advised to maintain their 

usual level of physical activity. 

 In addition, participants in the kombucha group received seven 200 mL bottles of 

kombucha weekly and were instructed to keep them refrigerated and ingest them with a main 

meal (lunch or dinner) due to the acidity of the beverage. Kombucha was also produced weekly, 

with green tea from the Amaya brand, grown in the city of Registro (São Paulo, Brazil). The 

tea was prepared by infusion, as recommended by the manufacturer's instructions. The 30 g/L 

of a biofilm of bacteria and yeast and a previously produced kombucha were added until the 

pH reached 4.4. Incubation for kombucha fermentation occurred for 5 days at 25 °C. 

 At the end of preparation, through Ultra-high performance liquid chromatography-MSE 

(UPLC - MSE) analysis, it was possible to determine that kombucha presented 92 phenolic 

compounds, mostly from the flavonoid class (70.7%), phenolic acids (25%), lignans (2.2%) 

and other polyphenols (1.1%). Among the most abundant phenolic compounds in the drink are 

gallocatechin, catechin 5-O-gallate, epicatechin, epigallocatechin, 5-O-galloylquinic acid, 

catechin, 5-p-coumaroylquinic acid, quercetin 3-O-rutinoside and niricetin 3-O - glycoside. 

Furthermore, it exhibited a total phenolic content of 0.32 ± 0.003 mg GAE/mL (in gallic acid 

equivalents), antioxidant capacity of 3.24 ± 0.43 μmol TE/mL, pH of 3.41 ± 0.09 and total 

acidity 0.20 ± 0.02 (w/v acetic acid). 

 

Assessments and measurements 

 At the beginning of the study, weight, and body composition were assessed using the 

tetrapolar electrical bioimpedance technique (Tetrapolar Bioimpedance, Inbody, model Y230). 
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The participants' food consumption was assessed using a food frequency questionnaire (FFQ), 

which was digitized in ERICA-REC24h, which uses the food composition table developed by 

the Brazilian Institute of Geography and Statistics (IBGE) (25). All food consumption data were 

adjusted for thousand kilocalories. Physical activity was assessed using the International 

Physical Activity Questionnaire (IPAQ) short version, validated for the Brazilian population 
(26), and was presented in the metabolic equivalent task (MET). 

 On the initial and final experimental days, participants came to the laboratory, fasting 

for 10 hours, to collect blood and measure brachial and peripheral blood pressure. The day 

before the experimental day, all participants were instructed to eat a standard dinner, as 

determined by the study. The blood was collected by a trained professional and centrifuged to 

separate the plasma fractions for analysis of the markers in the focus of this study. To this end, 

the samples were stored in an ultrafreezer at -80°C until analysis. To characterize the 

participants in relation to the variables that can interfere with oxidative stress and endothelial 

health, at the beginning of the study, an analysis of the inflammatory profile and liver enzymes 

was carried out using the UV kinetic method with BS 200 ® biochemical analyzing equipment. 

 The markers ICAM, VCAM, oxidized low-density lipoprotein (ox-LDL), CD-36, 

glutathione peroxidase (GPx), and glutathione reductase (GR) were analyzed using the 

enzyme-linked immunosorbent assay (ELISA) technique using the kits “Human 

ICAM/CD54”, “Human VCAM/CD106”, “Human OxLDL” from the Elabscience 

Biotechnology brand and “Human Cluster of differentiation 36”, “Human Glutathione 

Peroxidase 3” and “Human Glutathione Reductase” from the MyBioSource brand, following 

the protocols recommended by the manufacturers. 

 The activity of superoxide dismutase (SOD), hydrogen peroxide (H2O2), iron-reducing 

antioxidant power (FRAP), malondialdehyde (MDA), and nitric oxide (NO) was determined 

using plasma samples in colorimetric assays. SOD was determined considering the capacity to 

catalyze the reaction of superoxide (O2) into H2O2, which was also evaluated through the 

oxidation of substrate by a peroxidase (27-28). While FRAP analysis considered the reduction of 

ferric ions to ferrous ions through the addition of a sample with reducing activity (29). MDA 

dosage measured lipid peroxidation through thiobarbituric acid reactive species (TBARS) (30). 

The ON considered a standard curve with known sodium nitrite concentrations, which ranged 

from 0-125µM (31).   

 Brachial blood pressure was measured in participants in both arms and in case of 

differences, the arm with the highest value was measured again, and the average between the 

values were considered (32). To do this, the participants were seated, with their legs uncrossed, 
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feet flat on the floor, with an empty bladder, free of clothing on their arms, palms facing 

upwards, and arms at heart level (33). 

To assess the ABI, a portable vascular Doppler (MEDMEGA®, DV 610B) was used 

associated with a sphygmomanometer, measuring systolic blood pressure (SBP) on the right 

and left sides of the brachial, dorsal foot, and posterior tibial arteries. The ratio between the 

highest SBP of the lower limb (dorsal foot or posterior tibial artery) and the brachial SBP of 

the corresponding side was calculated, and the ABI value that presented the lowest value 

between the right and left sides was adopted (34).  

 

Statistical analyses 

 Statistical analyses and graph construction were performed using SPSS (version 25.0) 

and GraphPad Prism (version 10.0) software, respectively. The Shapiro-Wilk and Levene tests 

were used to assess the normality of variables and the homoscedasticity of variances, 

respectively. The effect of time on treatments was assessed using the paired t-test or the 

Wilcoxon test. The independent samples t-test or Mann-Whitney U test was used to determine 

differences between groups. The correlation between variables was estimated based on the 

Pearson or Spearman correlation tests. The results were presented as mean and standard 

deviation or median and minimum and maximum values, with a statistical significance of 5%. 

 

Results 

A total of 500 individuals were recruited and 75 met the inclusion criteria and began 

the study. Throughout the study, 21.33% of participants were lost to follow-up, who were 

discontinued for personal reasons or non-adherence to the study protocol (Supplementary 

material). After 10 weeks, 59 people completed the study, 29 from the control group (17 

women and 12 men) and 30 from the kombucha group (18 women and 12 men). When 

comparing baseline markers, there was no significant difference between those who were 

initially randomized (n=75) and those who completed the study (n=59). 

Furthermore, during the study, there was a similarity between the control and kombucha 

groups regarding consumption of calories (p=0.736), grams of carbohydrates (p=0.458), 

proteins (p=0.891), lipids (p=0.585), and fibers (p=0.275), as well as in relation to the level of 

physical activity practiced (p=0.649). Similarly, the consumption of micronutrients with 

antioxidant potential also did not differ between groups, as shown in Table 1. 
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Table 1. Micronutrient consumption according to the self-reported final food frequency 

questionnaire adjusted per thousand kilocalories 

Micronutrients Control group Kombucha group p 

Vitamin A (mcg) 218.2 (68.1) 179.7 (81.4) 0.057 

Vitamin C (mg) 134.8 (11-263) 112.6 (16-298) 0.586 

Vitamin E (mcg) 467.3 (151) 448.2 (183) 0.415 

Selenium (mcg) 74.4 (21.3) 62.7 (23.5) 0.052 

Zinc (mg) 8.03 (2.24) 6.97 (2.46) 0.092 

Copper (mg) 0.77 (0.2) 0.73 (0.21) 0.435 

Manganese (mg) 1.84 (0.62) 1.69 (0.45) 0.290 

Values are presented as mean (standard deviation) or median (minimum - maximum value). The p values represent the results 

obtained by the independent samples t-test or Mann-Whitney U test. mcg: microgram; mg: milligram. 

 

At baseline, age, BMI, inflammatory profile and liver enzymes did not differ between 

groups (Table 2). After 10 weeks of intervention, the H2O2 marker showed a significantly 

greater reduction in the kombucha group, compared to the control group (p=0.006). The other 

markers of oxidative stress and endothelial health did not differ between the groups (Figure 

2). In the temporal analysis (initial vs final), only the control group had a significant increase 

in ICAM, while only the kombucha group showed a significant increase in ABI. Furthermore, 

both groups significantly reduced NO and H2O2 (Table 3). 
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Table 2. Characteristics of participants at baseline, according to allocation group 

Variables Control group Kombucha group p 

Age (years) 32.51 (6.9) 34.66 (6.9) 0.239 

BMI (kg/m²) 32.05 (27.3 - 46.5) 32.90 (27.3 - 40.8) 0.259 

PCR (mg/L) 0.26 (0.04 - 11.07) 0.40 (0.07-5.04) 0.214 

Complement C3 (mg/dL) 140.18 (22.13) 148.76 (18.99) 0.216 

AST (U/L) 25.64 (8.29) 24 (9.22) 0.477 

ALT (U/L) 17 (23.09) 23.14 (5.68) 0.693 

GGT (U/L) 37.1 (23.09) 37.1 (29.32) 0.856 

Values are presented as mean (standard deviation) or median (minimum - maximum value). The p values represent the results 

obtained by the independent samples t-test or Mann-Whitney U test. ALT: alanine aminotransferase; AST: aspartate 

aminotransferase; BMI: body mass index; GGT: gamma-glutamyl transferase; kg: kilograms; kg/m²: kilograms per square 

meter; mg/L: milligrams per liter; mg/dL: milligrams per deciliter; U/L: units per liter. 
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Figure 2. Markers of oxidative stress and endothelial health in the comparison between the 

control and kombucha group  
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(A.) refers to markers of oxidative stress and (B.) refers to markers of endothelial function. The p values represent those 

obtained by the independent samples t-test or Mann-Whitney U test in the comparison between the deltas (final - initial) of the 

groups. ABI = ankle-brachial index; BPS = systolic blood pressure; BPD = diastolic blood pressure; CD36 = scavenger receptor 

B2; FRAP = iron-reducing antioxidant power; GPx = glutathione peroxidase; GR = glutathione reductase; H2O2 = hydrogen 

peroxide; ICAM= intracellular adhesion molecule; MDA = malondialdehyde; NO = nitric oxide; oxLDL = oxidized low-

density lipoprotein; SOD = superoxide dismutase; VCAM = vascular cell adhesion molecule. 

 

Table 3. Effect of control and kombucha interventions on oxidative stress and endothelial 

health 

Variable Control group 

initial 

Control group 

final 

p Kombucha group 

initial 

Kombucha group 

final 

P 

Oxidative stress 

GPx (ng/mL) 130.23 (22.4-460)  184.7 (20-633)  0.113  138.43 (19-521)  149.54 (16.88-571)  0.179  

SOD (µmol/mL) 347.71 (37.52) 354.34 (40.45) 0.509 343.75 (41.15) 345.47 (38.33) 0.864 

GR (ng/mL) 3.71 (2.96-10.52) 3.71 (2.6-11) 0.799 3.51 (2.96-8.4) 3.47 (2.75-16) 0.168 

FRAP (µmol/mL) 44.93 (0.01) 44.93 (0.02) 0.437 44.93 (44.9-44.97) 44.92 (44.9-44.97) 0.083 

LDLox (pg/mL) 467.1 (47.8-908.1) 324.9 (81.7-830) 0.750 480.2 (25.7-807) 460.4 (65.6-846) 0.629 

MDA (µmol/mL) 3.32 (0.3-7.0) 2.34 (0.22-7.76) 0.277 1.89 (0.03-3.75) 0.84 (0.18-2.90) 0.056 

ON (µmol/dL) 12.31 (0.56-23.52) 4.84 (0.8-17.51) 0.016* 14.58 (2.32-24.70) 7.0 (1.37-20.13) 0.012* 

H2O2 (µmol/mL) 16.5 (1.49) 15.09 (1.53) 0.001* 18.4 (11.1-23.04) 13.58 (12.33-19.65) <0.001* 

Endothelial health 

ICAM (ng/mL) 157.22 (41.48) 181.15 (28.79) 0.019* 171.41 (37.23) 176.35 (29.04) 0.681 

VCAM (ng/mL) 302.72 (108-556) 347.55 (120-1227) 0.328 378.82 (196.9) 371.72 (136.14) 0.857 

CD36 (ng/L) 163.5 (34.4-524.9) 154.2 (15.8-507) 0.112 62.27 (35.15-427.31) 56.54 (30—514.9) 0.570 

DBP (mmHg) 75.62 (7.21) 74.95 (8.67) 0.565 73.02 (6.95) 74.91 (7.02) 0.145 

SBP (mmHg) 114.92 (9.49) 114.22 (9.33) 0.565 115.19 (9.17) 116.53 (9.33) 0.308 

ABI 1.04 (0.87 – 1.40) 1.10 (0.90 – 1.28) 0.322 1.00 (0.11) 1.05 (0.10) 0.014* 

Values are presented as mean (standard deviation) or median (minimum - maximum value). The p values represent the results 

obtained by the Paired t-test or Wilcoxon, through initial vs final analysis. µmol/mL = micromole per milliliter; µmol/dL = 
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micromole per deciliter; ABI = ankle-brachial index; CD36 = scavenger receptor B2; DBP = diastolic blood pressure; FRAP 

= iron-reducing antioxidant power; GPx = glutathione peroxidase; GR = glutathione reductase; H2O2 = hydrogen peroxide; 

ICAM= intracellular adhesion molecule; MDA = malondialdehyde; mmHg = millimeters of mercury; ng/mL = nanograms per 

milliliter; ng/L = nanogram per liter; NO = nitric oxide; oxLDL = oxidized low-density lipoprotein; pg/mL = picogram per 

milliliter; SBP = systolic blood pressure; SOD = superoxide dismutase; VCAM = vascular cell adhesion molecule. 

 

Through correlation analyses, it was possible to observe direct, moderate, and 

significant correlations between ICAM and CD36, SOD and ABI, and GPx and FRAP, while 

inverse, moderate, and significant correlations were presented between FRAP and DBP, and 

H2O2 and ABI. A direct, strong, and significant correlation was also observed between SBP 

and DBP (Figure 3).  
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Figure 3. Correlation matrix between markers of oxidative stress and endothelial health 

The values presented are the Pearson or Spearman correlation coefficients. * Indicate statistical significance. ABI = ankle-

brachial index; CD36 = scavenger receptor B2; DBP = diastolic blood pressure; FRAP = iron-reducing antioxidant power; 

GPx = glutathione peroxidase; GR = glutathione reductase; H2O2 = hydrogen peroxide; ICAM= intracellular adhesion 

molecule; MDA = malondialdehyde; NO = nitric oxide; oxLDL = oxidized low-density lipoprotein; SBP = systolic blood 

pressure; SOD = superoxide dismutase; VCAM = vascular cell adhesion molecule. 
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 This is the first clinical study dedicated to evaluating the effect of green tea kombucha 

consumption on markers of oxidative stress and endothelial health. After 10 weeks of 

intervention, participants in the kombucha group reduced H202 significantly compared to the 

control group. Other markers of oxidative stress, such as antioxidant enzymes and other pro-

oxidant radicals, were not altered by kombucha consumption. Furthermore, the consumption 

of kombucha associated with an energy-restricted diet showed a potential protective effect on 

endothelial health, through protection against the increase in ICAM, which was observed in the 

control group, and also through the increase in ABI presented by the kombucha group. 

However, in relation to endothelial health, significant differences between the groups were not 

observed.  

 The green tea used to produce kombucha has complex polyphenols that are degraded 

by bacterial and yeast enzymes during the fermentation process, increasing the content of 

phenolic compounds and increasing the bioavailability and antioxidant capacity of the beverage 
(35-36). The kombucha used in this study had a total phenolic content of 0.32 mg GAE/mL (in 

gallic acid equivalents) and an antioxidant capacity of 3.24 μmol TE/mL. Evidence also points 

out that kombucha is a beverage that contains vitamin C and antioxidant minerals such as 

copper, manganese, and zinc, which are capable of neutralizing free radicals (37-38). This rich 

composition of the beverage possibly contributed to the reduction of the pro-oxidant radical 

H2O2. 

Previous in vitro and experimental animal studies have shown the potential of 

kombucha for reducing oxidative stress (36, 39-42) a fact that is justified by the presence of 

phenolic compounds, such as verbascoside (42). In the present study, both groups were able to 

reduce H2O2, however the kombucha group showed a significantly greater reduction in this 

marker. H2O2 occurs in normal metabolism and is responsible for the detection, signaling, and 

regulation of detox in humans. Increased concentrations of this marker cause tissue and cellular 

damage, promoting changes in cell shape, proliferation, and recruitment of immune cells (43). 

For these reasons, H2O2 has stood out as a marker with a dual causal role in atherosclerosis 

induced by oxidative stress, causing damage to the vascular wall and activating the signaling 

of the cascade of thrombogenic events (44). 

Although no antioxidant enzyme studied was altered by kombucha consumption, the 

literature indicates that the beverage's action against oxidative stress may occur through the 

inhibition of reactive oxygen and nitrogen species and also through the activation of antioxidant 

enzymes (45). The kombucha used in this study presented the main phenolic compounds 

gallocatechin, catechin 5-O-gallate, epicatechin, epigallocatechin, and catechin. These 
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compounds are capable of activating cysteine thiol oxidation of human Kelch-like ECH-

associated protein 1 (KEAP-1), which causes nuclear factor erythroid 2-related factor 2 (Nrf2) 

to be released, causing the transcription of antioxidant enzymes to be activated (38). 

The reduction of oxidative stress through H2O2 may be related to potential beneficial 

effects on endothelial health. In the present study, it was demonstrated that H2O2 presents an 

inverse, moderate, and significant correlation with ABI, a marker that, after 10 weeks of 

intervention, increased only in the kombucha group. Low ABI values may indicate the presence 

of peripheral arterial disease (46), and the marker has stood out for being a non-invasive method 

that provides useful and reliable information for diagnoses and prognoses of arterial diseases 
(47). Furthermore, anomalous ABI stands out as a risk factor for the incidence of all-cause 

mortality, myocardial infarction, and hemorrhagic events (48). However, it is important to 

highlight that although the consumption of kombucha associated with the diet promotes 

potential beneficial effects on ABI, in the comparison between the control and kombucha 

groups there was no significant difference. 

Moreover, it was possible to notice a positive effect of the energy-restricted diet on the 

reduction of oxidative stress markers such as NO and H2O2 in both groups. The literature is 

clear about the effectiveness of a healthy, properly planned, energy-restricted diet in reducing 

concentrations of free radicals in the human body and increasing longevity (49-50). For these 

reasons, it was expected that the diet would also promote benefits to the vascular endothelium. 

However, unexpectedly, ICAM increased in the control group. This molecule plays a 

fundamental role in mediating inflammation in the vascular endothelium and is increased in 

pathological cases of inflammation, such as obesity (51). Possibly, the participants in this study 

already showed a tendency to increase this marker due to the low-grade inflammation caused 

by the accumulation of abdominal fat and visceral adiposity, and therefore the energy-restricted 

diet for 10 weeks was insufficient to minimize this impact related to excess of weight. 

The correlations presented between the baseline markers of the participants in this study 

are in line with information previously established in the literature. The ICAM and CD36 

molecules showed a direct, moderate, and significant correlation, and evidence indicates that 

both favor the formation of atheroma plaque (9, 51). Furthermore, the direct, moderate, and 

significant association between SOD and ABI, as well as the inverse, moderate and significant 

association between FRAP and BPD, happens due to the already-established role of 

antioxidants on blood pressure (52-53). Similarly, the direct and significant associations of GPx 

and FRAP (moderate), BPS and BPD (strong) depict congruence between markers with similar 

functions (54-55). 



56 

 

 The strengths of this study include the similarity between the control and kombucha 

groups in relation to baseline characteristics, such as age, BMI, inflammatory profile, and also 

characteristics during the study, such as consumption of macronutrients and fiber, antioxidant 

micronutrients and practice of physical activity. Furthermore, the control for this study was a 

energy-restricted diet, which is considered the gold standard intervention related to improving 

cardiovascular risk factors in apparently healthy individuals with excess weight. However, this 

study had as a limitation the intervention time, which was apparently insufficient for greater 

health benefits. 

 In conclusion, daily consumption of 200 mL green tea kombucha for 10 weeks proved 

to be effective in reducing the pro-oxidant H2O2 radical. The other markers of oxidative stress 

and endothelial health were similar between the control and kombucha groups. As this beverage 

is still little studied, new clinical studies are needed to elucidate other possible beneficial effects 

on health. 
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7.2 Article 2 

 

Green tea kombucha (Camellia sinensis), in the context of a healthy energy-restricted diet, 

improves cardiometabolic risk markers in individuals with excess weight: a randomized, 

controlled clinical trial 

 

* It will be submitted to the European Journal of Nutrition (Impact factor: 5.0)  

 

ABSTRACT  

Objective: This study aimed to evaluate the effect of green tea kombucha consumption on 

traditional cardiometabolic risk markers in individuals with excess weight. 

Methods: This is a randomized controlled clinical trial with 10 weeks of duration, in which 59 

individuals with excess weight (BMI>27kg/m2) were distributed into two parallel experimental 

groups: control group, which followed an energy-restricted diet (-500 kcal/day), and kombucha 

group, which followed the same energy-restricted diet + daily consumption of green tea 

kombucha (200 mL/day), for 10 weeks. At the beginning and end of the intervention, 

cardiometabolic health markers were evaluated, such as total cholesterol (TC), low-density 

lipoprotein (LDL-c), very low-density lipoprotein (VLDL-c), high-density lipoprotein (HDL-

c), triglycerides (TG), Castelli index I and II, apolipoprotein A, apolipoprotein B, Apo A/Apo 

B ratio, blood glucose, insulin, glycated hemoglobin, HOMA-IR, HOMA-β, TyG index, and 

uric acid. Statistical analyses were performed considering a significance level of α= 0.05. 

Results: At the end of the study, participants in the kombucha group showed a significant 

reduction in TC, LDL-c, VLDL-c, TG, Castelli index II, and uric acid compared to baseline. 

Both groups significantly reduced Castelli index I and HOMA-β after intervention and only 

the control group showed a significant increase in glycated hemoglobin (within values 

considered normal) compared to pre-intervention. Furthermore, men in the kombucha group 

showed a significant reduction in glycated hemoglobin compared to men in the control group. 

The other markers were similar between the groups. 

Conclusion: The consumption of green tea kombucha, associated with an energy-restricted 

diet, reduced cardiometabolic risk markers in individuals with excess weight. 

Brazilian Clinical Trials Registry (REBEC) number: RBR-9832wsx. 

 

Keywords: Lipids; Glycated Hemoglobin; Uric Acid; Cardiovascular Diseases. 
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Introduction 

Excess weight is defined as a chronic and multifactorial condition, which is associated 

to the development of morbidities associated with the accumulation of body fat [1]. It reaches 

endemic proportions in many parts of the world. In the European region, 60% of adults have 

excess weight, which has been one of the main determinants of disability and death [2]. The 

accumulation of body fat is characterized as a risk factor for the development of cardiovascular 

diseases through the possibility of the coexistence of insulin resistance, hyperglycemia, 

hypertension, and dyslipidemia [3]. Furthermore, excess weight can cause structural and 

functional changes to accommodate body weight that impair vascular homeostasis [4]. For 

these reasons, people with excess weight have a higher risk of death from cardiovascular 

diseases, independent of other metabolic factors [5]. 

In this sense, the treatment of excess weight is necessary to reduce the risk of 

developing cardiovascular diseases, among which atherosclerosis stands out [6]. The 

accumulation of cholesterol-rich lipoprotein remnants, especially low-density lipoprotein 

(LDL-c), plays a central causal role in developing atheroma plaque [7]. Metabolic 

abnormalities, such as hyperglycemia and insulin resistance, are also involved in the 

progression of atherosclerosis [8]. Lack of glycemic control is associated with subclinical 

changes responsible for cardiometabolic dysfunctions [9]. Furthermore, hyperuricemia has 

recently been shown to play a fundamental role in the pathophysiological mechanism of 

atherosclerosis [10-11]. 

To minimize the impacts caused by excess weight, studies have been dedicated to 

evaluating the effect of specific foods on cardiometabolic risk markers, mainly through the 

improvement of the lipid and glucose profile [6, 12]. In this sense, kombucha stands out, a 

beverage obtained by fermentation of Camellia sinensis tea (mainly green and black tea) and 

sugars through a symbiotic culture of bacteria and yeast called Symbiotic Culture of Bacteria 

and Yeast (SCOBY) [13]. In its composition, organic acids such as acetic, citric, gluconic, 

carbonic, tartaric, and lactic acids may play a key role in the beverage’s therapeutic action stand 

out. In addition, vitamins from complex B (B1, B2, B6, and B12) and C are present; minerals 

such as iron, copper, manganese, and zinc; and phenolic acids such as epigallocatechin, 

epicatechins, epigallocatechin gallate, and epicatechin gallate [14]. Thus, the rich composition 

of kombucha may be responsible for the promising perspectives on its effect on human health.  

Two recent clinical studies highlighted the hypoglycemic potential of kombucha [15-

16]. However, there are still few studies that evaluated the effect of kombucha consumption on 

cardiometabolic human health. Thus, the objective of the present study was to evaluate the 
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potential additional effect of daily consumption of 200 mL of green tea kombucha in the 

context of an isocaloric energy-restricted diet, for 10 weeks, on cardiometabolic markers in 

individuals with excess weight. The strategy of adopting an energy-restricted diet in both 

groups is due to the fact that it is a consolidated strategy for reducing cardiometabolic risk 

markers in overweight individuals, without apparent comorbidities. 

 

Materials and methods 

This is a randomized controlled clinical trial, with two parallel experimental groups, 

carried out with adults with excess weight for 10 weeks. This work was carried out at the 

Federal University of Viçosa, (Minas Gerais, Brazil), through partnerships between the 

Department of Nutrition and Health and the Department of Food Technology. This study was 

approved by the National Research Ethics Commission (CONEP) (CAAE: 

25880819.3.0000.5153; number: 3.948.033), by the Brazilian Clinical Trials Registry 

(REBEC) (number: RBR-9832wsx) and is in accordance with the Resolution CNS/466 of 2012 

and Declaration of Helsinki. All participants who agreed to participate in the study were 

informed about the risks and benefits and signed an informed consent form. 

 

Participants 

This study was conducted with adult individuals, aged between 18 and 45 years, who 

had a body mass index (BMI) ≥ 27 kg/m2, body fat percentage >25% for men and >30% for 

women, waist circumference ≥ 94cm for men and ≥ 80cm for women and no chronic or acute 

illness in the last three months. Pregnant, lactating, or menopausal women, smokers, those 

using medications such as antibiotics, anti-inflammatories and corticosteroids, nutritional 

supplements teas, kombucha, drugs, and alcohol abuse were not included. Furthermore, people 

with eating disorders, vegans, and athletes were not included. 

 

Randomization 

Participants were randomized in a 1:1 ratio, using the minimization method in the 

MinimPy software, version 0.2 (Copyright, Mahmoud Saghaei, 2010-2011), considering sex, 

age, and BMI as prognostic factors [17]. Then, according to randomization, participants were 

allocated into two parallel groups - the control group, which followed an energy-restricted diet 

(-500kcal/day), or the kombucha group, which in addition to calorie restriction (-500kcal/day), 

received 200 mL of green tea kombucha daily, for 10 weeks. 
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Sample calculation 

 This is an article with secondary outcomes and the sample size calculation was carried 

out based on the primary outcomes related to oxidative stress. The sample size calculation was 

carried out using the G*Power software version 3.1.9.6, considering an effect size of 0.8 

between the values of two independent means of total serum antioxidants [18], power of 95%, 

and statistical significance of 5%. The minimum sample number resulted in 30 individuals per 

group. 

 

Study design 

 Participant recruitment took place in the local community and those who showed 

interest completed an online pre-screening questionnaire. Those who met the initial inclusion 

criteria attended the laboratory to confirm the information provided through body composition 

and anthropometric measurements and also filled out the Three-Factor Eating Questionnaire 

(TQFE). Only those who obtained TQFE scores that did not reveal possible eating disorders 

participated in the study. Eligible candidates who agreed to participate in the study went 

through the run-in period to investigate and exclude those who presented the possibility of non-

adherence to the study protocol. During this period, participants had to maintain their usual diet 

and body weight without significant changes (<2%) for one week.  

Before the intervention started, participants answered the food frequency questionnaire 

(FFQ) and the international physical activity questionnaire short version (IPAQ) in addition to 

blood collection. Over the course of 10 weeks, participants followed the interventions 

determined by the study and were recommended to maintain their usual level of physical 

activity. Moreover, every 15 days participants received messages to confirm adherence to the 

diet, and in the 5th week, there was a return consultation to check compliance with the study 

protocol. After 10 weeks, all the data and blood collection were similarly applied to baseline. 

Throughout the study, participants who were unable to adhere to the protocol, had any illness, 

or had any adverse reaction to kombucha consumption were discontinued from the study.  

 

Kombucha production 

The kombucha was prepared with Amaya brand green tea, grown in the city of Registro 

(São Paulo, Brazil). To prepare the tea infusion, initially, the water was boiled to 75 °C, then 

12g of green tea and 50g of sugar were added per liter of water. The tea was filtered and 

immediately cooled to 25 °C in an ice bath. Then, 30g/L of SCOBY was added as well as a 

previously produced kombucha until it reached a pH 4.4. Finally, the kombucha was fermented 
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for 5 days at 25 °C, portioned into 200 ml sterile plastic packaging, and distributed weekly to 

participants in the kombucha group, who were instructed to keep the beverage refrigerated 

(Fig. 1). Furthermore, participants were advised to consume the beverage during the main meal. 

 

Fig. 1 Procedures for producing green tea kombucha 

°C: degrees Celsius; %: percentage; g/L: grams per liter; v/v: volume per volume 

 

 At the end of preparation, the green tea kombucha had a pH of 3.41 ± 0.09 and a total 

acidity of 0.20 ± 0.02 (w/v acetic acid). Furthermore, the beverage had an antioxidant capacity 

of 3.24 ± 0,43 μmol TE/mL and a total phenolic content of 0.32 ± 0,003 mg/mL in gallic acid 

equivalents (GAE). Through microbiological characterization, populations of lactic acid 

bacteria (1.98 x 107 CFU/mL), acetic bacteria (1.07 x 107 CFU/mL), and yeast (1.57 x 107 

CFU/mL) were evaluated. Furthermore, 92 phenolic compounds were identified in the 

beverage, through Ultra-high performance liquid chromatography-MS/MS (UPLC - MS/MS) 

analyzes, and among the main ones were gallocatechin, catechin 5-O-gallate, epicatechin, 

epigallocatechin, 5-O-galloylquinic acid, catechin, 5-p-coumaroylquinic acid, quercetin 3-O-

rutinoside and niricetin 3-O-glycoside. In total, 70.7% of these belonged to the flavonoid class, 

followed by phenolic acids (25%), lignans (2.2%), and other polyphenols (1.1%). The sugars, 

and ethanol concentrations are shown in Frame 1. 

 

Frame 1 – Concentration of sugars, and ethanol in green tea kombucha 
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Components Concentration (g/L) 

Sucrose 22.24 (1,9) 

Fructose 12.57 (2,16) 

Glucose 11.49 (0,86) 

Ethanol 4.70 (0,11) 

           g/L: Gram per liter. Values are presented as average (standard deviation). 

 

Diet plan 

 The eating plans were prepared for each participant individually, considering the caloric 

needs determined by the Estimated Energy Requirement (EER) for adults with excess weight, 

and the distribution guidelines for macronutrients and micronutrients necessary for maintaining 

health [19]. For each participant, a calorie restriction of 500 kcal/day was applied. During the 

study, participants were instructed not to consume potentially functional foods. In addition, 

participants received five menu options, with a daily calculated replacement list, and a recipe 

book with the preparations of food described in the meal plan. All material offered, as well as 

menu calculations, were carried out by nutritionists. 

 

Variables and measurement instruments 

To evaluate the participants' characterization variables, during the baseline and run-in 

period, weight and body composition were measured using the tetrapolar electrical 

bioimpedance technique (Tetrapolar Bioimpedance, Inbody, model Y230). Furthermore, with 

an inelastic measuring tape, the circumference of the waist, hips, and neck were measured with 

three repetitions. From the values obtained, the waist/hip ratio was calculated [20]. 

The last meal of the day before collection was a standardized dinner for all participants. 

Blood was collected by a qualified professional after a 10-hour overnight fast. After collection, 

the samples were analyzed at the Clinical Analysis Laboratory (LACDSA/UFV), following the 

laboratory's internal recommendations, and the results of tests for total cholesterol (TC), LDL-

c, high-density lipoprotein (HDL-c), very low-density lipoprotein (VLDL-c), triglycerides 

(TG), Apolipoprotein A (Apo A), Apolipoprotein B (Apo B), fasting blood glucose, estimated 

blood glucose, insulin, glycated hemoglobin and uric acid (UA) were sent to researchers. All 
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markers mentioned were analyzed using the UV kinetic method with the BS 200 ® biochemical 

analyzing equipment. With the results of the aforementioned exams, it was possible to calculate 

the Castelli I and II indices, using the divisions of TC/HDL-c and LDL-c/HDL-c respectively 

[21]. It was also calculated the HOMA [22] indices using the following formulas: HOMA-IR = 

[(fasting insulin (mU/L) x fasting blood glucose (mmol/L)/22.5] and HOMA-β = (20 x fasting insulin (MICRO 

IU/mL)) / (fasting glucose (mmol/L*) - 3.5). Additionally, the TyG index [23] was also calculated 

according to the formula: TyG = Ln [(fasting triglycerides (mg/dL)) x (fasting blood glucose (mg/dL))/2].  

 

Statistical analyses 

 The statistical analyses of this study were carried out using SPSS software (version 

25.0, USA), considering a statistical significance of 5%. Initially, data normality was assessed 

using the Shapiro-Wilk test, and homoscedasticity using Levene's test. Paired t-test and 

Wilcoxon test were used to evaluate the effect of time on treatments, while independent 

samples t-test and Mann-Whitney U test were performed for comparisons between groups. 

Multifactorial ANOVA was performed to evaluate the interaction between treatment and 

participants' sex, and in cases of significant interaction, differences were evaluated by 

Bonferroni post-hoc. The data from this study are presented as mean and standard deviation or 

median and minimum and maximum values. 

 

Results 

 In total, 500 individuals completed the pre-selection questionnaire, and only 75 met the 

inclusion criteria. Were randomized 37 to the control group and 38 to the kombucha group. In 

the end, 59 completed participants in this study, 29 in the control group and 30 in the kombucha 

group. Among the main causes of loss to follow-up are personal reasons (31.25%), not 

responding to researchers' contact (12.5%), use of antibiotics (12.5%), not liking the 

kombucha’s taste (12.5%) and stop drinking kombucha for more than three days (12.5%) (Fig. 

2). Baseline values of all markers studied did not differ between those who started the study 

and those who completed the study (data not shown). 
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Fig.2 Study participant selection flowchart 

 

At the end of the study, the control group was composed of 17 women and 12 men, 

while the kombucha group presented 18 women and 12 men. At baseline, 79.31% of the control 

group had obesity, while 80% of the kombucha group had the same condition. Age, 

anthropometric, and body composition variables did not differ between participants at the 

beginning of the study (Table 1). 
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Table 1. Anthropometric and body composition characteristics of the control and kombucha 

groups at baseline 

Variables Control group Kombucha group p 

Age (years) 32.51 (6.9) 34.66 (6.9) 0.239 

BMI (kg/m2) 32.05 (27.3 - 46.5) 32.90 (27.3 - 40.8) 0.259 

Muscle mass (kg) 30.95 (21.2 – 44.4) 29.60 (22.3 – 52.7) 0.666 

Body fat (%) 38.14 (8.2) 39.93 (6.7) 0.267 

Neck circumference (cm) 36 (26.5 – 43.4) 36.5 (32.5 - 44) 0.804 

Waist circumference (cm) 92.52 (8.5) 97.05 (10.7) 0.078 

Hip circumference (cm) 114.75 (8.3) 115.47 (7.96) 0.816 

Waist/hip ratio 0.89 (0.06) 0.92 (0.07) 0.451 
Values are presented as mean (standard deviation) or median (minimum - maximum value). The p values represent the results 

obtained by the independent samples t-test or Mann-Whitney U test. % - percentage; cm: centimeters; BMI: body mass index; 

kg: kilograms; kg/m2: kilograms per square meter 

  

Using the IPAQ, it was possible to verify that there was no difference between the initial 

and final level of physical activity, both in the control (p=0.352) and in the kombucha group 

(p=0.107). Furthermore, throughout the study, the groups did not differ in terms of food 

consumption and level of physical activity, measured by the FFQ and IPAQ, respectively 

(Table 2). 
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Table 2. Food consumption and physical activity level of participants (self-reported) during 

the study according to allocation group 

Variável Control group Kombucha group p 

Calories (kcal) 1359.52 (399.4) 1432.63 (453.7) 0.736 

Carbohydrate (g) 117.9 (47.5-319) 120.3 (56.4-310) 0.458 

Protein (g) 44 (12.9-95.5) 38.4 (26.2-120) 0.891 

Lipids (g) 36.57 (13.6-75.3) 32 (15.8-94.4) 0.585 

Fibers (g) 12,29 (4.6-34.5) 13.09 (5.2-35.1) 0.275 

PA - Walk (MET) 387 (655) 336 (545) 0.525 

PA - Moderate (MET) 1360 (2620) 798 (901) 0.981 

PA - Vigorous (MET) 4481 (8681) 4635 (8981) 0.524 

PA - Total (MET) 6230 (9337) 5770 (9287) 0.649 
Values are presented as mean (standard deviation) or median (minimum - maximum value). The p values represent the results 

obtained by the independent samples t-test or Mann-Whitney U test. Food consumption results according to the food frequency 

questionnaire (FFQ), adjusted per thousand kilocalories. Physical activity results according to metabolic equivalent task (MET) 

scores obtained from the International Physical Activity Questionnaire (IPAQ). g: grams; Kcal: kilocalories; PA: physical 

activity.  

 

 After 10 weeks of intervention, it was possible to observe that the kombucha group 

reduced several markers of the lipid profile, such as TC, LDL-c, VLDL-c, TG, and Castelli 

index I and II compared to baseline, while the control group reduced only the Castelli index I. 

Additionally, only the kombucha group reduced uric acid after intervention. Regarding the 

glucose profile, both groups reduced HOMA-β, and only the control group increased glycated 

hemoglobin (within normal values) post-intervention. The other markers unchanged after the 

intervention. When comparing the differences in the two moments (∆ = final - initial), there 

were no differences between the control and kombucha groups for all evaluated variables 

(Table 3). 

 



75 

 

 

Table 3. Effect of 10 weeks of intervention on cardiometabolic risk markers, according to allocation group 

Variable Control group initial Control group final p Kombucha group initial Kombucha group final p  ∆   Control ∆ Kombucha ∆p 

TC (mg/dL) 180.60 (28.46) 177.57 (24.89) 0.352 182.92 (32.70) 173.53 (27.18) 0.024* -3.03 (16.94) -9.39 (20.74) 0.215 

LDL-c (mg/dL) 113.39 (28.42) 110.32 (25.49) 0.290 114.48 (22.71) 108.36 (17.91) 0.035* -3.07 (15.05) -6.12 (13.67) 0.446 

HDL-c (mg/dL) 39.56 (7.81) 41.24 (7.41) 0.093 40.79 (8.32) 42.31 (9.32) 0.250 1.68 (4.80) 1.51 (6.95) 0.922 

VLDL-c (mg/dL) 18.50 (10 – 43) 17.00 (10 – 54) 0.866 24.07 (10.39) 20.81 (7.69) 0.011* -0.12 (5.28) -3.25 (6.16) 0.059 

TG (mg/dL) 91.50 (52 – 216) 84.00 (49 –269) 0.954 120.29 (52.02) 104.37 (38.40) 0.012* -0.91 (26.04) -15.92 (30.82) 0.068 

Castelli index I  4.62 (1.04) 4.38 (0.88) 0.015* 4.66 (1.11) 4.29 (1.04) 0.007* -0.23 (0.44) -0.36 (0.64) 0.423 

Castelli index II 2.84 (0.72) 2.75 (0.73) 0.097 3.02 (0.75) 2.73 (0.73) 0.002* -0.09 (0.26) -0.29 (0.38) 0.066 

Apo A (mg/dL) 121 (108 – 208) 122 (101 – 239) 0.966 130.13 (20.22) 129.37 (18.97) 0.554 0.97 (12.27) -0.77 (14.66) 0.728 

Apo B (mg/dL) 97.96 (19.54) 100.48 (17.71) 0.332 100.48 (20.85) 99.92 (14.79) 0.838 0.00 (-20 – 33) 3.00 (-33 – 16) 0.869 

Apo A/Apo B index 1.26 (0.82 – 1.81) 1.18 (0.88 – 1.86) 0.159 1.27 (0.30) 1.26 (0.21) 0.653 -0.06 (0.22) -0.01 (0.16) 0.433 

Fasting blood glucose (mg/dL) 80.8 (5.63) 86.6 (10.93) 0.052 86 (5.96) 91.81 (6.69) 0.057 5.8 (2.59) 5.8 (2.66) 1.000 

Insulin (µUI/mL) 9.40 (3.39) 8.50 (3.03) 0.187 12.40 (6.10 – 19.20) 10.70 (4.50 – 24.80) 0.424 -0.90 (3.37) -0.47 (4.07) 0.851 

Glycated hemoglobin (%) 5.07 (0.29) 5.16 (0.29) 0.004* 5.05 (0.32) 5.08 (0.33) 0.478 0.10 (-0.30 – 0.40) 0.05 (-0.30 – 0.30) 0.126 

HOMA- IR 1.89 (0.70) 1.89 (0.73) 0.987 2.69 (1.14 – 4.50) 2.27 (1.33 – 5.93) 0.572 0.00 (0.71) 0.11 (1.02) 0.650 

HOMA-β 138.25 (56.04 – 293.05) 99.09 (45.77 – 267.20) 0.019* 192.90 (95.84 – 357.75) 117.15 (59.59 – 263.34) <0.001* -39.96 (66.59) -66.43 (50.39) 0.134 

Tyg  4.45 (4.21 – 4.91) 4.48 (4.17 – 4.99) 0.189 4.57 (0.23) 4.57 (0.20) 0.896 0.02 (0.09) -0.00 (0.13) 0.063 

Uric Acid (mg/dL) 4.30 (2.50 – 6.20) 3.85 (2.70 – 6.80) 0.673 4.18 (1.01) 3.95 (0.87) 0.027* -0.06 (0.75) -0.23 (0.52) 0.321 

Values are presented as mean (standard deviation) or median (minimum - maximum value). The p values represent the results obtained by the Paired t-test or Wilcoxon, and ∆p (final - initial) 

represents those obtained by the independent samples t-test or Mann-Whitney U test. µUI/mL: international micro unit per milliliter; Apo A: apolipoprotein A; Apo B: Apolipoprotein B; TC: Total 

cholesterol; HDL-c: high-density lipoprotein; HOMA-IR: Homeostasis Model Assessment - Insulin Resistance; HOMA-β: Homeostasis Model Assessment - Beta Cells; LDL-c: low-density 

lipoprotein; mg/dL: milligram per deciliter; TG: triglycerides; TyG; Triglycerides/glucose index; VLDL-c: very low-density lipoprotein.
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 Furthermore, the results of the factorial ANOVA showed that sex influenced only the 

variable glycated hemoglobin (p=0.049). Post-hoc comparison tests between groups showed 

that men in the kombucha group reduced glycated hemoglobin, while men in the control group 

increased this marker (Fig. 3). 
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Fig 3. Effect of interventions on glycated hemoglobin in male participants of both groups 

The p value represents the differences between the ∆ (final - initial) of the kombucha and control group in the independent 

samples t-test. 

 

Discussion 

 In the context of a healthy diet with calorie restriction, lasting 10 weeks, the daily 

consumption of 200 mL of green tea kombucha contributed to the significant reduction of lipid 

profile markers, such as TC, LDL-c, VLDL-c, TG, Castelli index II, and uric acid in individuals 

with excess weight, compared to baseline. A significant improvement in these parameters was 

not observed in the control group, and the same did not present any additional beneficial effect 

in relation to the kombucha group. Both groups were also able to reduce the Catelli I index and 

HOMA-β, in a similar way (p<0.05), a fact that can be attributed to the calorie-restricted diet. 

At the end of the study, only the control group increased glycated hemoglobin; however, within 

the range considered normal. Furthermore, in male participants, the kombucha intervention 

proved more effective in reducing glycated hemoglobin than the control intervention, with a 
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significant difference between the groups. However, in the other markers, no significant 

differences were observed when comparing the groups.  

The beneficial effect of green tea kombucha on the lipid profile can be attributed to the 

rich composition of the beverage, which presented 92 types of phenolic compounds, mostly 

from the flavonoid class (70.7%). Infused green tea, naturally, is a beverage rich in complex 

polyphenols [24], and during the kombucha fermentation process, these compounds are 

degraded by enzymes released by bacteria and yeast, forming simpler molecules and increasing 

the content of total phenolic compounds of the beverage [25], among which, gallocatechin, 

catechin 5-O-gallate, epicatechin, epigallocatechin, 5-O-galloylquinic acid, catechin, 5-p-

coumaroylquinic acid, quercetin 3-O-rutinoside and niricetin 3-O-glycoside stood out. 

Furthermore, the acetic bacteria present in kombucha (1.07 x 107 CFU/mL) are capable of 

transforming glucose into gluconic acid [26], which in turn conjugates with phenolic 

compounds, promoting an increase in their bioavailability [27]. 

A literature review on kombucha showed that phenolic compounds are capable of 

stimulating sirtuin-1 (SIRT-1), activating adenosine monophosphate-activated protein kinase 

(AMPK), and promoting inhibition of sterol regulatory element binding protein 2 (SREBP) 

transcription. In general, this mechanism contributes to metabolic homeostasis and causes a 

reduction in lipogenesis and cholesterol synthesis in the liver. Kombucha, through phenolic 

compounds and probiotic microorganisms, also can provide benefits to the intestinal microbiota 

that involve systemic effects, such as improving the lipid profile [28]. Furthermore, catechins, 

present abundantly in green tea kombucha, can interrupt the absorption and emulsification of 

lipids [29]. 

 In accordance with the present study, consumption of green tea kombucha for 16 weeks 

promoted the reduction of TC, TG, LDL-c, and VLDL-c in rats with hypercholesterolemia [30]. 

Similarly, a study with rats fed a high-fat, high-fructose diet to induce metabolic changes, found 

that consumption of green tea kombucha for 10 weeks reduced TG concentrations and reversed 

diet-induced hepatic steatosis from grade 2 to grade 1. In this same study, it was elucidated that 

kombucha stimulated the activation pathways of Carnitine palmitoyltransferase I (CPT-1), 

which promotes the reduction of triacylglycerols [29]. Another study with mice induced to non-

alcoholic fatty liver disease also observed that consumption of kombucha for 4 weeks caused 

the animals to protect the hepatocytes from toxicity lipids [31]. 

Furthermore, it is known that increased consumption of fructose and salt is associated 

with obesity and metabolic syndrome, and can activate purine nucleotide degradation pathways, 

which also increase uric acid levels [32]. For this reason, the effect of green tea kombucha, 
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associated with a healthy diet with calorie restriction, on serum uric acid concentrations stands 

out as an important cardiometabolic benefit. An in vitro study, with model cells from the 

proximal tubular cell line (HK-2), which evaluated the effect of black tea kombucha and cascara 

coffee on oxidative stress, also identified that the beverage was able to reduce uric acid levels 

[33]. 

Evidence indicates that the polyphenols present in green tea are capable of reducing uric 

acid by inhibiting the activity of xanthine oxidase, which is an enzyme that catalyzes purine 

reactions, transforming them into uric acid, and also by reducing the expression of renal urate 

transporters, increasing the excretion of uric acid [34]. Moreover, the literature shows that the 

main bioactive compound in green tea with the potential to reduce uric acid is gallic acid, and 

the degree of tea fermentation may be inversely proportional to the ability to provide effects on 

xanthine oxidase [35]. The kombucha offered to participants had a total phenolic content of 

0.32 mg/mL in gallic acid equivalents, which represents 64 mg/day, considering the volume 

offered to participants (200 mL). For reasons associated with palatability, the fermentation time 

of kombucha (5 days) was relatively shorter compared to beverages previously studied in 

animal models, which generally vary between 10 and 14 days [13, 36-37], which may have 

contributed to the effects of kombucha tea to reduce uric acid levels. 

It is known that abdominal obesity predisposes individuals to a greater risk of 

cardiovascular diseases and insulin resistance [38] and that glycated hemoglobin is considered 

the gold standard for measuring glucose levels, due to the high reliability and stability of the 

marker, representing average glucose values over two to three months [39]. Therefore, it is 

important to highlight the observed effect of green tea kombucha consumption on the reduction 

of glycated hemoglobin in men with excess weight. The men in this study were more responsive 

to kombucha treatment, and this may be explained by biological differences in glucose 

metabolism between men and women. Women have been proven to have lower glucose 

tolerance [40], insulin extraction in the liver [41], and hepatic fasting glucose uptake [42], 

which possibly hindered the significant action of kombucha. 

Kombucha, through phenolic compounds, is capable of inhibiting glucose transporter 1 

(GLUT1) and other enzymes of glucose metabolism, such as glycosity, in addition to inhibiting 

glucose absorption in the small intestine [28]. Previous clinical studies have also identified the 

great hypoglycemic potential of kombucha. A randomized, double-blind, crossover pilot 

clinical trial in a hospital system aimed to evaluate the effect of consuming 240 mL of 

kombucha on hyperglycemia in patients with type 2 diabetes mellitus for 4 weeks and identified 
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that the beverage was able to reduce levels of blood glucose [16]. Another clinical study also 

observed the postprandial hypoglycemic potential of kombucha in healthy people [15]. 

A healthy diet with calorie restriction is considered the main intervention to be adopted 

to reduce cardiometabolic risk markers in individuals with excess weight who do not have 

comorbidities [43], such as the participants in the present study. These effects were 

demonstrated by the reduction of the Catelli I index and HOMA-β in both groups. However, 

participants in the control group, at the end of the study, showed an increase in glycated 

hemoglobin. This increase was less than 0.1% and did not result in exceeding normal limits, 

which are values below < 5.7% [44]. This small increase is probably because to adapt to the 

caloric deficit, at the beginning of the diet period there is an increase in glycogenolysis [45] 

and, consequently, the levels of free glucose for hemoglobin glycation. Possibly, the 

hypoglycemic power of kombucha mitigated this effect caused by the diet of the group that 

consumed the beverage. 

 We highlight the limitation of this study regarding the dosage of kombucha offered to 

participants, as to date, there is a scarcity of studies and clinical guidelines that cite ideal doses 

for therapeutic effects. In this sense, the researchers chose to maintain a safe dose for 

supplementation for patients, with an approximate amount already reported in a previous study 

[16]. Among the strengths of this study, the similarity between the groups in terms of the 

characteristics of the participants at baseline, as well as the control of eating during the study, 

stands out. Finally, it is important to highlight that this was the first time that a study was 

dedicated to evaluating the consumption of green tea kombucha on cardiometabolic risk 

markers in individuals with excess weight. 

 

Conclusions 

 Daily consumption of 200 mL of green tea kombucha for 10 weeks, associated with a 

healthy diet with a restriction of 500 kcal/day, reduced TC, LDL-c, VLDL-c, TG, Castelli index 

II, and uric acid in individuals with excess weight (without apparent comorbidities), compared 

to baseline. Among men, green tea kombucha also reduced glycated hemoglobin compared to 

the control group. For these reasons, green tea kombucha should be included, in addition to the 

caloric deficit, in nutritional strategies to reduce cardiometabolic risk in individuals with excess 

weight. Due to the rich composition of phenolic compounds, organic acids, and potentially 

beneficial microorganisms, new therapeutic targets of green tea kombucha need to be studied. 
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8 CONCLUSÃO GERAL 

 Em indivíduos com excesso de peso, o consumo de 200 mL kombucha de chá verde por 

dez semanas reduziu o peróxido de hidrogênio, um importante radical pró-oxidante, que 

promove danos teciduais e celulares à parede vascular. Além disso, a kombucha de chá verde 

foi capaz de reduzir a hemoglobina glicada em participantes do sexo masculino, demonstrando 

o grande potencial hipoglicemiante da bebida. Os demais marcadores avaliados não diferiram 

entre os grupos controle e kombucha. 

 Ao final do estudo, o grupo que consumiu a kombucha obteve benefícios adicionais ao 

grupo controle na comparação com os valores da linha de base. Somente os participantes do 

grupo kombucha aumentaram o ITB e reduziram o CT, LDL-c, VLDL-c, TG, índice de Castelli 

II e ácido úrico. Estes resultados elucidam que a bebida potencializa os efeitos que comumente 

já são observados com a dieta saudável de restrição calórica. 

 Portanto, o consumo de kombucha de chá verde pode ser incentivado, no contexto de 

uma dieta saudável e com restrição calórica, para melhora do estresse oxidativo e marcadores 

de risco cardiometabólico em indivíduos com excesso de peso.  
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