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Triglicerideos de cadeia media (medium-chain triglyceride)

Micro tomografia computadorizada (micro computed tomography)
Fator inibitorio da migracdo de macrofagos

Macrofagos resolutivos (resolution-phase macrophages)

Célula tronco mesenquimal (mesenchymal stem cells)

Grupo experimental alimentado com dieta rica em carboidratos refinados
acrescida de dosagem média de 6leo de coco extravirgem (3000 mg/Kg de peso

corporal)

Acidos graxos n#o esterificados (non-esterified fatty acids)
Oleo de coco extravirgem

OPG — Osteoprotegerina (osteoprotegerin)

Reacdo em cadeia da polimerase em tempo real (real-time polymerase chain

reaction)

PIQ

Regressao de minimos quadrados parciais (partial least squares regression)
PNS - Philippine National Standard

PPARy

Coeficiente de correlacéo (correlation coefficient)

Receptor de ativagdo nuclear kappa B (receptor activator of nuclear factor NF-kB)
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RANKL

REF

RER

RMSEC

RMSECV

RMSEP

ROS
RPD
RUNX2
SEL

SF
SNV

St

Th.N
Th.Pf
Th.Th

TBARS

TCM
TGF-B

TNF-a

Ligante do receptor de ativagdo nuclear kappa B (receptor activator of nuclear
factor NF-kB ligand)

Reganho de peso (bodyweight gain rebound)
Taxa de trocas respiratérias (respiratory exchange ratio)

Raiz quadrada do erro quadratico médio de calibragédo (root mean square error of

calibration)

Raiz quadrada do erro quadratico médio de validagédo cruzada (root mean square
error of cross validation)

Raiz quadrada do erro quadratico médio de previsao (root mean square error of
prediction)

Espécies reativas de oxigénio (reactive oxygen species)

Relacéo de desempenho de desvio (relative prediction deviation)

Fator de transcri¢cdo relacionado ao Runt 2 (Runt related transcription factor 2)
Erro padrdo do laboratério (standard error of the laboratory)

Gordura saturada (saturated fat)

Padronizacéo pelo desvio (standard normal variate)

Rigidez (stiffness)

Numero de trabéculas (trabecular number)

Grau de conectividade entre as trabéculas (trabecular parttern factor)
Espessura da trabécula (trabecular thickness)

Substancias reativas ao acido tiobarbitlrico (total thiobarbituric acid-reactive

substance)
Triglicerideos de cadeia média
Fator de transformacéo do crescimento beta (transforming growth factor beta)

Fator de necrose tumoral alfa (tumor necrosis factor alpha)
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TRAP

VCO

VIP

Fosfatase Acida Resistente ao Tartarato (tartrate-resistant acid phosphatase)
Oleo de coco virgem (virgin coconut oil)

Importancia da variavel para projecao (variable importance in the projection)
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RESUMO

A obesidade, doenca caracterizada pelo excessivo acumulo de gordura
corporal, por ser associada a inflamacédo cronica e & importante estresse oxidativo,
esta envolvida no desenvolvimento de comorbidades metabdlicas e 6sseas. Estudos
demonstram que determinados alimentos podem promover efeitos benéficos na
obesidade e alteracbes associadas, por induzirem reducdo do ganho de peso e da
inflamacéo, além de promoverem aumento da defesa antioxidante. Dentre esses
alimentos, apesar de incipiente grau de evidéncia cientifica, cita-se o 6leo de coco
extravirgem (OCEV). A esse produto tém sido atribuidas acbes benéficas a saude
devido ao seu conteudo significativo de compostos antioxidantes (compostos
fendlicos e vitaminas) e de &cidos graxos de cadeia média, lipidios com potencial
efeito na reducdo da adiposidade e no estabelecimento de homeostase metabdlica.
O objetivo desse estudo foi realizar uma criteriosa analise de qualidade e identidade
do OCEV e posteriormente, avaliar o potencial desse produto em controlar a
obesidade e as alteragbes metabdlicas, inflamatérias e Osseas associadas,
induzidas por dieta rica em carboidratos refinados (HC), em camundongos. A
suplementacdo de OCEV resultou em menor adiposidade associada a menor area
de adipdcitos, efeito atribuido a menor expressao da enzima acetil coa carboxilase
(ACC). O consumo de OCEV ocasionou ainda manutencdo de homeostase
glicémica, menor concentracdo sérica de lipides (colesterol e triglicérides), acidos
graxos livres e leptina, aumento da concentracdo de adiponectina no soro, reducéo
de lipidios totais e colesterol no figado, menor rolamento de leucécitos no endotélio
vascular do tecido adiposo epididimal, menores concentracdes de citocinas pro-
inflamatérias (IL-6 e TNF-a) nos tecidos adiposos epididimal e inguinal, assim como
menor contagem de leucadcitos totais e células mononucleares e polimorfonucleares
no sangue. Uma das alteracdes decorrentes do consumo de dieta HC é o prejuizo
na saude Ossea. Entretanto, o consumo de OCEV reverteu tal efeito, uma vez que
promoveu aumento no percentual de osso trabecular em diferentes sitios 0sseos
(tibia, fémur, vértebras lombares e maxila), assim como, maior densidade mineral
0ssea do fémur e do osso alveolar. Conclui-se que a suplementagédo de OCEV foi
efetiva para controlar o excesso de adiposidade e as alteragbes metabdlicas,
inflamatorias e 6sseas associadas, em modelo experimental de obesidade.

Palavras chave: Oleo de coco extravirgem, obesidade, alteracées metabdlicas.
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ABSTRACT

The obesity is characterized by excessive fat storage and since it is
associated with chronic low grade inflammation and significant oxidative stress, this
disease is involved in triggering metabolic and bone disorders. Studies have shown
that certain foods could promote beneficial effects in obesity and related
comorbidities, once they induce lower weight gain, decrease of inflammation and
higher oxidative defense. Among those foods, despite low scientific evidence, we can
mention virgin coconut oil (VCO). Health benefits have been attributed to VCO
consumption that may be related to the content of bioactive ingredients such as
polyphenols, vitamins and medium chain fatty acids (MCFA), lipids that could act to
decrease adiposity gain and to promote metabolic homeostasis. The aim of the
present study was to investigate the physical and chemical properties of VCO,
evaluating their quality and identity, and thus, analyzing the potential in treating
obesity and related metabolic, inflammatory and bone disorders, induced by a high-
refined carbohydrate-containing diet in mice. The VCO supplementation induced
lower adiposity associated with lower adipocyte area, due to acetyl coa carboxylase
lower expression. The VCO consumption has also promoted maintenance of
glycemic homeostasis, lower serum concentration of lipids (cholesterol and
triglycerides), non-esterified fatty acids and leptin, higher adiponectin serum
concentration, decrease of total lipids and cholesterol in liver, lower leukocytes rolling
in epididymal adipose tissue, lower concentration of proinflammatory cytokines (IL-6
e TNF-a) in epididymal and inguinal adipose tissues, as well as lower blood count of
total leukocytes, mononuclear and polymorphonuclear cells. Animals that were fed
with VCO also exhibited greater percentage of trabecular bone in different bone sites
(tibia, femur, lumbar vertebrae and maxillae) in addition to higher femur and alveolar
bone mineral density. In conclusion, VCO supplementation was effective to control
obesity and related metabolic, inflammatory and bone disorders in experimental
obesity model.

Keywords: virgin coconut oil, obesity, metabolic disorders.
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1. INTRODUCAO

A obesidade é uma doenca de elevada prevaléncia em todo o mundo (NCD
RISK FACTOR COLLABORATION, 2016), caracterizada pela excessiva adiposidade
corporal (WHO, 2012). Essa condicdo, por ser associada a inflamacéo crénica e de
baixo grau (OSBORN & OLEFSKY, 2012) e a significativo estresse oxidativo
(FURUKAWA et al., 2004; HOPPS et al., 2010), favorece o desenvolvimento de
comorbidades, tais como diabetes melito tipo 2, dislipidemias, doenca hepatica
gordurosa nao alcodlica, doencas cardiovasculares (MCARDLE et al., 2013; HILL et
al., 2014), assim como, prejuizos na saude éssea (ZHAO et al., 2008; HALADE et
al., 2011). Além disso, a obesidade € associada ao aumento da perda Ossea
espontanea e, consequentemente, a diminuicdo da densidade mineral Ossea
(HALADE et al., 2010; CAO, 2011), ndo somente dos 0ssos longos, mas também de
ossos faciais como a maxila e a mandibula (CAVAGNI et al. 2014). Sendo assim, a
obesidade relaciona-se a piora da qualidade de vida dos individuos e a significativo
namero de mortes e invalidez, além de elevados custos governamentais com saude
(WITHROW &. ALTER, 2011; WHO, 2015).

Considerando que as estratégias tradicionais aplicadas no tratamento da
obesidade (dieta hipocaldrica, pratica de atividade fisica e uso de farmacos),
apresentam baixos indices de ades&o e, portanto, de sucesso em longo prazo
(KOEHNLEIN et al. 2008; MCARDLE et al., 2013), almejam-se medidas alternativas
para possibilitar efetivo controle e tratamento dessa doenca e suas comorbidades
associadas.

Dentre essas medidas alternativas, cita-se a inclusdo na dieta de
determinados alimentos, com alegacdo de funcionalidade (BRASIL, 2005), que
podem auxiliar no tratamento da obesidade, devido a suas propriedades
antioxidante, anti-inflamatéria e termogénica (HIRAI et al., 2010; DULLOO, 2011;
SIRIWARDHANA et al., 2013).

Recentemente, o 0leo de coco extravirgem (OCEV), que se trata do produto
resultante da primeira prensagem da polpa de coco fresca, a frio, sem aplicacao do
processo de refinamento, tem ganhado elevada popularidade como um alimento
dotado de alegacdo de funcionalidade (MARINA et al., 2009c). Tal atribuicdo de
funcionalidade do OCEV ocorre devido ao seu conteudo significativo de compostos
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antioxidantes (compostos fendlicos, vitamina E e pré vitamina A) (SENEVIRATNE et
al., 2009; ZAKARIA et al, 2010; MANSOR et al., 2012), assim como da presenca
majoritaria em sua composicdo de acidos graxos de cadeia média (AGCM), lipidios
com 6 a 12 carbonos na cadeia (MARINA et al., 2009c). Estudos experimentais e
clinicos mostram os AGCM possuem potencial efeito benéfico na reducdo da
adiposidade e no estabelecimento de homeostase metabdlica (PORTILLO et al.,
1998; ASSUNCAO et al., 2009; LIAU et al., 2011; SILVA et al., 2011).

O Oleo de coco apresenta, em sua maior parte, acidos graxos de cadeia
saturada, aos quais, tradicionalmente, sdo atribuidos efeitos indesejaveis a saude,
tais como aumento do colesterol e da inflamacéo sistémica (MAHLEY, 1982; LOTTENBERG
et al., 2009; SANTOS et al., 2013) e, portanto, do risco de desenvolvimento de doencas
cardiovasculares. Sendo assim, apesar das recentes alegacdes benéficas atribuidas
ao OCEV, a recomendacao de incluir esse produto na dieta permanece controversa
(EYRES, et al., 2016). Estudos epidemioldgicos realizados em populacdes da Africa,
da Asia e do Pacifico Sul, cujas dietas apresentam predominancia do 6leo de coco
como fonte de lipidios, demonstram baixa incidéncia de doengas cardiovasculares,
dislipidemia e outros agravos normalmente associados ao consumo de gordura
saturada. Tal fato corrobora que os acidos graxos saturados presentes de forma
majoritaria no Oleo de coco (AGCM), parecem exercer um papel metabdlico
diferenciado, em relacdo aos acidos graxos saturados de cadeia longa (AGSCL). Em
comparacdo aos AGSCL, os AGCM apresentam metabolizacdo mais rapida e
eficiente (MARTEN et al., 2006), ocasionam em maior gasto energético (BABA et al.,
1982; ST-ONGE et al., 2003; TURNER et al., 2009; DULLOO, 2012; ZHANG et al.,
2015), apresentam baixa e nao significativa contribuicdo no aumento de colesterol
sérico (NEVIN & RAJAMOHAN, 2008; ZAKARIA et al., 2010), além de ocasionarem
reducdo da lipogénese (GUO et al.,, 2000; HAN et al., 2003; SUN et al, 2013) e
aumento na taxa de beta-oxidacdo (CLEGG, 2010). Os AGCM podem ter ainda,
acao importante na melhora da homeostase glicémica devido ao aumento na
producdo e na sensibilidade a insulina (FELTRIN et al.,2004; NAKAMURA et al.,
2004; TERADA et al., 2012; SUN et al., 2013; VEECH et al., 2013). Sendo assim,
infere-se que o OCEV, por ser um alimento formado em sua maior parte por AGCM,
possa contribuir para reducdo do ganho de peso corporal e para manutencao de um
perfil metabdlico adequado (MARINA et al., 2009c¢).
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A composicdo e as propriedades fisico-quimicas do 6leo de coco diferem
significativamente de acordo com o tipo de processo utilizado para sua obtencéo
(SENEVIRATNE et al.,, 2009; ZAKARIA et al, 2010; MANSOR et al., 2012), a
aplicacao de refinamento (GORDON & RAHMAN, 1991; DAYRIT et al., 2011), o uso
de calor no processamento (NEVIN & RAJAMOHAN, 2008; SENEVIRATNE &
DISSANAYAKE, 2008; NEVIN & RAJAMOHAN, 2009) e o local e as condi¢Ges de
cultivo do coco (PORTILLO et al., 1998; KHAN et al., 2008; MARINA et al., 2009a;
GOPALA et al, 2010; KUMAR & KRISHNA, 2015). Considerando que as
caracteristicas fisico-quimicas do 6leo de coco relacionam-se diretamente com o
potencial do mesmo em promover efeitos desejaveis a saude (MARINA et al., 2009c¢)
e que esse produto € alvo importante de fraudes, devido ao seu elevado custo e
dificuldade de obtencdo (MANAF et al., 2007) faz-se necessaria a caracterizacao
fisico-quimica e o controle de qualidade criteriosos do OCEV.

Levando em consideracdo que até o presente momento s&do inexistentes
estudos da composicao fisico-quimica do OCEV produzido/comercializado no Brasil
e que € ainda incipiente o grau de evidéncia cientifica dos beneficios a saude
associados ao consumo desse produto (EYRES et al.,, 2016), os objetivos desse
trabalho foram realizar a caracterizacdo fisico-quimica do OCEV e, posteriormente,
avaliar os efeitos desse, na obesidade e alteracdes metabdlicas, inflamatorias e

Osseas induzidas por dieta rica em carboidratos refinados, em camundongos.
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2. OBJETIVOS

2.1 Objetivo geral

Avaliacdo do consumo do Oleo de coco extravirgem no tratamento da

obesidade e suas comorbidades associadas em camundongos.
2.2 Objetivos especificos

e Realizar a caracterizacéo fisico-quimica, a analise da composi¢do de &cidos
graxos e a determinacdo da estabilidade oxidativa de O6leos de coco
extravirgem comercializados no Brasil;

e Desenvolver modelo de analise da acidez do 6leo de coco extravirgem por
meio da espectroscopia na regido do infravermelho (FTIR) e quimiometria;

e Analisar a influéncia do 6leo de coco extravirgem na adiposidade e alteractes
metabdlicas e inflamatdrias induzidas por dieta rica em carboidratos refinados,
em camundongos.

e Analisar a influéncia do 6leo de coco extravirgem nas alteracbes Osseas

induzidas por dieta rica em carboidratos refinados, em camundongos.
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3. REVISAO DE LITERATURA

3.10besidade

A obesidade é uma doenca caracterizada pelo acumulo excessivo de gordura
corporal que, por sua vez, compromete a saude dos individuos, acarretando em
prejuizos tais como: alteracdes metabdlicas, respiratérias, locomotoras e Osseas
(WANDERLEY & FERREIRA, 2010; WHO, 2012). E um importante problema de
saude publica nos paises desenvolvidos e em desenvolvimento, devido, né&o
somente, a gravidade das comorbidades associadas, mas também a elevada
prevaléncia dessa condicdo. Em 2014 foram detectados 614 milhdes de individuos
obesos no mundo e, caso o ritmo de crescimento da obesidade mantenha-se
elevado, estima-se que em 2025 aproximadamente 18% dos homens e 21% das
mulheres serdo obesos (NCD RISK FACTOR COLLABORATION, 2016). No Brasil
estima-se que aproximadamente 15% da populacédo adulta (30 milhdes de pessoas)
apresenta obesidade, sendo 12 milhdes de homens e 18 milh6es de mulheres (NCD
RISK FACTOR COLLABORATION, 2016).

A obesidade, além de reduzir a qualidade e a expectativa de vida dos
individuos (WHO, 2012), onera significativamente o orcamento governamental com
saude. Estima-se que obesos geram 30% mais gastos com assisténcia médica, em
comparacao aos individuos eutroficos (WITHROW &. ALTER, 2011).

O significativo crescimento da obesidade no mundo associa-se ao aumento
do sedentarismo e do consumo de alimentos com alta densidade energética, ricos
principalmente em carboidratos refinados (WHO, 2015). A combinacdo dessas
condi¢des, somadas ou ndo a uma predisposi¢cao genética e a fatores hormonais, é
determinante no desencadeamento da obesidade, assim como suas comorbidades
associadas (MCARDLE et al., 2013).

3.1.1 Obesidade e comorbidades associadas

A associacdo da obesidade com diversas comorbidades é em parte
determinada pela inflamacdo crénica de baixo grau e pelo significativo estresse
oxidativo associados a essa condi¢cdo (Figura 1). A expansao do tecido adiposo
resulta em adipocitos hipertrofiados e consequentemente, em hipoxia dessas
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células, devido a insuficiente vascularizacao desse tecido (MCARDLE et al., 2013).
A hipoxia de adipdcitos gera importante ativagdo do sistema imunolégico associado
a aumento de quimiocinas (MIF - fator inibitorio da migracdo de macréfagos e MCP-1
- proteina quimiotatica para mondcitos), efeito responsavel pelo aumento no
recrutamento e infiltracdo de células imunoldgicas (linfocitos T, macréfagos,
neutrofilos). Além disso, individuos obesos demonstram alteragdo na homeostase
celular do tecido adiposo, uma vez que se observa aumento importante e
predominéancia da presenca de macréfagos com fenotipo M1 (caracteristica
inflamatoéria), em detrimento de macréfagos com fendtipo M2 (caracteristica anti-
inflamatoria e predominante como populacao celular residente no tecido adiposo de
individuos magros) (OSBORN & OLEFSKY, 2012). O aumento de células
inflamatorias no tecido adiposo expandido gera maior producéo local de moléculas
pro-inflamatérias, tais como as interleucinas 6 (IL-6) e 1B (IL1B), o fator de necrose
tumoral alfa (TNF-a) e as adipocinas: quemerina, leptina e resistina (OSBORN &
OLEFSKY, 2012; MCARDLE et al., 2013; HILL et al., 2014), assim como, reducao de
adiponectina, uma adipocina com perfil anti-inflamatério. A obesidade esta
associada ainda a maior producdo de espécies reativas de oxigénio (EROs), que
ocasionam em estresse oxidativo, dano celular e exacerbagdo da inflamacéo
(FURUKAWA et al., 2004; HOPPS et al., 2010).

Tecido adiposo de individuos magros Tecido adiposo de individuos obesos

¢ Leptina T Leptina Macrdfagos dispdem-se
em forma de coros {crown

T o Citocinas pré-inflamatérias ¢ Adiponecting like- structure), em torno
(IL-8, TNFa, IL-18) de adipocitos mortos

L. E.

Balango energético positivo .\‘
. ¢ rg: p .

Infiltracdo de células
imunoldgicas

3. 1 d F
Populagio celular residents Adipocitos hipertrofiados ‘ . .

Quimicataentes
(MCP-1 e MIF)

> ” @ & &

Adipdcto  pré- adipdcto  Linfécto T Macrdfago M1 Macrdfago M2 Célula dendritica

Hipoxis

Figura 1 — Expansédo do tecido adiposo é associada a inflamacdo e desregulagéo
metabolica (adaptado de MCARDLE et al., 2013).
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A resposta inflamatéria gerada nos adipdcitos hipertrofiados resulta em menor
sensibilidade a insulina, por inducdo de fosfoforilacdo em serina do receptor de
insulina, o que pode reduzir a sua funcionalidade (WELLEN & HOTAMISLIGIL,
2005). A reducdo da sensibilidade a insulina, e, portanto, da acdo anti-lipolitica
desse hormonio, em adipdcitos hipertrofiados, torna essas células mais susceptiveis
a lipdlise induzida por catecolaminas. Desta forma, gera-se maior concentracdo de
acidos graxos livres (AGL) na circulacdo, situacdo essa que eleva o grau de
inflamacdo e de estresse oxidativo (DESPRES & LEMIEUX, 2006; ERION &
SHULMAN, 2010).

O estresse oxidativo e o aumento da resposta inflamatoria local (no tecido
adiposo) e sistémica contribuem para a maior predisposi¢cdo ao desenvolvimento de
comorbidades, tais como diabetes melito tipo I, dislipidemias, doenca hepatica
gordurosa ndo alcodlica, doencas cardiovasculares (BOZAOGLU et al., 2007,
WANDERLEY & FERREIRA, 2010; OSBORN & OLEFSKY, 2012; MCARDLE et al.,
2013; HILL et al., 2014) e danos no tecido 6sseo (ZHAO et al., 2008; HALADE et al.,
2011).

Para compreensédo dos efeitos do excesso de adiposidade na integridade
Ossea faz-se necessario realizar uma elucidagédo do funcionamento do tecido 6sseo.
O osso é um tecido metabolicamente ativo, o qual sofre continuo remodelamento,
isto €, reabsorcdo e deposicdo mineral. As principais células envolvidas nesse
processo sdo 0s osteoblastos e 0s osteoclastos, responsaveis pela formacédo e
reabsorcdo 6sseas, respectivamente (JUNQUEIRA & CARNEIRO, 2008; ROBBINS
et al., 2013).

Os osteoblastos produzem os componentes da matriz organica do 0sso e
participam da mineralizacdo desta, executando, portanto, acbes essenciais a
formacao d6ssea (JUNQUEIRA & CARNEIRO, 2008; GARTNER & HIATT, 2010).
Entretanto, o0s osteoblastos também possuem papel importante na
osteoclastogénese e na reabsorcdo O0ssea. Essas células expressam a molécula
ligante do receptor de ativagcdo nuclear kappa B (RANKL), a qual se liga ao receptor
de ativacao nuclear kappa (RANK), presente em precursores de osteoclastos, sendo
que tal ligacdo desencadeia a maturagdo dos pré-osteoclastos em osteoclastos
maduros (GARTNER & HIATT, 2010; ROBBINS et al., 2013). Por outro lado, os

osteoblastos produzem a osteoprotegerina (OPG), ligante com forte afinidade pelo
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RANKL, e ao se ligar a essa molécula, impede a osteoclastogénese (GARTNER &
HIATT, 2010; ROBBINS et al., 2013) (Figura 2). O sistema RANKL/RANK/OPG atua,
portanto, na manutencdo da homeostase 0ssea e desiquilibrios nessa via, podem
acarretar em prejuizo da integridade do osso (JUNQUEIRA & CARNEIRO, 2008;
GARTNER & HIATT, 2010; ROBBINS et al., 2013).

Precursor de

Diferenciagdoe fusio
osteoclasto ¢

—_—

RANK Osteoclasto
4 oOPG ativado

RANKL

Ostecblasto
A
REABSORCAQ
OSSEA

Figura 2 — Visdo esquematica do sistema RANKL/RANK/OPG (adaptado de
COETZEE & KRUGER, 2004).

Em estudos experimentais, clinicos e epidemiol6gicos, o excesso de
adiposidade é positivamente correlacionado com menor massa 6ssea (WEILER et
al., 2000; POLLOCK et al., 2007; ZHAO et al., 2008; CAO, 20011; HALADE et al.,
2011) e maior numero de fraturas 6sseas (GOUDING et al., 2001; HSU et al., 2006).
Sabe-se que a origem da correlacdo entre obesidade e prejuizo da saude Ossea
reside, em grande parte, no aumento da inflamacdo, do estresse oxidativo e da
lipotoxicidade associadas a expansdo do tecido adiposo. Tais condi¢cdes podem
intensificar a reabsorcdo 6ssea e, portanto, ocasionar em diminuicdo da densidade
mineral 6ssea, devido a um estimulo na producéo da citocina RANKL e diminui¢éo
de seu receptor decoy OPG (Figura 3) (ZHAO et al., 2008; HALADE et al., 2011).

Os adipdcitos e os osteoblastos possuem a célula tronco mesenquimal (MSC)
da medula 6ssea, como um precursor comum, sendo que diferentes estimulos
(citocinas, fatores de transcricao, etc), determinam a diferenciacdo da MSC, em um
tipo celular especifico (HALADE et al., 2011). A obesidade é associada a aumento

na expressao de um fator de transcricdo que estimula a adipogénese, o receptor
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ativado por proliferador de peroxissoma gama (PPAR y), em detrimento do estimulo
da expressdo do fator de transcricdo relacionado ao Runt 2 (RUNX2), molécula
essencial para a osteoblastogénese. Sendo assim, na condicdo de acumulo de
adiposidade corporal ocorre prejuizo no processo de remodelamento 6sseo, devido
ao estimulo aumentado para adipogénese, em detrimento da osteoblastogénese
(HALADE et al., 2011) (Figura 3).

Dieta ocidental
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N:é-adipécito PPARy 1 oot
OPG ; _L
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Pré - osteoblasto > J
Osteoblasto
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Figura 3 — Mecanismos envolvidos no aumento da reabsor¢cdo 0ssea e reducdo da
osteoblastogénese na obesidade (adaptado de HALADE et al., 2011).

A hiperglicemia associada a resisténcia a insulina, que pode estar presente na
obesidade, resulta em desordens dsseas, tais como: reducdo da mineralizacdo e
aumento da fragilidade do tecido 6sseo (HAMILTON et al., 2009; LUMACHI et al.,
2009; WONGDEE & CHAROENPHANDHU, 2011). A reducdo na concentracéo
sérica de adiponectina, evento comum na obesidade, também pode estar
relacionada a menor integridade 6ssea, uma vez que essa adipocina parece atuar
na inibicdo da osteoclastogénese e da reabsorcao 6ssea (OSHIMA et al., 2005).

Assim como os 0ssos longos sdo afetados negativamente pela obesidade e
suas respectivas alteracfes metabdlicas e inflamatorias, sabe-se que o0ssos faciais
como a maxila e a mandibula também podem ser prejudicados (BENSLE et al.,
2011). Estudos mostram que a incidéncia e a gravidade da doenca periodontal, por
exemplo, uma doenca inflamatoria de etiologia infecciosa que atinge as estruturas

de suporte dos dentes, podendo estar associada a perda 0ssea do osso alveolar, é
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diretamente proporcional ao acumulo de gordura corporal e a intensidade das
alteracdes metabdlicas associadas (TOMOFUJI et al., 2009; SAITO & SHIMAZAKI,
2010).

A obesidade induz aumento do recrutamento de neutrofilos, do estresse
oxidativo e ocasiona redugdo da atividade de enzimas antioxidantes no tecido
gengival (TOMOFUJI et al.,, 2009), fatores que podem desencadear ou piorar o
quadro inflamatdrio periodontal, contribuindo para aumento na reabsorcdo Ossea
nesse local. Além disso, alteragcbes metabdlicas, tais como hiperglicemia e
dislipdemias e o aumento da concentracdo de citocinas pré-inflamatérias circulantes,
TNF-a e IL-6, decorrentes do excesso de adiposidade, correlacionam-se
positivamente com o aumento da incidéncia e da gravidade da perda Ossea alveolar
(MARCHETTI et al., 2012; JANKET et al., 2015).

3.1.2 Estratégias para o tratamento da obesidade

Considerando a elevada incidéncia da obesidade e a significativa gravidade
das comorbidades associadas a essa condicdo, muitas estratégias tém sido
empregadas para tratar e reduzir a gravidade dessa doenca. As estratégias
terapéuticas tradicionais sdo a recomendacdo de dietas hipocaléricas altamente
restritivas e 0 uso de farmacos que induzem o maior gasto energético e reducao do
apetite. Entretanto, tais estratégias mostram-se ineficazes em longo prazo, pois a
reducdo do consumo calérico é de dificil adesdo permanente (KOEHNLEIN et al.
2008) e o uso de farmacos acarreta em elevado numero de efeitos colaterais
indesejaveis (KANG & PARK, 2012; MCARDLE et al., 2013).

Dessa forma, torna-se necessaria a busca por solucBes alternativas as
referidas estratégias tradicionais para o tratamento da obesidade. Nesse contexto,
portanto, surge o interesse pelo estudo de fatores dietéticos como coadjuvantes no
tratamento e prevencdo da obesidade e comorbidades associadas
(SIRIWARDHANA et al., 2013).

Estudos atribuem acbes positivas na prevencédo e tratamento da obesidade a
uma seérie de alimentos, devido a presenca de fatores dietéticos benéficos, tais
como: compostos fendlicos, carotenoides, acidos graxos de cadeia média, gordura
mono e poli-insaturada e vitaminas, tais como A, C, D e E (MARTEN et al., 2006;

BASTOS et al.,, 2009; BAKKER et al.,, 2010; SIRIWARDHANA et al.,, 2013).
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Componentes dietéticos podem atuar de forma benéfica na obesidade e suas
comorbidades, por diversos mecanismos, tais como: reducdo da lipogénese, da
inflamacéo e do estresse oxidativo e promocao do estimulo da lipdlise e da beta
oxidacao (Figura 4) (SIRIWARDHANA et al., 2013).

*A: ponecting ¢ Al
Wicptn ‘
R [Magro Obeso |
O ol |
é ‘ - Leptina
- flamacso Resisting
é @ : nflamagac L6
' 17 MCP-1
@ i ¢ Vst
I
Y
Polifencis Ang
PUFA
MUFA ' :
CLA ' '
250 ' :
Adipocito : '
'
..vvﬂ-':'_\ '
‘ Macrofage M1 T ;
Lipofise :
é Macrofago M2 :
L]
e "
' o | Oxidagao AG
L= nibigao
- - - I N | ‘_'p:.o-érm | .

Figura 4 — Modulagédo do ganho de adiposidade e da inflamagcdo por compostos
alimentares bioativos (adaptado de SIRIWARDHANA et al., 2013)

Os acidos graxos de cadeia média (AGCM) (aqueles que apresentam entre 6
a 12 carbonos na cadeia) sao lipidios associados a a¢des benéficas na obesidade e
comorbidades, uma vez que potencialmente atuam no aumento da termogénese, do
gasto energético e da saciedade e reduzem a ativacdo de vias lipogénicas,
apresentando, portanto, papel como adjuvantes na perda de peso (BABA et al.,
1982; DOUGLAS et al., 1990; GUO et al., 2000; KROTKIEWSKI, 2001; HAN et al.,
2003; ST-ONGE et al., 2003; HAN et al., 2007; TURNER et al., 2009; BOSH et al.,
2011; DULLOO, 2012; SUN et al, 2013; ZHANG et al., 2015;). Os AGCM podem
atuar, ainda, no estabelecimento de homeostase metabdlica (BATH et al.,, 1996;
FELTRIN et al.,2004; NAKAMURA et al., 2004; TAKEUCHI et al., 2006; TERADA et
al., 2012; SUN et al., 2013), ao contribuirem para prevenir e/ou amenizar os quadros
de resisténcia a insulina/hiperglicemia, que sao altamente prevalentes na obesidade

(OSBORN & OLEFSKY, 2012).
33



Considerando que existem poucos alimentos na dieta ocidental que
apresentam conteudo significativo de AGCM, uma das estratégias para viabilizar o
consumo dessa gordura, a fim de obter seus respectivos efeitos benéficos a saude,
€ a introducdo de 6leo de coco extravirgem (OCEV) na dieta, uma vez que esse é
composto majoritariamente por AGCM (MARINA et al., 2009a). O OCEV apresenta
ainda, em sua composicao, substancias com acdes antioxidante e anti-inflamatoria
comprovadas, tais como compostos fendlicos, pré vitamina A e vitamina E (NEVIN &
RAJAMOHAN, 2008; SENEVIRATNE et al., 2009; MARINA et al., 2009b; ACOSTA-
ESTRADA et al., 2014). Dessa forma, o OCEV tem sido apontado como um provavel
alimento com alegacéo de funcionalidade, podendo atuar de forma benéfica em uma
série de comorbidades (MARINA et al., 2009a).

3.2 0 Oleo de coco

De acordo com a Agéncia Brasileira de Vigilancia Sanitaria (ANVISA), o 6leo
de coco é definido como o 6leo obtido do fruto Cocos nucifera L. (coco), utilizando-
se processos tecnolégicos adequados (descorticacdo, trituragcdo da polpa e
prensagem mecanica) (MORETTO & FETT, 1998; BRASIL, 1999).

O 6leo de coco é composto majoritariamente por gordura saturada (mais de
90%), sobretudo pelos triglicerideos de cadeia média (aproximadamente 70%),

sendo que o acido graxo laurico esta presente em maior concentracao (Tabela 1).

Tabela 1 - Perfil de 4cidos graxos do 6leo de coco extravirgem

Acido Graxo

KUMAR & KRISHNA 2015

GOPALA et al., 2010

EQBAL et al., 2010

Acido caprilico (8:0) 7,52% 7,00% 6,60%
Acido caprico (10:0) 6,38% 5,40% 5,07%
Acido laurico (12:0) 55,75% 48,90% 46,46%
Acido miristico (14:0) 18,74% 20,20% 20,57%
Acido palmitico (16:0) 7,90% 8,40% 9,16%
Acido esteéarico (18:0) 0,27% 2,50% 2,94%

Acido oléico (18:1) 3,31% 6,20% 7,21%
Acido linoléico (18:2) 0,30% 1,40% 1,65%

Os AGCM em comparacdo com os acidos graxos saturados de cadeia longa

(AGSCL), apresentam ponto de fusdo mais baixo (oscilando entre 23 e 26°C), sendo
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que sdo normalmente liquidos a temperatura ambiente e ocasionam em menor
concedimento de calorias (8,25Kcal/g, enquanto os AGCL proporcionam 9,2 Kcal/g)
(SAYAGO-AYERDI et al., 2008).

O ¢6leo de coco apresenta-se bastante resistente a rancificacdo e possui
elevado indice de saponificacéo (de 250 a 260 mg.KOH g*), sendo que ambas as
caracteristicas relacionam-se ao elevado teor de &cidos graxos saturados de baixo
peso molecular que compde esse produto (CALLADO E PAULA JR., 1999; MARINA
et al.,2009b).

Existem dois métodos para extracdo do 6leo de coco: o método Umido e o
método seco (THIEME, 1970), sendo esse ultimo o mais comum. No método seco, é
utilizada a polpa da fruta seca (desidratada sob radiacdo solar), ou seja, a copra,
gue é prensada em equipamento especifico e o produto obtido (6leo de coco bruto)
apresenta muitos interferentes e elevada acidez (em torno de 5%). Para que esse
Oleo possa ser utilizado na alimentagcdo, é necessario, portanto, que 0 mesmo seja
submetido ao processo de refino, visando a eliminacdo de substancias indesejaveis
(acidos graxos livres, fosfolipidios, corantes e etc). O refinamento é constituido de
trés etapas: neutralizacdo (para diminuir a acidez do produto), descoloracédo (para
clarear o 6leo) e desodorizagcdo (para eliminar odores indesejaveis). Tais etapas
ocasionam muitas transformacdes quimicas no 6leo de coco, levando-o a perder
qualidade sensorial, nutricional e parte do teor de compostos fendlicos e de
vitaminas, substancias que promovem beneficios ao organismo, quando ingeridas
(CALLADO & PAULA JR, 1999; SENEVIRATNE et al., 2009; ZAKARIA et al, 2010;
MANSOR et al., 2012). Outro fator que resulta em reducdo dessas substancias
benéficas é a exposicdo prolongada da polpa do coco aos raios ultravioletas, para
desidratacdo (NEVIN & RAJAMOHAN, 2008). Quando o método seco de extracdo €
utilizado, o 6leo de coco é denominado 6leo de copra ou 6leo de coco refinado
(CALLADO & PAULA JR, 1999).

No método umido, o 6leo é resultante da prensagem da polpa fresca do coco,
para que seja obtido o produto, conhecido como leite de coco, que é uma emulsao
de Oleo em agua. A partir do leite de coco, apds a quebra da emulsdo e com a
separacao das fases (fase aquosa e fase lipidica), é possivel realizar a extracao do
Oleo de coco (THIEME, 1970). A separacdo da emulsdo do leite de coco pode ser
realizada de diversas maneiras: por fermentacdo, cocgdo, centrifugagéao,

congelamento com posterior descongelamento, adicdo de enzimas e acidificacao.
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Esses processos podem ser aplicados, isoladamente ou em conjunto
(SENEVIRATNE et al., 2009).

O o6leo de coco obtido pelo método umido é claro e tem acidez de 0,1 a 0,5%,
precisando apenas de desinfec¢cdo para ser consumido, ou seja, as etapas de
neutralizacdo, descoloracdo e desodorizacdo sao dispensadas. Por este motivo,
esse produto apresentara melhor qualidade nutricional, maior conservacdo de suas
caracteristicas quimicas e sensoriais (sabor e aroma caracteristicos) e do seu
potencial benéfico a saude de seres humanos (CALLADO & PAULA JR, 1999;
VERALLO-ROWELL, et al.,, 2008; SENEVIRATNE et al., 2009; MARINA et al.,
2009b; MARINA et al., 2009c).

No método umido podem ser aplicadas temperaturas baixas (10°C - 40°C) ou
altas (100-120°C). Quando é utilizado o método Umido em baixas temperaturas o
0leo de coco é denominado 6leo de coco extravirgem (OCEV) ou 6leo de coco
virgem (OCV), que se trata de um produto de melhor qualidade nutricional e
sensorial, devido a nao utilizacdo de altas temperaturas, que por sua vez podem
afetar negativamente a composicédo do produto (VERALLO-ROWELL, et al., 2008;
SENEVIRATNE et al., 2009).

Em estudo realizado por Seneviratne & Dissanayake (2008) o 6leo de coco
extraido pelo método Umido apresentou teor sete vezes maior de compostos
fendlicos em comparacdo ao 6leo de coco extraido pelo método seco (618 + 46 vs.
91 + 11 mg/kg, respectivamente). Em estudo executado por Zakaria e colaboradores
(2010), foram encontrados teores de compostos fendlicos de 12,8 e 23,5 mg
GAE/100 g para o 6leo extraido pelo método seco e o 6leo extraido pelo método
umido-fermentativo, respectivamente. A atividade antioxidante dos 6leos variou de
acordo com o teor de fendlicos, sendo de 82,4% e de 75,2% para o Oleo obtido pelo
método Umido-fermentativo e para o 6leo obtido pelo método seco, respectivamente.

Sendo assim, constata-se que o método Umido, proporciona a obtencédo de
um Oleo com caracteristicas nutricionais desejaveis e com um maior potencial de
efeitos benéficos a saude, em comparacéo com o Gleo obtido pelo método seco.

A composicao fisico-quimica, o perfil de acidos graxos e a presenca de
compostos benéficos no 6leo de coco relacionam-se diretamente com o potencial
desse produto em promover efeitos benéficos a saude quando ingerido (MARINA et
al., 2009c). Estudos mostram que a composicdo do Oleo de coco difere

significativamente de acordo com o tipo de processo de obtencdo (SENEVIRATNE
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et al., 2009; ZAKARIA et al, 2010; MANSOR et al., 2012), a aplicacdo de
refinamento (GORDON & RAHMAN, 1991; DAYRIT et al., 2011), o uso de calor no
processamento (NEVIN & RAJAMOHAN, 2008; SENEVIRATNE & DISSANAYAKE,
2008; NEVIN & RAJAMOHAN, 2009), o local e as condi¢cbes de cultivo do coco
(PORTILLO et al., 1998; KHAN et al., 2008; MARINA et al., 2009a; GOPALA et al.,
2010; KUMAR & KRISHNA, 2015).

O Padrdo de Identidade e Qualidade (PIQ), de um produto alimenticio,
estabelece a identidade por meio de um conjunto de requisitos e determina 0s
aspectos minimos de qualidade. Os PIQs correspondem aos documentos que
estabelecem as caracteristicas inerentes aos produtos, como seus aspectos
sensoriais e 0s parametros fisico-quimicos (SANDI, 2010).

A Asia e a Oceania concentram paises com o maior consumo mundial de 6leo
de coco (DAYRIT, 2011). Sendo assim, dezesseis paises desses continentes
(Estados Federados da Micronésia, Fiji, india, Indonésia, Republica do Kiribati,
Malasia, llhas Marshall, Papua Nova Guiné, Filipinas, Samoa, Ilhas Salomao, Sri
Lanka, Tailandia, Tonga, Vanuatu e Vietnd) se reuniram para criacdo do 6rgao
APCC (Asian and Pacific Coconut Community) que possui como objetivos promover,
coordenar e harmonizar todas as atividades da industria do coco (APCC, 2016). O
APCC desenvolveu, em 2006, o primeiro PIQ para o OCEV. Em 2007, um segundo
PI1Q para o produto foi criado nas Filipinas, pelo PNS (Philippine National Standard).
O Brasil ndo possui, em sua legislacdo, um PIQ para o OCEV, apenas para o 6leo
de coco refinado (BRASIL, 1999).

Dessa forma, considerando que as propriedades fisico-quimicas e a
composicdo do OCEV produzido no Brasil sdo ainda pouco conhecidas é essencial
que o estudo do efeito terapéutico da suplementacdo desse produto em modelo
experimental de inducdo da obesidade, esteja associado a caracterizacao e controle
de qualidade criteriosos do OCEV.

3.2.1 Propriedades benéficas do 6leo de coco extravirgem na saude

Os AGCM, presentes de forma majoritaria no OCEV, apresentam digestao,
absorcao e metabolizagdo muito diferenciadas dos AGCL (Figura 5). Os AGCM séo
digeridos somente pela lipase gastrica, no estbmago, sendo que a atuacao da lipase
pancreatica € normalmente, dispensada. Os AGCM por possuirem cadeia
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carbonada menor que os acidos graxos de cadeia longa (AGCL), apresentam menor
hidrofobicidade, dispensando, portanto, a emulsificagéo por sais biliares para serem
absorvidos. Os AGCM apés serem absorvidos, se ligam a albumina e sé&o
rapidamente levados ao figado, onde séo transportados para dentro das células.
Para serem oxidados séo transportados através das membranas mitocondriais de
forma independente da carnitina palmitoil transferase-1 (CPT-1) e metabolizados por
beta-oxidacdo (MARTEN et al., 2006; SILVA et al., 2011). Diferentemente dos
AGCL, os AGCM parecem ter menor capacidade de elevar lipidios e lipoproteinas
plasmaticas, pois séo eficientemente oxidados nos hepatocitos e sdo, portanto, em
pequena escala incorporados em lipoproteinas (quilomicrons e VLDL). Os AGCM
por serem mais susceptiveis a oxidacdo, mesmo em condi¢des de repouso, ndo sao
facilmente incorporados ao tecido adiposo (FERREIRA et al., 2003; ST-ONGE et al.,
2003; AOYAMA et al., 2007; KRAUSE et al., 2013; SUN et al., 2013).
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Figura 5 — Digestéo e absorcéo de triglicerideos de cadeia longa e média (adaptado
de AOYAMA et al., 2007).

Estudos experimentais e clinicos mostram que o consumo de AGCM, associa-
se a perda de peso e a reducédo da adiposidade (BABA et al.,1982; MATSUO &
TAKEUSHI , 2004; BOSH et al., 2011; SILVA et al., 2011). Os AGCM apresentam
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carater cetogénico, uma vez que parte significativa do acetil-CoA, produzido
abundantemente durante a oxidacdo dessa gordura, é direcionada para a producao
de corpos cetbnicos (NAKAMURA et al., 1994; KROTKIEWSKI, 2001; FERREIRA et
al., 2003; SAYAGO-AYERDI et al., 2008). Reconhece-se que o acumulo de corpos
cetbnicos na corrente sanguinea associa-se ao aumento da saciedade, sendo esse
um possivel mecanismo auxiliar do emagrecimento relacionado ao consumo de
AGCM (DOUGLAS et al., 1990; KROTKIEWSKI, 2001; HAN et al., 2007; BOSH et
al., 2011). Outros mecanismos associados aos efeitos dos AGCM na reducao de
massa corporal e adiposidade sdo: maior gasto energético (BABA et al.,, 1982;
DULLOO, 2012; ST-ONGE et al., 2003; TURNER et al., 2009; ZHANG et al., 2015),
reducdo da lipogénese (GUO et al., 2000; HAN et al., 2003; SUN et al, 2013) e
aumento na taxa de beta-oxidacdo (CLEGG, 2010).

Em estudo conduzido por Matsuo & Takeushi (2004) foi observado, em ratos
alimentados com dieta composta por 200 g/kg de AGCM, menor ganho de peso e de
deposicao da gordura no abdémen. Uma dieta para ratos, composta de AGCM como
fonte majoritaria de lipidio, acarretou em maior oxidacéo lipidica, menor deposicéo
de gordura no musculo esquelético e no figado e menor ganho de peso dos animais,
em comparagdo a uma dieta composta basicamente por AGCL como fonte de
gordura (BOSH et al., 2011).

Em relacdo ao uso na dieta de AGCM, estudos realizados com humanos
corroboram com os achados de trabalhos experimentais. Em estudo conduzido por
Wymelbeke e colaboradores (2001), constatou-se menor ingestdo de energia por
individuos que haviam ingerido previamente uma refeicdo rica em AGCM. Estudo
realizado por Han e colaboradores (2007) mostrou que a ingestdo energética
diminuiu significativamente no grupo de voluntarios que consumiu 18 g por dia de
AGCM, em relacédo a ingestdo no dia zero do experimento e em comparacdo ao
grupo de individuos que consumiu a mesma quantidade de AGCL. Mulheres obesas
em dieta com muito baixo teor de calorias (cerca de 580 Kcal/dia), quando
alimentadas com AGCM, apresentaram maior perda de peso e massa adiposa, além
de maior sensacdo de saciedade, em comparacdo as voluntarias que se
alimentaram de AGCL (KROTKIEWSKI, 2001). Resultados similares foram
encontrados no estudo de Tsuji e colaboradores (2001), no qual individuos com
indice de massa corporal acima de 23 Kg/m2, que possuiam a dieta composta

majoritariamente por AGCM como fonte lipidica, apresentaram maior perda de peso,
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sobretudo de gordura corporal, em comparacdo aos voluntarios que ingeriram
principalmente AGCL como fonte de lipidios.

Diante da abundancia de AGCM no OCEV tem-se sugerido que esse 0leo
possa acarretar em reducdo de peso corporal e de adiposidade. Em estudo clinico
ndo controlado com 32 voluntarios, a suplementacdo de OCEV (30 mL/dia) por trés
meses resultou em significativa perda de peso, reducdo do indice de massa
corporal, da relagdo abdémen-quadril e do perimetro abdominal (SILVA et al., 2011).
Outro estudo clinico ndo randomizado, ndo controlado e open-label, conduzido por
de Liau e colaboradores (2011) mostrou que o OCEV induziu a reducdo do
perimetro abdominal em voluntarios que consumiram esse produto durante 4
semanas. Em estudo clinico controlado, duplo-cego e randomizado realizado com 40
voluntarios, durante 12 semanas, observou-se que o consumo diario de 30 mL de
OCEV promoveu perda de peso e da circunferéncia da cintura (ASSUNCAO et al.,
2009). Em contrapartida, o estudo clinico conduzido por Cox e colaboradores (1995)
mostrou que o consumo de Oleo de coco néo foi capaz de promover perda de peso e
nem de adiposidade.

Além de potencialmente atuar como adjuvante no emagrecimento, estudos
mostram que o consumo de OCEV pode promover ainda, beneficios na
concentracdo de lipidios séricos e lipoproteinas, acarretando em reducdo de
colesterol total, LDL e triglicérides (NEVIN & RAJAMOHAN, 2008; ZAKARIA et al.,
2010), assim como aumento de HDL (NEVIN & RAJAMOHAN, 2004; NORTON et
al., 2004; CARDOSO et al., 2015). Esses efeitos podem ser justificados pelas
caracteristicas particulares de metabolizacdo dos AGCM, e a presenca, neste
produto, de fitoesterdis (KUMAR & KRISHNA, 2015) (que aumentam a excrecao de
colesterol dietético) (BRUFAU et al., 2008). Entretanto, o estudo clinico open label
realizado com 70 individuos conduzido por Sabitha e colaboradores (2009), mostrou
que nao houve diferenca no perfil lipidico entre individuos que consumiram éleo de
coco, em relacdo a aqueles gue ingeriram 6leo de girassol. Além disso, o estudo
cross-over e randomizado conduzido por Voon e colaboradores (2011), com 45
voluntarios mostrou que o consumo de 6leo de coco promoveu aumento de lipides
séricos (triglicérides, colesterol total e LDL), em relagdo ao consumo de azeite de
oliva. Em conjunto esses estudos mostram que permanece controversa a acdo do

6leo de coco sob os parametros lipidicos.
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O consumo de AGCM pode também estar relacionado ao aumento na
producdo de insulina devido ao maior estimulo das ilhotas de Langerhans. Esse
efeito pode ser atribuido aos préprios AGCM ou pelos corpos cetdnicos provenientes
da metabolizacdo dessa gordura (NAKAMURA et al., 2004; VEECH et al., 2013). O
efeito positivo dos AGCM na homeostase glicémica, também pode estar relacionado
ao aumento na secrecdo de adiponectina (TAKEUCHI et al., 2006; TERADA et al.,
2012); a elevacao na fosforilacdo da AKT (Proteina quinase B, molécula essencial
na sinalizacdo da insulina) (SUN et al., 2013) e ao aumento de secrecédo de GLP-1
(Peptideo semelhante a glucagon 1) (FELTRIN et al., 2004). Individuos diabéticos
que consumiram 18 g por dia de AGCM apresentaram menor resisténcia a insulina
no 90° dia de experimento, em comparag¢do aos voluntarios que receberam AGCL.
Além disso, ao fim do experimento, apresentaram concentracdo significativamente
maior do peptideo C (indicador da producdo de insulina), o que demonstra que a
administracdo de AGCM, além de diminuir a resisténcia a insulina, também promove
incremento na producdo desse horménio (HAN et al., 2007).

Dessa forma, sugere-se que o consumo de OCEV também poderia ocasionar
melhora da homeostase glicémica, devido ao seu elevado conteddo de AGCM. Em
estudo clinico ndo controlado, a suplementacdo de 30 mL/dia de éleo de coco em
pacientes intolerantes a glicose (glicemia de jejum superior a 100 mg/dL), resultou
na reducdo da glicemia para concentracfes de normalidade (SILVA et al., 2011). A
administracdo de OCEV para ratos com resisténcia a insulina ocasionou melhora da
homeostase glicémica, efeito atribuido ao aumento da defesa antioxidante
(NARAYANANKUTTY et al.,, 2016). Estudo conduzido por Piot e colaboradores
(1999) mostrou que ratos alimentados com 6leo de coco apresentaram menor
glicemia e insulinemia, em comparacdo aos ratos alimentos com gordura animal
(PIOT et al., 1999). Entretanto, no estudo de Poppitt e colaboradores (2010) foi
demonstrado que a ingestédo de 6leo de coco ndo promoveu alteracao na liberacdo
de insulina e nem mesmo na concentracdo de glicose sérica, em comparacdo ao
consumo de gordura de porco e gordura lactea. Em outro estudo, conduzido por
Assuncéo e colaboradores (2009), o grupo de individuos (n=20) que recebeu OCEV
apresentou um aumento na liberagdo de insulina em relacdo ao grupo alimentado
com o6leo de soja (n=20). Tal aumento, embora ndo estatisticamente significativo (P=
0,09), foi suficiente para aumentar significativamente o valor de HOMA-s (P= 0,03),

um indice de resisténcia a insulina.
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Estudos prévios que avaliaram o efeito do OCEV in vitro demonstraram que
esse Oleo aumenta a atividade de enzimas antioxidantes (catalase, superoxido
dismutase, glutationa redutase e peroxidase) (NEVIN & RAJAMOHAN, 2006; NEVIN
& RAJAMOHAN, 2009) e previne a oxidacdo de LDL (NEVIN & RAJAMOHAN,
2008). Além disso, as concentracdes de produtos de lipoperoxidacdo lipidica (4-
hidroxinonenal e 8-oxi-desoxiguanosina) no figado de animais que consumiram 6leo
de coco apresentaram-se reduzidas em comparagcao aos que consumiram 0s 0leos
de oliva, girassol e colza (EDER et al., 2006). Em outro estudo foi demonstrado que
animais alimentados com OCEV apresentaram maior prote¢do contra a peroxidagao
lipidica em microssomos do figado (particulas sub-celulares derivadas do reticulo
endoplasmatico das células hepaticas) (NARDINI et al., 1993). O estudo conduzido
por Dosumu e colaboradores (2010) mostrou que animais alimentados com OCEV e
submetidos ao estresse oxidativo induzido por ingestdo de etanol, apresentaram
menor concentracdo de malonaldeido (produto da peroxidacéo lipidica) e maior
atividade de glutationa redutase e catalase no tecido testicular. Em conjunto esses
estudos sugerem que o OCEV apresenta significativo efeito benéfico na defesa
antioxidante do organismo, 0 que confere protecdo contra uma série de
comorbidades.

Poucos trabalhos avaliaram o efeito do 6leo de coco no metabolismo dsseo.
Hayatullina e colaboradores (2012) demonstraram que o consumo de OCEV por
animais com osteoporose induzida por ovariectomia, resultou em melhora da
integridade 6ssea do fémur, evidenciada por maior volume 0sseo, maior nimero de
trabéculas e menor separacéo entre essas e reducao da reabsor¢cédo 6ssea. Abujazia
e colaboradores (2012) ao avaliarem o status oxidativo do osso (tibia) de animais
ovariectomizados suplementados com OCEV, observaram menor concentracdo de
malonaldeido e maior atividade de glutationa peroxidase e superoxido dismutase.
Em conjunto, esses estudos demonstram que o OCEV parece induzir melhora da
integridade dos o0ssos longos, por proporcionar aumento da defesa antioxidante.
Ressalta-se, entretanto, que os efeitos da suplementacdo desse produto em outros
sitios 0sseos, tais como 0ssos faciais, ainda n&do foram avaliados.

A acao antioxidante do OCEV pode ser atribuida a presenca de compostos
fendlicos em sua composicdo, que por sua vez também parecem contribuir para uma
acdo anti-inflamatéria (ACOSTA-ESTRADA et al., 2014). Em um modelo animal de

inducao de artrite, animais alimentados com a fragcéo isolada de compostos fendlicos
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provenientes do OCEV apresentaram, em comparag&do com 0 grupo controle, menor
concentracdo de TBARS (substancias reativas ao acido tiobarbitirico) no soro e na
pata, reducdo de proteina C reativa (PCR) e na contagem total de leucdécitos no
soro, maior inibicdo na formacdo de edemas e menor expressdo de COX-2 (ciclo-

oxigenase-2, enzima envolvida em processos inflamatérios), TNF-a e IL-6 na pata.

Nesse trabalho os desfechos relacionados ao consumo de OCEV (menor estresse
oxidativo e inflamacéo), foram similares aos obtidos pelo uso da indometacina, um
potente anti-inflamatério ndo esteroide (VYSAKH et al, 2014).

Apesar de estudos mostrarem efeitos benéficos do consumo de OCEV, em
uma seérie de comorbidades, esses sao, ainda, escassos e em conjunto, fornecem
baixo grau de evidéncia cientifica, uma vez que muitos desses trabalhos apresentam
resultados consideravelmente controversos e/ou uma série de vieses que
prejudicam a credibilidade dos desfechos obtidos. Além disso, especificamente na
obesidade e suas respectivas alteracdes metabdlicas, inflamatoérias e 0sseas, ainda
sao pouco conhecidos os efeitos e mecanismos de acgéo relacionados, ao consumo
de OCEV. Sendo assim, o presente estudo pretende esclarecer os efeitos e
respectivos mecanismos bioldgicos, do OCEV na obesidade e nas referidas
comorbidades associadas.

A tese de doutorado sera apresentada em quatro capitulos, redigidos na
forma de artigo cientifico, sendo que cada capitulo abordara, respectivamente, o
conteudo referente a cada um dos objetivos especificos referidos anteriormente. O
capitulo 1 engloba a caracterizacdo fisico-quimica, a analise da composicdo de
acidos graxos e a determinac¢do da estabilidade oxidativa de trés marcas de 6leo de
coco extravirgem comercializadas no Brasil. No capitulo 2 é apresentado o modelo
desenvolvido de analise da acidez do OCEV por meio da espectroscopia na regiao
do infravermelho (FTIR) e quimiometria. A influéncia do OCEV no tratamento da
adiposidade e alteracbes metabdlicas e inflamatérias induzidas por dieta rica em
carboidratos refinados em camundongos é apresentada no capitulo 3. Finalmente, o
capitulo 4 aborda a influéncia do 6leo de coco extravirgem nas alteracbes 0sseas

induzidas por dieta rica em carboidratos refinados em camundongos.
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RESUMO

Foram realizadas analises fisico-quimicas (perfil de acidos graxos, indice de
saponificacdo, indice de iodo, indice de peroxido, indice de acidez, umidade,
densidade e a determinacéo da estabilidade oxidativa) de trés diferentes marcas de
O0leo de coco extravirgem (OCEV) comercializadas no Brasil. Uma vez que é
inexistente na legislacdo brasileira um Padrédo de Identidade e Qualidade (PIQ) para
o OCEV, os resultados obtidos neste trabalho foram comparados com os PIQs para
este produto, desenvolvidos em paises da Asia e da Oceania pelo 6rgdo APCC
(Asian and Pacific Coconut Community) e nas Filipinas, onde o documento oficial é o
PNS (Philippine National Standard). Todas as marcas de OCEVs apresentaram-se
em conformidade com os PIQs no que se refere aos teores dos &cidos graxos
caprilico, céprico, laurico, miristico e palmitico e em relacao aos indices de peréxido
e de iodo. Entretanto, o0 mesmo ndo foi observado para os teores dos &cidos
estearico e oléico e apenas uma marca atendeu ao preconizado para a
concentragdo do acido linoléico. Nenhuma das marcas de OCEV apresentou
densidade e teor de umidade de acordo com os PIQs, uma delas estava nao
conforme em relacdo ao indice de saponificacdo e duas estavam com valores de
acidez acima do limite preconizado pelos PIQs. Observou-se que os OCEVs
apresentaram estabilidade oxidativa adequada e tal fato deve-se ao elevado
contetido de acidos graxos saturados nestes produtos. As marcas de 6leos de coco
extravirgem analisadas apresentaram diferenca entre si no que se refere a umidade,
aos indices de acidez e iodo, aos teores de acidos graxos miristico e linoléico e em
relacdo a estabilidade oxidativa. Tais diferencas estédo, provavelmente, relacionadas
as distintas condi¢ces de producéo e conservacao dos produtos.

Palavras chave: 6leo de coco extravirgem, caracteristicas fisico-quimicas, 6leos,

acidos graxos.
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ABSTRACT

Physicochemical properties (fatty acid composition, saponification value, iodine
value, peroxide value, free fatty acid value, moisture content, density and the
oxidative stability) were conducted in three different extra virgin coconut oil brands
(OCEVs) marketed in Brazil. The results were compared with the internationals
Identity and Quality Standards of extra virgin coconut oil, since this document is
nonexistent in the current Brazilian legislation. All OCEVs brands were in accordance
with the 1QSs in relation to the content of fatty acids caprylic, capric, lauric, myristic and
palmitic and peroxide and iodine values. The samples did not have optimal levels of
stearic and oleic fatty acids and only one of them was in agreement of established by
IQSs by regarding the concentration of linoleic fatty acid. None of OCEVs brands
presented density and moisture content according to IQSs and only one was not in
accordance to 1QSs in relation to the saponification value. It was observed that
OCEVs showed high oxidative stability in comparison with the refined coconut oil.
The different brands of extra virgin coconut oils produced in Brazil showed difference
in relation to moisture, free fatty acid and iodine values, in the levels of myristic and
linoleic fatty acids and in relation to oxidative stability. Such differences are related to

the different conditions of production and storage of products.

Keywords: extra virgin coconut oil, physicochemical properties, oils, fatty acids.
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1. INTRODUCAO

De acordo com a Agéncia Brasileira de Vigilancia Sanitaria (ANVISA) o 6leo
de coco é definido como o 6leo obtido do fruto Cocos nucifera L. (coco),
empregando-se processos tecnolégicos adequados (BRASIL, 1999), ou seja:
limpeza, descorticagédo, trituracdo da polpa e finalmente, prensagem mecanica
(MORETTO & FETT, 1998).

Este alimento € composto majoritariamente por triglicerideos de cadeia média,
ou seja, que apresentam acidos graxos saturados de baixo peso molecular, com 6 a
12 moléculas de carbono. O principal acido graxo do 6leo de coco é o laurico
(ZAMBIAZI et al., 2007; SAYAGO-AYERDI et al., 2008).

As gorduras lauricas sdo muito importantes na industria de alimentos, uma
vez que sdo resistentes a oxidacdo ndo enzimatica e, ao contrario de outras
gorduras saturadas, elas tém temperatura de fusdo baixa. Desta forma, sdo muito
usadas no preparo de alimentos, em substituicdo a gordura vegetal hidrogenada, em
produtos de confeitaria, sorvetes e sobremesas (MACHADO et al., 2006).

As caracteristicas fisicas e quimicas do 6leo de coco variam de acordo com o
método de obtencdo do produto, com a origem e com as condicbes de
armazenamento do mesmo (MARINA et al., 2009b).

Existem dois métodos principais de extracdo do 6leo de coco: o método
umido e o método seco (THIEME, 1970).

No método seco é utilizada a polpa da fruta seca (desidratada sob radiacao
solar), que é prensada em equipamento especifico (prensa mecéanica), sendo que o
produto obtido apresenta muitos interferentes (impurezas, tais como: residuos da
casca, produtos de decomposicdo do 6leo, pigmentos) e elevada acidez (em torno
de 5%) e, portanto, para que o 6leo possa ser utilizado na alimentacdo € necessario
gue o mesmo seja submetido ao processo de refino, para eliminacdo de substancias
indesejaveis, descoloracdo e desodorizacdo (MORETTO & FETT, 1998; CALLADO
& PAULA JR, 1999). Tais etapas acarretam diversas transforma¢des quimicas no
Oleo de coco, levando-o a perder qualidade sensorial e parte do seu contetudo de
compostos fendlicos e vitaminas lipossoluveis (A e E), substancias que promovem
beneficios ao organismo, quando ingeridas (MARINA et al., 2009b). Quando é

utilizado o método seco de extracdo, o 6leo de coco € denominado de Oleo de copra
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ou 6leo de coco refinado (CALLADO & PAULA JR, 1999; SENEVIRATNE et al.,
2009).

No método umido, a polpa fresca do coco € prensada, para que o produto
conhecido como leite de coco, seja obtido. A partir deste, apos a quebra da emulsao
e com a separacdo das fases (fase aquosa e fase lipidica), é possivel realizar a
extracao do 6leo de coco (THIENE, 1970). A separacdo da emulsdo do leite de coco
pode ser realizada de diversas maneiras, como por exemplo, pela aplicacdo da
fermentacdo, da coccdo, da centrifugacdo, do congelamento com posterior
descongelamento, da adicdo de enzimas e da acidificacdo. No método imido podem
ser aplicadas temperaturas baixas (10°C - 40°C) ou altas (100 - 120°C). Quando €é
utiizado o método Umido em baixas temperaturas, o 6leo de coco obtido é
denominado de 6leo de coco extravirgem (OCEV), que se trata de um produto de
melhor qualidade nutricional e sensorial e baixa acidez (0,1 a 0,2%), devido a ndo
utilizacdo de altas temperaturas e nédo realizacdo de refino, processos que podem
afetar negativamente a composicédo do produto (VERALLO-ROWELL, et al., 2008;
SENEVIRATNE et al., 2009).

O OCEV é um produto que tem despertado muito interesse entre o0s
consumidores, devido a uma potencial atividade antioxidante (atribuida a presenca
de compostos fendlicos e vitaminas A e E) e efeitos positivos na reducdo do peso
corporal e deposicdo de gordura (relacionada a um significativo contetdo de
triglicerideos de cadeia média, gorduras com provavel efeito termogénico) (MARINA
et al, 2009a; SENEVIRATNE et al., 2009; ZAKARIA et al, 2010; GOPALA et al.,
2010).

Para caracterizacdo, determinacdo da qualidade, verificacdo do efeito de
processamentos, adequacédo nutricional e estabelecimento de Padréo de Identidade
e Qualidade (PIQs) de 6leos comestiveis, uma série de andlises fisico-quimicas
precisa ser efetuada. A composicdo em acidos graxos e a determinacgdo de indices,
tais como os de iodo, peréxido, acidez e saponificacdo, sdo as principais analises
utilizadas para a determinacéo da identidade dos 6leos (IAL, 2004; MACHADO et al.,
2006). Outro parametro fisico-quimico de analise da qualidade integral dos Oleos
vegetais é a avaliagéo da estabilidade oxidativa, normalmente determinada pelo uso
do equipamento Rancimat, que induz a uma oxidacao acelerada da amostra, para
estabelecimento do grau de estabilidade da mesma (CASTELLO BRANCO &

TORRES, 2011).
59



Considerando que a composicdo de &cidos graxos e as propriedades fisico-
quimicas do OCEV produzido no Brasil sdo ainda pouco conhecidas, o objetivo
deste trabalho foi determinar a composicdo em acidos, realizar a caracterizacéo
fisico-quimica e determinar a estabilidade oxidativa de trés diferentes marcas de
OCEV comercializadas no pais. Os resultados contidos neste trabalho podem
auxiliar a elaboracdo de um Padrao de Identidade e Qualidade brasileiro do OCEV,

uma vez que este documento € inexistente na legislacao vigente.

60



2. MATERIAL E METODOS

2.1 Material analisado

Foram utilizadas trés marcas de 6leo de coco extravirgem in natura, contendo
trés lotes de producado diferentes, comercializadas na cidade de Belo Horizonte
(Minas Gerais), doadas pelos produtores. .

As amostras foram devidamente identificadas, mantidas acondicionadas em
seus respectivos recipientes e armazenadas sob refrigeragédo (4 - 10°C), protegidas

da luz, até o momento dos ensaios.

2.2 Métodos
2.2.1 Determinacédo do perfil de &cidos graxos

Para determinacdo do perfil de acidos graxos da amostra, inicialmente foi
realizada a metilacdo dos acidos graxos de acordo com o método proposto por
Hartman & Lago (1973).

A amostra foi pesada (100 mg) em um tubo de ensaio com tampa de rosca.
Posteriormente, adicionou-se 4 mL de reagente de saponificacdo (solugcao
metandlica de NaOH a 0,5 M, grau cromatografico) e agitou-se vigorosamente em
vortex (Minishaker IKA MS2, EUA). Os tubos foram levados ao banho-maria (Quimis,
226.11) a 70°C durante 5 minutos. Apds resfriamento dos tubos em temperatura
ambiente (25°C), adicionou-se 5 mL do reagente de esterificacao (solugdo composta
por NH,Cl, H,SO, e metanol grau cromatogréafico). As etapas de aguecimento e
resfriamento se repetiram e em seguida, foram adicionados 10 mL de n-hexano
(grau cromatografico) agitando-se vigorosamente por 30 segundos em vortex. Uma
solucdo salina saturada (5 mL) foi adicionada e apés agitacdo manual ocorreu a
separacao das fases. Foi coletada a fase superior e a mesma foi transferida para
outro tubo de vidro com tampa de rosca, no qual se adicionou agua destilada (5 mL),
ocasionando em separagao de fases. Novamente a porgao superior foi coletada e
transferida para um terceiro tubo, contendo 0,1 g de Na,SO, anidro. Os tubos foram
agitados por inversdo e os ésteres metilicos foram coletados. As amostras foram
armazenados em frascos de vidro, fechados a vacuo sob atmosfera de nitrogénio

gasoso, e armazenadas em freezer a -20 °C, até o momento das analises.
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A andlise cromatografica dos ésteres metilicos provenientes dos OCEVs foi
realizada de acordo com a metodologia proposta pela American Oil Chemists
Society (AOCS, 1990). Foi utilizado cromatografo a gas (Shimadzu GC-2010,
equipado com injetor split e detector de ionizacdo de chama) e coluna Stabilwax
(30m x 0,53mm x 1um), com programacao isotermal a 180 °C/5 min e aumento de
5°C /min para 210°C, e manutencdo desta temperatura por 15 minutos. As
temperaturas do injetor e do detector foram mantidas a 180°C e a 250°C,
respectivamente. O gas de arraste utilizado foi nitrogénio. Foi utilizado um mix de
padrdo de &cidos graxos contendo acidos saturados e insaturados entre 8 e 22
carbonos (Supelco 37 FAME Mix, Sigma, EUA).

2.2.2 Analises fisico-quimicas dos 6leos de coco extravirgem
2.2.2.1 Indice de acidez

Para determinacédo do indice de acidez das amostras, foi aplicado o método
oficial de acidez titulavel, de acordo com a AOCS (Ca — 5a40) (AOCS, 1990).

As amostras foram homogeneizadas e pesadas (2 g) em frasco Erlenmeyer
de 125 mL. Foram adicionados 25 mL de solucdo de éter-alcool (2:1) neutra e duas
gotas do indicador fenolftaleina. A solucéo foi titulada com solugédo de hidroxido de
sédio 0,01 mol/L até o aparecimento da coloracao résea.

O indice de acidez foi expresso como o0 numero de miligramas de hidréxido de

potassio necessarios para neutralizar os acidos livres de 1 g de amostra.

2.2.2.2 Indice de peroxido

Para a determinacdo do indice de peroéxido, foi aplicada a metodologia oficial
da AOCS (Cd 8-53) (AOCS, 1990).

As amostras foram homogeneizadas e pesadas (5 g) em frasco Erlenmeyer
de 250 mL. Foram adicionados 30 mL da solugéo acido acético-cloroformio (3:2) e
0,5 mL de solucéo saturada de iodeto de potassio, deixando em repouso ao abrigo
da luz por exatamente um minuto. Acrescentou-se 30 mL de agua destilada e
realizou-se a titulagdo com solugédo de tiossulfato de sddio 0,01 mol/L, até que a

coloracdo amarela desaparecesse. Adicionou-se 0,5 mL de solucdo de amido
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indicadora e prosseguiu-se com a titulagdo até o completo desaparecimento da

coloracéo azul.

2.2.2.3 Indice deiodo

Para a determinacdo do indice de iodo, foi aplicada a metodologia oficial da
AOCS (Cd 1b-87), (AOCS, 1990).

As amostras foram homogeneizadas e pesadas (3 g) em frasco Erlenmeyer
de 500 mL. Foram adicionados 1 mL de solugéo cicloexano-acido acético (1:1) e 25
mL da solucdo Wijs. Aguardou-se 1h para que a reagdo ocorresse e logo apos
adicionou-se 20 mL de solucdo de iodeto de potassio 15% e 150 mL de agua
deionizada. Procedeu-se a titulacdo com tiossulfato de sddio 0,1 mol/L até o
desaparecimento da cor amarela. Adicionou-se 1 mL de solucdo indicadora de

amido e prosseguiu-se a titulacao até que a cor azul desaparecesse completamente.

2.2.2.4 Indice de saponificacio

Para a determinacdo do indice de saponificacdo foi aplicado o método oficial
da AOCS (Cd 3-25), (AOCS, 1990).

As amostras foram homogeneizadas e pesadas (5 g) em frasco Erlenmeyer
de 500 mL e foi adicionado de 50 mL da solucéo alcodlica de hidroxido de potassio.
Conectou-se o condensador, para fervura até a completa saponificacdo da amostra
(aproximadamente uma hora). Apos o resfriamento do frasco, a amostra foi
adicionada de solucédo de fenolftaleina (1 mL) e titulada com a solugcdo de acido
cloridrico 0,5 mol/L até o desaparecimento da cor rosea.

2.2.25 Densidade

Para a determinacéo da densidade das amostras foi aplicado o método oficial
da AOCS (Cc 10a-25) modificado (SANTOS et al., 2013), que determina a razéo da
massa da amostra por unidade de volume a 25°C e é aplicavel a todos os 6leos e

gorduras liquidas.

63



2.2.2.6 Umidade e matéria volatil

O teor de umidade e matéria volatil foi determinado segundo o método oficial Ca
2c-25 da AOCS (1990).

Em uma capsula de porcelana, colocou-se aproximadamente 25 g de areia
lavada e calcinada e secou-se em estufa (marca FANEM, modelo 315 SE) com
temperatura de 103°C £ 2°C por 2h. Apés este procedimento, adicionou-se o 6leo de
coco (10 mL), pesando o conjunto novamente. Levou-se a capsula para estufa com
a manutencdo da temperatura (103°C £ 2°C), por 2h30min. O teor de umidade foi

expresso em gramas de agua por 100g de 6leo de coco extravirgem.

2.2.3 Estabilidade oxidativa dos 6leos de coco extravirgem

A estabilidade oxidativa das amostras foi analisada utilizando-se o
equipamento Rancimat, conforme método Cd 12b-92 (AOCS, 1990).
As amostras de 6leo de 6leo (3 g) foram aquecidas a 110 °C e submetidas a

taxa de injecéo de ar seco a 20 L/h.

2.2.4 Anédlise estatistica

ApoGs a verificagdo das premissas da ANOVA, as médias dos tratamentos
foram avaliadas por meio de andlise de variancia (ANOVA) e quando o valor F foi
significativo (p < 0,05), o Teste de Tukey foi aplicado para identificar as diferencas
entre as médias, ao nivel de 5% de significancia (PIMENTEL-GOMES, 1999).
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3. RESULTADOS E DISCUSSAO

3.1 Composicao em acidos graxos dos Oleos de coco extravirgem

O perfil de acidos graxos dos OCEVs foi composto pelos acidos saturados de
cadeia longa (miristico, palmitico, esteérico) e de cadeia média (caprilico, caprico e
laurico), assim como por &cidos de cadeia longa insaturada (oléico e linoléico)
(Tabela 1).

Corroborando o que ja foi mostrado em outros trabalhos (Tabela 2), os
OCEVs analisados apresentaram majoritariamente em sua composicdo, os acidos
graxos de cadeia saturada (AGCS), sendo que dos &cidos presentes nas amostras
das marcas 1, 2 e 3, 93,3%, 93,2% e 92,7%, respectivamente, eram AGCS.

O elevado grau de saturacdo dos OCEVs proporciona uma maior estabilidade
a este produto, que em comparacdo com os demais 6leos vegetais (compostos em
sua maior parte por acidos insaturados), s80 menos susceptiveis a peroxidacdo
lipidica (ARAUJO, 2008), processo que resulta em perda de valor nutricional,
surgimento de substancias sensorialmente desagradaveis e de compostos toxicos
(FERRARI, 1998).

Do total de acidos graxos nas marcas 1, 2 e 3, 60,61%, 60,57% e 60,36%
eram de cadeia média, respectivamente. Dentre os acidos graxos quantificados nos
OCEVs, o0 acido laurico, apresentou-se predominante em todas as amostras
analisadas, sendo que as marcas 1, 2 e 3 apresentaram teores deste acido de
49,76%, 48,08% e 49,18%, respectivamente (Tabela 1).

Uma predominéncia de acidos de cadeia média no OCEV possibilita associar
o consumo deste produto a beneficios a salude, tais como: promocdo de maior
facilidade de emagrecimento, por ocasionar em aumento da saciedade (HAN et al.,
2007; BOSH et al., 2011), maior gasto energético (TURNER et al., 2009; ZHANG et
al., 2015) e aumento na taxa de oxidacao de lipidios (CLEGG, 2010) e melhora na
homeostase glicémica, devido ao aumento na producdo e na sensibilidade da
insulina (SUN et al., 2013).

Ao visualizar os cromatogramas das amostras observa-se que as marcas 1
(Figura 1A), 2 (Figura 1B) e 3 (Figura 1C) apresentaram elevada similaridade entre
si, em termos de composicdo de acidos graxos, sendo que houve valores com
diferenca estatisticamente significativa entre as amostras, apenas em relagdo aos

teores de acidos graxos linoléico e miristico (Tabela 1).
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O perfil de acidos graxos das amostras de OCEVs analisadas foi verificado
em termos de conformidade com os PIQs estabelecidos pelos 6rgdos APCC e PNS
(Tabela 1).

Todas as marcas de OCEV apresentaram-se em conformidade com os PIQs
estabelecidos pelo APCC (2006) e pelo PNS (2007) no que se refere aos teores dos
acidos graxos caprilico, caprico, miristico, laurico e palmitico. Por outro lado, foram
determinadas baixas concentracfes de acidos insaturados nas amostras analisadas,
sendo que somente a marca 2 apresentou quantidade de acido graxo linoléico em
conformidade com as normas de referéncia (APCC: 0,7 - 2,5% e PNS: 1,0 — 2,5%),
sendo que todas as demais marcas apresentaram concentracdo deste acido menor
ao limite inferior estabelecidos pelos PIQs. Além disso, todas as marcas avaliadas
apresentaram concentracdo de acido oléico inferior ao que os PIQs determinam
como ideal para o OCEV (APCC: 4,5 - 10,0% e PNS: 5,0 — 10,0%) (Tabela 1).

A baixa concentracdo de acidos graxos insaturados nos OCEVs avaliados,
em relacdo aos limites preconizados pelos PIQs, pode estar relacionada a
peroxidacao lipidica ocasionada pela exposi¢do ao calor, luz e oxigénio, durante o
processo de obtencdo e /ou armazenamento dos produtos, uma vez que estes sao
0s principais fatores envolvidos na aceleracdo do processo de degradacdo dos
acidos graxos insaturados (FERRARI, 1998; ARAUJO, 2008). Com resultados
similares, Kumar & Krishna, (2015) e Marina e colaboradores (2009a) também
determinaram baixos teores de acido graxo linoléico em amostras 6leos de coco,
sendo estes de 0,13% e 0,79%, respectivamente (Tabela 2).

Todas as marcas de OCEV avaliadas apresentaram teor de &cido estearico
acima do limite superior estabelecido pelos PIQs (APCC: 2,0 - 4,0% e PNS: 2,0 -
5,0%). Este fato provavelmente € resultante da oxidacdo do acido oléico, que se
torna saturado ao ser degradado, transformando-se, portanto, em acido estearico
(ARAUJO, 2008).

Apesar de distintas origens determinarem diferencas nas composicdes de
acidos graxos de 0Oleos, relacionadas a condi¢des particulares do cultivo em cada
regiao (MARINA et al., 2009a), verifica-se que a composi¢cao de acidos graxos das
amostras analisadas é bastante similar aquela encontrada em outros trabalhos
(Tabela 2), exceto para os acidos graxos estearico e os insaturados (oléico e
linoléico), que apresentaram-se em quantidade maior e menor, respectivamente, ao

comparar com os dados de outros estudos.
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Tabela 2 - Composicdo em acidos graxos do 6leo de coco extravirgem de acordo
com diferentes estudos

Resultados (%)

¢80/ c10:0| c12:0] c14:0| c1e:0] c18:0 [ c18:1 | c18:2
PORTILLO etal. 1998 | 8,60 | 6.60 | 4700 | 1720 | 900 | 240 | 670 | 160
KHANetal, 2008 | 850 | 600 | 4730 | 1700 | 960 | 070 | 680 | 2.40
MARINAetal. 2008 | 841 | 608 | 5248 | 1693 | 719 | 124 | 536 | 079
GOPALAetal 2010 | 7.00 | 540 | 4890 | 2020 | 840 | 250 | 620 | 1.40
GRESSLER etal, 2013] 558 | 511 | 4305 | 1811 | 1011 [ 402 | 762 [ 1.1
KUMAR, 2015 752 | 638 | 5575 | 1874 | 7.90 | 027 | 3531 | 013

Autores

3.2 Caracteristicas fisico-quimicas dos 6leos de coco extravirgem

Os indices de acidez, peroxido, iodo, saponificacdo, assim como a densidade
e a umidade e matéria volatil dos OCEVs foram determinados e verificou-se o grau
de conformidade com os PIQs estabelecidos pelos 6rgdos APCC (2006) e PNS
(2007) (Tabela 3).

Em relacédo ao indice de acidez, expresso em porcentagem de acido laurico,
as marcas apresentaram valores estatisticamente diferentes entre si (p < 0,05).
Apenas a Marca 1 apresentou este indice de acordo com o preconizado pelos PIQs
(APCC e PNS: inferior a 0,2%). As marcas 2 e 3 apresentaram valor de acidez
superior ao estabelecido por estes 6rgaos.

O indice de acidez revela o estado de conservacdo do 6leo, visto que a
decomposicao dos glicerideos € quase sempre acompanhada pela formacao de
acidos graxos livres. A acidez de um 6leo ndo é uma constante ou caracteristica,
mas é uma variavel relacionada com a natureza, qualidade da matéria-prima, grau
de pureza da gordura, com o0 processamento e, principalmente, com as condicdes
de conservacao do 6leo (TODE FILHO et al., 2014).

Em relacdo a densidade, os OCEVs analisados apresentaram valores abaixo
dos recomendados pelos PIQs, sendo que este foi de 0,905 g/L, para todas as

amostras.
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No trabalho de Mansor e colaboradores (2012) foi demonstrado que o método
de producdo do Oleo de coco pode impactar diretamente nos valores de acidez,
sendo que os 6leos obtidos por métodos de refrigeracdo, de adicdo de enzimas, de
fermentacdo e de secagem apresentaram valores de acidez de 0,31%, 0,35%,
0,29%, 0,46%, respectivamente. Oleos de coco produzidos por centrifugacéo,
fermentacdo sem e com aplicagéo de calor apresentaram valores de acidez de 0,047
- 0,337%, 0,037 - 0,270% e 0,093 — 0,211%, respectivamente (DAYRIT et al., 2011).

Em relacdo ao indice de perdxido, em todas as amostras analisadas, 0s
valores encontrados estavam abaixo do limite de quantificacdo, sendo que este foi
estimado, considerando a resolucdo da bureta usada na titulacdo (SILVA, 2015)
(Tabela 3). Uma vez que os PIQs do APCC e do PNS estabelecem que os Oleos de
coco devam apresentar valores de indice de peréxidos inferior a 3 meq.kg™*,0s
OCEVs avaliados no presente trabalho estdo em conformidade com estas normas.

A nao deteccao de perdxidos em Oleos de coco também foi observada nos
trabalhos de Kumar & Krishna (2015), Dayrit e colaboradores (2011) e Silva (2015).
Marina e colaboradores (2009a) encontraram baixos valores de indice de peroxidos
para amostras de OCEV, sendo que estes resultados variaram de 0,21 a 0,63
meq.kg™.

O indice de perdxido é um indicador da presenca de produtos primarios de
oxidacdo em Oleos, uma vez, que o0s acidos graxos insaturados presentes na
composicdo de 6leos reagem com o oxigénio formando hidroperéxidos. A auséncia
de peroxidos nos OCEVs analisados indica que ndo ha deterioracdo oxidativa
significativa nestes produtos, provavelmente, devido a sua composicao majoritaria
de acidos graxos saturados (ARAUJO, 2008). No entanto, este resultado deve ser
interpretado com cautela, pois sabe-se que baixos valores de indice de peroxido
podem indicar que o Oleo esteja na fase inicial ou fase final de oxidacao devido,
respectivamente, ao inicio do processo de oxidacdo ou a decomposicdo dos
hidroperoxidos em aldeidos, cetonas, alcoois, hidrocarbonetos, ésteres, furanos e
lactonas (SILVA, 2015).

Observou-se, que todas as amostras de OCEV apresentaram resultados em
conformidade com os limites estabelecidos pelo PIQ da APCC para indice de iodo
(4,1 -11,0), sendo que estes valores, diferentes estatisticamente entre si (p < 0,05),
foram de 5,66, 7,26 e 6,21 para as amostras 1, 2 e 3, respectivamente (Tabela 3).

Os valores de indice de iodo obtidos para os OCEVs analisados se aproximam
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daqueles que foram determinados por Marina e colaboradores (2009a) e Mansor e
colaboradores (2012), sendo que estes variaram de 4,20 a 8,55 e 4,13 a 4,26,
respectivamente.

O indice de iodo permite a identificacdo do grau de insaturacdo dos acidos
graxos presentes no Oleo, sendo que quanto maior a insaturacao de um acido graxo,
maior sera a sua capacidade de absorcao de iodo e, consequentemente, maior sera
o indice de iodo (MENDONCA et al., 2008). Desta forma, justifica-se 0 menor indice
de iodo do 6leo de coco, em relacdo a outros Oleos vegetais, como o de oliva
(PEIXOTO et al.,, 1998) e o de soja (MENDONCA et al., 2008). O baixo grau de
insaturagcdo do 6leo de coco favorece uma maior estabilidade oxidativa (KUMAR &
KRISHNA, 2015).

No que se refere ao indice de saponificacdo, foram obtidos para as amostras
de OCEV analisadas os seguintes resultados: 248,14 mg.KOH g* (Marca 1), 254,67
mg.KOH g* (Marca 2) e 257,54 mg.KOH g™ (Marca 3) (Tabela 3), sem diferenca
estatistica entre as marcas (p > 0,05). Em relacdo ao preconizado pelo PIQ do
APCC, para este indice (250 — 260 mg.KOH g.;) apenas a amostra 1 néo
apresentou-se em conformidade.

De acordo com Marina e colaboradores (2009a), o indice de saponificacao é
uma medida do peso molecular médio da cadeia de acidos graxos que constituem o
material lipidico, sendo diretamente proporcional a quantidade de acidos graxos de
cadeia curta. Desta forma, quanto menor o peso molecular do acido graxo, maior o
valor de indice de saponificacdo. Sendo assim, os elevados indices de saponificacédo
nos OCEVs relacionam-se a uma significativa quantidade de acidos graxos de
cadeia curta e média nestas amostras.

Almeida e colaboradores (2011) determinaram indices de saponificacdo muito
inferiores aos encontrados para os OCEVs, em 6leos de canola, girassol e soja,
sendo estes de 123,9 mg.KOH.g? ,133,7 mg.KOH g, e 1423 mg.KOH g.,
respectivamente. Os valores encontrados no presente estudo, para indice de
saponificacdo, sdo comparaveis aos resultados determinados em OCEVs por Marina
e colaboradores (2009a) (250,07 a 260,27 mg.KOH g™), por Mansor e colaboradores
(2012) (256,73 a 262,72 mg.KOH.g%) e por Kumar & Krishna (2015) (255,9
mg.KOH.g™).

Conhecer o teor de umidade e matéria volatil de 6leos é fundamental, uma

vez, que valores elevados deste parametro relacionam-se com o aceleramento de
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processos de oxidacdo e rancidez, enquanto valores mais baixos contribuem para
um maior tempo de vida util (ARAUJO, 2008). Os PIQs formulados pelo APCC e
pelo PNS determinam um valor maximo de umidade e matéria volatil para o OCEV
de 0,1%. Desta forma, todas as amostras analisadas ultrapassaram este limite,
sendo que as marcas 1, 2 e 3 apresentaram teores de umidade e matéria volatil de
0,166%, 0,230% e 0,151%, respectivamente. O aumento de umidade e matéria
volatil nestas amostras pode ser justificado pela forma de extracdo dos OCEVSs.
Mansor e colaboradores (2012) encontraram diferencas significativas na umidade e
matéria volatil de Oleos de coco produzidos de formas diferentes, sendo que o
produto obtido por método enzimatico e aquele produzido por fermentagéo
apresentaram valores de umidade e matéria volati de 0,11 e 0,06%,

respectivamente.

3.3 Determinacéo da estabilidade oxidativa dos 6leos de coco extravirgem

A estabilidade oxidativa representa uma avaliacéo do estado de oxidac&o dos
Oleos e gorduras e € uma determinacao importante a nivel industrial. Trata-se de um
parametro comparativo muito utilizado no controle de qualidade de matérias-primas
e de processos para se avaliar diferentes tipos de 6leos. A estabilidade oxidativa é
expressa pelo “periodo de indugdo” da reagéo, ou seja, 0 tempo necessario para se
atingir um ponto critico de oxidacdo. O uso do Rancimat para avaliacdo da
estabilidade oxidativa é considerado o método oficial para avaliacdo da estabilidade
oxidativa de Oleos e esta andlise possui forte correlacdo com a capacidade
antioxidante de 6leos (ANTONIASSI, 2001; CASTELLO BRANCO & TORRES,
2011).

Em relacdo ao periodo de inducéo, os valores encontrados para as marcas
analisadas foram 39h59min, 17h49min e 25h86min, para as marcas 1, 2 e 3,
respectivamente, sendo que houve diferenca estatisticamente significativa (p < 0,05)

entre valores (Tabela 4).
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Tabela 4 — Periodo de inducéo (horas) dos 6leos de coco extravirgem

Marca 1 Marca 2 Marca 3
Lote A 40,68 17,56 27,91
Lote B 30,74 17,35 23,85
Lote C 38,54 17,56 25,82
Média 39,65% £ 5,23 17,49 £ 0,12 25,86° + 2,03

*Médias seguidas por letra mindscula nas linhas diferem entre si pelo teste de Tukey, a 5% de

probabilidade

O elevado contetudo de gorduras saturadas no 6leo de coco propicia uma
maior estabilidade oxidativa em comparagcdo com outros Oleos vegetais que
apresentam majoritariamente acidos insaturados (MATTHAUS. 1996). No trabalho
de Kowalski e colaboradores (2004) foram encontrados periodos de indugdo muito
inferiores aos determinados para os OCEVs, em 6leos de canola, girassol e soja,
sendo estes de 11,4h, 10,2h e 7,1h, respectivamente.

Gordon & Rahman (1991) avaliaram o efeito do processo de refino, na
estabilidade oxidativa de Oleo de coco pelo método Rancimat a 120 °C. Estes
autores verificaram que uma menor concentracdo de compostos antioxidantes, tais
como os tocoferdis e compostos fendlicos, ocasionada pelo processo de refino, gera
uma menor estabilidade oxidativa destes 6leos. Neste trabalho foi demonstrado que
Oleos de coco crus apresentam periodo de inducdo variando de 33,6 a 36,9h,
valores muito superiores quando comparados aos encontrados no Oleo de coco
refinado (entre 4,2 e 8h).

Desta forma, € possivel inferir que a diferenca estatisticamente significativa
entre os periodos de inducdo das diferentes marcas de OCEV provavelmente
relaciona-se aos diferenciados processos de obtencédo dos 6leos, cujas condicdes
influenciam significativamente no contetido de compostos antioxidantes, e, portanto,
na estabilidade oxidativa dos produtos.

E possivel observar que o indice de acidez (Tabela 3), que se trata de um
parametro relacionado a degradacéo de 6leos, € maior quanto menor é o tempo de
inducdo. Desta forma é possivel concluir que o indice de acidez relaciona-se

inversamente a estabilidade oxidativa do OCEV.
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4. CONCLUSAO

Os OCEVs analisados nédo se adequaram aos PIQs elaborados pela APCC
(2006) e pelo PNS (2007) em relacdo a muitos dos parametros fisico-quimicos
determinados. Além disso, observou-se que houve diferenca estatisticamente
significativa entre as marcas comerciais de OCEVs no que se refere & composicao
de acidos graxos e as propriedades fisico-quimicas analisadas, sendo que tal fato
relaciona-se a uma falta de padronizacdo dos processos de obtencdo e
armazenamento, justificada, em parte, pela inexisténcia de um documento legal para
normatizar a obtencdo do 6leo de coco extravirgem, assim como suas respectivas
caracteristicas fisico-quimicas.

Conclui-se, portanto, que faz-se necessaria a elaboracdo de um PIQ
especifico para 6leos de coco extravirgem produzidos e comercializados no Brasil, a
fim de regulamentar os parametros de caracterizacao fisico-quimica deste produto,

assim como as condicdes ideais de sua obtencao.
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Abstract

The quality of virgin coconut oil (VCO), together with its health functionalities, is directly related to its
freshness and to the levels of free fatty acids (FFA). Thus, the goal of this work was to develop a
quantitative model based on partial least squares regression (PLSR) to predict FFA levels (%) in VCO. A
total of 72 Brazilian commercial samples classified in accordance to their shelf life was analyzed. FFA
levels ranged from 0.3 to 2.3%. FTIR (Fourier transform infrared spectroscopy) spectra were recorded
within a range of 3100 to 680 cm™" and submitted to mathematical preprocessing. Quantitative models
were developed by partial least squares regression (PLSR). Excellent predictive results were obtained,
indicating that the FFA levels in VCO could be accurately quantified by FTIR. The correlation coefficient (R)
and the root mean squared error of prediction (RMSEP) were, respectively, as high as 0.994 and as low as
0.07.

Practical applications: According to international standards, acid-base titration is the reference method
for the determination of FFA in oils. This method is laborious and time-consuming, uses toxic and
flammable solvents and it is susceptible to error when detecting the color change of the indicator. Some of
the advantages of FTIR aver the official acid-base titration method are the short time and simplicity of
analysis. Besides that, it is non-destructive and it does not require hazardous solvents and reagents. The
results shown in this study indicate that FTIR spectroscopy and chemometrics can be successfully applied
to the quantitative evaluation of FFA in VCO.
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The quality of virgin coconut oil (VCQ), together with its health functionalities, is directly related to its
freshness and to the levels of free fatty acids (FFA). Acid-base titration is the reference method for the
determination of FFA in oils. This method is laborious and time-consuming, uses toxic and flammable
solvents and it is susceptible to error when detecting the color change of the indicator FTIR is a rapid, non-
destructive, and accurate technique that could overcome some of the drawbacks of titration methodologies
and could be easily implemented in routine quality control laboratories. The results shown in this study
indicate that FTIR spectroscopy and chemometrics can be successfully applied to the quantitative
evaluation of FFA in VCO.
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Abbreviations

ATR
attenuated total reflectance

AV
acid value

DLATGS
deuterated triglycine sulfate doped with L-alanine

FFA
free fat acid

FTIR
Fourier transform infrared spectroscopy

LV
|latent variable

PLSR
partial least squares regression

R
correlation coefficient

RMSEC
root mean square error of calibration

RMSECV

root mean square error of cross validation
RMSEP

root mean square errar of prediction

RPD

ratio of natural variation in the calibration or validation samples to the probable errors occurring during the
prediction

SEL
standard error of the laboratory

SNV
standard normal variate

vCco
virgin coconut oil

VIP
variable importance in the projection
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1 Introduction

Virgin coconut oil (VCO) is obtained from the fresh and mature coconut kernel, in general 12 months after
pollination of the coconut ( Cocos nucifera L ). The oil can be extracted by mechanical or natural means with or
without the application of heat. No chemical refining, bleaching, or deodorizing is applied [1]. Particularly, VCO
has became largely popular in the scientific community and among consumers due to its biologically active
components with potential health benefits such as vitamin E, polyphenols, and phytosterols [2, 3]. These
components have been associated with antioxidant properties, anti-inflammatory activity, lipid-lowering and
antithrombotic effects [3, 4). Furthermare, unlike the majority of cils and animal fat, VCO consists mainly of
medium chain triglycerides, which have been associated with weight loss and improved glycemic profile [2].
Such benefits, however, become less effective with the oil degradation [1, 5].

FFA are naturally formed in vegetable oils during extraction and storage by hydrolysis through chemical or
enzymatic mechanisms. The acid value (AV) of edible vegetable oils, which measures the amount of FFA, Is an
important indicator of the quality of the oil during processing and storage [6]. This determination is based on
acid-base titration employing a non-aqueous solvent. Titration-based methodologies have a number of
drawbacks, including the use of toxic and flammable non-aqueous solvents, the incomplete solubility of VCO in
the employed solvents, and the susceptibility to error in the detection of changes in the indicator color [7].
Furthermore, this technigue is laborious and time-consuming.

An example of rapid, non-destructive, and accurate technique that could overcome some of the drawbacks of
titration methodologies and could be easily implemented in routine quality control laboratories is infrared
spectroscopy. In particular, much attention has been given to Fourier transform infrared (FTIR) spectroscopy,
which detects fundamental molecular vibrations as a result of molecular absorption of mid-infrared radiation [8].
Many studies have shown that these techniques in association with multivariate statistics can be successfully
applied to the analysis of edible oils [9]. FTIR has been applied to the monitoring of fatty acid composition [10],
determination of geographical origin [11], classification based on sensory attributes [12], detection of
adulteration [13], and degradation studies [14].

While a wide range of studies in the literature reports the applications of FTIR to copra oil analysis [15-17],
studies on the analysis of VCO are scarce in the literature and focused on the detection of adulteration and
monitoring of oxidative stability [13, 18]. Thus, the aim of this work was to investigate the potential of FTIR to
evaluate the quality of commercial VCOs. The major goal was to develop a quantitative model based on partial
least squares regression (PLSR) to predict the levels of FFA in VCO.
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2 Materials and methods

2.1 Coconut oil samples

A total of 72 Brazilian commercial samples of VCO (four commercial brands) were purchased from supermarksts
in Belo Horizonte — Minas Gerais (Brazil) and analyzed. Samples were classified in accordance to their
expiration date, based on the shelf life indicated in the labels, 18 months. Samples were separated as follows: (1)
32 oll samples that were deemed appropriate for consumption (aged up to 18 months from the production date),
comprising Brand 1 (n =1), considered a fresh sample (2 months age), Brand 2 (n =25) and Brand 3 ( n =6);
(i1) 40 oil samples that were deemed expired, aged from 19 up to 30 months from the production date,
comprising Brand 2 (n =6), Brand 3 (n =4), and Brand 4 ( n =30). Before analysis, the samples were stored in

the freezer (-20°C) and wrapped in aluminum foil to avoid photo degradation.

2.2 Chemical analysis

The acid value (%), which is an indicative of the FFA content of the oil, was determined following the procedure
established by AQOCS (Official Method Ca-5a40) [19]. A 2 g sample was mixed with diethyl ether/ethanol 2/1(v/v)
in a 250 mL Erlenmeyer flask and a few drops of phenolphthalein were added. The mixture was titrated with
0.01 M NaOH until color change (from white to pink). Samples were analyzed in duplicate.

2.3 FTIR measurements and spectral collection

A Shimadzu IRAffinity-1 FTIR Spectrophotometer (Shimadzu, Japan) with a DLATGS (deutered triglycine sulfate
doped with L-alanine) detector was used in the FTIR measurements that were performed in dry atmosphere (20
+(.5°C). A horizontal attenuated total reflectance (ATR) sampling accessory (ATR-8200HA) equipped with ZnSe
cell was employed. Approximately, 10 pL of each sample were placed in the sampling accessory. The empty
accessory was used to obtain the background spectrum. The approximate total time required for spectral
collection was 5 min. All spectra were recorded within a range of 4000—400 cm™", with a 4 cm™ resolution. Each
spectrum was calculated as the average of 20 scans and submitted to background subtraction. They were also
truncated the range of 3200680 cm™, in order to eliminate noise readings present in the upper and lower ends
of the spectra.

2.4 Data analysis
2.4.1 Chemical analysis

The statistical software Graph Pad Prisma (version 5.01, Graph Pad Software, Inc_, La Jolla, CA) was used to
analyze the chemical data. Analysis of variance (ANOVA) and Tukey test were applied to compare different
commercial brands and t-test was applied to compare the FFA values of samples from the same brand (expired
or not).

The standard error of the laboratory (SEL) was estimated from the FFA duplicate data using the following
equation [20]:

_ VI Oa -y (1)

n

SEL

where n is the number of samples and y; and y, are values obtained for the replicates 1 and 2, respectively,
of sample 1.
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2.4.2 FTIR measurements and spectral collection

Data processing (pretreatment) techniques were applied to the raw data to compensate for any changes in
experimental conditions and enhance the results. The processing methods employed were the following: SNV,
first and second derivatives. All data sets were mean centered prior to statistical analyses. The softwares Matlab
(MathWorks, Co., Natick, MA) and the computational package PLSR_Toolbox (Eigenvector Research, Inc.) were
employed for the processing calculations and model development.

PLSR was the technigue of choice for the quantification of FFA. Samples were randomly separated into
calibration (80%) and validation (20%) sets. The optimum number of latent variables (LV) employed in each
model was chosen by leave-one-out cross-validation based on the minimum value of root mean square error for
cross validation (RMSECV). The combination of Q-residues and the Hotelling's T-squared distribution ( T2)
were used to detect abnormal observations in the calibration set. Given the significance level forthe Q and T2
statistics, in this case, 99% observations with Q and/or T2 values above the threshold were classified as
outliers. After the elimination of the outlier observations from the model, the procedure was continually repeated
until no outliers were identified. The random behavior of the residuals of the fits was verified by visual inspection.
The evaluation of the accuracy of the models was based on the following parameters: the correlation coefficient
(R), that should be as close to 1 as possible; and the root mean square errors for both the calibration (RMSEC)
and validation (RMSERP) sets, which should be as small as possible.

Other figures of merit explored in the final optimized FTIR method were bias and relative prediction deviation
(RPD). Bias evaluates the presence of systematic errors in the model and is calculated only in the validation set.
Ideally the bias should be close to zero. The RPD is the ratio of natural variation in the calibration or validation
samples to the probable errors occurring during the prediction. This figure is calculated for the calibration and
validation sets according to Eq. (2), where RMSE is the root mean square error of calibration or validation and
5D is the standard deviation of the reference values in the calibration or validation sets [21].

RPD = SD/RMSE (2)
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3 Results and discussion

3.1 Chemical analysis

The FFA values obtained in this study are shown in Table 1. According to the APCC (Asian Pacific Coconut
Community), FFA values in VCO should not exceed 0.20% [19]. Figure 1 shows the values obtained for samples
classified as appropriate for consumption ranged from 0.38 to 1.83%, while the values obtained for expired
samples ranged from 0.30 to 2.30%. Thus, none of the samples analyzed met the 0.20% limit recommended by

the APCC.

Table 1. FFA (%) of virgin coconut oil samples

Appropriate for consumption Expired
Brand 1 (n Brand 2 (n Brand 3 (n Brand 2 (n Brand 3 (n Brand 4 (n
=1) = 25) = 6) =6) =4) =31)
Mean 0.38= 1.58= 0.87" 1.93= 1.038 0.42=
sD n.a. 0.08 0.37 0.7 0.02 0.12
Min n.a. 1.26 0.32 0.51 1.01 0.30
Mazx n.a. 1.83 1.05 2.30 1.05 0.98
Means followed by different letters are significantly different (Tukey p =0.05).
* Fresh sample aged 2 months from the production date.
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Figure 1.

Average of FFA from each commercial brand of VCO samples classified as appropriate for
consumption or expired. *Fresh sample within 2 months from the production. **Appropriate, aged up
to 18 months from production date. **Expired, aged from 19 to 30 months after the production date.

*Means differ among themselves by the Tukey test (p <0.05).
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Results of Tukey test indicated that the FFA content in the samples differed statistically ( p < 0.05) among
brands, regardless of the sample being expired or not. The fact that the FFA content differed statistically
according to commercial brands could be related to the distinct VCO extraction methods employed in Brazil.
These methods can be divided into wet (subdivided into chilling and thawing, fermentation, enzymatic, and pH
method, or any of these in combination) and dry, when the kernel is heated to remove the moisture and pressed
mechanically to obtain the oil [2].

Previous studies have demonstrated the influence of the extraction method on the overall physicochemical
properties of VCO [22]. Dayrit and coworkers [6] evaluated the FFA content (mg KOH/g oll) of VCO extracted by
chilling, fermentation, fresh-dry and enzymatic methods and found, respectively, the following values: 0.31, 0.29,
0.46, and 0.35%. In the study by Marina et al. [23], the FFA values for the different commercial brands of VCO
available in the Malaysian and Indonesian markets ranged from 0.15 to 0.25% [23]. More recently, Balawan [24]
compared the FAA levels in VCO produced by fresh-wet natural fermentation versus high or low-pressure
expeller. The values ranged, respectively, from 0.33 to 0.38% to 0.05 to 0.08% and 0.10 to 0.20%. Studies
reporting the FFA content in Brazilian VCO are scarce in the literature, but Silva et al. [25] and Santos et al. [26]
reported FFA values of 0.84%, whereas Abreu et al. [27] reported a FFA value of 1.81%. These levels are
considerably high in compariscon to the ones reported in previous studies [6, 23, 24]. This discrepancy could be
attributed to several differences, from the coconut cultivation to the oil extraction and storage.

Besides the significant difference in the FFA levels of VCO according to brand, it was observed that the increase
in the storage time resulted in a statistically significant increase (p < 0.05) in the FFA levels of Brands 2 and 3,
as indicated in Fig. 1. The formation of FFA by hydrolytic rancidity, that is hydrolysis of an ester by lipase or
moisture is, in fact, an important measure of rancidity in oils and can be a good parameter of storage stability. In
the study by Srivastava et al. [28], the FFA levels of VCO samples stored at room temperature during 0, 6, and
12 months was found to increase from 0.05 to 0.19 and then to 0.23%, respectively. Ankrah [29] evaluated how
the levels of FFA changed in two brands of coconut oil stored under ambient conditions. Samples were
monitored monthly during a 3-month period. The FFA levels increased from 0.20 to 0.60% in Brand A, and from
0.20 to 0.80% in Brand B.

3.2 Overall characteristics of the FTIR spectra of virgin coconut oll

Figure 2 shows the average original spectra of VCO obtained by FTIR. Major peaks were observed at 2940,
2922 2852 1743, and at 1480-700cm™'. The bands at 2940 and 2820 cm™" are assigned to symmetric and
asymmetric stretching of CH bonds in CH, and CHj; groups, respectively. The sharp band at 1743 cm™ is
assigned to C—0 stretching in aliphatic ester groups. Ester groups vibrations were also observed at the peak
1230cm™, assigned to C(=0)— O stretching, and at the peaks at 1153 and 1110cm™, assigned to C—0O and
C—C stretching vibration in esters. The bands at 1465 and 1377 cm™' arise from the symmetric and asymmetric
scissoring of C—H in CH, and CH3, respectively. The small peak at 721 cm™' corresponds to CH, rocking mode
[30]. The overall spectra profile of the samples obtained in this study is very similar to the ones reported in the
literature [13, 31]. The major difference between the spectra of VCO in relation to other edible oils such as
sunflower, palm, corn, and sesame oil is the absence of a peak at 3003-3008 cm™". This peak occurs due fo
trans =C —H stretching [13, 31]. Another difference can be noted at the region 1120-1098 cm™', where VCO
exhibits a strong peak while other edible oils such as corn and sunflower oils, exhibit two peaks, that is, one at
1098 cm™ and other at 1120 cm™ [13]. Sim and Ting [31] also observed a peak at 958 cm™" in the spectra of a
variety of oils, such as palm, sesame, sunflower, canola, and blended cooking oil, but did not observe the same
in the spectra of coconut oil. This peak is attributed to the presence of trans-olefins where polyunsaturated and
monounsaturated oils exhibit higher intensities. According to Yoshida and Yoshida [32], the trans-olefins may be
produced during the heating of oils in the purification process.
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Figure 2.

Mean average FTIR spectra obtained for coconut oil.

3.3 PLSR madels for the prediction of acidity level

PLSR models were constructed using the spectral data obtained from 72 samples of coconut oil. The region
between 2800 and 1800 cm™' was not included in the development of the models, given that in edible oils no
functional group I1s generally expected to absorb in this region (see Fig. 2). The calibration and validation sets
consisted of 80 and 20% of samples, respectively. The results obtained in the PLSR models based on the full-
spectrum approach and employing different preprocessing techniques are presented in Table 2.

Table 2. Performance results of full spectrum PLSR models based on different data preprocessing techniques

Model Preprocessing (variance explained %) LV RMSEC R RMSEP R
(1) None (88.44) 5 0.20 0.88 0.29 0.83
) SNV (99.63) 12 0.04 0.99 0.13 0.97
(3) SNV =+ first der (97.31) 7 0.09 097  0.14 0.96
(4) First der (95.06) 6 0.13 0.95 0.21 0.92
(5) Second der (86.97) 5 0.22 0.87 0.22 0.91
(8) SNV + Second der (33.90) 3 0.24 0.84 0.28 0.84

Bold in Table refer to the models that were considered to present best performance.
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The model constructed without preprocessing (only mean centering, which was applied to all datasets), as well
as the model constructed with SNV plus second derivative were not considered satisfactory due to their large
RMSEC and RMSEP (root mean square error of prediction) and small R-values. The preprocessing treatments
that provided significant improvements in the model performance in both calibration and validation sets, that is,
decrease in RMSEC and RMSEP values coupled with an increase in R -values were the following: SNV and
SNV followed by first derivative. Although the first exhibited lower RMSEC and RMSEP values and higher R-
values, the number of latent variables (LV) was significantly higher. The LV selection for each model was based
on the smallest value of RMSECV. In reference to the American Society for Testing Material [33], the
determination of the number of LVs is a critical step in the model development. In general, If too few variables
are used, a less accurate model will result. If too many variables are used, the estimates from the model will be
unstable, which means that small changes in the spectrum, on the order of the spectral noise, may produce
statistically significant changes in the estimates. Thus, models with fewer factors are less likely to exhibit over
fitting and tend to have better generalization ability. Although the model constructed with SNV solely exhibited
higher performance, the high number of LV employed suggests an over fitting and low robustness. The model
constructed with SNV plus first derivative (Fig. 3) was therefore chosen as the most appropriate among the
preprocessing schemes evaluated.

Figure 3.

Mean average spectra of coconut oil obtained by FTIR submitted to SNV and first derivative.

The plot of the variable importance in the projection (VIP) scores of the model (Fig. 4) was evaluated to verify
the feasibility of improving its predictive ability. The evaluation of VIP scores i1s a useful and simple strategy tool
to evaluate the importance of each variable or spectral wavenumber in the PLSE model and can be used for the
selection of potential spectra regions [34]. The regions that mostly affect the model performance are those with
higher VIP scores. In this case, the regions that contributed the most were the following: 2970-2840, 1790-
1680, 1460-1380, and 1190-1050 cm™'. These regions have been previously reported in the literature as
important predictors for the determination of iodine values and for the quantitative determination of saturated and
unsaturated fatty acids in edible oils including coconut oil [15, 17] and detection of adulteration in VCO [13]. The
PLSR models were then rebuilt using the spectral regions with VIP scores higher than 1, as indicated in Table 3.
In comparison to the full spectrum model, the selection and combination of specific regions improved model
performance, with the exception of Models 7 and 9. The choice of the optimum PLSR model was based on the
combination of low RMSEC and RMSEP, high R, and low number of LV. Considering these three parameters,
Model 5 was chosen and subjected to optimization by the detection and elimination of outliers. Particularly, this
model includes all regions of the spectrum with high VIP scores, with the exception of the first region, that is,
2070-2840cm™.
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Figure 4.

VIP scores of the full-spectrum (3100-2800/1800-680 cm~') PLSR model based on SNV followed by

first derivative spectra. VIP=1.

Table 3. Performance results of PLSR models based on different spectral regions

Model Region (cm™) Lv RMSEC R RMSEP R

(1) 3100-2800/1800-1035 7 0.10 097 0.14 0.96
(2) 1787-1035 10 0.05 099 0.05 0.96
(3) 1797-1670/1527-1035 10 0.086 0.99 0.05 0.96
(4) 2991-2800/1800-1681/1479-1365/1211-1035 12 0.086 D98 0.11 0.99
5) 1778-16701527-1350/1220-1035 9 0.06 0.99 0.08 0.99
(6) 2991-2800/1800-1035 13 0.04 0.99 0.04 D98
(7) 2991-2800/1800-1681/1479-1365 G 0.15 0.94 027 0.87
(8) 2991-2800/1800-1365 10 0.07 0.99 0.07 D98
(9) 2991-2800/1800-1681 G 0.16 0.93 0.29 0.83

Bold in Table refer to the models that were considered to present best performance.
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Outlier detection and removal in the calibration and validation sets were performed at 99% confidence level. In
this scenario, the presence of outliers can be related to operational errors, instrumental noise, or abnormal
observations originated from errors or differences during the sample preparation. Only one round of outlier
detection was performed. Samples selected as outliers at the plot of leverage versus Student f-residues (Fig.
5a) included those selected at the Hotelling's T-squared distribution versus Q-residues plot (Fig. 5b). A total of
six outliers (five calibration, one validation), corresponding to 8 3% of the total number of samples, were

removed.
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Figure 5.

Qutlier removal strategy based on (a) Hotelling's T-squared distribution versus @ -residues plot and
(b) leverage versus Studentt- f-student residues plot (» calibration samples; 4 validation samples).

The scatter plots of measured and predicted values for the acidity levels are shown in Fig. 6a. A visual
inspection of the plots suggests that the models could predict the acidity levels with accuracy. The residuals,
which were plotted versus sample acidity level values, were distributed randomly and satisfactorily close to zero,
indicating no apparent systematic trend (Fig. 6b).
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Figure 6.

(a) Measured versus predicted levels of acidity (%), and (b) residual versus levels of acidity (%) in
virgin coconut oil, based on the optimized PLS model (1778-1670/1527-1350/1220-1035 cm™') after
outlier removal (e calibration samples; 4 validation samples).
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Table 4 summarizes the figures of merit estimated for the proposed FTIR method. The optimized PLSR model
for prediction of FFA level in VCO was constructed with 51 calibration and 14 validation samples, 9 LVs, and
accounted for 98 and 99.28% of the variance in X (spectral data) and Y (level of FFA), respectively. The number
of LV (9) was maintained. After the removal of outliers, the RMSEC and RMSEP decreased, respectively, from
0.06 and 0.08 to 0.05 and 0.07. The SEL associated with the FFA analysis of the reference samples was
estimated as 0.029. A model with SEC and SEP values lower than three X SEL, which is the case of the model
developed in this study, is generally considered of good precision [20].

Table 4. Figures of merit of the optimized FTIR method for the determination of FFA levels in VCO

Figure of merit Parameter Estimated value

SEL 0.029

Trueness RM3EC 0.05
RMSEP 0.07

Linearity Slope © 0.99
Intercept = 0.01
Correlation coefficient ® 0.99

Working range Working range calibration 0.30-2.30%
Working range validation 0.34-2.30%
Mean calibration 0.95%
Mean valid ation 1.02%

Bias -0.05

RFD RPD calibration 11.78
RPD validation 10.97

a Values for the line fitted to the calibration samples.

The linearity was estimated through the fit of reference versus predicted values. The R of calibration and
validation sets increased, respectively, from 0.988 and 0.992 to 0.993 and 0.994, in the optimized final
model. The estimated bias was as low as -0.05 in the validation set. The RPD metrics is used to classify the
overall prediction guality of individual calibration models. According to Dingari et al. [35], a RPD value higher
than 5 is considered to be good for quality control while a value larger than 6.5 is acceptable for process
monitoring. The RPD values obtained in the present study (Table 4) were considered excellent.
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4 Conclusion

The values of FFA obtained for samples within 18 months from the production ranged from 0.38 to 1.83%,
while the values obtained for samples within 19—30 months from the production ranged from 0.30 to 2.3%.
None of the samples analyzed met the FFA limit recommended by APCC for VCO (0.2%). The FFA values
of VCO from different brands varied significantly. When analyzing FFA values of single brands, significant
higher values were observed in samples stored for a longer period. FTIR in combination with PLSR were
successfully applied for the guantitative prediction of FFA in VCO. The correlation coefficient and the RMSEP
for the model developed and optimized in this study were, respectively, as high as 0.99 and as low as 0.07.

The authors acknowledge financial support from the Brazilian Government Agencies CNPg, CAPES, and
FAPEMIG .

The authors have declared no conflicts of interest.
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ABSTRACT

The global rise in obesity rates is alarming since this condition is associated with
chronic low-grade inflammation and secondary comorbidities such as glucose
intolerance, cardiovascular disease and liver damage. Therefore, a lot of dietary
approaches are proposed to prevent and treat obesity and its disorders. Virgin
coconut oil (VCO) is well known as a functional food due to its significant amounts of
medium-chain triglycerides. This study aimed to evaluate the effect of VCO in
adiposity, metabolic and inflammatory dysfunction in an obesity model induced by the
use of high-refined carbohydrate-containing (HC) diet in mice. Male BALB/c mice
were divided into two groups and were fed with control (C) or HC diet to induce
obesity during eight weeks. From the 9™ until the 12" week the animals fed with HC
diet were randomly regrouped into four groups: (i) HC diet alone, HC diet
supplemented with three different concentrations of VCO (ii) 1000 mg/kg, (iii) 3000
mg/kg and (iv) 9000 mg/kg. Regardless of the concentration, VCO supplementation
promotes lower adiposity gain and also improvement in glucose tolerance, lower
glucose and lipids serum concentrations and decrease in hepatic steatosis.
Moreover, VCO intake induces a lower inflammatory response due to a decrease in
leukocytes numbers, reduction in TNF-a and IL-6 concentrations in adipose tissue,
as well as lower counts of leukocytes, mononuclear and
polymorphonuclear circulating cells. Our data showed that VCO can be considered
as an interesting potential dietary approach to attenuate obesity and its metabolic

and inflammatory alterations.

Keywords: virgin coconut oil, medium-chain triglycerides, obesity, metabolism,

inflammation.
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INTRODUCTION

Obesity is characterized by higher accumulation of body fat which is
associated with an increase in leukocytes infiltration in adipose tissue and higher
levels of pro- and anti-inflammatory cytokines, such as tumor necrosis factor (TNF)—
a, interleukin (IL) 6 and IL-1B%?. Since obesity is associated with a chronic low-grade
inflammation, this condition is linked to secondary diseases and metabolic disorders
that lead to a negative impact on the quality of life and life expectancy, including
insulin resistance, glucose intolerance, type 2 diabetes, dyslipidemia, cardiovascular
disease and hepatic steatosis>>. The rise in obesity rates at epidemic levels is an
issue of concern worldwide®’ which increases the incidence of health hazards and
healthcare system costs®.

Obesity treatment includes conventional drugs, that are often associated with
undesirable side effects®, and hypocaloric diets'®, whose adherence is very low.
Therefore, such strategies have been shown ineffective as they are associated with
bodyweight gain rebound (REF). In this regard, functional foods might provide a safe
and effective auxiliary strategy to be used to treat obesity and co-related disorders™?,
as they contain bioactive compounds, such as polyunsaturated and
monounsaturated fatty acids, phenolic compounds, antioxidants vitamins (A, C and
E) and phytosterols, able to reduce inflammation and oxidative stress**™*3. Another
dietary component used to treat overweight due to its potential to reduce body weight
and fat, are medium-chain fatty acids (MCFA) (saturated fatty acids composed of 6—
12 carbons)*. MCFA shows such effect through down-regulation of adipogenic

14,17-22

genes’* % higher induction of fat oxidation rate and energy expenditure as well

as reduction in food intake'*12324,
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Consuming virgin coconut oil (VCO) is one strategy among others to obtain
MCFA, since this product contains high amounts of this kind of fat, particularly lauric
acid (12:0), in proportions that range from 45 to 56%%. Furthermore, when obtained
from fresh, mature coconut kernel without the use of heat and refining process, VCO
retains significantly amounts of phytochemicals (vitamins, polyphenols and

25-27

phytosterols)“=>‘which can provide antioxidant, antithrombotic and anti-inflammatory

2833 35 well as improvement in glucose homeostasis>*.

effects
Therefore, this study aimed to evaluate whether VCO intake should be an
effective strategy to reduce the adiposity gain, metabolic and inflammatory

disturbances induced by a high-refined carbohydrate (HC) diet in mice.

101



MATERIALS AND METHODS

Virgin coconut oil

A sample of an organic virgin coconut oil from Conde, Bahia (Brazil) was
identified and properly stored under refrigeration (4-10°C), protected from light until it
use. The fatty acid profile of the VCO used is: 6.01% caprilic acid, 6.48% capric acid,
48.08% lauric acid, 17.72% miristic acid, 7.97% palmitic acid, 6.94% estearic acid,

0.85% oleic acid and 1.16% linoleic acid*?.

Animals and diets

Male BALB/c mice at 5-7 weeks of age were obtained from the animal care
center of Universidade Federal de Minas Gerais (Bioscience unit-CEBIO/UFMG) and
kept in an environmentally controlled room under a 14/10 h light-dark cycle. Animals
had free access to tap water and food and were maintained according to ethical
guidelines of our institution. The experimental protocol was approved by the Animal
Ethics Committee of the University (protocol 174/2012).

Mice were divided into two groups: at the first group (n=8), mice were fed with
control diet (LABINA) (C group) and at the second group (n = 32), mice received the
HC diet, during the first eight weeks. This diet was composed of 45% condensed
milk, 10% refined sugar and 45% chow diet. The macronutrient composition of the
chow diet (4.0 kcal/g) was 65.8% carbohydrate, 3.1% fat, and 31.1% protein; the HC
diet (4.4 kcal/g) was composed of 74.2% carbohydrate, 5.8% fat and 20% protein. It
is important to highlight that the HC diet contains at least 30% refined sugars, mostly
sucrose®. After 8 weeks, the mice fed with the HC diet were randomly redistributed

equally into four groups. One group continued to receive only HC diet (HC group),
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whereas the others three groups had their HC diet supplemented with VCO in
amounts calculated to provide 1000mg/Kg (low dose — LVCO group), 3000mg/Kg
(medium dose — MVCO group) and 9000mg/Kg body weight (high dose — HVCO
group). The supplements of VCO to the HC diet was adjusted every week based on
mice food intake and body weight. The dietary treatment using VCO was performed
for four weeks. The experimental design is described in Figure 1.

During the experiment, mice were collectively housed, body weight and food
intake were measured once and twice a week, respectively. At the end of the dietary
treatment, mice were anesthetized with 130 mg/kg body weight (BW) of ketamine
and 0.3 mg/kg BW of xylazine then killed by exsanguination. Liver, epididymal,
inguinal, mesenteric and retroperitoneal white adipose tissues were collected,
weighed and stored at —80°C until further analysis. Blood was collected for total and

differential blood cell counts and to obtain serum.

{ VIO
15t Wik 8t Wi 12t Wik
Obesity induction VCO treatment

LVCO: HC + CO 1000mg/Kg (n=8) ]

[Mo—71—=0p wl

[
[ MVCO: HC + CO 3000mg/Kg (n=8) }
i

HVCO: HC + CO9000mg/Kg (n=8) }

Figure 1. Experimental design of obesity induced by high refined carbohydrate-containing-diet
in mice and VCO treatment. Mice were fed a normal diet (C), or high refined carbohydrate-containing
diet (HC), HC diet supplemented with 1000 (LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg BW of

VCO. WKk: weeks.
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Oral glucose tolerance test

Mice were fasted for six hours and then D-glucose (2 mg/g body weight) was
given orally by gavage. Glucose levels were monitored from tail blood samples at 0,
15, 30, 60, and 90 min after glucose overload using an Accu-Check glucometer

(Roche Diagnostics, Indianapolis, IN).

Energy expenditure estimation

The metabolic rate was estimated using continuous recorders of oxygen
consumption (VO,) and CO, released with an open-flow indirect calorimeter (LE405
Gas Analyzer, Panlab Harvard Apparatus, Spain) performed as previously described
by Freire et al (2016)%°.

At the 12™ week of diet treatments, mice were fasted for 2 hours, weighed and
placed individually into the gas chamber, where they remained for 150 minutes
without any external influence. VO, was recorded for each minute using a
computerized system (Metabolism, Harvard Apparatus, Spain). The final 120 minutes
were used for the analysis, while the initial 30 minutes were disregarded to allow the
mice to calm and acclimate to the chamber.

The VO, and respiratory exchange ratio (RER=VCO,/VO,) values were used
to estimate energy expenditure (EE), using the following equation: EE = (3.815 +
(1.232 x RER) x VO, x 1.44%. All experiments were conducted during the same
period of time to prevent circadian rhythms variations and the room temperature was

controlled at 25 + 1°C.
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Total and differential blood cell counts

Tail blood samples were taken and diluted in Turk's solution. Total leukocyte
count was performed using a Neubauer chamber. Peripheral blood smears were
stained with a panoptic kit (Laborclin, Pinhal, Brazil) and differential white blood cell
count was determined under oil immersion (1000X) using standard morphologic

criteria.

Intravital microscopy in mouse epididymal adipose tissue

Intravital microscopy was performed in the epididymal adipose tissue as
previously described by Oliveira et al (2013). Briefly, mice were anesthetized by i.p.
injection of 130 mg/kg ketamine and 0.3 mg/kg xylazine. The epididymal adipose
tissue was exposed and the number of leukocytes rolling and adherent to the
vascular wall was counted. Leukocytes were fluorescently labeled by i.v.
administration of rhodamine 6G (100 pl; Sigma, St. Louis, MO) and observed through
a fluorescence microscope (Nikon H550L, 20X objective lens). Rolling leukocytes
were defined as cells passing through a transverse imaginary line to the vessel for
60s and moving at a velocity less than that of erythrocytes. Leukocytes were
considered adherent to the venular endothelium if they remained stationary for a
period of 30 s or longer in a vessel fragment of approximately 100 um. The two
parameters were measured in two or three different vessels and an average was

measured for each mice.

Determination of serum parameters
Glucose, total cholesterol and triglycerides levels were assayed using

enzymatic kits (KATAL, Belo Horizonte, MG, Brazil). Alanine aminotransferase (ALT)
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and aspartate aminotransferase (AST) levels were measured using colorimetric kits
(Bioclin, Belo Horizonte, MG, Brazil) as non-esterified fatty acids (NEFA) (Wako Pure
Industries, Osaka, Japan). The fasting serum levels of chemerin, adiponectin,
resistin, and leptin were determined by enzyme-linked immunosorbent assay (ELISA,
R&D systems Europe Ltd., Abington, UK). All assays were performed according to

the procedures supplied by the manufacturer.

ELISA assay

The concentrations of cytokines were determined in epididymal adipose tissue
(TNF-a, IL-18, IL-4, IL-6, IL-10, IL-13, and transforming growth factor beta - TGF-f3),
subcutaneous adipose tissue and liver (TNF-a and IL-6) using DuoSet ELISA
development kits (R&D System, Inc., Minneapolis, MN, USA) according to the

manufacturer's instructions.

Histology

Epididymal adipose tissue and liver were excised and fixed in a phosphate-
buffered formaldehyde solution for 48 h and were then incubated in 70% ethanol.
Sections of the tissues were stained with hematoxylin—eosin and analyzed in original
magnification of 200X. In the adipose tissue, the area encompassed by 100
adipocyte cells was measured in each animal using Image Pro-Plus software (Media
Cybernetics, USA). ImageJ (National Institutes of Health, Bethesda, Maryland, USA)
was used to calculate the mean adipocyte area (um2) and frequency distribution of

adipocytes' cell surface area.
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Analyze of thiobarbituric acid-reactive substances and reduced glutathione
Total thiobarbituric acid-reactive substance (TBARS) levels, an index of
malonyl-dialdehyde production, were determined in the liver as previously
described®. Reduced glutathione (GSH) levels were determined as previously
described by Sedlak et al*'. Briefly, 100 mg of liver was homogenized. It was added
in the samples trichloroacetic acid and then centrifuged after 30minutes in the ice.
The clear supernatant were mixed with phosphate buffer 0.1mol/L (pH8.5) and 5,5-
dithiobis-(2-nitrobenzoicacid) in methanol. The absorbance of the reacted solution

was measured at 415 nm. Levels were determined using GSH as a standard.

Quantification of lipid content by Oil-red-O staining

Liver fragments previously fixed in 4% formaldehyde for 48 hours, were cut in
a cryostat (10um), stained with Oil Red (Sigma-Aldrich, USA) and counterstained
with hematoxylin. The images were captured by high definition coupled with Canon
camera magnifying glass. The quantification of lipid was performed using Image-J

software (Image-J 1:35 d, NIH, 58 Bethesda, MD, USA).

Liver fat and lipid content

Total lipids were extracted from the liver tissue using the method of Folch et al.
(1957)%. Briefly, liver was homogenized with chloroform:metanol solution (2:1) to
extract total fat from liver sample. After the extraction, the solution was filtered and
mixed with 0.9% saline. The upper phase was aspirated and an aliquot of lower
phase was added in a pre-weighed container. Upon evaporation, the extract

previously obtained was mixed with 500 uL of isopropanol and the triglyceride and
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total cholesterol levels were evaluated using enzymatic kits (KATAL, Belo Horizonte,

MG, Brazil).

Analysis of adipose tissue-derived stromal vascular cells (AT-SVC) by flow
cytometry

AT-SVC were obtained from epididymal adipose tissue of mice and the cells
were isolated by the method of Rodbell (1964). AT-SVC were washed with DMEM
supplemented with 5% fetal calf serum (FCS), counted, labeled with conjugated
antibodies for CD45, CD11b, F480, Ly6G, CD4 e CD8 (BD Pharmingen), and their
respective isotype controls. The macrophage population (M1, M2, Mres) identification
was done by the method of Ariel & Serhan (2012)%*. Cells were analyzed with a

FACSCalibur, and data were analyzed by FlowJo (TreeStar).

Real-time Polymerase Chain Reaction (PCR)

The total RNA was isolated from epididymal adipose tissue using the Trizol
method. Real-time PCR was performed on an ABI PRISM 7500 sequence-detection
system with SYBR Green PCR Master Mix (Applied Biosystems, Warrington, UK). M-
MLV reverse transcriptase (Promega, Madison, WI, USA) was used for the reverse
transcription of 2 ug of RNA. The relative gene expression of acetyl-CoA carboxylase
(ACC) was determined by the 27**° method and was normalized to ribosomal 18S
expression.

The following primer pairs, designated as forward (For) and reverse (Rev) for
the investigated RNA sequence, were utilized: For, 50-
TCCGCACTGACTGTAACCAC AT-30 and ACC Rev, 50-

TGCTCCGCACAGATTCTTCA-30.
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Statistical analysis

Results are expressed as means + SEM and analyzed using GraphPad Prism
version 5.0 (GraphPad Software, San Diego, CA). All data were analyzed for
normality of distribution using Kolmogorov-Smirnov test and were found to be normal.
Comparison between two groups was performed using Student’s t test and multiple
comparisons were performed using one-way ANOVA with Student-Newman-Keuls

post-hoc analysis. Statistical significance was set at P < 0.05.
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RESULTS

Mice feeding VCO had low adiposity and smaller adipocytes

Despite the body weight gain (Fig. 2A) and caloric intakes (data not shown)
were similar between the groups, adipose tissues weights were higher in mice fed
with the HC diet compared with control group (Fig. 2B-E). VCO supplementation, in
all concentration used, prevented the increase in adiposity induced by HC diet in
epididymal (Fig. 2B), retroperitoneal (Fig. 2C), mesenteric (Fig. 2D) and inguinal (Fig.
2E) adipose tissues.

The higher adiposity caused by HC diet consumption was accompanied by
bigger adipocytes as showed in morphometric analysis of representative
photomicrographs of epididymal adipose tissue (Fig. 2F, G, H). Akin to what we
observed concerning the adiposity, all groups that received VCO supplementation
presented smaller adipocyte area (Fig. 2F, G and H). The HC mice showed most of
adipocytes with area higher than 25,000 um?, whereas mice fed with VCO presented

area of adipocytes lower than 15,000 pm? (Fig. 2H).
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photomicrographs of hematoxylin-eosin-stained epididymal adipose tissue used to determine the
epididymal adipocyte areas (mm?). Bars indicate 50pum. (G) Adipocyte area (mm?) and (H) percentage
of adipocyte cells in different size classes of mice fed normal diet (C), high refined carbohydrate-
containing diet (HC), HC diet supplemented with 1000 (LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg
BW of VCO. Values are means + SEM of eight animals per group. *versus control group; “versus HC

group. %versus LVCO, MVCO and HVCO groups. P<0.05.

VCO supplementation had no effect on oxygen consumption (VO,), energy

expenditure (EE) and respiratory exchange ratio (RER)

In order to evaluate whether the loss of adiposity observed in mice fed VCO was
associated any change in energy expenditure (EE) and in oxygen consumption (VO3)
we performed the indirect calorimetry test. No differences in the VO, (Fig. 3A), EE
(Fig. 3B) and respiratory exchange ratio (RER) (Figure 3C) were observed between

all the groups
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Figure 3. Effect of dietary VCO supplementation in the oxygen consumption (VO2), energy
expenditure (EE) and respiratory exchange ratio (RER). (A) Oxygen consumption measurement,
(B) energy expenditure (EE) (kcal/day/kg), (C) respiratory exchange ratio (RER=VCO.,/VO,)
(mL/min/kg) of mice fed normal diet (C), high refined carbohydrate-containing diet (HC), HC diet
supplemented with 1000 (LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg BW of VCO. Values are

means + SEM of eight animals per group.
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VCO supplementation decrease the expression of Acetyl-CoA Carboxylase

To understand whether lower adiposity due to VCO supplementation was
explained by a change in lipogenic gene expression of acetyl-CoA carboxylase
(ACC), we perform the Real-time PCR analysis. As we could not find any difference
between the doses used for VCO, in terms of adiposity, we choose only one
experimental group (MVCO group: 3000 mg/kg BW dosage of VCO), to proceed this

analysis.

We observed that VCO supplementation at a medium dosage decreases ACC

expression, a crucial enzyme in lipogenic process (Fig. 4).
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Figure 4. Effect of dietary VCO supplementation in the mRNA expression in epididymal adipose
tissue of ACC. This analysis was perform in mice fed normal diet (C), high refined carbohydrate-
containing diet (HC) and HC diet supplemented with 3000 mg/kg BW of VCO (MVCO). Values are

means + SEM of five animals per group. *versus control group; *versus HC group. P<0.05.
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VCO supplementation improves glucose homeostasis and serum lipid profile

To assess whether VCO supplementation influence the glucose intolerance
and dyslipidemia induced by the HC diet, we performed an oral glucose tolerance
test and serum analysis. Mice fed with the HC diet showed an elevated glycemic
response to glucose overload (Fig. 5A and B) and high fasting glucose
concentrations (Fig. 5C) compared with C group. Addition of VCO to the HC diet was
sufficient to improve the oral glucose tolerance test (Fig. 5A, B) and decrease
glycemia at the fasting state (Fig. 5C).

Total cholesterol and triglycerides concentrations increased in mice fed with
the HC diet compared with C group (Fig. 5D-E). On the other hand, LVCO and
MVCO groups showed lower total cholesterol levels and triglycerides compared with
mice fed the HC diet (Figure 5D-E). HVCO group showed a decrease in triglycerides

and NEFA concentrations compared with the HC group (Fig. 5E-F).
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Figure 5. Effect of VCO supplementation on glucose tolerance, fasting glucose and serum
lipids. (A) Oral glucose tolerance test, (B) area under curve (AUC) of oral glucose tolerance test, (C)
glucose, (D) total cholesterol, (E) triglycerides and (F) non-esterified fatty acids levels (NEFA) fasting
in mice fed control diet (C), high refined carbohydrate-containing diet (HC), HC diet supplemented with
1000 (LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg BW of VCO. To evaluate the glucose tolerance,
mice were fasted 6h, subjected to gavage of glucose (2 g/kg) and blood sample was collected before
and after the glucose overload (15, 30, 60 and 90min).Values are means + SEM of six animals per

group. *versus control group; *versus HC group; ¢versus LVCO, MVCO and HVCO groups. P<0.05.

VCO supplementation ameliorated adipokine profile

HC diet promoted higher and lower serum concentrations of leptin (Fig. 6A)
and adiponectin (Fig. 6B), respectively, compared with control group. VCO
supplementation in all doses reduced leptin concentration and at low and medium
doses increased adiponectin concentrations compared with HC group (Fig. 6A, B).
No differences in chemerin and resistin levels were observed between the groups
(Fig. 6C and D).
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VCO supplementation decreased the number of circulating immune cells

To test if the VCO supplementation was effective to decrease blood
leukocytes in HC group, we performed the total and differential white blood cell
count. Mice fed HC diet showed higher total leukocyte count, differential count of
mononuclear and polymorphonuclear cells in blood compared with control group (Fig.
6E-G). VCO supplementation, regardless the concentration used, was able to
decrease total leukocytes, mononuclear and polymorphonuclear cells in the blood

induced by HC diet (Fig. 6E-G).
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Figure 6. Effect of VCO supplementation on adipocytokine levels, total leukocyte count and
differential count of mononuclear cells and polymorphonuclear cells. (A) Leptin, (B) adiponectin,
(C) resistin and (D) chemerin levels assessed by ELISA. (E) Total leukocyte count from blood sample,
(F) mononuclear cell count and (G) polymorphonuclear cell count from smears of blood samplein mice
fed control diet (C), high refined carbohydrate-containing diet (HC), HC diet supplemented with 1000
(LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg BW of VCO. Values are means + SEM of six animals
per group. *versus control group; *versus HC group; ¢%versus LVCO, MVCO and HVCO groups.

P<0.05.
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VCO supplementation decreased inflammatory parameters in epididymal and

subcutaneous adipose tissues

To evaluate whether VCO supplementation decrease the number of
leukocytes rolling and adhering, we conduct an intravital microscopy in epididymal
adipose tissue vessels.

Mice fed with the HC diet showed higher number of leukocytes rolling in
epididymal adipose tissue vessels in vivo, compared with control group (Fig. 7A). On
the other hand, LVCO, MVCO and HVCO groups showed a lower number (Fig. 7A).
No differences in adhered leukocytes were observed between all the groups (Fig.
7B).

To test whether the lower number of leukocytes in VCO groups was
associated with less production of pro- and anti-inflammatory cytokines in adipose
tissue, we analyzed the concentrations of TNF-a and IL-6 in the epididymal and
inguinal adipose tissues (Fig. 7).

The HC diet induced high concentrations of IL-6 and TNF-a in epididymal and
inguinal adipose tissue, compared with the C group (Fig. 7C, D, E, F). The groups
that were supplemented with the three doses of VCO showed lower concentrations of
TNF-a in epididymal (Fig. 7C) and inguinal (Fig. 7D) adipose tissue. Levels of IL-6
also decreased in VCO fed mice compared with the HC group in inguinal adipose
tissue (Fig. 7F), but not in epididymal adipose tissue (Fig. 7E). There were
no differences between the groups in the concentrations of I1L-13, IL-4, IL-6, IL-10, IL-

13 and TGF-B in epididymal adipose tissue (data not shown).
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Figure 7. Effect of VCO supplementation on leukocyte-endothelium and on production of
cytokines in epididymal adipose tissue. Intravital microscopy was used to assess the (A) rolling and
(B) adhesion of leukocytes in epididymal adipose tissue vessels in vivo. Levels of the cytokines TNF-a
(C) in epididymal adipose tissue and in (D) inguinal adipose tissue and IL-6 (E) in epididymal adipose
tissue and in (F) inguinal adipose tissue in mice fed control diet (C), high refined carbohydrate-
containing diet (HC), HC diet supplemented with 1000 (LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg
BW of VCO. The data represents means + SEM of eight animals per group. * versus control group;

*versus HC group. P<0.05.

Since mice treated with VCO showed low influx of leukocytes to adipose tissue
and lower content of cytokines in this tissue we performed flow cytometry analyses in
adipose tissue stromal vascular fraction to check which kind of immune cells were
modulated by VCO. For this analysis we choose to investigate the group treated with

middle dosage of VCO (MVCO group: 3000 mg/kg BW dosage of VCO).
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Despite no differences in the number of leukocytes at lymphoid gate (Fig. 8B),
the MVCO group showed a higher number of leukocytes at myeloid gate (Fig. 8C).
The number of neutrophils did not change between the groups (Fig. 8D, E, F, G). The
consumption of HC diet rise the number of total macrophages, which was not
observed when the mice received VCO supplementation (Fig. 8D-F and H). No
differences in M1 macrophages population were showed between the groups (Fig.
8l). The HC group showed a higher number of M2 macrophages population (Fig. 8J)
and resolution-phase macrophages (Fig. 8K). However, the supplementation of VCO
at a medium dosage (MVCO group) leads to a lower number of resolution
macrophages (Fig. 8K).

There was no difference in the number of CD8" and CD4" T cells between the

groups (data not shown).
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Figure 8. Effect of VCO supplementation on stroma vascular cells from epididymal adipose

tissue. Flow cytometry analysis of derived stromal vascular cells from epididymal adipose tissue in

mice fed control diet (C), high refined carbohydrate-containing diet (HC), HC diet supplemented with

3000 (MVCO) mg/kg BW of VCO. 30,000 events were assessed in lymphoid and myeloid gate. (A)

Granulosity (SSC) versus size (FSC), demonstrating gates for identification of leukocyte populations in
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lymphoid and myeloid lineages. (B) Number of total CD45" cells in lymphoid and gate. (C) Number of
total CD45" cells in myeloid gate. The dot plot diagrams generated by a flow cytometer showing
neutrophils (red dashed line) and macrophages (black dashed line) populations of cells in (D) Control
group, (E) HC group and (F) MVCO group. (G) Number of neutrophils (CD45'CD11b"F480°LY6G").
(H) Number of total macrophages (CD45'CD11b‘F480°LY6G); (I) M1 macrophages population
(CD45'CD11b"™F480"™"); (J) M2 macrophages population (CD45'CD11b™¥"F480""") and (K)
Resolution-phase macrophages populations (CD45'CD11b"*“F480"™"). The data represents means

+ SEM of eight animals per group. *versus control group; “versus HC group. P<0.05.

VCO supplementation improves hepatic steatosis induced by HC diet consumption

There was no change in liver weight, total thiobarbituric acid-reactive
substance (TBARS) and reduced glutathione (GSH) levels in liver, between the
groups evaluated (data not shown). Mice fed with the HC diet presented higher fat
deposition on liver (Fig. 9A-D), as well as, higher triglycerides and cholesterol levels
on total fat from liver, compared with control mice (Fig. 9B-C). All doses of VCO
supplementation, was sufficient to promote a decrease on hepatic steatosis and to
reduce total cholesterol levels on hepatic fat content (Fig. 9A-D).

Although the presence of steatosis, no changes were observed in levels of IL-
6 and TNF-a in liver between all the groups evaluated (Fig. 9E-F). The liver enzymes
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels also
were evaluated in experimental animals (Fig. 9G-H). We found no change at AST
levels between all the groups (Fig. 9G), however, HC diet induces increase in ALT
levels, while VCO supplementation in medium and high doses reverted this effect

(Fig. 9H).
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Figure 9. Effect of VCO supplementation on liver parameters. (A) Lipid deposition on liver
determined by Oil red O staining. (B) Total cholesterol and (C) triglycerides in liver. (D) Representative
photomicrographs of Oil red O staining epididymal adipose tissue (10X) of mice from all groups. Bars
indicate 50um. Concentration of (E) TNF-a and (F) IL-6 cytokines in liver sample of mice. Levels of
liver enzymes (G) AST and (H) ALT on serum. Analysis were performed in mice fed control diet (C),
high refined carbohydrate-containing diet (HC), HC diet supplemented with 1000 (LVCO), 3000
(MVCO) or 9000 (HVCO) mg/kg BW of VCO. The data represents means + SEM of eight animals per

group. *versus control group; *versus HC group. ¢versus LVCO, MVCO and HVCO groups. P<0.05.
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DISCUSSION

The incidence of overweight and obesity are increasing worldwide and are
associated with sedentary lifestyle and increasing intake of industrialized foods with
extremely high caloric density. Obesity is associated with chronic low-grade
inflammation that in turn triggers a range of chronic diseases. Currently, obesity
treatments include conventional drugs that are often associated with harmful side
effects, and low adherent hypocaloric diets. Thus, it has been seeking some specific
dietary compounds that could help to overwhelm the rapid increase in obesity and
related comorbidities. Therefore, in the present study we evaluated whether VCO
intake could be useful to reduce the adiposity gain, metabolic and inflammatory
disturbances in an obesity model induced by a high-refined carbohydrate diet in
mice. Our results clearly showed that, regardless of the concentration, VCO
supplementation promotes (i) lower adiposity gain; (i) improvement in glucose and
lipid metabolism; (iii) decreased hepatic steatosis and (iv) lower inflammatory
response in adipose tissue and systemically.

In accordance with previous data described by other studies®>#%44

, we showed
that a high-refined carbohydrate-containing diet induced fat tissue expansion, despite
of no change in body weight, associated with metabolic dysfunction and adipose
tissue inflammation. In terms of adiposity gain, dietary composition might be as
important as the caloric value, since diet components alter gene expression
promoting higher lipogenic rates, triggering fatty accumulation and metabolic

dysfunction'***. Thereby, VCO supplementation may provide health beneficial effects

despite their energetic value.
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The VCO is rich in saturated fat (SF), mainly MCFA, which differs from long
chain fatty acid (LCFA) since they are rapidly absorbed in the intestines without
catalyzation by the pancreatic lipase enzyme. They are carried by the portal vein to
the liver, where they are rapidly oxidized to energy, independently of the carnitine
palmitoyltransferase 1 (CPT-1) transport system®. Furthermore, MCFA are known to

induce thermogenesis'®®, promotes fat oxidation’’?®*,  reduce de novo

151618 "as well as to reduce food intake?*?*. In this study, although VCO

lipogenesis
intake was not associated with satiety increase or higher energy expenditure, its
supplementation to diet promoted low mMRNA expression of acetyl CoA carboxylase
(ACC), a key enzyme involved in lipogenesis which may have explained the lower
adiposity gain in mice fed with HC diet supplemented with VCO. Other

StudiesSl,33,43,44

showed that VCO consumption is associated with a decrease of body
fat, especially of abdominal fat depots. Herein, we have showed the putative
mechanism associated with lower adiposity induced by VCO intake.

Lower adiposity in VCO fed groups was associated with smaller adipocyte
which is very advantageous in terms of metabolic homeostasis, since smaller
adipocytes are more sensitive to insulin than hypertrophic cells'. VCO intake might
have a beneficial effect in glycemic homeostasis due to their MCFA high content,

14,15

which may promotes increase of insulin sensitivity and glucose tolerance and

also by the presence of polyphenols®?’

, Which are known to have high antidiabetic
and insulin sensitizing effects’ 2. These effects could explain the lower metabolic
alterations in HC-fed mice supplemented with VCO, showed by the improvement of
glucose tolerance and hepatic steatosis, lower glucose serum concentration and

reversal of undesirable alterations in serum levels of adiponectin and leptin

compared with mice without supplementation.
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The good effect of VCO in metabolic parameters is showed not only in relation
to glycemic homeostasis but also in lipid serum levels. Traditionally, coconut oil has
been considered able to increase the cholesterol level and their consumption has
been associated with cardiovascular disease (CVD) increase risk due to its high
saturated fat concentration®®. Nonetheless, evidence from prospective studies*’*®
and meta-analysis of randomized controlled trials*®*° have not supported a strong
link between total saturated fat intake and CVD events. Furthermore, association of
SF with undesirable effects on lipid serum and on cardiovascular health depends on
specific saturated fatty acids present in foods, once each one promotes different
effects on blood lipids and lipoproteins**®2. The complexity of food constituents also
determines the effects on cardiovascular homeostasis, as SF from meat would be
positively associated with CVD, whereas SF from dairy and vegetables would be
unassociated or inversely associated with CVD®®!. The “bad reputation” of coconut
oil related with detrimental effects on cardiovascular system is questioned since
epidemiologic studies showed that high and regular consumption of VCO by specific
populations in Asia and Oceania is associated with lower incidence of
hypercholesterolemia and cardiovascular diseases, compared with western

populations®>>°. The present study showed that VCO intake promotes lower serum

concentrations of cholesterol and triglycerides, which corroborates with other

|55-57 |31,33,44

experimenta and clinica studies. Authors attribute this effect to the

presence of MCFA in VCO and molecules with antioxidant and anti-inflammatory
properties, such as polyphenols, vitamin E, provitamin A and phytosterols?>313%
Since HC diet consumption triggers hyperglycemia, hyperinsulinemia and

induction of transcription factors involved in lipogenesis, such as sterol regulatory

element binding protein-1c (SREBP-1c) and carbohydrate responsive element

126



binding protein (ChREBP), it promotes not only high lipid accumulation in adipose
tissue and serum®, but also in liver. VCO supplementation is effective to reduce fat
and total cholesterol in liver and its effect may be explained by high presence of
MCFA in this product, which could reduce genes and transcriptional factors involved
in lipogenesis®™*®*. Sun et al (2013)* showed that MCFA decreased liver X
receptor-a (LXR a), ChREBP and long-chain fatty acid elongase 6 (Elovl6)
expression in liver and adipose tissue. In other study'’, the consumption of MCFA
promotes downregulation of adipose tissue lipoprotein lipase (LPL) activity and lower
expression of adipogenic transcription factors, such as CCAAT-enhancer-binding
protein a (C/EBP a) and peroxisome proliferator-activated receptor (PPAR) y. In a
hepatocyte cellular model, MCFA was found to down-regulate expression of LXRa,
SREBP-1c, acetyl-CoA carboxylase (ACC) and fatty acid synthase (FAS)>°. In
addition, the MCFAs are associated with lower lipid fat accumulation, as this fat is
largely oxidized in the liver, hence reducing the substrate availability for TG synthesis
in this organ®*. Low serum NEFA concentration in VCO fed groups, compared with
the HC group, may be associated with a greater ability to oxidaze this energetic
subtract, since other studies showed that MCFA present in VCO may promote such
effeCt14'17'18'21.

The improvement in metabolic homeostasis induced by VCO supplementation
could be a result of an amelioration of chronic low grade inflammation induced by the
HC diet in adipose tissue. In fact, VCO fed groups showed a lower number of
leukocytes rolling in adipose tissue vessels, a drop in pro-inflammatory cytokines
production (IL-6 and TNF —a) and a reduction in the number of total macrophages in
epididymal adipose tissue. Besides that, the MVCO group showed a decreased

number of phase-resolution macrophages that could be related with a lower
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requirement to resolve the adipose tissue inflammation®. VCO intake also decreased
systemic inflammation, once it reduced the number of leukocytes, including both
mononuclear and polymorphonuclear circulating cells. The lower local and systemic
inflammation in mice fed with VCO may be partially explained by the lower adiposity,
since the expansion of visceral fat tissue produces an increase in leukocytes
recruitment and a wide range of inflammatory mediators*®. Thus, it is still unknow
whether metabolic improvement is related with an anti-inflammatory profile from mice
fed VCO or whether the lower adiposity induced by this oil triggers low inflammatory
response. The presence of antioxidant in VCO may also be associated with the lower
inflammatory status in mice®**%2°3%32 |n an animal model of arthritis, polyphenolic
fraction from VCO showed high antioxidant and anti-inflammatory effects, since it
promoted paw edema inhibition, decreased the expression of inflammatory genes,
such as COX-2, INOS, TNF and IL-6, in paw tissues and reduced the TBARS
concentration in paw tissue and serum®°.

The VCO dosages utilized in this study were chosen in accordance with
previous studies®®*°. Generally, the effects were not dose-dependent, since all the
dosages promoted beneficial outcomes and there were no significant differences
between the VCO fed groups in relation to the effects, with the exception of fasting
glucose and total cholesterol, which were higher, and adiponectin serum levels,
which was lower, in mice fed with the high dosage of VCO (HVCO group). The
excess of LCFA as a result of a high dosage of VCO may have caused a detrimental
metabolic effect to likely overlay the beneficial of MCFA.

Taken together, our findings showed that VCO supplementation can modulate
metabolic and inflammatory dysfunction associated with obesity induced by a HC diet

in mice probably due to the high content of MCFA and the presence of bioactive
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compounds in VCO 23133445557 Thys the present study showed that VCO can be
considered as an interesting and useful dietary approach to treat obesity and its

comorbidities.
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ABSTRACT

Obesity leads to chronic low-grade inflammation and oxidative stress which may
promotes detrimental effects in bone. Taking into account that the consumption of
virgin coconut oil (VCO) is associated with beneficial actions on meta-inflammation,
the aim of this study is to evaluate whether the VCO supplementation could
ameliorate osteopenic effects promoted by a diet-induced-obesity in mice. Male
BALB/c mice were divided into two groups and were fed with control (C) or high-
refined carbohydrate-containing (HC) diet during eight weeks to induce obesity and
metabolic dysfunction. Then, mice fed with HC diet were randomly regrouped into
four groups: (i) HC diet alone, HC diet supplemented with three different
concentrations of VCO (ii) 1000 mg/kg, (iii) 3000 mg/kg and (iv) 9000 mg/kg of body
weight (BW). After four more weeks, mice were euthanized and the percentage of
trabecular bone in sections of vertebrae and long bones (i.e. tibia and femur) was
determined by histomorphometry, the alveolar bone and femur were analyzed using
micro—computed tomography and RANK, RANKL, and OPG mRNA in maxillary bone
were analyzed by quantitative polymerase chain reaction. HC diet induced
detrimental effects on different bone sites, since it promoted lower percentage of
trabecular bone in tibia, lumbar vertebrae, distal and proximal femur and lower BMD
of femur and alveolar bone. VCO supplementation reverted those osteopenic effects.
It promoted higher percentage of trabecular bone in multiple bone sites, improvement
of femur microarchitecture and greater alveolar bone mass associated with a lower
RANKL/OPG ratio. VCO supplementation was effective to prevent bone loss induced
by HC diet. Thereby, VCO can be considered as an interesting potential dietary
approach to attenuate bone detrimental effects associated with obesity.

Keywords: virgin coconut oil, obesity, bone detrimental effects, alveolar bone.
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INTRODUCTION

Obesity is a systemic disease characterized by body fat accumulation,
associated with increased production of proinflammatory cytokines, such as tumor
necrosis factor-a (TNF—a), interleukin - 6 (IL-6), IL-18 and higher production of
reactive oxygen species (ROS)*. The low-grade inflammation and oxidative stress
in obesity leads to others metabolic dysfunction including insulin resistance,
dyslipidemia, cardiovascular disease and even bone remodeling-related disorders?>.

There are substantial evidences correlating excessive body fat storage and
disturbances in bone remodeling process*°. The inflammation, oxidative stress and
metabolic disarrangements, such as hyperlipidemia and hyperglycemia, resulted
from obesity, are associated with overexpression of RANKL (receptor activator of NF-
kB ligand) and M-CSF (macrophage colony stimulation factor), molecules that
promote osteoclast differentiation and consequently, greater bone reabsorption®’.
Adipose tissue accumulation is also associated with suppression of bone formation
by inhibiting osteoblast maturation and by reducing the survival of these cells®®,
Previous experimental and clinical studies have shown that obesity results in a
deficient organic matrix mineralization, leading to bone fragility that in turn prompt to
higher risks to bone fractures*>*

Bone detrimental effects caused by obesity are observed not only in long
bones (i.e. femur and tibia)*®, but also in alveolar bone'®’. Therefore, obesity is

10-13

proved to increase alveolar bone loss and known to have an important role on the

predisposition or exacerbation of periodontitis’**'’, an infectious disease
characterized by inflammation and destruction of the teeth supporting structures®®.

Current knowledge demonstrates that bioactive dietary substances could

promote an improvement of oxidative stress and inflammation, seen in a number of
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1920 and alveolar bone

undesirable health conditions, including obesity'®, osteoporosis
loss**3. Hence, dietary strategies may be helpful to promote beneficial effects and to
attenuate even bone dysfunctions.

Recently, virgin coconut oil (VCO) has become a food of interest as a

242129 and medium-

therapeutic natural product due to its antioxidants compounds
chain fatty acids (MCFA) (fatty acids with 6—12 carbons) content®*. VCO is obtained
from fresh, mature coconut kernel without heat or refining process®*, which avoids fat
degradation and promotes higher retention of phenolic compounds and antioxidant

24-26,28,29

vitamins , important biologically active components.

VCO supplementation has been shown to promote a series of body health

3033 glycemic homeostasis®** and

benefits, such as: improvement of serum lipids
antioxidant status®’?%3?, These effects seems to be due to its anti-inflammatory
properties® and body fat reduction®*3. Previous studies have shown that VCO
supplementation maintained long bone microarchitecture in a model of estrogen-
deficient rats®" and improved the antioxidant defense system in tibia. Altogether, it
seems that VCO intake could be correlated to beneficial bone effects®” and long
bones remodeling. However, to the best of our knowledge, studies evaluating the
influence of VCO supplementation on alveolar bone metabolism are absent.

In mouse models, the consumption of a high-carbohydrate diet (HC) cause
obesity and correlated comorbidities, such as inflammation, metabolic disturbance®
and, also detrimental effects on long® and maxillary bones*****. Thereby, the
purpose of the present study was to evaluate the effects of VCO supplementation in

the long bones, lumbar vertebrae and especially in alveolar bone detrimental effects

induced by the HC diet intake in mice.
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MATERIALS AND METHODS

Mice and diet

Forty, 6-8 weeks male BALB/c mice were obtained from animal care center of
Universidade Federal de Minas Gerais (Bioscience unit-CEBIO-UFMG). The
experimental protocol has been approved by the local Ethics Committee in Animal
Experimentation (protocol no. 174/2012). Mice were housed under standard
conditions (25.4+£3.4°C, with light—-dark cycle of 12 h-12 h), in separated and
appropriated cages with free access to commercial chow and tap water. The control
diet consisted exclusively of a chow diet (PURINA-LABINA, Séo Paulo, SP, Brazil),
and the HC diet was composed of 45% condensed milk, 10% refined sugar and 45%
chow diet®®. The macronutrient composition of the chow diet (4.0 kcal/g) was 65.8%
carbohydrate, 3.1% fat, and 31.1% protein; the HC diet (4.4 kcal/g) was composed of
74.2% carbohydrate, 5.8% fat, and 20% protein®. It is important to highlight that the

HC diet contains at least 30% refined sugars, mostly sucrose>®.

Virgin coconut oil
A sample of an organic virgin coconut oil from Conde, Bahia (Brazil) was
identified and properly stored under refrigeration (4-10°C), protected from light until it

use.

Experimental design
During the first 8 weeks of the experiment, mice were divided in two groups:
the first group (n = 8) received a control diet (C group) and the second (n = 32)

received the HC diet. After 8 weeks, the animals fed with the HC diet were
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redistributed equally into four groups. One group received the HC diet (HC group, n =
8), whereas the other three groups received HC diet supplemented with VCO in
amounts calculated to provide 1000 mg/Kg (low dose of VCO — LVCO group, n = 8),
3000 mg/Kg (medium dose of VCO — MVCO group, n = 8) and 9000 mg/Kg of body
weight (high dose of VCO — HVCO group, n = 8). The supplementation of VCO was
adjusted every week, based upon the food intake and body weight changes. This
dietary treatment was performed during four weeks.

Throughout the experiment, the weight of the mice was measured once a
week and food consumption was assessed twice a week. At the end of the dietary
treatment, animals were anesthetized with ketamine (130 mg/kg BW) and xylazine
(0.3 mg/kg BW) and euthanized by exsanguination. Blood was collected to obtain
serum. Samples of bones (maxilla, femur, lumbar vertebrae, and tibia) were obtained

and stored in 10% buffered formalin.

Histomorphometry of bone tissues

Histomorphometry analysis of bone tissues were determined as previously
described®. Lumbar vertebrae (L1-L6) and long bones (femur and tibia) samples (n
= 8 per group) were fixed in 10% buffered formalin, decalcified in 14%
ethylenediaminetetraacetic acid (pH 7.4) for 21 days, washed and embedded in
paraffin. The proximal femur was sectioned in the middle diaphysis, and all of the
vertebral segments, femur and tibia were sectioned longitudinally. Thick sections (4-
to 5-um) were stained with Haematoxylin and Eosin and examined using a light
microscope. The percentage of trabecular bone was determined at 40X magnification
using an ocular micrometer containing a 121-point grid. In each bone, four fields

were chosen right below epiphyseal plate.
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Micro CT analysis

Micro CT analysis of maxillae and femur were determined as previously
described by Lima et al. (2015)*.

Maxillae and femur samples (n = 5 per group) were fixed in 10% neutral
buffered formalin for 48 h and scanned using a microCT system (Skyscan 1172 X-
Ray microtomograph; Skyscan, Aartselaar, Belgium). The calibration was carried out
with known density calcium hydroxyapatite phantoms (Skyscan). High-resolution
images with an isotropic voxel size of 8.62 were acquired (50 kV, 0.5-mm aluminum
filter) and the trabecular bone in the furcation area of upper first molars and the
metaphyseal region of femurs with a uniformly shaped region of interest, were
delineated. The tissue was analyzed to determine bone mineral density (BMD), bone
volume (BV), percent bone volume/tissue volume (BV/TV), trabecular thickness
(Tb.Th), trabecular number (Tb.N) and trabecular bone pattern factor (Tb.Pf).
Alveolar bone crest (ABC) loss was measured as previously described®® by
determining the area between the cemento-enamel junction (CEJ) and the ABC
(CEJ-ACB) in three dimension images (Fiji — National Institute of Health, USA) of the

first, second and third molars.

Mechanical analysis

Mechanical analysis of femur were determined as previously described by
Yanagihara et al (2016)**. Maximum load (Lmax) and stiffness (St) were determined
by testing right femurs to fracture in a universal testing machine (EMICs, DL 10000,
Ribeirdo Preto, Brazil) equipped with a load cell of 500 N, and TESC software,

version 13.4 (EMIC). Femurs were tested by the three-point bending flexural test,
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with force applied at a speed of 1.0 mm/min in the anterior-posterior direction. The

gap between the two points was 8 mm and a 2N preload was used for 30 s.

MRNA extraction and gPCR in maxilla

For gPCR analysis, the periodontal ligament and surrounding alveolar bone
were used. Total RNA was extracted using Trizol reagent followed by column
purification (RNeasy Mini Kit; Qiagen, Valencia, CA, USA). The integrity of RNA
samples was checked by analyzing 1 pg total RNA on a 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA) according to the manufacturer’s instructions.
Complementary DNA (cDNA) was synthesized from 2 pL RNA using Quanti TectRT
kit (Qiagen). The targets analyzed were receptor activator of nuclear factor k B

(RANK, Tfnrsfl1la), RANKL (Tnfsfll) and OPG (Tnfrsfllb).

Statistical analysis

Results are expressed as means + SEM and were analyzed using GraphPad
Prism version 5.0 (GraphPad Software, San Diego, CA). All data were analyzed for
normality of distribution using Kolmogorov-Smirnov test and were found to be normal.
Comparison between two groups was performed using Student’s t test and multiple
comparisons were performed using one-way ANOVA with Student-Newman-Keuls

post-hoc analysis. Statistical significance was set at P < 0.05.
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RESULTS

VCO supplementation promotes a higher percentage of trabecular bone in distal and

proximal femur, tibia and lumbar vertebrae

HC diet-fed mice (HC) showed a lower percentage of trabecular bone in
proximal femur (Fig. 1A, B) and in tibia (Fig. 2A, B) when comparing with control
group (C). On the other hand, VCO supplementation at low (LVCO) and medium
(MVCO) dosages, leads to an increase of trabecular bone in these bone sites (Fig.
1A, 1B, 2A, 2B).

All the groups fed with VCO showed a higher percentage of trabecular bone in

distal femur (Fig. 1C, D) and lumbar vertebrae (Fig. 2C, D) in relation to HC group.

146



Distal femur
(% of trabecular bone)

Proximal femur
(% of trabecular bone)

:

g
1

g

¢

g

L] LI
C HC LVCO MVCO HVCO

100 1

80 -

L) L)
C HC  LVCO MVCO HVCO

LvVCO MVCO HVCO
Figure 1. Effect of HC diet and VCO supplementation on percentage of trabecular bone in proximal and

distal femur. (A) Percentage of trabecular bone and (B) histological sections of proximal femur (scale bars
represent 100um). (C) Percentage of trabecular bone and (D) histological sections of distal femur (scale bars
represent 100pm). Analysis were performed in mice fed normal diet (C), high refined carbohydrate-containing
diet (HC), HC diet supplemented with 1000 (LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg BW of VCO. Values

are means + SEM of eight animals per group. *versus control group; “versus HC group. (P<0.05).
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Figure 2. Effect of HC diet and VCO supplementation on percentage of trabecular bone in tibia and in
lumbar vertebrae. (A) Percentage of trabecular bone and (B) histological sections of proximal tibia (scale bars
represent 100um). (C) Percentage of trabecular bone and (D) histological sections of lumbar vertebrae (scale
bars represent 100um). Analysis were performed in mice fed normal diet (C), high refined carbohydrate-
containing diet (HC), HC diet supplemented with 1000 (LVCO), 3000 (MVCO) or 9000 (HVCO) mg/kg BW of

VCO Values are means + SEM of eight animals per group. *versus control group ; *versus HC group. (P <0.05).
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VCO supplementation improves femur bone parameters analyzed by Micro CT

Aimed to understand the way by which VCO supplementation affects systemic
bone integrity, we choose one bone site (metaphyseal region of femur) to investigate
several bone parameters. Since there were no significant differences among groups
supplemented with low or medium dosages of VCO, in terms of percentage of
trabecular bone in long bones (tibia and femur) and lumbar vertebrae, we choose
only one experimental group (MVCO: 3000 mg/kg BW dosage of VCO), to perform
such analysis.

HC diet induced osteopenic effects on femur as demonstrated by a decrease
in multiple bone parameters: BMD (Fig. 3A), BV/TV (Fig. 3B), Tb.Th (Fig. 3D) and a
increase of Th.Pf (Fig. 3F). There was no statistically significant difference in BV
parameter (Fig. 3B), between the groups. VCO supplementation induced an
improvement of femur microarchitecture, compared with HC group, since it leads to a
higher BMD (Fig. 3A), BV/TV (Fig. 3C) and Tbh.Th (Fig. 3D). There were no changes
in BV parameter (Fig. 3B) between the groups.

In order to understand whether the HC diet-induced femur damage impacted
mechanical resistance, a three-point bending flexural test was performed. The
maximum load to fracture (Fig. 3G) and the femoral stiffness (Fig 3H) were reduced
in mice fed with HC diet. VCO consumption did not prevent these alterations (Fig 3G,

H).
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Figure 3 — Micro-CT analysis of trabecular bone in the femur. (A) Bone mineral density (BMD), (B) bone
volume (BV), (C) trabecular bone volume fraction (BV/TV), (D) trabecular thickness (Tb.Th), (E) trabecular
number (Th.N), (F) trabecular pattern factor (Th.Pf), (G) bone maximum load and (1) stiffness in mice fed control
diet (C), high refined carbohydrate-containing diet (HC), HC diet supplemented with 3000 mg/kg BW of VCO

(MVCO). Values are means + SEM of five animals per group. *versus control group; *versus HC group. P <0.05.
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Since VCO supplementation ameliorated the bone mass and structure of
femur, we decides to evaluate whether this effect also happened on alveolar bone.

Indeed, HC diet induced detrimental effects on alveolar bone in maxillae, as
demonstrated by a decrease in: BMD (Fig. 4A, 5B), Th.Th (Fig. 4G), and Th.N (Fig.
4H). Furthermore, it was also observed an increased alveolar bone loss (Fig. 4C,
4D), and TB.Pf (Fig.4l) in HC diet-fed mice. The addition of VCO in HC diet reversed
the osteopenic effects on alveolar bone, since it promoted an increase in bone
parameters, such as BMD (Fig. 4A, 5B) and Tb.Th (Fig. 4G). It was also observed
lower alveolar bone loss (Fig. 4C) and TB.Pf (Fig.41) in MVCO group, in comparison

with HC group.
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Figure 4 — Micro-CT analysis of maxillary bone. (A) Bone mineral density (BMD), (B) representative images of
maxillary (small red squares represents the analyzed region on micro CT), (C) alveolar bone loss, (D)
representative images of maxillary (the area outlined between CEJ-ABC represents the area of alveolar bone
resorption), (E) trabecular bone volume fraction (BV/TV), (F) bone volume (BV), (G) trabecular thickness (Tb.Th),
(H) trabecular number (Tb.N), (I) trabecular pattern factor (Th.Pf), in mice fed control diet (C), high refined
carbohydrate-containing diet (HC), HC diet supplemented with 3000 mg/kg BW of VCO (MVCO). Values are

means + SEM of five animals per group. *versus control group; *versus HC group. P < 0.05.
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Aimed to understand the mechanisms involved in beneficial bone effects of
VCO supplementation, analysis of molecules involved in bone remodeling were
performed.

Although no significant differences in expression of OPG (Fig. 5A), RANK (Fig.
6B), and RANKL (Fig. 5C), among groups, it was observed a higher RANKL/OPG
ratio (Fig. 5D) in HC group, when compared with C group. Interestingly, VCO

supplementation was sufficient to significantly decrease this ratio (Fig. 5D).

B C D
3- 3.
31 4=
x
24 - 2 5. P
= 5 T = at #
= =& Q —
1 35 Sk L g5
1 o £ 44 =
1 E1_ ‘51 ég _l_
- = = 17
0 T i T 0 0

T T T T 0
C HC mMVCO C  HC MVCO C HC MvCO ¢ HC MVCO

Figure 5. Effect of dietary VCO supplementation in the mRNA expression in the maxilla. (A) mRNA
expression of osteoprotegerin, (B) receptor activator of nuclear factor kB (RANK) and (C) receptor activator of
nuclear factor kB ligand (RANKL). (D) RANKL/OPG ratio. Analysis were performed in mice fed normal diet (C),
high refined carbohydrate-containing diet (HC) and HC diet supplemented with 3000 mg/kg BW of VCO (MVCO).

Values are means + SEM of five animals per group. *versus control group ; *versus HC group. P<0.05.
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DISCUSSION

Traditionally, obesity has been correlated with greater bone mass. It has been
postulated that a higher body weight could impose a high mechanical stress on the
bone and, consequently, bone mass increase®. However, many recent experimental
and clinical studies*'® have shown that in obesity, there is also an increase in the
factors that promote bone catabolism, such as pro-inflammatory cytokines (IL-6,
TNF-a, IL-1B). Therefore, the negative effect of obesity in bone remodeling appears
to outweigh the good mechanical effect, which is evidenced by high incidence of
deficient organic matrix mineralization, increase of bone fragility and higher risks to
bone fractures in obese individuals*®. The higher production of inflammatory
cytokines in obesity could also negatively affect the alveolar bone remodeling*®?*’.
Therefore, pharmacological and dietary strategies are wanted to treat both obesity
and bone dysfunction.

Specific dietary compounds are associated with beneficial effects in obesity
and related comorbidities, as well as possible positive effects on bone health.
Considering that VCO intake has been associated with body health benefits, due to
its antioxidants compounds®?"# and MCFA, in the present study we evaluated
whether VCO intake could be useful to reduce the bone detrimental effects induced
by a high-refined carbohydrate (HC) diet in mice. Our results clearly showed that
VCO supplementation promotes (i) higher percentage of trabecular bone in tibia,
lumbar vertebrae, distal and proximal femur; (i) improvement of femur
microarchitecture and (iii) greater alveolar bone mass and integrity associated with

(iv) a lower RANKL/OPG ratio in this bone site.
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Our research group has previously showed that HC diet promoted important
osteopenic effects in femur and alveolar bone®*. The most plausible explanation for
those bone detrimental effects are metabolic and inflammatory disturbances
associated with HC diet consumption®**°. Herein, we have once again confirmed the
bone dysfunction induced by HC diet. In fact, the increased leukocytes rolling and
levels of pro-inflammatory cytokines (IL-6 and TNF-a) in adipose tissues, as well as
an imbalance of serum concentrations of adipokines (leptin and adiponectin), are

3839 that could be related with detrimental bone

outcomes of HC diet consumption
effects. The association between obesity and osteopenic effects is partially explained
by the existence of a common stem cell precursor that leads to the differentiation of
both adipocytes and osteoblasts. The balance of such differentiation is regulated by
several interacting pathways®’®. Halade et al. (2011)" showed that an increased
production of inflammatory cytokines (such as IL-1B, IL-6, and TNF-a) as a result of
obesity, in mice, promotes higher adipogenesis and lower osteoblasts differentiation
in femur. These effects were demonstrated by up-regulation of cathepsin k (an
osteoclast gene marker) and RANKL expression, and down-regulation of
RUNX2/Cbfal, a transcription factor for osteoblasts differentiation. Detrimental
effects of obesity on bone metabolism also affect alveolar bone. Fujita et al. (2015)*
showed that obesity triggers mandibular osteoporosis and also increases the risk of
spontaneous periodontal disease in mice. Enhancement of neutrophil recruitment
and oxidative stress, as well as decrease in antioxidant enzymes in gengival tissue,
as a result of adiposity gain, promote harmful effect on periodontal health?.

Herein, our main purpose was to investigate whether dietary VCO could also

be an effective strategy to treat or attenuate some bone damage induced by obesity.

Indeed VCO promotes an increase of trabecular bone in tibia, lumbar vertebrae and
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proximal and distal femur, as well as an improvement of femur microarchitecture
demonstrated by a higher BMD, and by an increased BV/TV and Tbh.Th parameters.

VCO intake contributes not only to long bone maintenance but also to a
greater alveolar bone mass. The maxilla integrity was also improved by VCO
supplementation, once it induced increase of BMD and Tb.Th, lower alveolar bone
loss and TB.Pf parameter. These effects on alveolar bone were associated with a
lower RANKL/OPG ratio in this bone site.

One hypothesis to explain the improvement of bone mass induced by VCO
can be its beneficial effect over the intermediary metabolism and inflammation. In
fact, previous data from our group showed that VCO supplementation promoted
lower adiposity gain and amelioration of related metabolic and inflammatory
disorders®. VCO fed mice presented lower levels of pro-inflammatory cytokines and
leukocytes rolling in epididymal adipose tissue and lower systemic inflammation.
Additionally, it also reduced the number of circulating leukocytes, including both
mononuclear and polymorphonuclear circulating cells®®>. The lower inflammatory
response in VCO fed mice could be due to its effect over adiposity, since the
expansion of visceral fat tissue produces higher recruitment of leukocytes and a wide
range of inflammatory mediators’?. The significantly presence of phytochemicals

(vitamin E, carotenoids and polyphenols) in VCQ?*26:28:29

may have contributed to
decreased lower inflammatory milieu in adipose tissue. These beneficial effects of
VCO over obesity may be associated with the improvement of bone health in VCO
fed mice showed herein.

Inflammation induces bone resorption and impairs osteoblastogenesis® .

Thus the control of the inflammatory response may be important to prevent bone

detrimental effects. Accordingly, Sugiura et al. (2012)*° showed that serum levels of
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antioxidant and anti-inflammatory carotenoids are inversely associated with lower
radial BMD in post-menopausal female subjects. Muhammed et al. (2013)%
demonstrated that tocotrienol supplementation, in postmenopausal women,
prevented osteoporotic bone loss, and this effect was associated with lower levels of
inflammatory cytokines such as IL-1 and IL-6. Improvement of inflammation is also
associated with greater alveolar bone integrity?>%. Supplementation of Omega 3, a
fatty acid known for its anti-inflammatory property, reduced alveolar bone loss in rats
with periodontitis®*. Tomofuji et al. (2009)** demonstrated that, in rats with
periodontitis induced by ligature placement, cocoa intake prevented alveolar bone
loss, through reduction of polymorphonuclear leukocyte infiltration and increase of
antioxidant defense in periodontal tissues.

24-27,29 and

Several studies associate VCO consumption with both antioxidant
anti-inflammatory*® effects, which may explain the improvement of bone integrity
showed in the present study. Vysakh et al. (2014)* demonstrated that orally
supplementation of polyphenolics isolated from VCO in rats with inflammatory
arthritis, inhibits the expression of inflammatory genes such as COX2, INOS, TNF-a
and IL-6 and the concentration of thiobarbituric acid. In a rat model of osteoporosis,
the bone histomorphometry of the right femora showed that VCO supplementation
prevented bone loss, increased bone volume and trabecular number, and reduced
trabecular separation®*. Abujazia et al. (2012)*" demonstrated that VCO
supplementation prevented lipid peroxidation and increased the antioxidant enzymes

in tibia of osteoporotic rats and these effects may be correlated with greater bone

maintenance and integrity.
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Herein, it was showed that, although VCO intake has increased bone mass
and has promoted an improvement of femur bone parameters, their consumption
was not sufficient to prevent the loss of femur stiffness induced by HC diet.

The doses that were chosen in this study are in accordance with previous

studies?3!

and only low and medium dosages promotes increased percentage of
trabecular bone in all sites analyzed (tibia, distal and proximal femur and lumbar
vertebrae). Long-chain fatty acid (LCFA) may enhances osteoclastogenesis by up-
regulation RANKL®®, therefore, the overload of long-chain fatty acid (LCFA), such as
miristic, palmitic and stearic (present in approximately 30% of VCO), as a result of a
high dosage of VCO, may have contributed for bone detrimental effects.
Improvement of metabolic parameters in VCO fed mice® could also be
positively correlated with the maintenance of bone integrity. The metabolic
disarrangement, evidenced by lower glucose tolerance, higher glucose and lipids
serum concentration, due to accumulation of adipose tissue contributed to
impairment of bone mass in long bones, and also in alveolar bone. Hyperglycemia is
known to induce bone disorders, since it is associated with protein glycation, a
condensation of glucose with free amino groups, a process that generates the
advanced glycation end products (AGE). The interaction of AGEs with their receptors
(RAGE) induces oxidative stress and production of pro inflammatory cytokines, which
leads to a bone disorders®.The detrimental bone effects of hyperglycemia is also
observed in alveolar bone®*’. The higher serum cholesterol also may be associated
with bone detrimental effects, especially in alveolar bone. Cavagni et al. (2014)*° and
Tomofuji et al. (2007)*? showed that hypercholesterolemia in rats was associated with

greater alveolar bone loss. Thereby, lower lipids serum and the maintenance of the
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glycemic homeostasis in VCO fed animals®® may be correlated with higher integrity of
long bones and alveolar bone.

Metabolic disorders, as a result of adipose tissue expansion, are also
associated with an imbalance of adipokines (leptin and adiponectin) in serum.
However, addition of VCO in HC diet promoted higher serum levels of adiponectin
and lower levels of leptin®. Since adiponectin increases bone mass by suppressing
osteoclast function and activating osteoblast activity>® and ameliorates alveolar bone
loss in experimental periodontitis in diet-induced obesity mice®*, the increased levels
of this adipokine in animals fed with VCO®® may be associated with greater bones
maintenance. Leptin is known to trigger higher inflammatory response®, thus,
decreased serum levels of this adipokine in mice that were fed with VCO®® could be
associated with lower bone detrimental effects.

Altogether our data showed that VCO supplementation effectively improved
bone structure and prevented bone loss in long bones, lumbar vertebrae and alveolar
bone, in mice fed HC diet. The beneficial effects of VCO on bone microarchitecture
may be associated with the promotion of lower adiposity and also improvement of
related metabolic and inflammatory disorders®®. The significant content of
polyphenols and vitamins in VCO, which exhibits antioxidant and anti-inflammatory
properties, may have contributed to greater bone integrity. Thereby, virgin coconut oll
supplementation could be an interesting strategy to prevent bone detrimental effects

induced by obesity and its related comorbidities.
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5. CONCLUSOES INTEGRADAS

As trés diferentes marcas de 0leo de coco extravirgem comercializadas no
Brasil, submetidas a andlises bromatoldgicas, apresentaram, de maneira geral,
caracteristicas fisico-quimicas que Ihes confere qualidade e identidade. Entretanto, €
necessario ressaltar que as concentracdes de acidos graxos insaturados (oléico e
linoléico) nos produtos analisados apresentaram-se abaixo do que é estabelecido
como ideal por Padrdes de Identidade e Qualidade internacionais.

O modelo desenvolvido para determinacao do indice de acidez de OCEVs por
meio da espectroscopia no infravermelho com transformada de Fourier (FTIR) e
guimiometria apresentou elevada capacidade preditiva, o que permite concluir que
uma importante caracteristica de identidade e qualidade do OCEV (indice de Acidez)
pode ser determinada por meio de um método mais simples, barato, préatico, seguro
e rapido, em comparacédo com o método tradicional de analise (titulacdo acido-base).

Em experimentos animais a administracdo de OCEV para camundongos
obesos reduziu o ganho de peso, efeito associado a menor expressdao no tecido
adiposo epididimal de uma enzima chave na via de lipogénese (Acetil Coa
Carboxilase). A suplementacdo de OCEV promoveu ainda uma reducdo na
inflamacédo local (no tecido adiposo) e sistémica e nas alteragcbes metabdlicas
resultantes do excesso de adiposidade. Em decorréncia da suplementacdo de
OCEV ocorreu também um aumento do percentual de osso trabecular da tibia,
vértebras lombares, fémur proximal e distal nos camundongos. Além disso, o
consumo de OCEV promoveu melhora da integridade e aumento da densidade
mineral 6ssea do fémur e do osso alveolar, sendo que a menor perda 6ssea alveolar
foi associada a reducdo na relacdo RANKL/OPG. Sendo assim, conclui-se que a
suplementacdo de OCEV pode ser uma ferramenta em potencial para auxiliar no

controle da obesidade e alteracdes inflamatorias, metabdlicas e 6sseas associadas.
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